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SECTION 1 

EXECUTIVE SUMMARY 

This test report presents the results of a highly successful field test of the LORAN 

AVM system. The test was very comprehensive and while certain problems were 

encountered, the results demonstrate that the LORAN AVM system ls a leading 

candidate for the area-wide multi-user system described in the Request for 

Proposal. 

The test results show the system to be compatible with fixed route location 

accuracy requirements and when the modlflcatlons presented herein are con­

sidered, time of passage and random route location accuracy are within the 

stated requirements. 

A complete set of data reduction results in each of the many test catagories is 

presented in Section 6, Table 1-1 below summarizes the results of the system 

level simulations for fixed and random route tests along with the specified 

requirements, 

Table 1-lA Fixed Route Test Results Summary 

Fixed Route System Confidence Required Test 
Simulation Level Accuracy Results 

Location Accuracy- 95, 0% 3 00 ft. 287, 79 ft, 
( 1) 

99. 5% 450 ft. 369. 60 ft. (l) 

Time of Passage 95. 0% +15 8 sec. 
(2) 

sec, -
99, 5% +60 sec, 16 sec. 

(2) 
-

1-1 



Table 1-lB Random Route Test Results Summary 

Random Route System Confidence Required Test 
Simulation Level Accuracy Results 

Location Accuracy 95. 0% 300 ft. 475. 89 ft. 
(3) 

99. 5% 450 ft. 819. l 7 ft ( 3 ) 

(1) Results of last 18 flxed route runs containing no equipment malfunctions 

(2) Results with dead time removed 

(3) Results with improved software 

1. 1 PROGRAM OBJECTIVES 

The end result of this two phase AVM development program is a functionally 

optimal operating system capable of providing location and status mformation 

for all types of vehicle fleet operators. The objective of Phase I is to evaluate 

vehicle location technology and to provide a baseline for further development 

work. In Phase II the system will be fully developed and put into operational 

status at the Southern California Rapid Transit District in Los Angeles. The 

Phase II system is highly user oriented. Its operational characteristics are 

based on operator need rather than supplier capability. The system thus 

developed will be available to all potentLal AVM users in the transit industry 

as well as law enforcement or any other candidate industry. 

The Phase I test program was conducted in Philadelphia in order to provide a 

high degree of confidence of the eventual success of the program. LORAN 

coverage conditions in Philadelphia are far from optimum. A Large high rise 

section with narrow streets and multi-frequency interference sources coupled 

with long d1stances to the LORAN transmitters combined to provide a severe 

operating environment in which to prove the system. However, the results 

obtained are very encouraging and did demonstrate that LORAN can be integrated 

with other vehicle sensors to provide an accurate vehicle monitoring system. 
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In brief, LORAN-C is an electronic navigation system that enables the user to 

determine very precisely his position anywhere within the designated coverage 

area, Currently, that coverage area encompasses more than 16 million square 

miles of the earth's surface and additional coverage can be provided at any time, 

in any location through the addition of portable LORAN transmitter stations. It 

is this electronic grid which provides the basic Location capability for Teledyne's 

LORAN vehicle location system. 

1. 2 LORAN-C PRINCIPLES OF OPERATION 

LORAN-C is a pulsed low-frequency (LF), hyperbolic radio navigation system, 

It derives its high accuracy from time difference measurements of the pulsed 

signals and the inherent stability of LF propagation, The wide coverage areas 

are made possible by the low propagation losses of LF groundwaves and the 

resultant long baseline lengths (station-to-station separation), 

These navigation systems operates on the principle that the difference in time of 

arrival of signals from two stations, observed at a point in the coverage area, is 

a measure of the difference in distance from the point of observation to each of 

the stations (See Figures 1-1 and 1-2). The locus of all points having the same 

observed difference in distance to a pair of stations is a hyperbola, called a line 

of position (LOP). The intersection of two or more LOP's defines the position 

of the observer. The accuracy of any hyperbolic navigation system depends on 

the observer's ability to measure the difference between the times of arrival of 

two signals (time difference, or TD}, and his knowledge of the propagation con­

ditions, so that the time difference can be converted to LOPs. 

In identifying the proper frequency for a radio navigation system which will give 

wide coverage and high accuracy, various physical factors must be considered, 

The basic limitation on accuracy is the velocity of propagation of radio energy, 

approximately one foot per nanosecond (1 ft/nsec), Thus, for accuracies on the 

order of tens or hundreds of feet, measurements must be made to tens or hundreds 
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of nanoseconds. Also the propagation conditions must be reliably predictable 

(mathematically or from survey) to tens or hundreds of nanoseconds. 

To take advantage of the stable propagation characteristics and long range of the 

LF band, 1 DO kilohertz (kHz) was chosen as the center frequency of the LORAN-C 

system. The LORAN-C pulse shape is such that 99% of the radiated energy is 

contained between the frequencies of 80 and 120 KHz, 

Ranges of 800 to 1200 nautical miles (NM) are typical, depending on transmitter 

power, receiver sensitivity, and losses over the signal path. Variations in 

propagation losses, and velocity, increase with distance from the transmitters. 

These errors, and those introduced by receivers, will normally result in position 

variations of 50 to 200 feet at 200 NM, increasing to approximately 500 feet 

at 1000 NM. Position errors are significantly reduced when LORAN-C is used 

in a repeatability mode similar to that used in automatic vehicle location systems, 

LORAN-C chains are comprised of a rnaster transmitting station, two or more 

secondary transmitting stations and, if necessary, system area monitor (SAM) 

stations. The transmitting stations are located such that the signals from the 

master and at least two secondary stations can be received throughout the desired 

coverage area. For convenience, the master station is designated by the letter 

"M" and the secondary stations are designated W, X, Y, or Z. Thus, a particular 

master-secondary pair and the TD which it produces can be referred to by the 

letter designations of both stat10ns or just that of the secondary (e.g., MX time 

difference or TDX.) 

The transmitting stations of a LORAN-C chain transmit groups of pulses at a 

specified group repetition interval (GRI). Each pulse has a 100 kHz carrier and is 

of the shape described in Figure 1-3. For each chain a minimum GRI is selected 

of sufficient length so that it contains time for transmission of the pulse group 

from each station (10,000 microseconds for the master and 8000 microseconds 

for each secondary) plus time between each pulse group so that signals from two 
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or more stations cannot overlap in time anywhere in the coverage area. (See 

Figure 1-4. Thus, with respect to the time of arrival of the master, a secondary 

station will delay its own transmissions for a specified time, called the secondary 

coding delay. The minimum GRI is therefore a direct function of the number of 

stations and the distance between them, A GRI for the chain is then selected so 

that adjacent chains do not cause mutual (cross-rate) interference, The GR! is 

defined to begin coincident with the start of the first pulse of the master group. 

E:ach station transmits one pulse group per GRI. The master pulse group consists 

of eight pulses spaced 1000 microseconds apart, and a ninth pulse 2000 micro­

seconds after the eighth. Secondary pulse groups contain eight pulses spaced 

1000 microseconds apart. 
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Multlple pulses are used so that more signal energy is available at the receiver, 

improving significantly the signal-to-noise ratio without having to increase the 

peak transmitted power capability of the transmitters. 

The rate structure for LORAN-C is limited in theory to GRI's of 00010 to 99990 

microseconds in 10 microsecond steps. In actual practice the GRI's will be between 

40000 and 99990 microseconds with limits placed on rates actually selected. The 

designation of a LORA)l-C rate is by the first four digits of the specific GRI. 

1. 3 LORAN AVM SYSTEM DESCRIPTION 

In its simplest form, the LORAN AVM concept is to provide LORAN location data 

for each vehicle being tracked at a central base station. The outputs of auxillary 

sensors which are used to smooth the LORAN derived location, Since the utilization 

of any such auxillary location sensors is not fundamental to position derivation, 

less sophisticated and therefore Less costly sensors may be utilized. A summary 

description of each of the elements of the location subsystem follows. 

Figure 1-5 is a diagram of the LORAN AVM system showing the system components. 

The system as shown includes: 

• Vehicle Position Location Equipment 

• Communications 

• Base Station Facilities 

• Wayside equipment such as LORAN sign post augmenters 

• LORAN Transmitting System 

Since the Phase I test focused primarily on the location subsystem, this will be 

described in greater detail. 
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The LORAN AVM Location Subsystem consists of the vehicular and wayside 

equipment depicted in Figure 1-6, While there may be minor differences in some 

specific components as a function of the type of vehicle (for example, transit bus 

vs supervision auto), the rudiments of the location subsystem are identical in 

every instance. Augmentors were battery powered for Phase I. 

l. 3, l LORAN AVM Location Subsystem 

The system is 1:ruly modular in that, to the basic LORA'.'! location capability, it 

is possible to physically and functionally add auxiliary sensor components wh~ch 

enhance the overall system performance in direct proportion to their number, 

This feature a,so facilitates trouble-shooting, maintenance, and testing. The 

following detailed descriptions of each subsystem component is arranged in order 

of decending importance to Location accuracy. 

AUGMENTOR 

I 
I 
I 
I 
I 
I 

S..TTE!tY I 

ACU 

100 KC VHF 
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r-~ 
~---..i~~it~f1-----+1 

II ODOMETER 
PICKOFF 

TEST PANEL 

DATA 
!ECO!DER 

I V!'HICULAR EQUIPMENT r LORAN C TRANWITTEll:S 

A~~ 
NANTUCKE:TT 

SLAVE 
LORAN MASTER MINISTATJON 

Figure 1-6. Location Subsystem 
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1.3.1.1 AVM LORAN Receiver - The LORAN receiver utilized in Phase I is 

the moBt modern LORAN receiver available in the world. It is a fourth generation 

instrument which reflects not only careful consideration of optimal LORAN receiver 

design parameters but a real world application of the tremendous increase in 

semiconductor technology. The result of a two year development program, this 

receiver is now available for application to the AVM problem with no further 

development. 

Indeed, careful consideration of the LORAN signal characteristics in urban areas 

has been maintained throughout the development program. Since AVM represents 

one of the largest volume applications of lhe new low cost receiver, the flexibility 

necessary to optimize receiver characteristics for AVM use has been built in. 

This has only been possible, of course, because of concurrent Teledyne AVM 

testing. Figure 1-7 is a photograph of the LORAN AVM receiver and the antenna 

coupler. 

1. 3. 1. 2 Vehicle Odometer - The odometer used was specifically designed and 

fabricated to integrate easily with the equipment (transit vehicles) involved. The 

vehicle equipment consists of a mechanism for converting wheel rotation to elec­

trical impulses or switch closures. The device used is a Hall effect magnetic 

pickoff similar to many types used to monitor and control rotating machinery. 

For the Phase I test, a fifth wheel odometer with a one foot resolution was in­

cluded but only for test instrumentation purposes. It was not used in the vehicle 

location process, 

1. 3, 1. 3 Augmentor Device - The augmenter device which was demonstrated in 

Philadelphia was identical in function and operation to the production device for 

Phase II. A block diagram of the device is shown in Figure 1-8. The VHF trans­

mitter is a low power, short range device. The remainder of the components 

are self explanatory except that the code specified in the code generator is in the 
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form of a time period between pulses instead of the more conventional binary or 

BCD number transmission. This simplifies the vehicle and augmentor device 

hardware and increases reliability. More detailed information on the LORAN C 

navigation system is included in Section 2. 

The LORAN AVM system includes a miniature LORAN C receiver in each vehicle 

along with two supplementary sensors: A precision odometer and an augmentor 

receiver. Augmentors are miniature 1 watt radio transmitters with a nominal 

range of 50 feet and continuously transmit. They are located on street poles 

throughout the operational area, Their purpose is to supply high precision 

location information at time points and other places without good LORAN signal 

coverage. A minimal number are needed for a typical city, i.e., 31 for 

Los Angeles, California. 
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Data from alt three vehicle sensors is transmitted to the base station each time 

the vehicle is polled, From this data, the base station computer updates the 

location of each vehicle being monitored and stores the latest data for display 

upon command. 

1. 4 TEST DESCRIPTION 

Tests were conducted in three cat~gories: Fixed Route, Random Route, and 

Special Cases.· Each category of test will be described. 

Fixed Route Tests 

Fixed route tests began on December 6, 1976. A route was laid out which traversed 

all types of urban environment from dense high rise to low rise residential. The 

original route contained 105 checkpoints and 12 time points. The test vehicle 

traversed the route with checkpoint or timepoint passage denoted by the operator 

pressing a test console button which in turn set a flag in the data marking the 

true vehicle location. Data was continuously recorded at one second intervals 

on magnetic tape, Each data record included LORAN time difference A &: B, 

system odometer, 5th wheel odometer, checkpoint ID, test number, ID number 

of the last detected augmenter, various flags denoting checkpoint passage, LORAN 

signal quality, and augmenter detection, 

Ten such fixed route tests were completed with octal. test numbers 10001 through 

10012. During these tests, an inordinate number of augmentors were not detected 

or decoded as the test vehicle passed, After ten tests on which 2 7% of the possible 

augmenter detections were missed, testing was suspended to allow time to identify 

and correct the problem. During the test suspension, the fixed route was extended 

to include 103 checkpoints and 15 timepoints, this for the purpose of reducing the 

total number of test runs, Figure 1-9 shows this test route. Thirty tests were run 

on the extended course starting on January 31, 1977. A total of over 3500 checkpoint 

and 438 timepoint measurements were made. The only significant occurrence 
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during this period was the observation of an erratic system odometer display on 

February 4. The problem was traced to low voltage from the new AC motor­

generator and the problem was corrected. 

Random Route Tests 

Random route tests were conducted on February 8. The test process was identical 

to the fixed route tests except there were no time points and the route was not 

known in advance, Figure 1-10 shows the random route tests. 

Special Case Tests 

Special case tests were performed at various times throughout the test period. 

Many different tests were conducted to evaluate subsystem components. A list 

and brief description of all tests performed is given below, 

• Augmentor Coverage vs Vehicle Speed 

The purpose of this test was to measure the variation in coverage (detection range 

and ID number decoding) and location accuracy as a function of vehicle speed. Data 

was collected as the test vehicle passed a fixed augmentor at various speeds in 

order to measure the variation in detection range and to see if errors in augmentor 

ID number decoding occured. No ID code errors were recorded, 

• Augmentor Coverage vs Elevation 

The purpose of this test was to determine what effect elevation has on augmentor 

coverage and location accuracy, Data was collected as the test vehicle passed an 

augmentor at the same location but with varying elevation. 

• Augmentor Interference 

The purpose of this test was to determine the minimum safe distance between two 

operating augmentors which allows each device to be detected without interference 

from the other. 
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• Augmentor Coverage vs Traffic Conditions 

The purpose of this test was to determine if heavy traffic which includes trucks 

and transit busses will significantly interfere with augmentor detection and ID code 

recovery. The effects of augn1entor elevation in this type environment was measured. 

• Radio Frequency Interference Tests 

The purpose of this test was to determine if any out-of-band frequencies are 

emmitted by the augmentor. None were measured. 

• Augmentor Antenna Pattern 

The purpose of this test was to generate a representative augmentor antenna 

pattern. 

• LORAN Position Lag vs Vehicle Speed 

The purpose of this test was to measure any discernible lag in LORAN derived 

position which was a function of vehicle speed. 

• Unusual LORAN Coverage Test 

The purpose of this test was to determine LORAN location accuracy in an unusual 

coverage area such as a long steel bridge, 

• LORAN ONLY Location Test 

The purpose of the LORAN ONLY Location Test was to measure the accuracy of 

the LORAN portion of the location subsystem exclusive of any other sensors. No 

augmentor data was used in this test. 

• LORAN Repeatability 

The purpose of this test was to measure the repeatability accuracy of the 

LORAN data. 
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1. 5 EQUIPMENT DESCRIPTION 

A large amount of equipment was installed in and around the test area. All equip­

ment used to conduct the tests is described in Section 3 of this report. In general, 

equipment can be summarized as mobile, wayside, and support equipment. 

Mobile Equipment 

All mobile equipment was installed in the test vehicle, a Dodge van (See Figure 1-11). 

It consisted of the AVM location subsystem components such as the miniature 

LORAN receiver, system odometer, and augmentor receiver. The majority ;;,f the 

mobile equipment was for test instrumentation purposes, This equipment consisted 

of a 10 channel incremental magnetic tape recorder, the 5th wheel odometer, an 

oscilloscope, a tesl console (Shown in Figure 1-12) containing data formatting 

and control and display functions, a wave analyzer, and a 115 VAC motor-generator 

for instrumentation equipment power. 

Wayside Equipment 

Wayside equipment consisted of 16 augmentors installed on the fixed route and 

38 installed in the random route area. All were battery powered and mounted on 

street lamp poles. Figure l-13A, B, and C show typical augmentor installations. 

Figure 1-14 shows fixed route augmentor deployment. 

Support Equipment 

Support equipment consisted of a mrni LORAN-C station installed in Limerick 

township and a monitor station installed in the Marriott Hotel. The ministation 

(shown in Figure 1-15) was used in conjunction with the East Coast LORAN-C chain 

to provide adequate LORAN signal coverage and the monitor station provides 

a hard copy strip chart recording of time difference stability during testing. 
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Figure 1-11. Test Vehicle 

Figure 1-12. Magnetic Tape Recorder and Test Console 
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I. 6 DATA REDUCTION AND ANALYSIS 

The data from each test conducted was recorded on a separate magnetic tape. All 

data reduction was done off-line using software packages which accurately reflect 

the position processing techniques to be used in Phase II except for those modifica­

tions discussed in Section 7. Each fixed route and random route test tape was 

submitted to various software routines, each one providing a set of error statistics 

in a specific category of tests. Following is a description of each category of 

data reduction which was performed on all fixed route and random route test tapes. 

Location Subsystem Runs 

The location subsystem software examines only data which was recorded in the 

test vehicle during the one second interval when the vehicle was at or passing 

through a checkpoint. Since checkpoints were almost always at intersections 

and very few intersections on either route were skipped, this test represents data 

recorded in approximately 400 to 500 foot increments without regard to time. The 

software first made a vehicle location determination using past location information 

plus new data recorded at the checkpoint. This data include time difference A, 

time difference B, LORAN valid/not valid status, odometer, and any new augmentor 

ID codes detected since the last checkpoint was passed. After computing vehicle 

position, the software analysis routine which was built in, com.pared the computed 

position with the known position of the checkpoint since this information was 

resident in the given data set. The X error component, Y error component, and 

radial error were then calculated for each checkpoint. At the end of the run a 

sequential list of radial errors by checkpoint is printed. This list also includes 

the LORAN error at each point. The final list generated is a ranked list of LORAN 

and radial errors in ascending order; this for the purpose of determining the 95th 

and 99. 5th percentile error. 
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System Simulation Runs 

System simulation runs differ from location subsystem runs only in the data used to 

update each new location calculation. Where location subsystem runs used data 

recorded at each checkpoint, system simulation runs ignored checkpoints and 

instead automatically selected data as recorded every 32 seconds. The purpose 

of this run was to faithfully produce error statistics for the system as it is actually 

expected to be i..sed. Seldom, if ever, did the data sampled each 32 second interval 

coincide with data taken at intersections. The time-dependent data sample tended 

to occur between intersections as one would expect. In order to compute X & Y 

component errors as well as radial errors, true position also was calculated in a 

separate package called TRUPOS. This package is described in Sechon 5. As with 

the location subsystem runs, the system simulation runs presented a sequential 

and a ranked listing or LORAN and radial errors at the end. 

System Simulation with 5% Missing Data 

These runs were also made on each test tape and were identical to the system 

simulation runs with one exception: 5% of the 32-second data samples were 

deleted at random to simulate communications subsystem voltages, These runs 

provided the most accurate simulation of system performance. 

Time of Passage 

Time of passage error calculations were made in the system simulation runs, With 

and without 5% missing data. Errors in time of passage at selected time points 

were computed by examining the test tape for true time of passage (denoted in 

the data by a flag set at the depression of the checkpoint button by the test 

operator) and the system estimate of time of passage as provided by the aug­

mentor detection flags, This process is explained in detail in Section 4, 
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Coverage 

System coverage statistics were determined by running the system simulation 

software four times on each test tape selected. Each run was manually offset 

in time by the computer operator by 8 seconds so that for each test tape analyzed, 

separate system simulation computer runs were generated. By combining the 

resultsof all four runs for a test tape, errors were provided at eight second 

intervals. This allowed the data anlyst to collect errors in each 0. l mile 

segment of the test route and calculate a mean error. Due to the magnitude of 

the data processing task to measure coverage, 25% of the test tapes were analyzed 

in this manner. 

1. 7 DATA RESULTS SUMMARY 

The test program was very comprehensive with results obtained in many categories. 

Tables l-2A, 1-2B, and l-2C present the more meaningful results. A brief ex­

planation of each category is provided for clarity. Section 6 contains all test 

results with detailed descriptions of each test category. Section 7 discusses 

methods of improving these results including simulations performed on the 

actual data. 
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Table l-2A, Fixed Route Test Results 

Confi• Runs (1) Runs 
Fixed Route Test Results dence 1000 l - 10026 -

Level 10012 1004 7 

32 second 95% 269, 45' 287,79 1 

ftxed polling 99. 5% 787, 38' 369,60 1 

SYSTEM 
32 second 

9 5% 291' 
SIMULATION 

fixed polling 
99.5% 383 I 

w/5% 1nissed data 

Time of 95% 47 sec 26 sec (3) 
passage 99. 5% 65 sec 42 sec 

LOCATION SUBSYSTEM 
g 5% 318. 66 1 303,34 1 

99. 5% 1,457.62 1 5, 186, 65 I 

COVERAGE: Mean Error 450 feet Mean 98% 

( 1) Tests conducted with malfunctioning augrnentors 

(2) Tests conducted with malfunctioning motor-generator 

(3) See Section 7 for technique to reduce errors to 8 seconds and 16 seconds 

Runs (2) 10012-10047 

10012 - Less (2) 

10047 10016&:10017 

1,648,51 1 320.56' 
5,087,946 1 4,909,913' 

1,113 1 326' 
4,909,901' 4,909,908' 

32 sec 33 sec 
49 sec 47 sec 

1,269, 16' 352. 79' 
4,914,435' 4,914,435' 

78. 3"/o 78. 3% 



Table 1-ZB. Random Route Test Results 
Confi- Original Improved 

Random Route Test Results dence 
Level Software Software 

32 second 95% 691. 16' 475, 89' 

fixed polling 99. 5% 1,293.11' 819.i7' 

SYSTEM 
32 second 

95% 752. 55' 472. 94' 
SIMULATION 

fixed polling 
99, 5% 1,293.11' 819,17' W/5% Missed Data 

LOCATION SUBSYSTEM 
95% 358. 52' 
99, 5% 1,222.96' 

COVERAGE Mean 98% 98% 

Table l-2C. LORAN Only Test Results 

Special Care Test Results (4) 
Confi• LORAN 
dence 
Level Only 

LOCATION SUBSYSTEM 
95% 325. 32' 
99. 5% 375. 68' 

(4) These results were obtained in a low rise part of the city using the 

LORAN sensor only without benefit of augmentors. 

1-27 





2, 1 GENERAL 

SECTION 2 

TEST DESCRIPTION 

This section describes the tests performed in detail. In addition, a description 

of the LORAN navigation system and the LORAN vehicle location system is in­

cluded, 

2. 1. 1 System and Subsystem Accuracy Requirements 

The system and location subsysten, accuracy requirements are a radial error of 

less than 300 feet for 95% of all possible true locations, less than 450 feet for 

99. 5% of all possible true locations. 

For fixed route tests, time of passage shall be rre asured to ±15 seconds for 

95% of all measurements, ±60 seconds for 99. 5% of all measurements. In 

addition, for the location subsystem, all measurements of true location on any 

O. 1 mile segment of any travelway, the mean average of the corresponding 

location subsystem errors shall not exceed 450 feet. 

2,2 THE LORAN NAVIGATION SYSTEM 

2, 2. 1 Introduction 

LORAN-C is a pulsed, low-frequency (LF), hyperbolic radio aid-to-navigation, 

It derives its high accuracy from time difference measurements of the pulsed 

carrier and the inherent stability of LF propagation, The wide coverage area 

is made possible by the low propagation losses of LF groundwaves and the re­

sultant long baseline lengths (station-to-station separation), The Coast Guard 

now operates 9 LORAN-C chains (including one on the west coast of the UniLed 

States) using 35 transmitting stations to provide coverage over 12, 000, 000 

square miles ( see Figure 2-1 ), 
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2, 2. 2 Theory 

Hyperbolic radio aids-to-navigation operate on the principle that the difference of 

time of arrival of signals from two stations, observed at a point in the coverage 

area, is a measure of the difference in distance from the point of observation to 

each of the stations ( see Figure 2- 2). The locus of all points having the same 

observed difference in distance to a pair of stations is a hyperbola and is a line 

of position (LOP). The intersection of two or more LOP's defines the position 

of the observer. The accuracy of hyperbolic radio aids-to-navigation depends 

on the observer's ability to measure the difference between the times of arrival 

of two signals (time difference or TD) and his knowledge of the propagation con­

ditions so that the time differences can be converted to LOP' s, 

In identifying the proper frequency for a radio navigation system which will give 

wide coverage and high accuracy, various physical factors must be considered. 

The basic limitation on accuracy is the velocity of propagation of radio energy, 

approximately one foot per nanosecond ( 1 ft/ns). Thus for accuracies on the 

order of tens or hundreds of feet, 1neasurements must be made to tens or hundreds 

of nanoseconds. Also the propagation conditions must be reliably predictable 

(mathematically or from survey) to tens or hundreds of nanoseconds, 

Very Low Frequency (VLF) signals propagate primarily by skywave or the wave­

guide mode and predictability of this propagation suffers from the lack of real­

time knowledge of ionospheric conditions, Low Frequency (LF} signals meet 

the requirements for tirne rneasurement accuracy and the ability to predict 

grounrlwave propagation conditions although they are subject to skywave inter­

ference at long ranges. Mediurn and High Frequency (MF and HF) signals meet 

the time measurement capabilities but suffer high propagation losses over land 

reducing their range. They also suffer loss of propagation predictability due to 

natural and man-made physical features whose size is a significant fraction of 

a wavelength. Higher frequency signals (VHF and above) are range limited to 

line-of-sight. Thus 100 kHz was chosen for LORAN-C and D to take advantage of 

the stable propagation characteristics and long range of the LF band. Pulsed and 

coded signals are used to minimize the effects of skywave interference. 
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2, 2, 3 Operation 

LORAN-C chains are comprised of a master transmitting station, two or more 

secondary transmitting stations and, if necessary, system area monitor (SAM) 

stations. The transmitting stations are located such that the signals from the 

master and at least two secondary stations can be received throughout the desired 

coverage area, For convenience, the master station is designated by the letter 

"M" and the secondary stations are designated X, Y, Z, W, based on the order 

in which they transmit, Thus a particular master-secondary pair and the TD 

which it produces can be referred to by the letter designations of both stations 

or just that of the secondary (e.g. MX time difference or TDX). 

The LORAN-C system as it operates today has maintained a record of 99. 7% 

availability, not including scheduled off-air maintenance which reduces that 

figure to 99%. New equipment is presently being developed which will permit on­

air maintenance, and also improve the system availability, with a goal of better 

than 99. 7%, including all interruptions to service. 

2.2.4 Signal Format 

The transmitting stations of a LORAN-C chain transmit groups of pulses at a 

specified group repetitwn interval (GRI) (see Figure 2-3a ). For each chain a 

minimum GRI is selected of sufficient length so that it contains time for trans­

mission of the pulse group from each station ( 10 milliseconds for the master and 

8 milliseconds for each secondary) plus time between each pulse group so that 

signals from 2 or more stations cannot overlap in time anywhere in the coverage 

area, The minimum GRI is therefore a direct function of the number of stations 

and the distance between them, A GRI for the chain is then selected so that 

adjacent chains do not cause mutual (cross-rate) interference. The GRI is 

defined to begin coincident with the start of the first pulse of the master group. 

LORAN-C pulses and pulse groups: Each station transmits one pulse group per 

GRI. The master pulse group consists of eight pulses spaced 1000 microseconds 

apart, and a ninth pulse 2000 microseconds after the eighth, Secondary pulse 
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groups contain eight pulses spaced 1000 microseconds apart, Eight pulses, 

rather than one, are used so that more signal energy is available at the receiver, 

improving significantly the signal to noise ratio without having to increase the 

peak transmitted power capability of the transmitters. The master's ninth pulse 

is used for visual identification of the master and for blink. Blink is accomplished 

by turning the ninth pulse on and off in a specified code. The secondary station 

of the unusable pair also blinks by turning its first two pulses on and off. 

2. 3 LAVM SYSTEM DESCRIPTION 

The LORAN Automatic Vehicle Monitoring System consists of three related sub­

systems; Location Subsystem, Communications Subsystem, and Data Analysis 

Subsystem, Figure 2-4 shows the system and component subsystems while 

Figure 2-5 shows how the subsystems interact to perform the system function. 

As shown, the Location Subsystem contains the vehicular sensors which record 

LORAN time difference, odometer, and augmentor ID numbers as the vehicle 

moves about the cily. The communications subsystem gathers and formats this 

data, transmitting it to the base station on command. The data analysis sub­

system processes all incoming data, continually updating position for each 

vehicle being tracked. 

The Location Subsystem includes augmentors. Augmentors are small 1 watt radio 

transmitters placed strategically throughout the test area. They serve two 

purposes: They provide high accuracy location information in areas which do not 

receive good quality LORAN signals and they provide an accurate method of 

determimng time oi passage for fixed route vehicles. 

The Phase I program t<ested the location subsystern hardware and si1nulated the 

remainder of the system on IBM 370 computer equipment. 

The LORAN chain used for all testing was the "C. S. East Coast Chain (SS- 7) 

augmented by a temporary rninistation which was utilized as the B slave. This 
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equipment is described in detail in Section 3, U.S. East Coast Stations used were 

the master at Cape Fear, North Carolina and the slave at Nantucket Island, 

Massachusetts, Figure 2-6 shows these stations and the chain geometry. 

To facilitate the location accuracy calculations, an X-Y grid overlay was used. 

Figure 2- 7 shows the test area w,th the grid overlay, As can be seen, the grid 

was 7,500 feet by 14,500 feet. This grid provided a means of establishing true 

location coordinates for all calibration points, check points, and time points. 

2.4 AREA CALIBRA TlON 

The purpose of calibration of the test area is to provide a reference set of time 

difference coordinates for each checkpoint. Once this is done TD rreasurements 

made at any point may then be compared with the reference set, an apparent 
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X-Y location cornpuled, and a radial error calculated. In a perfect LORAN 

environment, four calibration points will suffice, Perfect LORAN implies a 

regular TD gradient over the entire test area which is seldom the case in urban 

locations. Anomalies or distortion of the LOP's require additional calibration 

points in and around the anomaly. In the Philadelphia area, anomalies are common 

and sometimes severe. To compensate for the distorted grid many times more 

calibration points are reqnired. The calibration task is further complicated by 

the fact that TD anomalies are most prevalent in areas which suffer from high 

signal attenuation due to tall buildings and narrow streets. Often no LORAN 

n1easurements arc possible in such areas. Those portions of the test area which 

cannot be adequately calibrated are abandoned in a LORAN sense. Augmentors 

are installed to provide 100% location coverage in and around the no LORAN 

coverage area, Fixed route tests lend themselves nicely to such straight forward 

augmentor deployment. Random route tests are more difficult, usually resulting 

in a larger quantity of augmentors. 

Figure Z-8 shows the test area and calibration points. Appendix A lists the time 

difference data measured along with X-Y coordinates of each location, 

The calibration data was recorded starting on October 12, 1976 and completed 

November 2, 1976. Over 395 locations were calibrated on 19 magnetic data 

tapes, Test numbers used on calibration tapes are shovm in the table below: 
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Table 2-1 

Tape No. Date Sector 

00002 10/12/76 A 
00003 10/13/76 B 
00004 10/13/76 B 
00005 10/ 14/76 B 
00006 10/14/76 B 
00007 10/ 18/76 B 
00010 10/ 18/76 B 
00011 10/19/76 B 
00012 10/20/76 C 
00013 10/20/76 C 
00014 10/20/76 C 
00015 10/20/76 C 
00016 10/21/76 D 
00017 10/21/76 D 
00020 10/21/76 A 
00021 10/22/76 A 
00022 10/22/76 A 

00023 10/31/76 LORAN only area 
00026 11/02/76 Bridge Cal area 

2. S FIXED ROUTE TEST 

The purpose of the fixed route test was to demonstrate the ability of the AVM 

system to meet the accuracy and operational requirements of transit vehicles 

in a n1ajor urban center. 

2. 5. 1 Test Procedure 

The test was conducted as the test vehicle drove the prescribed fixed route. At 

designated checkpoints, the 'enter' button on the test console was pushed, This 

caused a flag to be set in the test data being continuously and automatically 

recorded, This data was later processed off line by the system software to 

provide test results. Time points and checkpoints were handled in an identical 

manner. Since the checkpoint and timepoint number designations were pre­

defined, the software was able to store the timepoint designations. At these 

points a time-of-passage error was calculated in addition to a location error 

as was the case at checkpoints. 
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The fixed route tests were conducted on the days and times Bhown below in 

Table 2-2, Those that were shortened or affected by circumstances beyond 

operator control are indicated, 

Test No. 

10001 
10002 
10003 
10004 
10005 
10006 
10007 
10010 
10011 
10012 
)0012 
10013 
10014 
10015 
10016 
10017 
10020 
10021 
10022 
10023 
10024 
10025 
10026 
10027 
10030 
10031 
10032 
10033 
10034 
10035 
10036 
10037 -
10040 
10041 
10042 
10043 
10044 
10045 
10046 
10047 

Table 2-2, Fixed Route Tests 

Date 

12/6/76 
12/6/76 
12/7 /76 
12/7/76 
12/7/76 
12/8/76 
12/8/76 
12/8/76 
12/13/76 
12/ 13/76 
1/31/77 
1/31/77 
1/31/77 
1/31/77 
2 / 1 /77 
2/ 1/77 
2/2/77 
2/2/77 
2/2/77 
2/2/77 
2/2/77 
2/3/77 
2/4/77 
2/4/77 
2/4/77 
2/4/77 
2/4/77 
2/4/77 
2/4/77 
2/5/77 
2/5/77 
2/6/77 
2/6/77 
2/6/77 
2/6/77 
2/6/77 
2/6/77 
2/6/77 
2/6/77 
2/6/77 

Time (Est) 

1458 
1909 
1039 
1522 
1030 
1413 
1503 
1900 

1746 
1007 

1301 } 
1453 
1631 
1002 
1119 
0942 
1113 
1420 
1556 
1726 
0901 
0844 
1006 
1134 
1448 
1636 
1817 
1938 
1804 
1928 
0854 
0956 
1105 
1216 
1338 
1539 
1758 
1809 
1930 
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Augmentor malfunction 
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failure 
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There were two fixed route courses run between December 1976 and February 

1977. The reasons for this were: 

a. An augrnentor detection problem arose cluing the first ten fixed 

route runs, testing was suspended for analysis and correction of 

the difficulty; and, 

b, During this period, thought was given to making the fixed route 

path longer with more timepoints and checkpoints so as to reduce 

the number of runs required. 

The fixed route (including checkpoints and timepoints) used for test numbers 

10001 thru 10012 in December 1976 is shown in Figure 2-9. The extended fixed 

route used for test numbers 10012 to 10047 in February 1977 is shown in 

Fibure 2-10, Likewise, Figure 2-11 shows the placement of augmcntors for 

runs 10001 thru 10012, and Figure 2-12 shows those for runs 10012 thru 10047. 

Appendix C to the report contains the detailed coordinate locations at intersec­

tions for each augmentor used in the test. 

2.6 RANDOM ROUTE TEST 

The purpose of the random route test was to demonstrate the ability of the AVM 

system to meet the accuracy and operational requirements of various supervisory 

and vaulted transit vehicles as well as other potential AVM users whose path 

in the coverage area is not known in advance. 

2. 6. 1 Test Procedure 

The random route test was conducted in a manner very similar to the fixed route 

test with some exceptions: There were no time points and the route was not 

known in advance. At designated checkpoints the 'enter' button was pushed which 

set the data flag used by the software as the signal to process position. Figure 

2- 13 shows the random route test area with the route driven and ckeckpoints, 

Figure 2-14 shows the Augmentor locati ans in the Random Route Area. 
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These tests were the last ones conducted in Phase I. Table 2-3 shows the test 

numbers and times. 

Table 2-3, Random Route Tests 

Test No. Date Time (Est) 

20001 2/8/77 1655 
20002 2/8/77 1809 
20003 2/8/77 1911 
20004 2/8/77 2008 
20005 2/8/77 2110 

Other than in test 20001, no procedural difficulties were encountered, In the 

first test, the augmenters on 8th Street (except for 8th and South) were inadver­

tently left off. At checkpoint seventy-four (74) this situation was realized, the 

test vehicle was momentarily stopped, and the 8th Street augmenters were turned 

on. 

2.7 SPECIAL CASE TESTS 

Various special case tests were conducted to evaluate the characteristics of 

elements of the location subsystem, These tests included tests of the LORAN 

system and of augmenters under different controlled conditions. A brief 

description of each test is given below. Detailed discussions of the tests are 

given together with results in Sections 4 and 6 respectively. 

2. 7, l Augmenter Coverage vs Vehicle Speed, Test #30101 - 30112 

The range and detection capabilities of typical augmentors were measured at 

vehicle speeds of from 10 to 75 mph. 

2. 7. 2 Augmenter Coverage vs Elevation, Test #30201 - 30230 

The range and detection capabilities of typical augmenters were measured at 

augmenter elevations of from 10 to 30 feet. 
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2. 7. 3 Augmentor Interference, Test #30301 - 30310 

Mutual interference between two augmentors located from 50 to 200 feet apart 

was measured. 

2.7.4 Augmentor Coverage vs Traffic Conditions, Test #30401 - 30410 

The range and detection capabilities of typical augmentors were measured in 

heavy traffic, 

2. 7. 5 Radio Frequency Interference Tests, Test #31001 - 31013 

The bandwidth and emission characteri sties of a typical augmentor were measured 

to deterrrnne whether an augrnentor could generate any RFI. 

2.7. 6 Augmentor Antenna Pattern, Test #32001 - 32003 

The antenna pattern of a typical augmentor was measured, 

2. 7. 7 LORAN Position Lag vs Vehicle Speed, Test #30501 - 30510 

LORAN position data was recorded over a statically calibrated course at vehicle 

speeds of from 10 to 40 mph. 

2. 7. 8 Unusual LORAN Coverage, Test #30601 

LORAN position data was recorded on the Ben Franklin Bridge. 

2.7.9 LORAN Only Location Test, Test #30701 

A fixed ronte test was conducted in a specially calibrated area. No augmP.ntors 

were used for location derivation. Position was determined by LORA!\ measure­

ments. 
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2. 7. 10 LORAN Repeatability, Test #30702 and 30703 

The LORAN only test (2. 4. 9) was repeated to demonstrate the repeatability 

quality of LORAN measurements. 

All special case tests were conducted on an unused runway at the Philadelphia 

Naval Base on February 6, 1977 except tests 2. 7, 9 and 2. 7. 10 which were run 

in an area north of the hi rise section, 2. 7. 8 which was run on the Ben Franklin 

Bridge, 2. 7. 4 which was run on a course which circled Philadelphia City Hall, 

and 2, 7. 6 which was run in the Teledyne parking lot in Northridge, California. 

Figure 2-15 shows the LORAN only area, Figure 2-16 shows the City Hall course, 

and Figure 2- 17 shows the Ben Franklin Bridge course, 
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SECTION 3 

TEST CONFIGURATION 

3. 1 GENERAL 

The mobile and base equipment was the same for all tests. As per the RFP, all 

Phase I equipment was functionally equivalent to the proposed Phase II equipment, 

Table 3-1 compares the major location subsystem elements for the two phases, 

Table 3-1. Phase I - Phase II Location Subsystem 
Equipment Comparison 

Location Subsystem Power 
Element Requirement Size 

LORAN Receiver Identical to Phase II 

Phase II Smaller 

ACU Identical to Identical 

Phase II to Phase II 

Odometer Identical to Identical 

Phase II to Phase II 

Augrnentor Receiver Identical to Identical 

Phase II to Phase II 

Digital Interface Phase II Phase II 

Less Smaller 

Function 

Identical to 

Phase 11 

Identical to 

Phase ll 

Identical to 

Phase II 

Identical to 

Phase II 

Phase ll 

Simpler 

The instrumentation equipment included in Phase I is not required for Phase IL 

This includes the test console, its displays, indicators, and input switches. 

3. 2 MOBILE EQUIPMENT 

Mobile equipment falls into two categories: LAVM equipment and test instrumenta­

tion equipmeM. The forn,er s the equipment being tested, the latter consists of 

all equipm,,,,, reqcured to me~ S's,c and assess LAVM equipment performance. 

3- l 



3. 2. 1 LA VM Equipment 

Figure 3-1 is a diagram of all LA VM equipment which was tested in Philadelphia. 

It is the prototype of the LA VM location subsystem. A brief description of each 

element is presented here. 

3.2.1.1 Microlocator - The microlocator is the basic LORAN receiver which 

measures time-of-arrival of three (or more) LORAN C signals and outputs exact 

time differences used in the positlon location process. This receiver is the most 

modern available today and includes features specifically included to enhance its 

operation in the urban environment. Small size and low power have been achieved 

thru extensive application of the latest custom MOS/LSI integrated circuit and 

mrni-processor technology, The Microlocator is shown atop the test console in 

Figure 3-2. 

3.2.1.2 ACU (Antenna Coupler Unit) - The ACU matches the Antenna 

in1pedan-:e to the microlocator front end, It also extracts the augmenter carrier 

frequency, 72. 96 MH7., and sends this signal separately to the augmenter 

recei,-er. In this way, only one antenna is required for the complete LAVM 

system, 

3. 2. 1. 3 Left, Right Odometer Pickup - The odometers are hall effect proximity 

sensors permanently installed on the test vehicle. One device was installed near 

each front wheel. They sense proximity to 10 magnets which were installed on 

the inside of each wheel. Wheel rotation causes outputs which can be counted in 

the LA VM equipment and used to determine distance traveled. 

3. 2. 1. 4 Augmentor Receiver - The augmenter receiver is a circuit for 

detecting and demodulating the 72. 96 MHz signal generated by the augmenter. 
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3.2.1.5 Augmentors - Augmentors are wayside devices which emit a pulse-

coded 72. 96 MHz carrier with a range of from 50 to 75 feet. The devices tested 

in Philadelphia were battery powered, Figure 3-3 is a block diagram of a typical 

augmentor. 

3.2.l.6 LAVM Test Console - The LAVM test console contained all the 

circuits required to gather, hold, format, and output the LAVM data message. 

In the test system, this message was expanded to include all required test 

instrumentation data and outputted to a magnetic tape recorder for off-line 

reduction and analysis. The test console is described in detail in Section 3. 2, 2. 6. 

3,2,2 Test Instrumentation Equipment 

Figure 3-4 is a block diagram of the test instrumentation equipment. A brief 

description of each element is presented here. 

- CMOS - DIGITAL TIMER 
& PULSE CODE . 

- GENERATOR 

BATTERY \ I 
,, 

-- 72.96 MHz 
TRANSMITTER --

Tl05267 

Figure 3-3, Block Diagram - Augmentor 

3-5 



TEST VEHICLE 

5KW 
MOTOR 
GENERATOR 

ACU 

LORAN 
RECEIVER 

REAL TIME 
CLOCK 

ODO 
PICKUP 

INC, 
TIME 

LAVM TEST 
CONSOLE & 
CONTROL PANEL 

OSCILLOSCOPE 

INCREMENTAL 
MAGNETIC 
TAPE 
RECORDER 

TT05268 

Figure 3-4. Test Instrumentation Equipment Block Diagram 

3.2,2.1 Test Vehicle and Motor-Generator - The test vehicle was a 1975 

Dodge Maxi-van equipped with a 5 KW 115 VAC motor-generator. It contained 

all LA VM and test instrumentation equipment except augmentors, The power 

generated was used only for instrumentation equipment, however, since the 

LAVM equipment was powered by the vehicle's 12 VDC system. Figure 3-5 

shows the van and generator. 

3.2.2.2 Fifth Wheel - The fifth wheel was a high precision odometer used to 

determine exact distance traveled for error analysis. The device has a specified 

accuracy of 1% of distance traveled. The fifth wheel can be seen in Figure 3-5, 

3. 2. 2. 3 Real Time Clock - The real time clock display time-of-day for 

test data synchronization and also outputs incremental time to the magnetic tape 

via the test console. 
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Figure 3-5, Test Vehicle, Generator & 5th Wheel 

3.2.2.4 Magnetic Tape Recorder - The tape recorder was a 10 channel 

incremental write-only unit. All test and instrumentation data was written on 

this tape in the format described in Section 4. Figure 3-6 shows a partial view 

of the recorder on the right. 

3.2.2. 5 Oscilloscope - An oscilloscope was used to monitor the output of the 

bandpass filter in the microlocator for information only, It was not used in 

position location or test instrumentation, The oscilloscope and its position 

relative to the other test equipment in the vehicle can be seen in Figure 3-7 

behind the test console at the rear of the van, 

3.2.2.6 Test Console and Control Panel - Figure 3-8 shows the front panel 

of the LA VM test console. This unit was permanently installed in the test vehicle, 

It served three functional needs: 
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• 

Figure 3-7. Test Equlpment in Rear of Van 
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a. It allowed the test operator to input data s,.1ch as checkpoint number, 

test number, and checkpoint arrive. 

b. It displayed all sensor outputs such as LORAN time difference, 

augmentor ID, and odometer. 

c, It collected all the sensor data, formatted it along with other relevant 

information such as equipment status and incremental time and 

presented it to the tape recorder along with the appropriate "write" 

comma,·d<-,, A brief description of its displays and controls follows. 

See Fiµ, •~ 3-9. 

• "TD l" and "TD2 ·' are the two time difference di splays. Each 

display presents the latest TD measurement from the Micro­

locator, in its entirety, i, e., 16,254.62 (microseconds). Note 

that this is essentially 'raw' TD data (not averaged) and slightly 
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different from the data put on tape which is an average of 

16 TD measurements. It should also be noted that while the 

complete time difference binary number out of the micro­

locator is 22 bits long, only 13 bits are put on tape, This is 

because the 9 most sifnificant bits are constant over an area 

much larger than either of the Phase I or Phase 11 test areas. 

• "Track'' indicators next to each TD display denote (when 

illuminated) that both the master and slave receiver phaselock 

loops are in the track mode. 

• Under the TD displays is a set of switches which allow the 

test operator to return any or all tracking loops to the search 

mode. Tracking loops are sometimes returned to search 

during the calibration process in order to measure 1Time-to-

T rack'. This is the time for the receiver to automatically 

identify and lock on to all three LORAN signals. It is an indicator 

of LORAN coverage quality. Also located here is a rotary switch 

which allows the test operator to use the TD2 display to show 

selected receiver status registers such as signal-to-noise ratio, 

envelope discrepancy and velocity magnitude. 

• "Augmenter Identification" is a display that shows the ID 

number of the last detected augmenter. Next to this display is 

an indicator which denotes the acquisition of a new (different 

ID from the last) augmenter, This is simply to call the 

operator's attention to the detection of a new augn,entor, The 

pushbutton below will reset the "New Aug" indicator. 

• "AGC" and "RANGE" are recessed potentiometers for periodic 

augmentor receiver calibratlon. Once set for test, no further 

adjustment is made to them. 
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• "DATA LINK" denotes panel outputs from the microlocator 

digital 'time difference output. A "XMIT" pushbutton is 

provided which, when depressed, will cause the microlocator 

to output digital data containing the latest TD measurements. 

This is not used in the present AVM Test Procedure but was 

included in the test console to increase its utility. 

• The hme of day clock is mounted in the center of the panel. 

• "Odometer'' display shows the accumulated number of 

impulses (not feet of travel) in either of two registers. The 

operator may select which register he wishes displayed 

by means of the switch just to the right of the display. In the 

''Aug-Aug'' position the register which accumulates impulses 

between consecutive augmentor detections Ls displayed; in the 

"Aug-Rep/Rep-Rep" position, the register which accumulates 

impulses from report to report or from augmentor detection 

to report is displayed. This is the primary odometer informa­

tion used in position processing. The register is reset every 

report (automatic or manual) and on every "New Augmentor" 

flag. 

• "Digital Distance Meter" ls the readout portion of the fifth wheel 

odometer. The display overflows at 5, 280 feet. The output 

of the fifth wheel is also accumulated in the test console and 

included in each data message to provide a continuous measure 

of distance traveled. 

• ''Number" is a 5 digit octal thumbwheel bank used to enter the 

checkpoint nun1ber, Each time the "enter'' pushbutton is 

depressed the checkpoint number is read and put on tape along 

with all sensor data. The "counter" display indicates the total 

number of times the "enter" button has been pushed. It 

accumulates until reset by the nearby pushbutton switch. 

3-12 



3. 3 

• "Tape Malfunction'' and "Ready" lights are remote indicators 

of signals generated in the magnetic tape recorder. 

• "Test Number" is a 5 octal digit thumbwheel bank which allows 

the operator to keep better track of recorded data. This 

number appears in every tape record. 

MONITOR STATION EQUIPMENT 

The monitor station provided a continuous daily hard copy record on the LORAN 

chain stability. Any varialions in chain timing were automatically recorded and 

used in post-lest data evaluation. 

The monitor station consisted of a LORAN receiver, ACU, strip chart recorder 

and interface. This equipment operated continually during the calibration and test 

process. No significant time difference deviations which could affect location 

measurements were noted. In particular, the ministration exhibited remarkably 

stable timing characteristics throughout the Phase I program. 

The recorder was a two channel analog device. It recorded the 1 microsecond and 

100 nanoseconrl number of each tirr,e difference being measured. For example, 

if TDA (Nantuckett) was 51,744.3 microseconds, the 4. 3 part of the digital time 

difference was converted to an analog signal in the recorder interface (see 

Figure 3-10). The recorder was scaled so that each large division equals 1 

microsecond and each small one 100 nanoseconds (see Figure 3-llA). The range 

of each channel is frmn 0. 0 to 9. 9 microseconds which is sufficient to record any 

timing variations. Figure 3-llB is a photograph of the monitor station. 

The monitor station was located at the Marriott Motor Hotel. 

3.4 1\1INI STATION EQUIPMENT 

A LORAN C ministation was temporarily installed in Limerick Township, PA. for 

the duration of the Phase I Progra1n. Standard LORAN C coverage in the 

Philadelphia area has been shown to be inadequate in view of the location accuracy 

required. In particular, the LORAN C Slave at Dana, Indiana does not provide the 

3-13 



'-' 
I ..... 
"" 

I(* Al 'I,. 
Jl~P l 2 

04 

BFSO• l Al BfSO 
Jl~S • 

o, 

BF51" S Al c BFSl Jl~T 

o, 

JI-V 

TDTD >----v-- TDTDB 

08 
Jl-M 

2
<SF~ 24SFB 

08 

24SFB 

Jl-e 

+5V)------. 

Jl-f 

GN D )------. 

J 1-z 

1' 

12 
OB 

A3 
92 

+I SV )------. SWl POSITION OUTPUT 

Jl-vv 

-1sv>----

OPEN X,X 

CLOSED I xx. 

TDDB~ 

A6 
ll>A 

8 
Bf50~ 

3 " 
I 

K-
5 
-,____; 

10 

TDTDB--.:--,_ 

A7 
16' 

.u 
I 18 

A5 I 
107 

4 

Figure 3-10. Monitor Recorder Interface 

+15V -15V 

' 
113 !1~ 

3 I 

4 2 

5 3 

~ r1 ZI 
,I ~AOUT 11 6 

12 7 

13 B 

~ {{ 4.7k 
560 560 

= = 

+15V -15V 

I 13 114 

3 

• 2 

5 3 

~ r1 Z2 
,I ~BOUT 11 6 

12 ,~. H~ 15 560 
560 p 

GROUND 

---= -:;- ~ 

Tl05610 



~----TDA MICROSECONDS----~r----TDB MICROSECONDS-----, 

9 .ollo.o 
I I 

' MINUTE 

' 

1105754 

Figure 3-1 lA. Monitor Station TD Recording 

Figure 3-1 lB. Monltor Station P108823 

3-15 

-



test area with signals of sufficient strength and quality required to meet the objectives. 

The ministation was assigned a coding delay of 82,000 microseconds by the U.S. 

Coast Guard and authorized to transmit at a nominal radiated power of 100 watts. 

This station was synchronized to the U.S. East Coast Master and used 1n 

conJunction with the Slave Station at Nantuckett Is., Mass. to provide the necessary 

LORAN coverage. The station performed flawlessly on a daily basis for the 

entirety of the 5-month program. 

The mini station equipment is shown in Figure 3-12. This equipment consists of 

the following units: 

Tin,c Unit 

Power Supply No. 

Power Supply No, 

Megatron No. 1 

Megatron No. 2 

Control Unit 

Output l\etwork 

Timing Receiver 

1 

2 

Transmitter CharacteristLcs were as follows: 

Frequency - 100 KHz 

Emtssion Designator - 20P2 

Radiated Power - 100 Watts@ Peak of Pulse 

Average Input Power From Final - 2 KW 

Peak Power@ Final Amp - 15 KW 

Spectrum - 99% of Energy within 80 KHz - 120 KHz Band 

Timing Stability - U.S. East Coast Master +25 nSec 

GRI - 9930 (SS7j 

Coding Delay - 82,002.5 microseconds 
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The minislation was located at 

75° 30' 14 II V,l 

40° ] 2 I 4 7" N 

99 Limerick Road 

Royersford, Pa. 19468 

The transmitting antenna was a 100 foot top loaded aluminum tower with sixteen 

' 100 foot ground plane raidals. Figure 3-13 is a diagram of the tower, Figure 3-14 

is a photograph of the actual installation. 

3. 5 AUGMENTOR DEPLOYMENT 

Fifty-three augn1enlors were deployed for Phase l tests, Except for time-points, 

augmentor deployment is a function of LORAN coverage. That is, augmentors 

were installed where the lack of adequate LORAN signal coverage indicates they 

were required, Deployment for the random route test was not the same as that 

for the fixed route test. This is because the random route test area had spotty 

LORAN coverage. Without a priori knowledge of the test route, a worst case 

s1tuation was assumed. This would be a route which goes continually in and out 

of good LORAN coverage making very dense augmentor deployn1ent mandatory. 

The fixed route, on the other hand, traverses section~ of good LORAN coverage 

which resulted in augmentors only located at tin1e points, Figure 3-15 shows 

final fixed route augmentor locations, and Figure 3-16 shows those used on the 

random route. Figure 3-1 7A, B, C show typical augmentor installations. The 

exact locations and coordinates of augmentors at specific intersections are given 

in Appendix C. 

3. 5, 1 Augmentor Operation 

Augmentors are low power radio frequency transmitters which are designed to be 

rnounted at or near an intersection on a traffic signal or lamp post. They transmit 

a time coded signal at a frequency of 72. 960 megacycles which the detector circuit 

in the LA VM ACU will recogni;,;e, The time code for each augmentor in the system 

is unique. A block diagram is shown in Figure 3-18. The thumbwheel switches 
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Figure 3-13. Transmitter Tower Diagram 
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Ftgure 3-14, Tower Installation 
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Figure 3-18. Augmentor Block Diagram 

Tl00627A 

shown in the diagram are for demonstration or test purposes only and are not 

required in production units. Each element of the augmenter is simple and 

unsophisticated for high reliability. The oscillator is a purchased item very 

similar to the oscillator used in the LA VM receiver. This is a small, reliable 
-5 

unit with a modest stability specification of 1 x 10 

The code specified in the code generation is in the form of a time period between 

pulses rather than the more conventional binary or BCD number transmission. 

This simplifies vehicle and augmenter hardware and increases reliability. 

Figure 3-19 is a timing diagram of the coding technique used. Detection of an 

augmentor signal consists of recognition of the 240 microsecond start pulse and 

the 360 microsecond stop pulse. The time between these pulses must be within a 

predetermined limit or no detection is made. Any combination of signals which 

meet this criteria will constitute an augmenter detection, while the time from 
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Figure 3-19, Augmentor Timing Code 

start pulse falling edge to stop pulse falling edge will uniquely identify an 

augmentor. Noise which occurs between pulses has no effect unless it occurs 

after the start pulse and causes the receiver to produce an artificial pulse exactly 

360 microseconds long. 

3.6 EQUIPMENT OPERATIONAL REQUIREMENTS 

Equipment Calibration was required on some items prior to formal testing and 

monitored during teshng to assure proper operation of support hardware, Those 

iten1s requiring no calibration were: 

a, Antenna Coupler Unit 

b. Test Console 

c, Monitor Statton 
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Hardware which required calibration prior to the start of formal testing and then 

was not changed thereafter was: 

a. Microlocator 

b. 

1. Notches set for 92. 5 KHz interference. 

2. Oscillator was replaced due to large drifting and instability 

(new oscillator was set to center frequency of 3. 2 MHz.!. 5 Hz) 

- no problems thereafter. 

Left and Right Odometers 

Scaling was accomplished prior to tests and the figure used was 

. 7477567 feet per output pulse. 

c. Augmentor Receiver 

d. 

A sensitivity and AGC adjustment was made prior to testing. 

Augment ors 

Exclusive of the temperature modifications discussed previously, 

each augmentor was adjusted for transmitting range by the 

adjustment of augmentor and/or antenna height (see Special Case 

Tests - Section 6). 

e. Fifth Wheel 

Calibration of the fifth wheel was accomplished by running a 

measured mile prior to the tests. This was accomplished by 

adjusting the tire pressure. The pressure selected was 28 PSI. 

f. Magnetic Tape Recorder 

Lubrication and electrical calibration of the magnetic tape recorder 

was pe,rformed in Philadelphia prior to commencement of testing 

at Sorbus, Inc. 
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Items which required daily spot checks and preventative maintenance were: 

a. Motor Generator 

The oil was changed daily in the motor-generator. The original 

generator was replaced just after the start of testing due to a 

catastrophic internal failure of the motor caused by rapid oil loss. 

The new generator was obtained and installed within one day and 

did not cause more than a 24 hour delay in tests. 

Due to the severe cold and ice conditions, the generator and 

exposed gas 1.ank were kept covered and double insulated at night 

to prevent ice and/or water from entering the tank. 

Daily checks were made on the line voltage from the generator 

after the low voltage problem was discovered. 

b. LORAN Mini-Station 

The LORAN Mini-Station located in Limerick was calibrated daily 

each morning prior to testing. This was accomplished by using 

the monitor station at the Marriott Hotel which was previously 

discussed. 

c. Fifth Wheel 

The fifth wheel tire pressure was verified daily to be 28 PSI 

(the calibration pressure). 

d. Test Vehicle 

The test vehicle was serviced every 1000 miles for oil changes, 

lubrication, and engine tune-up. In additional daily spot checks 

were made to all vehicle systems. 
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3. 7 HUMAN OPERATIONAL REQUIREMENTS CHECKLIST 

In addition to the operational requirements of the equipment, a check list was 

devised to help limit any human operational errors that could arise, The check 

list in its final form is shown below: 

a. Pre-Run: 

b, Run: 

Gas Vehicle 

Gas Generator 

Check 5th Wheel Pressure (28 psi) 

Gas Tank Secure 

Rotating Beacon Secure 

Electrical Wires Clear of Exhaust 

Electrical Wires Clear of 5th Wheel 

Generator Gas Cap Loosened and Secure 

Start Generator-Run 30 Min 

Start Vehicle and Warm-Up - 30 Min 

Check Magnetic Data and Audio Tapes Aboard 

Initialize Strip Chart Monitor and Calibrate 
Mini-Station 

Drain any H
2

0 from Gas Tank Drain 

Check Line Voltage = 11 0 Vac 

Test Console On 

Oscilloscope On 

Power Filter On 

LORAN Receiver On 

Digital Recorder On 

Proceed to Starting Point 
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C, Pre-Test: 

d. Post-Test: 

e, (If Final Run): 

Unlock 5th Wheel and Lower 

Label Audio and Magnetic Data Tape 

Load Magnetic Data and Audio Tape 

Record Test/Tape Numbers in Log Book 

Address Audio Tape 

Set Master Console Clock to Real Time 

Set in Test Number on Console 

Set in 1st Checkpoint Number on Console 

Set "ODO" Switch Down 

Reset Checkpoint Counter 

5th Wheel Switch On 

Auto /Manual Switch in Manual 

Telephone On 

Verify Augmentors on and Status 

Write File Gap on Magnetic Data Tape 

Zero Incremental Time and Record Time 

Dynamic Run Switch Down 

Warning Lights On 

Start Test 

Insert Illegal Checkpoint Number "07777" 

Dynamic Run Switch Up 

Rewind Data Tape, Secure and Check Label 

Write 10 File Gaps on Data Tape 

Raise 5th Wheel 

Oscilloscope Off 

LORAN Receiver Off 

Power Filter Off 

Test Console Off 

Digital Recorder Off 

Audio Recorder Off 
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Generator Off 

Warning Lights 0££ 

Secure and Tighten Gas Cap 

Call Ministation and Shutdown 

Cover Generator and Tank 

3-30 



4. 1 GENERAL 

SECTION 4 

TEST DATA 

Data acquired in the fixed route and random route tests was to the format in Figure 

4-1. Special case test data varied with each special test and is discussed in sub­

section 4. 5. 

4.2 DATA RECORDING FREQUENCY 

Data was automatically recorded once per second. Flags were set in the data to 

indicate specific events such as a checkpoint passing or a new augmenter detection. 

4. 3 DATA CONTENT 

Each automatic record contained the complete set of data shown in Figure 4-1. 

This data consisted of ten 16 bit blocks. A description of each block is given 

here with reference to the figure. 

Test Number - This is a 5 digit octal number read di.rectly frompanel thumbwheel 

switches. It was used to identify each test. Table 4-1 is a listing of all test 

numbers and associated tests. 

TDA - This is the thirteen least significant bits of time difference A. It is truncaled 

from its complete length of 19 bits to save space. This is possible since the higher 

order bits do not change over a moderate size area such as lhe Philadelphia test 

area, The two most significant bits are flags to indicate if the Slave A transmitter 

is blins<:ing and if the time difference is valid. The receiver tracking loop must 

be locked up and in the track mode on Slave A in order to post a 'one' in the most 

significant location. 

TDB - This is the identical information on the B Slave. 
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Table 4-1. Assigned Test Numbers 

FIXED ROUTE TEST 

Test Numbers 
Duplicated in Error 

Test Number 

30101-30112 
30201-30230 
30301-30310 
30401-30410 
30501-30510 
30601 
30701 
30702-30703 
31001-31013 
32001-32003 

Test Number Run 

10001 1 
10002 2 

{ 10012 10 

10012 11 

I 

10047 40 

RANDOM ROUTE TEST 

Test Number Run 

20001 1 

20002 2 

20003 3 
20004 4 

20005 5 

SPECIAL CASE TESTS 

Test Nan1e 

Augmenter Coverage vs Speed 
Augmenter Coverage vs Elevation 
Augmenter Interference 
Augmenter Coverage vs Traffic 
LORAN Lag vs Speed 
Cnusual LORAK Coverage 
LORAN Only Test 
LORAN Repeatability 
Augmentor RFI 
Augmentor Antenna Pattern 
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Previous Augmenter - This is a four digit octal decode of the ID number of the 

Next-To-Last Augmenter detected, The most significant Location contains a flag 

which is set by logic in the system odometer section. This logic sets the flag 

after the vehicle has moved 54 feet from the initial augmenter detection, This 

flag will normally be set when the vehicle is adjacent to the detected augmenter 

and as such becorres the AVM system's best estimate of when the vehicle is at 

the augmentor. This flag is used by Lhc 5oftware to calculate time of passage 

at fixed route time points. A discussion of this computahon is given later in this 

section. Note that while this flag is located ln the 'previous augmenter' data 

block, it is set as part of tli.e detection process of the latest augmentor detected 

which is referred to as the 'last augmenter. 1 This flag is sometimes referred to 

as the time flag. 

Last Augmenter - This is a four digit octal decode of the ID number of the last 

detected augmenter. The most significant bit contains a flag which is set by 

logic in the system odometer section, This logic sets the flag after the vehicle 

has moved feet from the point where the time flag was set. 

QOdometer Augl-Aug2. - This is a 15 bit register which accumulates the system 

odometer output. It is reset only upon detection of a valid augmentor ID, It is 

used in the odometer calibration scheme which was not tested in Phase I. 

<'.!Odometer Aug2.-REPT/RPT-RPT - This is a lG bit register which accumulates 

the system odon1eter output. It is reset each time data is recorded. The summation 

of values in this register is the total distance traveled. 

Incremental Time - This is a 16 bit register which is incremented once per second 

throughout all tests. It was manually reset at the start of each run anrl the time­

of-day recorded, In this way the time of day of any event on the test may be 

determined. 
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Checkpoint ID & Number - This is a five digit octal number read directly from 

panel thumbwheel switches. It is the means by which the test operator records 

the number ID of each checkpoint and time point. The most significant location 

is a flag which is set by a depression of the 'enter' pushbutton. 

Fifth Wheel - This is a 16 bit register which is incremented by outputs from the 

fifth wheel. Each output indicates one foot of travel. Information in this register 

is not used by the location subsystem to derive location but is used by the system 

simulation software. 

4.4 NUMBER OF MEASUREMENTS 

The fixed route test contained 450 time point measurements and 3090 checkpoinl 

measurements, The random route test contained 475 checkpoint measurements. 

Results are presented in Section 6, 

4. 5 SPECIAL CASE - GENERAL 

Since most of the special case testing was not conducive to automatic data recording, 

individual data sheets and manual data recording were used. All data sheets are 

included in Appenrlix B. Various measurements, described in the following sub­

sections were made of the variables in augmentor coverage, detection anrl inter­

ference, Coverage being defined as the radial distance from an augmentor antenna 

to a mobile antenna at the point of initial detection and at the point of detection loss. 

Some of the special case tests, namely those involving LORAN coverage, did utilize 

the automatit data recording format described in Sections 4, 2 through 4, 3. 

4. s. 1 Augmentor Cove rage and Elevation Tes ts 

In order to perform these tests, a mobile test vehicle and portable, supporting 

augmentor structures were utilized as shown in Figure 4-2. These were positioned 

and maneuvered at the Philadelphia Naval Base Airfield. Due to snow and ice as 

can be seen in Figure 4-3, a long but very narrow pathway which was plowed by 

Navy personnel was utilized on the runway. The measurements recorded were: 
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Vehicle Speed (MPH), Augmentor Elevation (Feet), Augmentor I. D. Number, and 

detection/loss distance·s (feet). The test vehicle passed within 20 feet of the 

augmentor under test, traveling in a straight line when approaching and departing 

the augmcntor. 

The test console odometer logic was set such that the new augmentor identification 

code number appeared at the instant of positive augmenter detection. When this 

number appeared, the fifth wheel odometer was utilized to measure the detection 

distance. The loss distance was measured similarly; however, loss was determined 

at the point where the "acquire" light on the test console first extinguished after 

passing an augmentor. 

After each test run an augmenter which was carried in the test vehicle with a 

different I. D, number from the test augmentor was switched on momentarily to 

reset the ''new augmenter detection logic" in the test console. This was required 

since the system does not detect two consecutive augmenters with the same I. D. 

4. 5. 2 Augmenter Interference Tests 

These tests were conrlucted at the Philadelphia Naval base site to determine the 

rninitnum safe distance between two operating augmentors which allows for each 

to be detected without interference from the other, The same equipment was 

utilized as in paragraph 4. 5. 1 with the addition of one augmentor and supporting 

structure, The two augmenters were separated by four different separation 

distances of 50, 100, 150, and 200 feet, respectively. 

Using the same driving procedure as in paragraph 4. 5. 1, the test vehicle made 

runs at 30 MPH and the rletection or non-detection of the two augmentors was 

indicated on the dala sheets, Detection was as defined in paragraph 4. 5. 1. 

The augmentors were positioned as shown in Figure 4-4. 
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4. s. 3 Augmentor Coverage in Traffic Conditions Test 

In order to determine the effects of traffic (including trucks and busses) and 

buildings on augmentor coverage and detection, a test similar to that described 

in paragraph 4. 5. 1 was con<lucted on the streets surrounding City Hall: 15th, 

Penn Square, Juniper, and JFK Boulevard. 

An augmentor was positioned on a street light pole along the North side of JFK 

Boulevard as shown in Figures 4-SA, 4-SB, and 4-6. The detection distance 

and loss of signal distance (as defined in paragraph 4. S. 1) and the elevation of 

the augmenter were measured (feet) and recorded on the data sheet while the van 

traveled in a counter clockwise path around city hall. 

The test vehicle traveled in the farthest lane from the augmentor and the next 

closer lane. The distances of both lanes is shown on the data sheet. An augmenter 

to reset the "new augn,entor detection logic" in the test console was kept inside 

the test vehicle and switched momentarily on at Broad Street and Penn Square. 

This was required just as in paragraph 4. 5, 1, All distances were measured 

utilizing the fifth wheel odometer, Anytime that large vehicles (trucks or busses) 

were between the test augmentor and the test vehicle, that information was 

recorded on the data sheet. 

4. s. 4 Augmentor Radio Interference Tests 

In order to test for any out of band frequencies that may be emitted by augmentors, 

a spectrum analyzer consisting of the following modules was used: 

141S (Hewlett Packard) 

8S52A 

8553L 

Display Section 

IF Section 

HF Section 

The test area was the parking Lot of the Marriott Hotel, City Line Avenue and 

Monument Road in Philadelphia. 
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Figure 4-SA. Special Case Test Augmenter Coverage vs Traffic Conditions 
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Figure 4-SB. Test Augmentor for Traffic Special Case Test 
(Augmentor Shown At 28 Feet Elevation) 



Figure 4-6. Test Augmentor for Traffic Special Case Test 
(Elevation of Test Augmentor was adjusted for each special case run) 
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The Spectrurn Analyzer was secured in the mobile test vehicle which was 

stationary during the test in the middle of the parking lot. A 102 in. vertical whip 

antenna which was mounted on the test vehicle was used as the RF pickup and input 

to the analyzer. 

The Augmentor under test was positioned at the start of the tests at 10 feet from 

the vehicle antenna and al an elevation of 5 feet. Ambient frequencies were 

recorded on the data sheet with the Augmentor off. The Augmentor was then 

switched on and the frequencies and amplitudes of any new emissions were recorded 

on the data sheets, This test was repeated at greater distances until the Augmentor 

emission was non-detectable in the arnbient noise present. These distances were 

also recorded on the data sheets. 

The 3 db bandwi<lth of the center frequency emitted by the augmentor was also noted 

on the data sheet for the 10 ft. distance. 

4. 5. 5 Augmentor Antenna Pattern Tests 

The antenna pattern tests were conducted 1n the parking lot of Teledyne Systems 

Company in Northridge, California, The test augmentor was located on a metal 

light pole at various elevations as shown on the data sheets. The mobile test 

vehicle approached the light pole from eight equally spaced directions separated 
0 

by 45 intervals. Utilizing the fifth wheel, the distance in feet was recorded on 

the data sheets for the detection of the augmentor (detection as defined in 

Paragraph 4. 5. 1). A reset augmenter was utilized to reset the I. D. code as 

specified in Paragraph 4. 5, 1. Thee orientation of the augmentor with respect to 

the light pole was indicated on each data sheet, 

4. 5. 6 LORAN Position Lag, Vehicle Speed Tests 

This test was conducted to determine any discernible lag in LORAN derived position 

as a function of vehicle speed. The test area was the Philadelphia Naval Base 

Airfield as in paragraph 4. 5. 1. 
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Seven checkpoints were marked with plainly visible orange cones. The checkpoints 

were 250 feet apart and each was assigned a unique number from one to seven. 

The mobile test vehicle then was used to record ten readings of LORAN position 

information for each checkpoint on data recording tape utiliz;ing the automatic 

data recording equipment previously discussed. The method of data gathering was 

exactly like the method used in recording calibration information in the city of 

Philadelphia. A discrete test number of 37777 was assigned to the calibration 

section of recordtng tape. 

After the completion of calibration, the vehicle speed runs commenced. 

Each run was made in a straight line on the plowed runway. The acceleration 

path was 600 feet long, the test area 1750 feet long, and the deceleration area was 

400 feet, Snow and ice on the runway prevented speeds greater than 40 MPH due 

to the short deceleration area, 

Eight runs were made, each being assigned a discrete test number and the vehicle 

speeds noted for each test. The automatic data recording equipment was utilized 

with the identical procedure being ust:d as for dynamic fixed or random route runs. 

The proper checkpoint number was set in for each cone and the checkpoint button on 

the console was depressed for each checkpoint when the vehicle was adjacent to 

the cone. 

The data tape recording consists of the same categories data recorded for fixed 

and random route runs, and the content of the data dump of that tape will be 

discussed in Section 6. 

4.5. 7 LORAN Coverage Along a Steel Bridge 

To determine the location accuracy of LORAN along a steel bridge, a test run was 

made on the Benjamin Franklin Bridge, The manner of recording data was identical 

to that of fixed and random route test runs. Seven checkpoints were used on the 

Pennsylvania side of the bridge and seven on the New Jersey side. Two checkpoints 
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were used on the bridge itself, and these were at the bridge supports which are 

identified in Section 6. 

Previous calibration data consisting of nine locations along the East and West side 

of the bridge was recorded to analyze the bridge run data, as discussed later in 

this section. The calibration data is given in Appendix A. 

The route used and associated checkpoints were detailed in Section 2 of the report 

and consisted of traveling East and Westbound through the selected test route thus 

making a complete round trip. 

All data parameters recorded were the same as discussed for the random and 

fixed route tests. 

4.5.8 LORAN Only Location Test 

The accuracy of the LORAN portion of the location subsystem exclusive of any 

augmenters was measured in this test. The data recorded were the same 

parameters as for the fixed route; however, no augmenter data is used in the 

tests or analysis. 

The area selected for the LORAN only tests was bounded by Fisher, Wyoming, 

8th and lZth streets. A detailed description of the route, area, and checkpoints 

was given in Section 2. There were no augmenters installed within the area to aid 

in position <let ermination. 

4,5.9 LORAN Repeatability Tests 

The repeatability accuracy of the LORAN data was measured by repeating the 

LORAN only test discussed in paragraph 4. 5. 8. The test was conducted on a 

different day from the LORAN only test. The route, area and recorded data were 

identical to that in the LORAN only test. 
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4.6 CALIBRATION DATA 

4. 6. 1 Data Requirements - The following data was recorded for each of the 

calibration points: 

a. 

b. 

C • 

d. 

e. 

f. 

4.6.Z 

Point Location (street intersection narnes) 

Point X and Y Coordinates 

Mean TDA and TDB 

Standard Deviation of TDA and TDB 

Raw TDA and TDB Measurements (minimum of 10 each) 

Calibration Point Identification Number (5 digit octal) 

Procedure - The calibration procedure consi.sted of driving the test 

van to each designated calibration point and recording static LORAN time difference 

measuren1ent on magnetic tape. Ten mea5uren1ents of each time difference were 

required as a minimum, Appendix A contarns all of the calibration data obtained 

in these tests together with a Listing of the software program used to reduce the 

information. A sample reduction tab run is included. 

In addition to the automatic data recording of calibration tirne differences, an 

audio tape was made, and the vehicle location coordinates together with calibration 

point, identification were placed on these tapes. 

Calibration data was taken for the fixed, random, LORAN only and Bridge route 

areas. Figure 4-7 shows the calibration points for the fixed and random route 

areas. All intersectlons within the LORAN only area were calibrated. The 

calibration points for the bridge run are shown in Appendix A. 
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4.7 TIME OF PASSAGE MEASUREMENT DESCRIPTION 

The following is a description of the time of passage measurement process in the 

Phase II LAVM System, followed by the Phase I mechanization which simulates it. 

4. 7. 1 Phase II Mechanization 

Assume that a vehicle is approaching an augmentor located at a time point, and 

assume that the augmentor signal has a range, r, of 54 feet. 

The following is a step by step description of the time of passage measurement: 

a. When the vehicle reaches a point approximately r feet from the 

augmentor, the carrier frequency of 72. 96 MHz is detected causing 

the augmentor receiver AGC signal to go "low" or to near O VDC. 

b. When the AGC signal goes low, it enables the augmenter ID number 

decoding logic, 

c. The decoding logic decodes the augmentor ID number and then 

automatically checks for three successive identical decodes. This 

is for rellability purposes. When this requirement is satisfied, the 

time of passage (T, O. P.) odometer is reset. 

d. The T. 0. P. odometer begins to measure a programmed distance 

which is set to be equal to r, the augn1entor range, 

e. At the end of this distance r, the T. O.P. odometer sets a flag in the 

data interface called the 'time flag, 1 This flag in turn resets an 

incremental time counter with a resolution of 1 second. This counter 

will continue to count until the next report cycle at which time its 

contents are placed in the appropriate location in the vehicle-base 

data message. 

In a perfect situation, this flag will be set at the exact instant that the 

vehicle passes the time point. Varlations will occur as a function of 

augmentor range. 
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£. The T. 0. P. odometer measures out an additional 54 feet and then 

sets another flag called the "new augmenter flag. 11 This flag causes the 

ID number of the detected augmenter to be placed in the base station 

message. 

This sequence is repeated each tlme the vehicle passes an augmenter. 

The process by which the LAVM system determines time of passage 1s described 

next. 

Upon each vehicle report, the computer receives the following information with 

which to determine time of passage: 

a. Augmenter ID Number; and, 

b. Incremental time, in seconds, since the time flag was set. 

The computer does the following: 

a. Checks augmentor ID code for corresponding location on the fixed 

route; and, 

b. Subtracts the reported incremental time from the time of day the 

report was received. This gives the tlme of day that the time flag 

was set. 

This time is the LA VM System estimate of the time of passage at the time point. 

4.7.2 System Errors 

System errors are directly proportional to augmenter range and to a lesser 

extent, to vehicle velocity. If the augmenter range is significantly different 

from the non,inal progran1med range, the tin,e flag will be set either early 

(before the vehicle reaches the t[me point) or late (after passing the time point). 

This will show up as an error in the time of passage, the magnitude of which 
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is a function of vehicle velocity. At speeds of 10 or more miles an hour, a 

25% variation in augmentor range will produce small errors in time of passage. 

If the vehicle stops near a time point where the augmentor range is too great 

or too sn1all, the time the vehicle stands will appear in the time of passage error 

since it is an odometer, not a clock that actually determines the system time of 

passage. 

4. 7. 3 Phase I Test Mechanization 

The Phase I System mechanization differs from the preceding description only 

slightly. In Phase I, the incremental time storage after the time flag is set 

will take place in software instead of the vehicle hardware. Data reduction and 
i 

analysis will include simulation of the 32. 4 second polling rate. Time of Passage 

errors will be calculated based on this rate. 

The other differences for Phase I all involve displays on the test console not 

available for Phase II. The AGC Signal, the new augmentor flag, and the 

decoded augmentor ID number are all displayed to assist the operator. 
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SECTION 5 

DATA ANALYSIS AND REDUCTION TECHNIQU.1!;S 

::; . 1 INTRODUCTION 

The purpose of this section is to describe the techniques employed in analyzing 

and reducing the data obtained from the phase I test. A fundamental component of 

the Teledyne AVM system is the conversion of receiver measured Loran time 

difEerence to local X, Y coordinates by means of a polynomial fit. The coefficients 

of the coordinate conversion polynominals are inputs to the position processing 

software and are obtained from an analysis of the calibration data. Therefore, it 

is appropriate to discuss the reduction and analysis of the calibration data in 

this section. The other topics discussed in this section are the determination and 

treatment of the location subsystem and system position errors and time point 

errors. 

5. 2 CALIBRATION ANALYSIS 

To develop a method for converting from Loran time differences to local X, Y 

coordinates, the test area was broken up into 4 calibration sectors, each sector 

containing a relatively large number of calibration points whose coordinates are 

accurately known in the reference X, Y coordinate system. At each calibration 

point, long term time averages (several seconds) were obtained for TDA and TDB. 

In addition, at each point, sample standard deviations of TDA and TDB were 

obtained, For a given sector, the TDA, TDB and cr-A, ai values were inspected 

to select a reference point with coordinates X , Y , had the property that it 
REF REF 

was geu1nelrically central to the sector and that it had plausible average TDA, 

TDB with small san1ple standard devial1ons. 

If TDAR, TDB.R denote the average time differences at the reference point and if 

XREF' Y REF denot<e the rectangular coordinates of the reference point, then the 
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assumption is made that for the ith calibration point in the region that the 

computed value of the coordinates are given by: 

and 

X C (i) = XREF + al (TDA(i)-TDAR) + a2(TDB(i)-TDBR) 

+a
3 

(TDA(i)-TDAR/ +a
4 

(TDA(i)-TDAR)(TDB(i)-TDBR) 

+a
5 
(TDB(i)-TDBR/ 

Yc(i) = YREF +b
1

(TDA(i)-TDAR) +b
2

(TDB(i)-TDBR) 

+b
3 

(T DA(i)-TDAR )
2 

+b 
4 

(TDA(i)-TDAR)(TDB(i)-TDBR) 

+b
5 

(TDB(i)-TDBR)
2 

where TDA(i), TDB(i) are the averaged time differences recorded at the ith 

calibration point. 

The coefficients a., b. are determined by a weighted least squares fit, where 
1 1 

( 1) 

(2) 

the weighting is determined by the calculated sample standard deviations of the 

time difference data at the calibration points. More precisely, if XT(i), YT(i) 

are the known coordinates of the ith calibration point and if o-A(i), o-B(i) are the 

sample time difference standard devi2.tions associated with the ith calibration 

point then the a., b. coefficients are chosen to minimize the following weighted 
l 1 

square error criterion functions. 

N 2 

QA,_ = 2 
(Xc(i)-XT(i)) 

2 2 
i- 1 aA (i)+oR (i) 

( 3) 

N 
(Yc(i)-YT(i))

2 

Q = 2 B z 
+ crB z(i) i=l ,s-A (i) 

(4) 
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In particular the values of the a_, b. coefficients which minimize QA' QB are 
, l l 

given by setting the partial derivatives of QA' QB with respect to the ai, bi 

coeHicients equal to zel"o and solving the resulting system of linear equations, 

i.e. 

oQA 
i 1 ' 2, 3, 4, 5 = o, = (5) 

0 
a. 

l 

:) QB 
= o, i = 1, 2, 3, 4, 5 

cl b. 
(6) 

1 

A corn.puter program has been written which accepts as inputs the true coordinates 

of the calibration points, the averaged time differences, their standard deviations 

the reference point coordinates and their associated time differences. The program. 

outputs: (1) the a., b. conversion coefficients (2) a radial error map of the calibra-
1 l 

tion sectors I 3) a statistical sumn1aqr by sector of the residual radial errors, 

This permits the elimination of points with anomalous TD values, The process 

may be repeated, if desired, with a different reference point to determine the 

stability of the conversion coefficients and the residual radial error distribution. 

A listing and sample run of this program is shown in Appendix E for the calibra­

tion which was performed for the bridge test, 

5. 3 DETERMINATION OF POSITION AND TIME OF PASSAGE ERRORS 

5. 3. 1 Data Analysis Requirements 

For the fixed and random route tests, the data analysis requirements were as 

follows. An IBM 370 system which can accept magnetic tape inputs was required. 

The core storage requirement for the FORTRAN program which performed the off 

line data reduction was 350K bytes. The same software was used to reduce the 

data for two of the special tests - namely the LORAN only fixed route and LORAN 

l::\ridge Run, as well as the timing point accuracy tests. 
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5. 3. 2 Sequence of DaLa Duplication Reduction and Analysis 

During the Philadelphia tests the data was recorded on magnetic tape using 

a high quality commercially available tape recorder. Data was recorded on 

tape at the nominal reporting interval of 1 second which is the data required to 

determine the vehicle position and to time tag the particular event. In addition, 

at the checkpoints the same data was recorded as at the nominally synchronous 

reporting intervals, and vehicle position and position error were calculated. 

A FORTRAN IV Computer program was written for the IBM 370 computer which 

accepted the magnetic tape inputs and computed reported vehicle positions in 

both X, Y and street reference systems at specified intervals as well as at the 

checkpoints. This software ha:, the capability of accepting checkpoint position and 

input data hardware generated vehicle tirne of passage data so that appropriate 

position and timing errors can be calculated and displayed in a mutually agreed 

upon set of summary statistical formats. The magnetic lapes and software 

analy~is program together with the necessary documentation were made available 

to DOT so that they may rn.ake their own statistical analysis of the location sub­

system tests. A computer progra1n written in FORTRAN was used to process the 

data read in from magnetic tape. Data processing was performed utilizing an 

IBM 370 computer, The following computations were n1ade: 

a. Reported vehicle positions in X and Y coordinates and street 

reference. 

b. Reported intermediate checkpoints in X and Y coordinates and street 

reference. 

c. Computed position errors., 

d. Computed tin1ing errors. 

Figure 5-1 shows the Overall Data Handling Flow described m this paragraph. 
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Figure 5-1. Data Handling Flow 

5. 3. 3 Data Re due tion 

5.3.3.1 Algorithms - The algorithms which are required for the data analysis 

may- be divided into two classes - namely-, those algorithms which compute vehicle 

position from the sensor inputs and those algorithms which are used to compute 

the descriptive statistics for the statistical summary. The position processing 

algorithms will be described first. Detailed descriptions of position processing 

and statistical algorithms were described in detail in the software documentation 

submittal. 

5, 3. 3, 2 Fixed Route Algorithm - The fixed route algorithm operates as follows: 

At any given reporting interval, the vehicle obtains one of two possible data sets. 

First, an indication that an augmentor has been acquired, the augmentor identifier 

and the distance traveled from the augmentor. Second, the odometer reading 

5-5 



Erom the last position report and a pair of time differences with their valid/ 

invalid status indicators, If an augmentor is detected, the new vehicle position 

is computed by projecting along the fixed route a distance corresponding to the 

odometer reading since passage of the augmentor. In the second situation, the 

algorithm monitors the status of the time differences. If they are valid, a con­

version to X, Y coordinates is performed. A reasonability check is then made 

with the odometer reading from the last report. IE it is satisfied, the algorithm 

then projects the converted X, Y LORAN position onto an appropriate segment of 

the fixed route. The new vehicle position is obtained by taking a weighted average 

of the LORAN projected position and the odometer projected distance along the 

fixed route. The relative LORAN/odometer weighting factors used in the Phila­

delphia test were determined on the basis of fixed route dry runs conducted by 

Teledyne. The weighting factors are dependent upon the relative accuracies of 

the LORAN and odon1eter information, hence are geography dependent. For the 

Salt Lake City demonstration, the best odometer/LORAN weighting was 75%/25%, 

respectively. Dry run fixed route test showed that this weighting was also suitable 

for the Philadelphia tests, If the LORAN time differences are not both valid or 

if the converted LORAN X, Y coordinates arc incompatible with the odometer 

measurement then the new vehicle position is fixed by dead reckoning along the 

fixed route from the last computed position a distance corresponding to the 

measured odometer reading. 

The algorithm also has the capability of detecting departures from the fixed route 

and monitoring subsequent computed positions for route returns. Route departures 

are detected by monitoring the distance between (XL, YL) the converted LORAN 

coordjnates and their projected point [XLP, YLP) upon the appropriate segment 

of the fixed route. When this distance exceeds a threshold three times in 

succession, a route departure is declared, The point of departure is declared to 

be that point where the threshold was first exceeded. 



5.3.3.3 Random Route Algorithm - The random route software differs from 

the fixed route in that no apriori knowledge is available about the trajectory of 

the vehicle. This means that odometer infonnation alone is insufficient to 

determine a new position based upon past position and that a detailed street map 

must be stored in the computer. 

The received time differences are examined for status. If they are valid a con­

version is made to X, Y coordinates, The converted X, Y point is compared to 

the last computed position and this distance is compared with the odometer reading 

for compatibility-. If these tests are passed then the new vehicle position is deter­

mined by projection of the converted LORAN (X, Y) point down upon the closest 

point in the random route, If the time differences are not valid or if the odometer 

rcasonability test is failed, then the new vehicle position is determined by a straight 

line extrapolation through the last two computed points along a distance given by 

the odometer reading with a subsequent projection upon the stored random route 

street map. 

AugmRntor data was used for position reset capability. In addition various 

reasonability checks were introduced to correlate converted LORAN X, Y 

coordinates with respect to prior computed positions to verify that they were 

compalible with odometer measurements. 

5.3.3.4 Statistical Calculations - For the location subsy-stem error deter-

mination the vehicle position ,vas calculated, using the algorithms just described, 

every lin1e the check point bit was set. This occurred at known locations which 

were passed to the computer via punched card input, Thus, for the location 

subsystem tests, the true value of the vehicle position was known exactly at the 

checkpoints so that appropriate error determinations could be made. At the 

system level, vehicle position was computed at a fixed polling rate o[ once every 

32 seconds, An immediate consequence of the fixed polling rate is that at the 

designated poll times the true value of the vehicle position is not known a priori, 
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hence must be computed in order to provide a basis for statistical determination 

of errors, This function was performed on software by a subroutine called 

TRUPOS, This subroutine calculated true vehicle position at the fixed polling 

time by using knowledge 0£ the vehicle test path, and the distance traversed from 

the last checkpoint whose bit was set as determined from the fifth wheel odometer, 

In this way it was possible to calculate accurate, true positions of the vehicle at the 

poll times. It should be noted that the information input,; to TRUPOS are denied 

to the routines that perform the system calculations of the vehicle position, since 

checkpoint and fifth wheel information are not legitimate inputs for system position 

determination, TRUPOS was used only to determine true vehicle location for 

error analysis of i;ystem simulations, It was not used in the LAVM position 

processing routines, 

The statistical processing software was designed to provide the maximum amount 

of statistical information associated with a given run. As described in a previous 

section, the vehicle positioning algorithms calculate XL, Y L' X LP' Y LP' XNEW' 

YNEW which arc respectively: LORAN converted coordinates, LORAN projected 

coordinates and system position coordinates of the vehicle. If XT(i), YT(i) 

denote true vehicle coordinates of a computed point along the route then the 

following errors are calculated and associated with a given point • 

.6.XL(i) = XL(i)-XT(i), .',.YL(i) = YL(i)-YT(i) 

/ 2 Z 
.6.RL(i) =\J''.lXL(i) + AY L(i) 

Y (i)-Y (i) 
LP T 

.6.XNEW(i) = XNEW(i) - XT(i), 4YNEW(i) = YNEW(i) - y T(i) 

.6.RNEW(i) = v.6.XNZEW(i) + .6.Y~EW(i) 

5-8 

(7) 

(8) 

(9) 



These error measures are calculated and displayed as functions of time and 

position along the vehicle path. The radial errors L:i.RL, L:i.RLP' .6.RNEW are 

ranked, and the rank order statistics are displayed for convenient summary 

and percentile determination. The following summary statistics are also 

calculated and displayed, 

LORAN Only: N 

6.XL = ~ I L:i.XL(i) 

i=l 

0 xL = 

N 
~ I (.6.XL(i)-.ci.xL)z 

i=l 

N 

l"' .6.YL= NL_,6.YL(i) 
i=l 

N 2 (6.RL(i) -tl.RL)2 

i-1 

LORAN Projected: 

- 1 N~ 
ti.XLP = N 2 ti.XLP(i) 

i=l 

ax =Ji_~ 
LP N L 

i=l 

5-9 

( 1 0) 

( 11) 

(12) 

( 13) 

(14) 

( 1 5) 

( 1 6) 

(1 7) 



1 N 
t::.YLP = NI AYLP(i) 

i=l 

~y =J-1 ~ 
LP NL 

i=l 

N 

ARLP = ~ 2 21RLP(i) 

i=l 

System: 

1 N 
-'\ 
N L.., 

i=l 

I N 

~YNEW =·) ~ 2 (AYNEW(i) - AYNJ,.;Wi2 

i=l 

N 

AB.NEW = ~ 2 ARNEW(i) 

i=l 
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( 18) 

( 1 9) 

(20) 

(21) 

( 22) 

(2 3) 

(24) 

(2 5) 

(26) 

(27) 



Table 5-1 is part of the output of the processing software for fixed route test 

10044. It shows the indicated components of the computed Loran error as a 

function of time and vehicle position along the route. The "BAD" indication in 

the right hand column indicates that Loran was not valid at these points and 

hence Loran P.rrors computed at those times have no meaning. Table 5-2 

displays the Loran projected and system errors along lhe route. Table 5-3 shows 

the radial error sequence along the route while Table 5-4 shows the rank order 

statistics of the various radial errors. In Table 5-4 the 67, 90 and 95th percentile 

errors are set in relief for convenience. Finally Table 5-5 shows the mean and 

standard deviation summaries of the position errors as well as the time of 

passage errors. 

Time of passage errors are calculated at various augmenters along the fixed 

route by taking the difference between the recorded time at which the time flag 

bit is set and the time at which the check point bit is set. The time flag bit is 

automatically set in accordance with an elapsed distance being traversed after 

entering the acquisition region of an augmenter. 

5.4 SIMULATION OF MISSED DATA 

The effects of missing data reports on system performance were simulated in 

the following way. The tape was first run through the PRERUN program to 

create the data set on disk upon which the software normally operates. An EDIT 

program was then used which operates on the created data set by eliminating a 

pre-determined subset of those records corresponding to 32 second polling times 

at which vehicle position is usually computed. This edited data set is then used 

to drive the positioning software, the results being those that the system would 

determine if faulty data transmissions occurred at those times which were edited 

out. The actual times at which data outages were simulated were obtained by 

using uniformly distributed random numbers furnished by Mitre Corporation. 
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Table 5-1. Fixed Route Test #10044 Loran Errors (32 Second Polling) (Sheet 1 of 2) 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • t • • • • SUMMA.:IY 
CKPT 

z 
3 

• 
5 

• 
6 

r 
11 
13 
I] 

It 
11 

20 
21 

22 
23 
24 
24 
25 
26 
27 

27 
31 
33 

3' 
35 
36 
•o ., 
•• •• 

Tl ,..E 

12e.o 
16000 

192.0 
22400 
2so.o 
2BB.O 
J~o.o 
352.0 
38&,0 
4 16, 0 
4118, 0 

'"0, 0 
512,0 
S44,0 
576,0 
608,0 
640,0 
672,0 
l'Ooll.!'0 

73b.O 
76e.o 
eoo.a 
eJ2.o 
ft64o0 

896.0 
q;,R.O 
960.0 
992.0 

102400 
1056.0 

IQ~B.O 

TD,t, TDA 

0,22781250E 03 O.J0917969E 03 
0122~B6719E 03 Q.31003882E 03 
0,.2296875QF O.J Q.3tl09375E 03 
0.231A7500E 03 O.Jl2~9063E 03 
0.23l~Ol55E 03 O.Jl320313E 03 
0,23226563£ 03 Q.313J5938E 03 
9,i32~65~JE OJ Q.!t335936E 03 
Oo2J&21B75E 03 Q.3tJJqB44f 03 
o.23]710q•E 03 0,31078l25E 03 
Q.235234J8E 03 0.3t1&0625E 03 
Q.,2Jb56250E 03 Q.JIOB9644E 03 
0.23616405E 03 O.JI050757E 03 
0.2J6l2500E 03 0•30976~b3E 03 
0.23941405E 0~ O.J09•13R2E 03 
0.23976563E 03 0•31003862E 03 
0.23847655t 03 0.3tC78125E 03 
0.2JB0•6~AE 03 Q.3lll7188E 03 
0.23726563F OJ 0.311~3594E 03 
!'.,l.23~56250E _(p 0•31 IQ921QE _OJ 
a.23562500E 03 o.Jll99219E 03 
0.235~6405E 03 0.3t238257E 03 
o.2J523•3~E 03 0,31J67le~E 03 
Q.23457030E 03 0,31390625E 03 

0-2•265~25E OJ Q.Jl515625E 03 
0.233046~_E Q~ ~ 314900_94E 03 
o.2335S4n9E OJ 0.31753882E OJ 
0,2316•063E OJ 0,315ll7l9E 03 
o.2Jo1s625E 03 o.31sses9•E OJ 
o.22q45JIJE 03 Oo31~7l!75E 03 
o.22a39B4 ♦ E OJ a.3t734375E o~ 

_Q~~2'!._0~~~"E 9~ 9•3_E_3o•~9E 03 
&5 1120.0 o.2300390SE OJ o,31e39e••E 03 
•5 1152.0 0.23076125E OJ 0,31800757E 03 
46 1184,0 0.23l13260E 03 0•31773•3eE 03 
So 1216.0 Oo23187500E 03 0.31660132E 03 
51 12•6.0 Oo23230-69E 03 Oo317617IQE 03 
5J 1_2~0,0 __ C?_•2.J~Z~3l3E 03 o_.3164~S_Q7E 03 
5J 131210 0.23281250E O] 0,31593750E 03 
ss 1344.0 o.23359J75E 03 o.313o•oeeE o~ 
55 1376.0 Oo239492l9E OJ 0.31781250( 03 
56 1408.0 012366♦063E 03 0.3l511719E 03 
t,O 1440,.0 0.2JSQ765~F 03 0,3l5507'57E OJ 
62 1472,0 0.23710QJeE 03 0.315l17l9E 03 
b2 15 □ •.o- o.23il'T.344E O'J 0.31449219E 03 

63 1536.0 0,2J7eQ063E OJ o.Jl&l0132E 03 
64 156e.o 0.2385546QE 03 O,J1363257E OJ 
65 1600,0 0.23980•6QE 03 0,J1269507E OJ 
66 1632,0 0,2•097655E 03 0.31226563E 03 
70 1664.0 0.24203125E 03 0.31136719E 03 
70 16Q6.0 0,2423046gE OJ 0.31l28e82E 03 
72 1728.0 0,2•203125E QJ 0.310g7632E 03 
72 176010 0o24lb0155E 03 0,31Q46875E 03 
73 1792,0 0,24109375( 03 0.3l074219E 03 
1• 1~24.0 0.23976563E 03 O.Jl09J750E 03 
75 1as6.o o.e~ooT~IJF 02 o,321J2~1JE 03 
76 1866.0 0 .. 77890625E 02 0 1 J061718!E 03 
76 1920.0 0,8J7109J8E 02 0,30769507E 03 

OF LURAN-ONLY ERRORS ALONG 
W:TRU'E YTRUE XL 

9000.00 6281.CO O,O 
9000.00 
9000,00 
9000.00 
90-00 .oo 
8827,00 
8JJ2'•00 
1,09.00 
f.433.00 
6258.00 
4846-00 
11064.e I 
3383 ,oo 
2305,00 
3023.00 
3775,00 
•.265100 
4890.00 
5561\. 00 
6207•00 
6231,00 
6752100 
7593.00 
e42!5.oo 
6652. 24 
9266,00 

1ooqo.oo 
11019.00 
111536.0C 
12695.00 
12695,00 
126<;15.00 

12361.00 
11726,QO 
10957,00 
10427,00 
1006.fl .oo 
961'9.00 
&sos.co 
8573.00 
11037,00 
72!0.00 
6621 .oo 
b32'5.00 
5890,00 
SI 70.00 
•OOQ.00 
3125.00 
1966,00 
1601 .oo 
l6Dl.OO 
1601.oo 
2130.00 
2869,00 
36e7,00 
4822,00 
5072,00 

s14e.oo 
5082.00 
3Q.!'16.00 
.31e1 .oo 
.J ... Je.oo 
J•3e,oo 
3438.00 
34]!'..00 
J-.Je.oo 
3438.00 

3706,0.L 
]fl,jji I• 0 0 

3401.00 
31~0.00 
3180.00 
Jteo.oo 
3180.00 
31 "0· 00 
31eo.00 
.:11 eo.oo 
3180.00 
3180,00 
31eo.oo 
3000 .. •• 
3003.97 
31"0.oo 
JI "O .oo 
Jleo.oo 
3123100 
2705,00 
20Q.3.00 
~063,00 
2063.00 
2063,00 
2063 .oo 
2063,00 
2063.00 
2063.00 
20-b3.00 
2063,00 
2063,00 
2063.00 
2063,00 
2063,00 
2063.00 
2063.00 
2063,00 
2063,00 
2068,00 
2365.00 
2595.00 
2633•00 
2633,00 
Zt-3:J•OD 

2633 .. 0 0 
2633,00 

8668,11 
8762.23 
ft762.2] 
8775.74 
8610196 
e6lOo96 
!610.'il'6 
~610.116 
fl 6l0,9f,, 
4733,5"7 
4733,57 
3081"!1. l 3 

2112 .QQ 

2112,90 
3•84,33 
3979.25 
4861,21 
53qQ.ft6 
59981.fl.Q 
6212•74 
6212174 
6212.74 
6212174 
6212174 
6212.1• 
6212.74 
6212.T• 
6212,7• 

12884.QQ 
1 2506 .. ., 2 

12551. ft-4 
11921 .o. 
11574.61 
11574,61 
10872•4~ 

9653.QO 
9653.90 
9653,90 
g65J.90 
9653.QO 
9653.QO 
9653.90 
6074,61 
5776. e3 
soe1.1J 
3763,10 
2eoo .st 
167 •• 81 
1469.94 
1•69,•H 
1435. "73 
lft87,96 
I 15.ft7 ,96 
1887.Q& 
1887.96 
11"!187.~6 

ROUTF•••••i•••••••••••••••••••••••••••••••••• 
>L 01(/L OYIL EFIR/L LOMAN 

o,O -9000100 -62.e.1,00 lQ.9.I~,02 
s•66,2l -JJl,89 -2e1.79 435.38 
48.7,26 
494 7 .26 
3525,66 
J250eSO 
3250,50 
32'!50•'50 
3250-50 
3250.50 
3344.S? 
.3344.57 
3452 .26 
3293,46 

-2J7,77 
-237177 
- 224. 26 
-216,04 

l79196 
1201.Qf, 
2177.96 
2.J52,96 
-114,43 

66B.77 
-294.87 
-1'92. 10 

J29~.•6 -910.10 
2973,97 -290,6? 
2915,12 -2es175 
2819.95 -2!,79 
2905,92 -l66.l4 
3099.25 -208,51 
2931,95 -l8.26 
2931.95 -539.2!5 
2QJl.95 -1350.2~ 
293L,9~ -2212,2~ 
2931,95 -2439,SQ 
2931.95 -3053,26 
1Q3l.95 -3883.25 
2931,95 -4806.25 
2931,95 -5623.26 
2521.1a 1e9,09 

-234.74 
e~ t .26 

-255,34 
-lft'T.SO 
-1~1'..~0 
-1~7-50 
-1eT150 
-197.50 
-93,43 

-412:,.47 
-1-,e.1_4 
-107.5,4 

113. 46 
-206,03 
-264.89 

-360.0'!5 -£~,. Q_~ 
-1!11. ?'5 

-2,1111.05 
-24e.o, 
-241!!.0! 
-2.fl.e.o~ 

-61!_.~"-! 
-72.02 

-2•e.05 
-24e.o~ 
-?4ll. 05 
-601,82 

-1 ee. 5~ _ -~07~7 
-1431l6 -369,88 
-43'9•96 
-151,39 

6t7.61 
... '!!l,..fl.5 

-410._!_,0 
:J4190 

-:302,65 
-Z00.33 
-200,33 
-19 •• 68 
-~~...!.32 _ 
-343. 32 
-343.32 
-343.32 
-343. 32 
-34J,J2 

334,.12 
!!193,41!1 

339. e• 
?e6,06 
3..J..6..12.. 

1216.50 
2186,02 
2360 • 42 

, ,1. 13 

OAO 

BAO 
BAO 
BAO 

791.57 

350,10~-- _ --
220 • 1!5 
917 • 14 
3!56,29 
380.6~ 
3151, 19 

~~ 
223,96 
2.fl.8 • 72 
~93 .57 

1402,37 

!IAD 

BAO 
!IAO 

2226. 12 BAD 
_2 •• 0 • 4 6 ---~ 
30'54,ll BAO 
3!!191 .17 8.1.0 
,a12,65 
562~.1'3 

630 .ll2 

M~L 
396,62 
!534 • 01 
251,10 
6.9.29 
486,1 3 
534 ~-4: 
3•s.og 
915.70 

1134 .1 I 
l6!i2•95 
2398.60 

BAO 

BAO 

23-97 .. 73 
1723.12 
l 760 .35 
1862.67 
1e62.67 
1 e6e. 32 
1719.68 
1119,ee 
l7l9,6e 
1719.68 
171Q.6fl 
171Q.68 
1719.61"!1 
1625.40 
1761.83 
u1oe .5& 
1904 • I 6 
1796,66 
1e91 .1 e 
1852.4!; 
1852 •• 5 
2351 ,94 
2.171.33 
2.:-171.33 
2371.33 
2371 ,33 
Z37 I ,33 

848.90 
101!10.90 
1616.90 
2373.90 
3032.90 
-250.39 

-~•:J ~ 32 -~052~_7 

!IAO 
BAO 
BAO 
BAD 
BAO 
!IAO 

-11:,.17 
-ee.e1 

-245,90 
-324,19 

-291.19 
-131.06 
-131.06 
-165,27 

-2•2.o• 
-1001.0• 
-1799.04 
-2934,04 
-31e•.o• 

-•37,60 ~04.17 
-:,01.17 
-254 •• 6 
-158,114 
-266.34 
-11_1.e2 
-21~ .55 
-512,55 
-243.06 
-261 .ti7 
-261.67 
-261,67_ 
-261,67 
-261.67 

321,73 
l6'9,54 
2Q2•74 
419157 
33_!_.!_!_~--
252,27 
529.04 
293-92 
356,45 

1034,67 

I 81 '!"_ .. 97 
2945.68 
3194,77 

BAD 
!IAO 
BAO 
BAO 

TID922~ 
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Table S-1. Fixed Route Test #10044 Loran Errors (32 Second Polling) (Sheet 2 of 2) 

•••••••••••••••••••••••••••••••••••••••• SUMM~AY OF LOAAN-ONLY EAAOAS ~LONG ROUTE•••••••••••••••••••••••••••••••••••••••• 
C9CPT 

77 

100 
100 
102 
103 
10• 
I CO 

100 
LI C 
II I 
II 3 
114 
116 
120 
120 
120 
120 
121 
121 
122 
122 
123 
12' 

125 
126 
121 
130 
132 
IJ3 
135 
136 
100 
1•1 
I 41 
142 
143 ... 
1•• 
145 , .. 
1•• 
t.,7 -
147 
150 
151 
151 
152 
152 
153 
154 ,.. 
156 
156 
157 
I 61 
162 
163 

US• 
1•• 
165 
107 

TIME 
1952.0 

198 •• 0 
20 Io ,0 
2046 ■ 0 

2080,0 
2112.0 
2l44,C 
2176.0 
22oe.o 
224J,O 
2212.0 
2304,0 
2336.0 
2.J68.0 

2400.0 
2•32 .o 
2•64-0 

2'•96,0 
252R,0 
2560.0 
25Q2 .c., 
2624 ■ 0 

2656,0 
261!"11' .o 
2120.0 
2752-0 
2784 ■ 0 

2816 ■ 0 

2e•e-o 
2e_eo~9 
2912 ■ 0 

29.114 .o 
2t;76,0 

Jooe.o 
304010 
3072,0 
310410 
3136 ■ 0 

3166.0 
320010 

TOA TOB 
o.~7734J7~E 02 0.310976J?E 0~ 
O,l0635938E 03 0,31187500E OJ 
o.a1q~J750E OJ o.J12•21eeE OJ 
0110500000E 03 0 ■ "16500000E 03 
o,10000000E 03 o.s2000000E 03 
o,2J••1•osF o, 0•3•769507E oJ 
o.22035155C 03 0.39156250E 03 
0,232421B8E 03 Oa31062500E 03 
Q.23230•69E 03 0,Jl0546BBE 03 
Q.23Q62500E 03 0,30871096E 03 
0,22B98438E 03 0,30722632E 03 
o.229JJ594E OJ 0.3066•06JE 03 
o.23019~30E 03 o.Jo6171eeE OJ 
0,23l48438E 03 0,30578125E 03 
0,2314~438E OJ 0.3Q585938E 03 
o.2JZ07030E OJ 0,3054~e7~E 03 
c.2J226563E 03 O.J05J906JE OJ 
C.233359J8E 03 0•305B593!E OJ 
o.23332030E OJ o,Jo5e~93ee OJ 
0.23265625F 03 0,30722632E 03 
o.2327J438E OJ o.J0765625E OJ 
Q.2J2695JOE 03 Oo3Qe4J750E OJ 
0.2326l719E 03 0130953125E 03 
0,2335546qE JJ 0131093750E 03 
o.2J972655E 03 O.J1111e75E 03 
Q.2353l250E OJ o.3123e2S7E 03 
o.23617leeE OJ 0,313437SCE 03 
0,237l0gJSF OJ 0131539063E 03 
0,23765625E 03 Oa31566382E 03 
0~2_,1:J_;17590_E_ 03 0.3~ 773.JJE 03 
o.238046BeE 03 0,3176l719E 03 
0.23738280E 03 0,3l808S9•E 03 
0123660155E 03 0,31e35938E 03 
0,2J660155E 03 Oa3l8203IJE 03 
0.23578l25E 03 0.3l875000E 03 
0•23523438E 03 0,3187l094E QJ 
0,23480469E 03 O.JIS90625E 03 
0•2l ♦ 00250E 03 0131953125E 03 
o.2JJ2e12sE 03 o.J19g21eeE 03 
0,232773 ♦4E OJ 0.32019507E 03 

3232•0 0,23265~25E OJ 013203~132E 03 
3_?64.p __ .Q_~_.Z32_LQ_9_JeE OJ 01~~0999•Uf: OJ 
3296,0 0.2Jll1094E 03 0132050757E 03 
3329.o 0123027344E 03 0132l7'968eE 03 
3360.o Q.22410155E 03 0.3299e43BE 03 
]392,0 o.22e63280E 03 C132765132E 03 
342 •• 0 012191406JE 03 Oo32636719E 03 
3456,0 o.2158~~38E 03 0.3251l7l9E 03 
3•se.o o.213J9844E OJ o.3t355469E 03 
3520,0 a.224531ZSE 03 01JI07e125E 03 
3552•0 0.22328l~5F 03 O.J09•l3!2E 03 
3594.0 0•22382813E 03 0,30&2ee~2E Ol 
3616.o o.22J611eeE 03 o.3051q501E 03 
3U,a.o .Q•22_?57el~~--Q.3 O-_JO_,?~l?l9E OJ 
36eo.0 0.22121og4E 03 o.6t•to132e DJ 
J712o0 0,23Ql1250E 03 0,61269507E 03 
~74,.0 0.1542Le75E 03 Oa55378~~2E OJ 

_,ll'76....t...0_ ___ .2....t.,?J 6~.ll.E 0....J_ ..Q_1.JJS.l.Z..,_0Q.f__Q.J 
3eo~.o o.2z15JQ05E OJ o.Jl\796eee 03 
3e~o.o Oo2Z79Z969E 03 0.3103l250E 03 
3872.0 o.22671875E 03 0.3QB67188E OJ 

.-.TRUE 
527610() 
6219•00 
62se.oo 
6'999 .oo 
116•.o-0 
7164•00 
?164.0D 
7t6•-oo 
116•-oo 
116•.oo 
716-•00 
6eo1.oo 
5907.0(1 
•e91100 
4688,00 
4:H•,2.00 
4122.00 
•0•1 •69 
4066,55 
5108.61 
527'!''.i.26 
5677.38 

6]70-~3 
67L9100 
t'\719 •00 
6719,00 
67L9.00 
65-86100 
6683178 
6SSO.QD 
7602100 
9333.0() 
8919.00 
e92J100 
9555.QD 

10003-00 
10368100 
111•9100 
11772100 
12182.QO 
l24E.2.QO 
13035 1CI_O 
13120.00 
12eo2.oo 
I lQTO .oo 
111e•.co 
1!424.()0 
I 13631()0 
l06•2.00 
9716,00 
9602100 
9602100 
9602100 
Q6021DD 
9602 100 
9602100 
Q,602100 

9602.. Q 0 
96021 00 
91,0210c 
9191!110D 

VTRUE 
2633.00 
2633.00 
2633.0Q 

2633100 
3135.00 
3406,00 

•287,00 
441•5-00 
47"10.00 

58Q9100 
6e21100 
692?..00 
6922•00 
6922.00 
6922.00 
6922.00 
6922-00 
6580 193 
6'562 •• 0 

5867.77 
5~•2-03 
5*92.19 
5028•96 
4056100 
364 •• oo 
3121.00 
2535100 
1960•00 
L•es.oo 
688,00 
688100 
6ll8•00 
688100 
eee.oo 
686100 
681!1100 
eee.oo 
eee.00 
t,ee.oo 
688 .o 0 
~el!.oo 
,e,ee.oo 
893 .. 00 

1190.00 
1190100 
I 190100 
I 190.00 
1190.00 
1190.00 
1190.00 
1~e2100 
1e1•.00 
2035.00 
2769100 
~~25100 
•219.00 
•e•6.oo 
!SJ 5e.oo 
563•.oo 
6572 .oo 
6922100 

XL 
1887.91'> 
1887.96 
li'\l!',7,q6 
1ee7.Qti 
1687196 
1ee1196 
1 !"e7, 96 
l9~7196 
6997.32 
6997,.32 
704614a 
6508109 
ST•0•5A 
&76':l.eB 
&816.09 
42.11'11 lf­
•oeq. 57 
3745100 
.3767.2_, 
49•6-•0 
51419167 
s1•q.47 
6266•9~ 
6508,70 
6509.70 
64il.0.1 q 
651r.e1 
6591-15 
6395137 
6J95,37 
6:,q5.37 
1!12 79. 22 
ee1•1e4 
e7e61l!IO 
94e7,Tl 
9719.45 
"1'9188•96 
99e919e 

11602• l6 
li20Z0.36 
12l66.l4 
12752,09 
L304Jl1l.J 
1.::10.3113 
13043.13 
13043.13 
13043.13 
l30*3113 
130 .. 3.13 
11550.0S 
11550•05 
9522136 
9~22.36 
9522136 
9522,]6 
9522.36 
95221 36 
952.2:.J6 
9'5ZZ1J6 
9349.35 
93.9.35 

TL DIC/L 

2371133 -3Jee.o" 
2371.33 -•331.0• 
2371-3~ -4370.06 
2371,33 -5101.0• 
2371•3~ -5276.04 
2371.33 -5276.06 
2371,33 -~276,04 
2371.33 -5276.0• 
4411.e• -166.68 
.411164 -166.~8 
6605-24 -117152 
67e0149 -292191 
6797.61 -166.42 
6h85,94 -121.13 
6650145 -7l•Ql 
6696.79 -11J.e• 
66ea.52 -32.43 
021~.60 -296110 
6227.79 -299.12 
5761127 -162,21 
5550.3~ -125179 
5550.35 -527191 
4761,00 -1011ss 
3921,67 -210.30 
3921.67 -210130 
3002,21 -2781~1 
2397137 -2011Jq 
uso.ns ~.1~ 

914161 -zea.•1 
914,61 -454163 
91 •• 61 -l206,63 
221.02 -53.78 
332197 -•4-16 
3&4.28 -l36.20 
377.13 -67129 
•93•Z• -2e3.54 
•9S16l -379.02 
•9~.61 -1160,02 
•e1.49 -169.e2 
4SS••e -1~1.63 
42l•21 -295,65 
~9~•l5 -262,91 
760.3~ -76.ee 
760-35 2•1113 
760,35 1073.13 
760135 lZ59,I] 
760.35 1619113 
760.35 1680113 
760135 2•01113 

&162.15 1&J•.0s 
616211~ 19•e-0~ 
8048 ·" 1 -79 104 
aoae.a1 -79.64 
eo•81•1 -791fi• 
8048.41 -79,64 
eo•e.i1.1 -79164 
e0•e.41 -19.64 
8048.41 -19.64 
eo•~.41 -7Q.64 
5576.95 -252.65 
5516.95 15l~Js 

OY/L 
-261161' 
-261167 
-21.I .67 
-261.67 
-763.67 

-1034167 
-19151fi7 
-20731fi7 

-378.36 
-1487.36 

-215.76 
-161.s1 
- 12• • 11Q 
-236.06 
-271 .'5c; 
-22s.21 
-23'.hJe 
-362.33 
-33 •• 62 
-106.SO 
-291 .6e 

58.16 
-267.9'5 
-1 :,4.-,:, 
277.67 

-12• • 7C"/ 
-137.63 
-779.25 
-5T0,J9 

Z26•6l 
226,61 

-46019e 
-J55.o.3 
-~03.72 
-310. 97 

-194: •"6 
-1921JQ 
-l92•39 
-200.51 
-232.52 
-266179 
-4,!92.195 
-132.6'5 
-429.65 
-•29.65 
-42q.6'5 
-•29.65 
-429.6'!5 
-429.65 
•912,75 
4590,75 
62'3& •·1 
6013 •• 1 
521_q •• 1 
452Jl1_. I 

3829•• • 
3•02,41 
2-l.9ti._.l 
241 •• 4. 
-995.05 

-134'5 .Q'S 

ERi:;i:/L 

]398.13 
63-'S.93 
t311. e6 
5101.1• 
5::!131 .02 
SJ76.'54 
5613,0S 
56f>t'I • Q2 
•13,44 

1•96167 
2"5.69 
32'5. 30 
207177 
2651]2 
2'80,91 
252.35 
235.63 
46~.Jl 
"•e.95 
t9•.o4 
317.65 

531 • I 0 
286155 
2.9.54 
J•e.32 
305, .. 6 
243 176 
77a.2e 
639 • l 6 
507197 

1227 .72 

•6• •II 
357 ,76 
:,32 .96 
319107 
34.3 •99 
42~.05 

1175•96 
262176 
293 • 1 t'I 
39~1l3 
•07.ae 
153.32 
492.&9 

I 15519-4 
1330 •• 1 
1675,16 
17,)4, 19 
2•39126 
5300.19 
4977.77 
623• 1'91 
6013.93 
~280.QJ_ 
452•-11 
3e30.2• 
3403,34 
2..02...La~_l 
2415.72 
l026,62 
13~3154 

LORAN 
RAD 
BAD 
RAD 
BAD 
BAO 
BAO 
BAD 
BAD 

BAO 

OAD 

BAO 
BAD 

••o 
BAD 
BAD 
BAD 

BAO 

BAD 
~~o 
BAO 
BAD 
BAD 

""" BAD 

T109226 



Table 5- 2. Fixed Route Test #10044 Projected Errors (Sheet 1 of 2) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . ' ... SUMMA~Y OF SYSTEM AND LOAAN-PROJECTEO EPRO!.IS ALONG ROUTE .........••.........••........•. 
CKPT XTRUE YTRUE XLP YLP DX,'LP DYl'LP f'RR/LP JI.NEIii VNEW OX/IIIEW DY/NEIii ERR/NE fl 

2 qooo.oo 6281 .oo o.o o.o -9000.DO -62~1.00 10915,02 -c;iooo.oo 6299.87 a.a lLS7 U.41' 
3 9000,00 5746.00 3999.gq 5•66,21 -0.01 -281.79 2!-1, 79 9000.00 5730.oe o.o -17,92 17.92 
4 9000.00 5082.00 B9'99,9'l 48•7 ,26 - 0 • 01 -234.74 23 ... 7 .. 9000.00 5069,0if o.o -12.9♦ 12.9• 
s 9000.00 39':16,00 8999, 99 4647.26 -0.01 861.2~ e61.26 9000.00 39te.oti o.o -67.94 67.94 

• QOC0,00 3781.00 8715.73 343!e00 -224.27 -343.00 409.15 I 9000.00 3713.le o.o -61.82 67.82 
6 8627,00 3438.00 8610.96 J•J~.oo -2lt-ia04 -o.oo 216. o .. e121.o.- 3,3~.0(l -105.96 o.o 105.96 
7 e,332.op 3•Ja.oo 8610-96 3•3$•00 271:t,.96 -0.00 21e,,96 &431.61 3438.00 99 • .6.J -o_._oa ----~}._ __ 

II 7409.00 J•3B.OO 86l0.96 J11ne.oo 120 I• 96 -o.oo 120 l ,96 7506•"-'" 3111138.00 9'7.451111 -o. 00 97.66 

13 6'4JJ.OO 3 .. 38.00 86 l 0.96 ]1111315,00 2171,9~ -0.00 2177.96 6!134.'55 ~•Je.oo 101.55 -o • 00 101.5'5 
13 6258.00 34.JOeOO 8610.96 J438.00 2:152 ,96 -o.oo 2352.g,e, 6371.54 .l4Je.oo 113.511, -o.oo ll::J.54 
10 -4848,00 ~4JB100 4733151 343!'1.00 -114,43 -0.00 114..43 4906.0J 343!'1.00 !§l!!.03 -o. 00 58.03 

17 4064.Bl 3768.0• 4733.57 J•Je.oo 6615.76 -JJ0.04 745. 77 4066.49 314.S.93 1.69 -22.11 22.18 
20 3383.00 3641.00 3.J63.09 J•s2.26 -o.oo -1815,74 115e, r• 3393.00 J11e.9~ o_ • .o - 7__7_. 9..J - ___ u.._g_;s_ 

21 2305-00 3401 .oo 2305.00 32g3,45 -o, 00 -101.s• 107.54 2"-2J.2e 3•311.00 I I e. 215 37. 00 123 ,93 

22 3023.00 3180.00 2305.00 3293,46 -718.00 I 13. 4(1 726-91 2958.37 31eo.aa -64-. 63 •• 0 64.63 
23 3775.00 3180.00 34e,,33 3160,0C -2Q0.6'T -o.oo 2Q0.61' 3105.38 31150.00 -fl>q.1'12 o.a 6Q•l52 
24 •26'5. 00 ~lB0.00 3979,2'5 3180,00 -285,75 -o.oo 285-75 4- l"-15•55 :neo.oo - I 18.44 o.o 11e.•• 
24 48Gl0o00 3180,00 4e61,21 3180-00 -ze. 19 -o.oo 2e.79 4791,81 3teo.oo -9lhll5 -o.cio 98.115 
25 55b_6,00 JIB0,00 ':,,jg9.e5 311'10,00 -1.66•1• -o. 00 166• 1• 5495.66 3180,00 -70..34- ~a......oa_ - - ____l_Q_J4._____ _ -

26 6207,00 31 F'.C ,OC 5~98,46 31ao.ao -2oe.s1 -a.co 20!.51 6097 • 49 3180.00 -109•'!50 -o .. oo 109.50 
27 6231.0") 3180.00 6212.74 3180.00 -1e.26 -o.oo 1 e •Zf> 6113.94 3l~0.0Q -117.ati -a.oo 117,06 
27 6752.00 3180.00 6212. 74 3180.00 -539-26 -a.co 53'9. 26 67 ... 1.71 .3t eo. oo -10.2e o.o 10.2e 
3 I 7593.00 3180,00 6212,7. 31!'10.00 -1180,26 -0.00 1urn.26 7566••" 3180,00 -26,~l o.o 26,151 
33 e•25,00 31<!.0,00 1",2\2,7-4- 31~0.00 -2212.26 -o.oo 2212.26 e393. so 31eo.00 -31 .50 o.o 31.'50 
J4 15652,24 JCIOO !4--4- 6212 .. 74 :,:1so.90 -z439.so 179.56 2••(1.10 e6Jl,93 3027.0l -20._J 1 - 26. 5]' __ ---ll..il 
35 9.266.00 .J00:3-97 6212 .. 74 31!'10.0il -3053. 26 176.03 3058 • J,] 9266 .oo 3027.94- o.o 23.97 23.97 

\.J1 

" 1ocg6.00 3180.00 6212,74 3180100 -3e9Jo26 -o.oo 38t,J,26 10051.62. 3180.00 -• ... Je o.o 44 ,le I ,..... 40 11011;1.oo 3180.00 6212.74 Jll!I0.00 -41!106.26 -o.oo 4806.26 11114• 36 Jteo.oo qs.36 o,o ';15.36 .,.. 42 11e10.oo 3teo.oo 6212 .. 74 311''1.CI.OO -5623 .. 26 -o.oo 5623.26 11912•21 3l80.00 76.ll o.o 76.21 
4. 126~5.00 3123.00 l26'i15.00 2s21.1e o.o -601.ez 601.e2 1269~.oo .J007. t fi o.o -l 15.e4 115.94 .. ~2~9-~1_9_0 27Q_5.00 126gs.oo g_397 .73 o.o -307 .. 27 307.27 12695.0Q ;;:542 ,99 0,0 -L6Z•O..L _ - _li2&L_ __ .. \2695,00 209J,00 12ss1.15• 2063.00 -143.16 -30.00 146.27 l2549•tl0 2063,00 -1'45.20 -;;,o.oo 148.27 
.s 12361.00 .2063.00 11921,03 2063.00 -4-39.97 -o.oc 4-39 .97 12121.17 2063.00 -239,83 -o. 00 239.53 
46 11726.00 2063.oOO l 1574. 61 2063.00 -151.:,9 -a.Do l!51.30 I 1 '519,05 2063.00 -206.95 -o.oo 206.95 
50 10957.00 2063.QO 11574. 61 206].00 617.61 -0.00 6 I 7.,61 10907.42 2063.00 -•9.5e O•O 49.5S 
51 10427.00 2063.00 101:112.•• 2063.00 ••s-•• -o.oc ••s·•• 10474.70 Z06J.OO "'l7 .TO -o.oo 47 ■70 

53 10064,00 206J • 00 gt,53,59 2063.00 -41 o. 11 -o.oo 4t0. ll 1014-7.18 2063.00 e..L_l8 -J2~<lJl_______- __o._t_,,__ ____ 

53 'ilbl q .. OO 20b3.00 96s:1.e9 2063.00 34.89 -o.oo J.\.89 9'703,16 2063,00 84-.76 -0-00 &••'76 
55 ~ao!"i.o □ 2063.00 9653.!'19 206J.oo e•e. !'19 -o. 00 1!141\. e,Q ea•z .34 Z063.00 37.34 -0.00 37.34 
55 1!573.00 2063.00 965J.B9 2063.00 10150.e9 -0.00 LOl!I0.,89 8612.7ft 2063.00 39.715 -o. 00 39,78 
56 BOJ7.00 206.JoOO 965J ■ e'il 206.J.OO 1616•89 -o.oo 1616-89 eo59••• 2063.00 22.4• -o.oo ZZ ■♦• 
60 7?80,00 2063•00 Q65J.e9 2063.00 2J73.e9 -o.oo 2373.eg 7382.72 2063 ■ 00 102.72 -o.oo 102.72 
62 662 I •_90 20.!J~ • 00 Q653,89 2063.QO 3032 ■ e9 -0-00 30 32 • 89 6718.!":iO 2063.0_0 97_~~0. _!!.,_JL _ll.M 
62 6325.00 206].00 ~07 •• 61 2063.00 -2§0 .. .]Q -o.oo 2~0.39 64.23.14 2063,00 9e.1111- o.o 98.t• 
63 '5690 .. 00 201"..J. OD '5776.~3 2063.00 -113.17 -o.oo ll3.l7 5999.91 2063.00 I 09.q I 0,0 109.91 
6• 5170.00 2063.00 soe1.1J 2063.00 -15e.ee -o.oo ee .. e.e '5221.73 2063.00 51.73 -o.oo 51,'13 
05 4ooq.oo 2063.00 376.J ■ lO 2'063,00 -24'5.90 -o.oo 2-4-5.90 3976.03 2063.00 -32.97 -o.oo 3z.91 
6<, 3125.00 2D63,. 00 2e00.e1 2063. 00 -324.19 -0.00 ]24 .. 19 2992.42 2063.00 -132.515 -o.oo 1312 • !ill 
10 1966,00 2063,00 167• • Bl 2063.00 -29l.l'9 -o.ao Z<:11 • 19 190'7. 7'7 2063.QO -15'9,,23 _-_o_.0Q ---~U __ 
70 160 l .oc .206e.oo 1601-00 2063.00 o.o -s.oo 5.00 l603,5,& 2063,00 2,'54 -5.00 5•61 
72 lt>O I .OO 2365.00 1601 • 00 2063.00 o.o -302.00 30?.00 1601.00 234J,• I ••• -21.s9 21.!i,q 
72 \601 .oo 2595.00 1601.00 2~'51.94 -0.00 -243.0!> 243.015 1601.00 2517.71 -o.ao -77.29 77.29 
73 2130.00 2633.00 1887.96 2633.00 -242.04 -o.oo 242.04 2016.9ft 26l3a00 -113.0;! o.o 11 J:.02 ,. 2889.00 2633.00 1ee7.96 2633.00 -1001.04 -o.oo l 001 .04 261'7,25 2633,00 -21 I •7'5 0,0 211.75 
75 3687.00 26)3.00 1867.96 2633,00 -1799.0'4 -o.oo 1799.04 3454,9I 2633,00 -232,09 o.o __ _Z_J2.09 
76 482.2.00 2633.00 1887,96 2ei.:,3.oo -2934-.03 -o .. oo 29.,.4.03 .\64!"1. 3'4 2633.00 -176,66 o.o 176.66 
76 '507.2.00 2633.00 ,~~7.Q6 2633.00 -3184.D3 -o .. oo 3le4.DJ 5027.75 26)3.00 -••.z~ o.o 4•.25 

1109223 
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Table 5-2. Fixed Route Test #10044 Projected Errors (Sheet 2 of 2) 

• • • 1 • • 1 • • • • • • • • • • • • • • • • • •, •, • ••• ~U'°'MAf.1'1' OF" 

CKPT 
77 

100 
I 00 
102 

103 

IQ• 
100 
100 
11 o 
II I 
113 ... 
ll 6 
12 0 

120 
120 
120 
121 

121 

122 

122 
123 ,,. 
125 
126 
121 
llO 

132 
133 
IJS 
136 
uo 
1• I 
1• I 
14-2 

UJ ... 
I•• 
us 
1•0 ... 
14, ,. , 
150 
15 I 
151 
152 
1s, 
l5J 

1s• 
155 
150 
156 
157 
161 

162 
163 , .. 
"· 165 
167 

ll fl-,IUE 

5l7o.oo 
172 l'-l ,,JO 
t,2"',,111,[HJ 

6QE'o<LOQ 

11b•.oo 
7 I b"t • 0 C 

71b'lo00 

7 lblll ,00 

7lb4,00 
71 ()'4 .oo 
7 ln<I ,00 
t>RO I ,00 

SQOY,00 

•fl._ I ,00 

•oea,oo 
4362,00 
4122',00 
•o•l .69 
•Obb,55 
~lOd,.61 

5275.L.b 

5l'l77 ,38 

6370,53 
b719,0O 
h71Q.CO 
6.,lQ .oo 
67lGlo00 

b'56bo00 

6083 • 76 
bB<;0,00 
7t-02,00 
eJ33,0C 
8919,00 

8<i23,00 

9555,00 
10003,00 

10361:J,00 
11149,00 
11172,00 
121e2.oo 
12--.t,2 .oo 
l.JOJ5o00 
13120,00 
12eo2.oo 
11~10.00 
lt7eo\,OO 
111124,00 

1136.1,00 

101".>42, 00 

97J~100 
q~oz,oo 
9602,00 
Q602.00 
9602.00 
'i002,00 
96QZ,OO 
9602,00 

9602.0C 
Qtic2.oo 
Q6C2.00 
<jl 190 • 00 

Y Tl"UC XL!' 

£hl~.oo 1H~7.~n 
~oJ1.00 l~ttfo9~ 
2h33.00 IAH7.0~ 
ZbJJ.00 IA~7.QO 
II.J5.00 tl3tH.Ql'I 
U,(11'>.00 18~7.QI':> 

4Z67o00 l~ti7.?~ 
•••~-oo 1~~7.qn 
47~0.00 7104.00 
589Q.OQ 711'14.00 
6~2\.00 71~4.00 
h922.00 o,oR.CQ 
o9~J.OO 5740.,7 
bQ?2oOO 47~9.e7 
6922a00 4Hl6o09 
0922.DO •2~~.2J 
o9l2oDO 4?11.oz 
6580.QJ 4252.75 
6Sn2.4D 42b0o57 
5867 0 77 5l4H.~9 
5842.03 5~66.40 
~4Y2ol9 5)66.40 

so2a.q6 h~~1.eo 
4056.00 l'i718o99 
3644.00 6718.99 
1127.00 6718.9Q 
2535.00 ~71~.9q 
1960000 ~586.00 
1485000 671qo00 
688.00 67l'lo00 
6"-1".oOO .f71Q.QO 
688.00 8279.21 
""88 .OQ RH74 .~4 

686.00 B71!!16.BO 
f>B0.00 9487.71 

l'i"'<\•00 971'1•", 
6B8o00 99Ht'lo97 
6~8-00 9988097 

688.00 11602.tS 
6A8,00 120200.36 
6~~.oo 121E,6-3• 
688,00 12752,0Q 
893.00 1304.hli! 

1190000 13043.lZ 
l190o0C 13043.12 
~lQ0.00 13043.12 
llQO.O~ 130"3•12 
I 190.00 l:J0"Jol2 
11',10,00 13043.12 
11'~0,00 9"5Q9.ll 

15A2'o00 Q~99oll 
1614000 9522,3b 
20)5.00 9522.36 
27~Q.QO 9522,36 
35~5.00 Q522.J6 
~21Q.QO 952~.JO 
404~.oo Q522o30 

Sl5~o00 q522,J6 
~~J~oOO 9522 0 36 
ns7~.oo 9596,~J 
6g22.oo QSY6.e1 

YLO 
?tdl,00 

Lfi_j t, 00 

20:'D,OO 
26JJ.oo 
2fd3,00 

:?f-133.00 
203 ,. 00 

2t,.33 .oo 
4 41 I ,03 
4tll .~J 

61',05, 2:1 
692l.OO 
t,Q:?2.00 

69?2.00 

6922.00 
6T4q.5I 

6824.ee 
6787.-43 
6780.-45 
"iQ!!IT.7111 
5793.36 
~,7'13. 36 
48~7, l 7 
.1921 ob7 

3921.67 
]002.21 
2397,37 

1"85.00 
<114,61 

914.61 
q14.61 
688.00 
6~1'11.00 

6ae.oo 
688.00 

(,!',"I• 0 0 
o9e.oo 
""1!18 .oo 
6Be.oo 
688.00 
fiAl'l,00 
688.00 
t<.ae.oo 
686.00 

l':o68. 00 
f,,,::\8.00 
688.00 
6e&.oo 
688,00 

6170,2" 
6170,24 
6921 ,q9 

6'921 .Q9 

f,921 .99 
t.Q2 I .qq 
6Q2 I .QQ 

6921 .Q9 

5921.99 
6q21 ,qg 

5576,00 
5576.00 

S'r'C. lf--" 1',Nfl 
O>ULP 

- .JJ./11.!',. 0~ 

-4JJi,OJ 

-4170.04 
-5101.0J 
-~.?76.0" 
-5276,04 
-'::>21~. o• 
-527b.0" 

-o.oo 
-o.oo 
-0,00 

-2112.91 
- I ~6. 4.1 
-121.t:J 
-Tl. Ql 
-66 • 77 

H9o02 
211. Qt, 

I 9•.02 
39.qe 
91. 14 

-.H0.99 
I I• 07 

-0.01 
-0.01 
-0.01 
-0.01 

o. 0 
35.22 

-131.00 
-B!'Ule 00 

-53. 78 

-44. 16 
-IJ( .. 20 
-t.7.29 

-283.~5 
-.179.02 

-ll6O.O2 

-169. 62 
-101.64 
-2Q'5,66 
-282.91 

-76o8e 
241 • I 2 

1073 • I Z 

J25'1i/,l2 
1619.12 
1680•12 
:2•01.12 
-116.R'J 

-2.e9 
-79e6• 
-7q • 64 
-7Q.t,4 

-79. 6" 
_..,Q.64 
-79,6-

-79'•6• 
-79, 64 

-5,17 
lQ" • A~ 

LOR•N-PMUJ~t1rn 
nv/LP f-MM/LP 
-o.oo 
-o.oo 
-o.oo 
-o.oo 

-:,02.00 
-773•00 

-1654.00 
-lAl?.00 

-.J7B,.36 
-l4167eJn 

-21~.77 
o.c 
o.o 
0,0 
o.o 

-172.49 

-97. 32 
Loe, o":10 

211!! .os 
120.01 
-•e.67 
lOl .. 17 

-l'41 • ?~ 
-l34o33 

277067 
-12'4,7g 
-137.153 
-•75,00 
-570 • .39 

2~15.61 
226.61 

o.o 
0,0 
0,0 
o.c 
o.o 
o. 0 
0,0 
o.o 
o.o 
o.o 
0,0 

-20~.oo 
-so.2.00 
-so2.00 
-'502•00 
-502.00 
-502.00 

-so2.oc 
•980,24 

"SP!• ,.2,111 
5t07,9q 

•set'i-99 
415:2,99 
3]96.99 
27.:)3.00 
:22 76. 00 

I 764 •00 
12~e.oo 
-99be00 

-134fi,OO 

J l "i~. l"I ! 

,4.311. l'.I l 
'4 "'I 7 0, 04 
"'i IO I .O 3 
'i?~q.Ht, 

,~JZ,.,6 
'55?'lil,2? 
0:,<:;7~.52 

'178.]6 

14"17.36 

21 s. 7'P' 
;tY.l.91 

166.4] 
121 • 13 
7\.QI 

184 .9f, 

131.90 
295,2e 
291,1!!17 
126,50 
103• 32 
4J?.91 
, .. 2.22 

l 3•. 33 
Z77o67 
124 • 79 
137 .6J 
4?'!5a00 
571 •• 7 
261-7-5 
911.62 

53o7e 
•••• ti 

136. 20 
61'.29 

2~3.55 
37Q.02 

l I 60 .02 

,..-,9.e2 
161.04 

zgS,.66 
282,QI 
21 a.q• 
5S6.o9 I 

I I e'4.73 
1355•50 
1695. II'> 
1753.51 
24-53,04 
4981-61 
45.:J8-24 
5108.61 
4e87•64 
lll5:J,T5 

33•·H.9J 

?704.l? 
2277.:,~ 

176'5.79 
1290 •• 6 

996.0I 
1•0~.es 

fl-lR11~5 ALONG ROUTE' 

YNE'III' 
2033.00 

l(Nfll 

~211 .so 
f:il 62•1\4 
t,,? I 4 •• .J 

t,<C,1" 7-?3 

7164.00 

716"•00 
7164 .oo 
716• • 00 
7 H,4.00 
7164.00 

716'1 .. oo 
66,te.eti 
'579"7.~7 
47e,.-.:,:, 

4?'e I• 33 
4154.17 
4231.9'!5 
4667.07 

46qQ • 50 
'55!"1I ■ '5-4 

5665,1'7 
56'!!>0 .41 
6344,6l 
6719,00 
6719.00 
6?'19.00 
6719.00 
651!11116.00 
6719.00 
.-.~,;;, .20 

765• .s• 
e.369.39 
i,971 .33 
~97-•-'2 
<Jll55B.60 
9q51.oo 

10273.99 
11172 .2.e. 
11745.79 
12\74,2'5 
123e2.01 
12'909.72 
13120.00 
12Q4l.63 
12095.45 
11900.7!5 
11496.13 
114.:H,.JI 

1012•-•s 
980'5.45 
q~~ •• :24 
9582.06 
95!2.Ql 
9602,00 
9602,.00 
9602.00 
9602.00 

9602.00 
',1602.0fJ 
Q60l.3e 
9537,25 

2""~.l.00 
?633.00 
26]3.00 
'1050.32 

J.JZ•.r,o 
•?Je. '!!iO 

•395.53 
4627.80 
'SA.14,64 
68~ l .',Q 

6922.00 
r,qzz.oo 
6922.00 
6Q22.00 
6922.00 
""so•.21 
6417.~Q 
t','J9ti.f>rl 

'5601.31 
":i52t<- .. 12 
'5515.6~ 
4g 12.s I 
~~fi6.9'1' 
3560.l'il 

3077.89 
24JJ.31 
I 71!12•PI" 
124].80 
t.ee.oo 
68&.00 
698,00 
11","'1!! .oo 
6se .. oo 
t,ee.oo 
oae.oo 
688000 
~11111.00 
68e.oo 
,=,ea,oo 
flee.co 
6~~ • 00 
727.54 

I 190.00 
1190.00 
1190.00 
1190. 00 

1190.00 

1190.00 
I 190. 00 
1514 • 14 
112e.7'5 
l949.:J3 
2720,49 
34'54 .. 03 
395tl.77 
4589.12 

'5069. 16 
':554• .oo 
15Z6e, 16 
,o:..g22.oo 

OlVNEW 

I •""0 
-56.16 
-43,57 
-•1.77 

o.o 
o.o 
c.o 
o.o 

-o.oo 
o.o 
0,0 

-112.111 
-109,13 
-106efle 
-106 .. 67 
-207,83 

I 11 .95 
625.:1A 

623.9!5 

472.(,liJ 
390.'51 
-26.'il7 

-25,91 
o.o 
0,0 
o.o 

-c.oo 
o.o 

3'5.22 
2.20 

52.54 
36. 39 

52. 3 ! 
s1.J2 

~.61 
-52,.00 
-94.0l 

23,24 
-26.21 
-7.75 

-79.,'98 
-125.2e 

O,C 
139.63 
11 5,.5 
116.7§ 

72.1:J 
73.31 
ez.•s 
e9.45 

-20,76 
-19.94 
-19,0Q 

o.o 
c.o 
o.o 
o.o 
c.o 
O,O 

-O.tl2 
339.25 

0'1'/NEW 
o.o 
a.a 
c.o 
o.o 

-e•- ~"' 
-ez.oo 
--6•49 
-49.46 

-162. 19 
-6 ... .J~ 

30. ~q 
c.o 
o.o 
a.a 
o.o 
c.c 

-I 17,79 

-163. 33 
-165,72 
-266.•~ 
-3l5o'fl 

23,.6 

-1 l6o4S 
-89.03 
-1!13, !I 
-49.ll 

-101.~9 
-177.16 

-2-1.20 
o.o 
o.o 
0,0 

o.o 
o.o 
Q,0 

c.o 
o.o 
o.o 
o.c 
o.o 
O,C 
0,0 

-16'5046 
o.o 
0,0 
o.o 
o.o 
o.o 
0,C 
o,o 

-67.1!16 
-e5 .. 2s 
-e5,67 

-• 8,5l 
-70,97 

-260 .23 
-56 .. ee 
-ae. e2 
-09.99 

-303a84 

c.o 

ERA/NEW 
t .'50 

56.16 
•J.ST 
41•77 

"••6" ez.oo 
4i!lo4<J 
•9.4& 

1r,z. 19 
64o-:J5 
30.59 

112.1• 
109013 
10606119 
10l:u67 
207.83 
162.50 
646,3'5 
6.5.511 
542 .fll3 

502.29 
35•75 

I l'lo.:10 

e9,Q:J 

83.~I 
49.11 

101069 
177.16 
2•JI• 76 

2.20 
~2•'5.\ 
36.39 
5z.3:3 
"l.32 

3e61 
52.00 
94• 0 I 
21. 2q 
26.;?l 
7,75 

T9o99 
12~.215 
16~.•e 
139.63 
115.45 
ll 6. 75 
72.13 
73.31 
e2.•~ 
59.4'5 
70 .96 
1!17.55 
1!17.7"1' 
•11.~1 
70.97 

260o2J 
56.ee 

88.82 
89 ... 99 

:303 .. 84 

339.2:;i 

TI09225 



Table 5-3. Fixed Route Test #10044 Radial Error Sequence (Sheet 1 of 3) 

• • . . . . . • • • • • • • • • • • • • • • • • • • RADIAL ERRORS ~EQUENCE * • • • • • • • • • • • • • • • • • • • • • • • • • 
CKID SVSTE"' CK ID LORAN CKIO LOQt.N-PFIOJECTED 

2 1a.e1 2 l097S.OZ 2 l097S.0.2 

3 17.92 3 43'5.38 3 Z~t.79 

• I 2• ,,,_ • 3:!I•• 12' 4 234.74 
5 67.941 5 eq3.•~ 5 ef-1 .2,. 
6 67. e2 • 3:,9,.e♦ • 409.e1 
6 1 05. 96 • 2e6.06 • 216.04 

7 99.61 1 336.12 7 271!1.96 

11 97.6• 11 1216.50 ll 120 I ,.Qf, 

13 l O I .~5 13 2186.02 13 2177.96 
13 113,.54 13 2360-•2 " 23~2.96 

" 58.03 I 0 Jo\ 7 • 7J ,. ll 4.•3 
17 :12. 18 17 '7'QI 057 17 745,.-77 

<O 77,.9J 20 .J:00, I 0 20 1ee. 1" 
21 123.93 21 220. I 5 21 101.!5.• 

22 6♦ .63 22 q17•.14 22 T26. 91 

23 6•h62 23 356. 28 ,, 290067 ,. 118.44 2' 389.6.'1 2• 265.75 ,. 98.tr\ 2' 361.19 2• 2e.79 
25 70.34 25 320 1 so 2' 166, l ♦ 
26 l 09,. 50 20 22.J.96 ,. 2oe.s1 ., 117.06 27 241!1. 72 27 111.:,6 

l1 10.2e 27 593.!57 27 539.?~ 
H 26.'51 " 14O2.3T 31 1J8O,Z6 

33 31.50 33 2226.12 33 2212 • .?6 

34 ~3.44 ,. ?:•40 • .1116 3' 244t,,.l0 
U7 35 23.97 30 3054. 11 35 3o~e.33 
I ,. • •• 38 36 J!:191.17 S6 38153. 26 ,.... 

'° QS.'!6 •o 4812.65 •• -4806.26 
O' ., 76,21 42 5628.73 •• 5623.26 

4• I 151 6-4 •• 63D.1!12 •4 60 I 11!12 

-"'" 1~~•01 •• 360.53 •• 3(17 9 Z7 ., 1•e.27 .5 Jq6.62 45 146. 27 ., 239.e.3 45 '5.J4.OI 45 ,.39.97 

•• 206.9'5 •• 2!i1 • I 0 46 151.39 
50 -49.58 50 6• 9.2',1 50 18! 7.61 
5l 47.,70 Sl 4!H5. I J 51 4-45 .. 44 

53 e,J.1e 5] 534.e• ,, •10.11 
5] 84.76 .. 345.09 ~3 :,11.e9 

55 J7.J4 •• 915.70 55 8•e.99 
55 J9.18 55 113"4-1 I I 55 10&0.89 
56 22 .. 4.\ •• 1652.9!5 ·~ 16l6el!l9 
60 t 02 • .,~ 60 239!160 •• 2373.89 

~£ -~1~ 5_0_ 62 305-2127 62 11032.1!1'9 
62 9e 114 62 50• .11 62 Z50.J9 
03 109191 6] 321 • 73 63 113117 
64 51.73 64 269.54 64 ee1ee 
65 32.QT 65 29Z.,7• OS 245.90 
66 132.se •• 419.57 •• 324.19 
?O •~e- 2_1 70 338.,ltJ 70 291 ··"' 
70 5.61 70 252.27 70 s.oo 
72 21.5g 72 529.0• 72 :,02.00 
72 77.2q 72 293.92 72 24:J.O6 
73 1 1 J.oz 13 356 • .\5 73 242.0• 
74 21 \. 75 74 1034.67 ,. 1001.0• 

1109231 



Table 5-3. Fix:"'d Route Test #1004.Jc Radial Error Sequence (Sheet2of3) 

. . • • . . . . . . . ... . • • • • • * • • • • • ~-DIAL ~RRORS stuucNCE . . . • • • • . . . . . . . . .. . . . . . . . . . 
CKID SVS TE"4 CKIO LORAN (KID LCAAN-PROJE.CTED 

75 232.oq 75 l!:!1 7.97 75 1799.0• 
70 176.66 76 29415 .66 76 2934.03 
7n 44•25 76 3 IQ<\•-,-, 76 31~4.03 
77 l.':,Q 77 JJqB.13 77 JJae.03 

I 00 56.16 100 ,ti ~36.93 100 &331.03 

100 43,.57 100 IIJ7'T,.e6 100 ,1.37-0.0• 

102 41 .11 102 51Of.74 IOZ ~101.03 

IC l 84.68 1 O l 5331 .. 02 103 5299.e.6 

Io• B?.oo 10, 5376.~4 1c, 5332.36 
106 •B••q 10• 5613.05 106 5529.22 

106 "~•46 I oe S66e.92 10~ 557B.5i 
11 0 162. 19 1" &13 •• , 110 378.36 
II I 6 ... .35, 111 1496.67 111 1ae1.:!16 

113 .30.5q "' 24 5 • 6Q 113 215.77 
1 .. I I 2 •I" 11. 325.30 I 1' 292.91 
116 1 o~. 13 11. 207.77 116 166.43 

120 I O5,.t,e, 120 265. 32 l20 121. I 3 

120 106.(,7 120 zoo.91 120 71.91 

120 207.B3 120 252.35 1 20 18.\.'il'fl 

120 162.50 120 235.t:i~ 120 131.90 
12 t b"6.J5 121 •68.31 121 29s.2e 
121 fi&5. c;~ 121 ••e.9s I 21 291.e.7 

122 !'.42. 8.J 122 194.0• 122 l2Cio!iC' 

122 502. 29 122 317.65 l'2 103.32 

123 :,5.75 123 531.10 123 43:c,.g1 

12' 119. 30 12, 2e6. 55 124 142. 22 
(J1 125 89. 03 125 2•9.54 125 lJ4o33 
I 126 83.81 126 3•e. 32 126 277.67 ..... 

\27 49. II 127 .J0'5o46 127 124.. 79 
--J 130 1 Ol o69 130 Zil-:3• 76 ! JO 1]7.6] 

132 1770 lt> 132 779.20 132 475.00 

133 243. 76 133 639o l6 1 3 ~ !i7l o47 

I ~5 2.20 135 507.97 135 261.7'5 

1 30 52. 54 130 1227.72 1'6 911.62 

I'° 36. 3Q 140 46• • t I uo 53.1e 
I 4 I 52. 3"1 UI 357.?6 1•1 4 • • 1 6 
i<I 51. 32 141 3.32.!!6 1•1 13bo20 

I 42 3, '11 , .. 318.07 142 67.29 
143 52,00 143 343.99 "' 283.55 , .. 94.0l ... 425.05 , .. 379,02 
144 23,29 , .. 117'5186 1•• 11,,,0 .. 0:? 

145 26,21 145 262,76 ... l69.e2 ... 7.75 14< 21!13,le 1'6 161.e.• 
146 79.98 146 398.23 146 Z9"'i,66 .. , 125.28 .. , 40 7o I e 1'7 2e2 ,91 

1'7 l t,5.46 147 15.3. 32 1'7 21e,q" 
150 l 39. f,J 150 492.69 150 556,91 
151 115.45 151 11ss.q• 151 1184,73 

151 116. 75 "1 1330.41 151 1355.50 
152 72. 13 152 1675.1(:, 152 1695.16 
152 7Jo31 152 1734. lq IS2 17!53.!5I 

153 B2.45 ··~ 2•39.26 153 2453.0• 
ts• 89.45 .,. 5300.019 t~• 11911"11 o6l 

155 TO.<;if. 155 ~977.77 155 4588.2-4 

T109232 
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Table 5-3. Fixed Roule Test #10044 Radial Error Sequence (Sheet 3 of 3) 

• .. • * • • • + • • . . . • • . . . . . . . • • A~Ol~L ERRORS SEOUENCF • • • • • . . . . " . . . • • • • 
Ct-- lD SYSTEM CKID LORAN CKID LORAN-PROJECT ED 

156 67.55 156 02:u, .Qt 156 5106.61 

156 67. 77 156 6013.93 156 ♦ ee7.64 

151 •~• ~l 157 5280.01 157 4153.7~ 
161 70,97 161 -5211.. II 161 ]J97.9J 
102 260,23 162 3e30.2• 162 ?10•.11 
16~ 56,eS 10, 3403. J4 1'3 2277.39 
10• ea.e2 10• 2891 •51 164 1165.TQ 

I•• sg.g9 10• 21115072 10• l290.46 
165 1C3, E!4 165 102606.2 165 996.0I 
167 339. 2c; 167 1353, 5-' 1'7 I tO'l ... ~5 

• • • • * • • • • 

Tl09233 



Table 5-4. Fixed Route Test #10044 Rank Order Statistics (Sheet 1 of 3) 

• • • • • • • • • • • • • • .. .. . . . • • • • • • • RAO(AL ERRORS RANKED . . . . . . . . . . . . . . • • • .. • • • • • • • 
CKJD SYSTEM CKID LOR_.,N CKI D LORAN-?A'OJECTED 

7' 1. 50 16 u. 7. 73 70 5.00 
135 ~.20 107 153. 32 27 •~.2'6 ,., 3 • 61 122 1q•.o• 24 2e.1c;, 

70 s.t.1 116 207.71 53 3.tll .09 ... 7.75 21 220.15 141 .4.16 
27 10126 26 223-'>6 140 '51. 71'1 

• 12194 120 235.63 142 67.29 
J 17.92 130 24Jo76 120 71 .91 

2 1s..er 113 .::'.451C-9 •• ee.se 
-- 12 21.59 27 24!.72 122 lOJ,. 32 

17 22.18 125 2.c;i.5• 21 107.5• 
5' :,,:,.4~ 40 251 ■ 10 63 llJ., 17 

144 23.20 70 252.27 16 114 • •.J 

35 23097 120 252.35 120 121 .1 J 

1•5 2fa 21 145 262.76 127 126.79 
31 26a 51 120 265.32' 122 126.50 

l 13 30.59 •• 269.54 120 131.90 

'3 311 50 120 zeo. 91 l 25 13 •• 33 

65 .321 97 140 283.18 l., l36.20 -·· 33.44- 0 ze.o.oe 130 13"1.63 

123 35.75 124 286,5'5 ,,. 142.22 

140 36.39 65 292 • 74 4S 146.27 

S5 37.]4 72 293.92 •• l'!"i 1 .39 
55 _'IQ. 78 121 305.46 14Ci 1a.1 .e• 

102 41._?7 122 3\7.65 25 lti6 ,I 4 

100 ,43.57 142 318,07 116 166 .43 
\Jl 10 44.25 2" 320.!iO 145 169.92 
I 36 .... J8 •• 321.7~ 120 te4.96 .... 51 47.70 114 325.30 20 155,74 

'° _,- l 06 •e.49 1• I JJ2 • 86 26 201'951 

157 .. e. si • :,3,4. 12 II 3 215.77 

127 49. l l , 3.'.Hial2 6 2 I 6 .. 011 

106 49.46 70 33e.10 14' 21 e.911 

50 49.5.!. • :,39, e• • 23-.74 
- -, 41 51,32 103 34113,99 73 2•2.0~ 

•• 51 a 73 5J ~.5 .. 09 72 2•3.06 

1~3 52.00 126 34&,32 05 2•5-~0 
I 41 52.33 20 350.10 62 250 ,39 
130 'S2• 54 23 356.28 1'5 261. 75 
I 00 'S6. 16 7J .356 ... 45 126 277.67 

163 56.ea 141 357 .. 76 7 278.9~ 

16 58.03 •• :,60.53 ' 2e l • 79 
_ l_!_I _ 6_4'! ~5 24 3(11 .19 147 211~.91 

22 6,4.63 2• 31!19.CJJ 14' 2111!.3 .55 

• fl7.e2 45 396.(12 ,. 2&5.75 

5 67.94 146 398. 23 Z3 290.67 

23 69,62 147 407. I e 70 291 .19 

25 70a34 110 •13.4• 121 291 .. 157 

155 70.q6 •• 41 9. 57 114 292,'11 

161 70 .. 97 ... •2s.os 121 295.2.PJ 

I 52 72.13 3 ,4.35.38 1•• 295. 66 

152 73. 31 l 2 I ••tl.95 72 302,00 

42 76,21 140 •64 .. I J .4 307.27 

12 77.29 121 ♦68.'.'J I 66 32,4., 19 

1109228 



Table 5-4. Fixed Route Tesl #10044 Rank Order Statistics (Sheet 2 of 3) 

•• •• • •• • • • . • • * • • • • • • • • • • • a R~DI-L ERRORS A,t,NKED • • • • • • . .. . . . .. . • • • • • • ........ 
C.K IO SYSTf),I CK ID LOR,_N CKIO LOAAN-PRO.JECTEO 

20 77.q3 51 •l"lf-i. 13 II 0 J7e.:,.6 

140 7g. '-!"I 150 492 • 69 ••• 379.02 

10• e2.oo 62 504 •IT 6 ,oCJ.l'H 

153 62.45 13' so-r. 97 5] 410.11 
53 83. I !I\ 72 529.04 12] 432.91 

_, I ~6 i,3. e1 123 5J l. 10 •• 439.97 
103 84.68 45 '5J•.o• 51 "•s••• 

53 84.76 53 5J4. 84 132 "75.00 
156 87-55 27 593.57 27 539. 26 
156 87.77 •• 6.30.62 150 556.91 

164 Bfl.6.2 133 6J9.t6 133 571 •• .,. 

125 !9.03 50 649. 29 •• 601.82 
154 89.&5 132 779.26 50 617.til 

164 l'IIQ. 9q 17 701.'17 22 726.ql 
144 94 • 01 5 893.41!1 17 -,,..5. 77 

-•o 95.36 55 915.70 5• e .. e.e'9 
t,2 .:n.so Z2 917.14 5 1161 .26 
II 97.64 165 1026.152 136 911.62 
62 98.14 74 103 .... 67 165 Q<ll6.0 I 
24 98 • 18 55 ll:!1•.11 74 1001.0• 

7 QQ.61 ISi 1155.94 •• 1080. 8'9 
13 lOl.55 14• l 175.e6 ... 1160.,02 

130 101.6Q II 121 6.50 151 118 ... 7~ 

60 l 02• 7 Z. ... 122,.12 II 1201.96 
0 I05.a6 151 l3JO.•t ••• 1290. ♦ 6 

U1 120 I 06. b7 167 1353 .. 54 ISi J 355.50 
I ---------------------------------------------------------------------------------------------------------------- 67 PERCE.NTILE 
N 120 t06.6e, 31 1402.37 31 LJBO.Zf'> 
0 116 109.lJ 111 1.\96.67 167 1403.85 

26 109.50 •• 1652. 95 111 14PH.36 
63 tOQ.91 152 1675.16 56 1616.89 

11 • l 12, 14 1"2 1734.19 152 1695.16 
73 I 13,02 75 1917.97 1<2 1751.51 
13 l 1.3.,54 13 2186.02 16• 1765.19 

l:JI 115.45 33 2226.12 75 t7<>9.o• .. l ~5. e• 13 2360 •• 2 13 2177.96 
151 116.75 60 2399. 60 33 2212.26 
27 117.0,6 1•• 21.15.72 163 22.77.39 ,. 11 a. 4• 153 2•39.26 13 2J~2.'96 

lH 11 g. 30 ,. 2440.46 60 2373.89 

21 l 23. q3 1•• 2891. 51 34 2446.IO 
= _!_4_]' __ 1~~-_28 76 2945.69 ... 145l,.Q• 

•• 132. 5,e 62 3052•27 162 2704. 17 
150 l 39. 63 35 .l0~•-11 76 2934.03 

•• l•Ul.?7 76 3194.77 62 30 32., 89 
70 1se.23 77 339e. 13 35 30:~8.33 

•• 1e.2.01 , .. 3•03. 34 76 3184.03 
ll_Q ~~2-__!_9 16i 38J<l.,24 77 ~3ei,.Q_3 
120 162.50 ]6 3891.17 161 3397.93 ,., 16!5. 4(j 100 •338.9:3 JO 3883.26 

76 l 76 .t,t, 100 •3T7•1!!6 l"7 ... ,3.75 
132 177.16 161 452•• • • 100 4331.03 

40 206.95 •c 4812-6~ 100 4310.04 
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Table 5-5, Fixed Route Test #10044 Statistical Summaries 
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SECTION 6 

TEST RESULTS 

This section presents the detailed results of all tests performed, Implications of 

these results as applied to the Phase 11 Program are discussed but specific system 

modifications proposed as a result of Phase I test results are presented in Section 7. 

Results are presented by test category starting with Fixed Route Tests, followed 

by Random Route Tests and Special Case Tests. Within each test category sub­

system and system simulation results are discussed, Table 6-1 is a summary 

table of all test results, 

The results clearly show the LORAN AVM System to be fully compliant with fixed 

route operational requirements and that a minimal amount of developmental effort 

is required to reduce the random route errors to within specified limits. 

6. 1 TEST PROBLEMS - THEIR EFFECT ON FINAL RESULTS 

Two problems occurred during the test program which contributed significantly to 

the errors reported in the results. The problems will not occur in production 

equipment. Table 6-2 identifies which tests were affected by these problems and 

to what exent. The remainder of this section explains the effects fully so as to 

allow a complete ,understanding of the different categories of test results, 

6. 1. 1 Low Temperature Augmenter Failure 

The winter of 1976-77 was the coldest in the history of the city of Philadelphia, 

whose weather records date back 187 years. Under such extreme environmental 

conditions it is not surprising that the operation of some experimental equipment 

was faulty. These malfunctions were limited to the augmenters which were installed 

on street lamp poles and were subjected to the prevailing environment 24 hours 

per day. No other equipment tested exhibited any temperature effects. The 

LORAN C ministation, for example, operated every day an average of 14 hours 
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Table 6- lA. Fixed Route Test Results 

Runs( 1) 
Confidence 10001-

Fixed Route Test Results Level 10012 

32 second 95% 269. 45' 
fixed polling 99. 5% 787. 38' 

SYSTEM 
32 second 95% 
fixed polling 99. 5% 

SIMULATION w I 5% missed data 

Time of 9 5% 47 sec 
passage 99. 5% 65 sec 

LOCATION SUBSYSTEM 
95% 318. 66 1 

99. 5% 1,457.62' 

COVERAGE: Mean Error 450 Feet Mean 

(!)Tests Conducted with Malfunctioning Augmentors 
(2)Tests Conducted with Malfunctioning Motor-Generator 

Runs Runs(2) 10012-10047 
10026- 10012- Less (2) 
10047 10047 10016 &: 10017 

287. 79' l,?48,51' 320. 56 1 

369. 60' 5,087, 946 1 4,909, 913' 

291' 1, 113' 326 1 

383' 4,909,901 4,909,908' 

26 sec (3) 32 sec 33 sec 
42 sec 49 sec 47 sec 

303. 34' 1,269.16' 352. 79 1 

5,186.65' 4,914,435' 4, 914, 435 1 

98% 78. 3% 78. 3% 

(3)See Section 7 for Technique to Reduce Errors to 8 Seconds and 16 Seconds 

Table 6-lB. Random Route Test Results 

Software 
Original Improved 

32 second 95% 691. 16' 475.89' 
fixed polling 99, 5% 1,293.11' 819, 17' 

SYSTEM 
32 second 

9 5% 752. 55 1 472. 94' 
SIMULATION 

fixed polling 
99. 5% 1,293.11' 819.17' 

w/5% missed data 

LOCATION SUBSYSTEM 95% 358. 52' 
9 9. 5% 1, 222. 96' 

COVERAGE Mean 98% 98% 



Table 6-lC. Special Case Test Results 

Special Case Test Results (4) Confidence LORAN 
Level Only 

LOCATION SUBSYSTEM 95% 325. 32' 
99. 5% 375. 68 1 

SYSTEM SIMULA TlON 95 % 269. 45' 
99. 5% 787.37' 

(4)These results were obtained in a low rise part of the city using 
th LORAN sensor only without benefit of augmentors. 

Table 6-2. Runs Affected by Test Instrumentation Problems 

Problem Runs Affected Result 

Low Temperature 10001 - 10012 27% of posstble augmenter 

Augmenter Failure ( 10 Tests) detections missed. Some 

,ncorrect ID decodes. 

Low Voltage (85 - 95 VAC) 10012 - 10025 False counts Ln odometer logic, 

& Low Frequency from (12 tests) erratic recording of LORAN time 

motor-generator difference numbers. 

with no adverse effects from the low temperatures. This section will discuss 

the effects of missed augmentors and incorrect ID codes, both occurring before 

the problem was corrected. 

The temperature related augmentor failure caused the ID pulse widths and spacing 

to vary. Th,s, in turn, resulted in rejection of the augmenter ID by the AVM 

augmentor decode logic in the test vehicle. Failure to properly detect malfunc­

tioning augmentors deprived the system of the high precision location update 

usually available. This had negligible effects on the 95% location accuracy 

number since the primary function of augmentors on the fixed route is to provide 

time of passage data. OccasLOnally, a malfunctioning augmentor would output an 
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incorrect ID code, In the worst case, the incorrect code was identical to the 

legitimate code of another augmentor on the fixed route. In this situation, the 

vehicle location was erroneously put near the incorrect augmentor. When this 

happened, the AVM System was always able to eventually reconcile the problem 

and correctly locate the vehicle within 300 feet. During the time it took to correct 

the problem, a number of measurements with very large errors were recorded. 

These errors had a stgnificant effect on the 99. 5% number. Instead of 370 feet 

which the system is capable of, 787 feet was recorded due to 10 measurements 

with errors over 700 feet. 

A secondary effect of the origtnal augmentor temperature problem had a much 

more signiftcant effect on subsequent fixed route test results. In an attempt to 

compen.sate in software for the augmentor hardware problems, a change was 

implemented which prevented the system from using any augmentor information 

which is not consistent with the latest system vehicle lucation. Later in the tests, 

after the augmentor problem had been corrected, this had a very deleterious effect, 

It prevented proper augmentor ID detections from immediately correcting large 

location errors resulting from other extra-system problems, These problems 

are discussed in paragraph 6, 1. 2. 

The augmentor temperature problem was corrected during the Decem.ber-January 

period when testing was suspended. It did not occur on any subsequent tests. 

6. 1. 2 Low Voltage Motor-Generator Problem 

The original motor-generator on the test vehicle failed on December 8 after test 

10010. A new unit was obtained under emergency conditions and installed by 

December 13. All subsequent testing was conducted using power from this unit. 

After conducting two more tests (10011 and 10012) testing was suspended until 

January 31 to allow time to solve the augmentor problem. When testing was 

resumed, the motor-generator was adjusted to prevent a recurring misfire problem 

in the engine. This adjustment caused the motor to run slower than normal with 
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a corresponding reduction in output voltage, When discovered, instead of a 

nominal 115 VAC, · the generator was outputting only 90 VAC. Twelve fixed 

route runs were made with the generator at low voltage (runs 10012 through 10025). 

The regulation drop-out voltage for the test console power supplies is nominally 

90 VAC. As the generator voltage varied during a run, the console logic voltage 

would occasionally go out of tolerance when its Lnput fell below 90 volts. Under 

these conditions, erroneous data was recorded on magnetic tape. The AVM 

System odometer data was most susceptible to this problem, probably because 

this data line was normally true (high voltage), going false (zero volts) at each 

increment of travel. Each time the power supplies dropped out of regulation, 

the odometer logic saw this as indication of distance traveled when, in fact, the 

vehicle may not have even moved at all. Figure 6-1 is a portion of data taken 

from the engineering unit dumps of a run with bad data and a run made after the 

problem was corrected. In both figures, data is written at a once per second rate 

with the AVM System odometer list on the left, incremental time in the center, 

and cumulative distance traveled as recorded by the fifth wheel on the right. 

Figure 6-lA shows correct data in that the system odometer indicates the distance 

traveled in feet in one second and in each case this distance equals the difference 

in adjacent ltnes of the cumulative fifth wheel column. Figure 6-lB clearly shows 

the effect of the low voltage problem, Successive lrnes indicate one second distances 

of 490. 528 ft., 687. 936 ft., 705.135 ft., 758. 973 ft., and 351. 446 ft,, while the 

corresponding column indicates distances of 18 ft., 21 ft., 23 ft., 25 ft., and 25 ft. 

Unfortunately, the erroneous system odometer data was used to calculate location. 

It is not surprising that large errors resulted. All runs made while the voltage 

varied between 85 and 90 volts show sporadic sections of contaminated data. Two 

such runs, 10016 and 10017, are almost entirely ruined. 



962. 0 15594.00 
26.919 963.0 15621.00 
16.451 964.0 15647.00 
23.928 965.0 15672.00 - - - ·-

20.937 966.0 15693.00 
17.946 ~67.0 15711.00 
14.955 968.0 15726.00 
11 .964 969.0 15738.00 
f,-730 970.0 15744.00 
1.496 971.0 15746.00 
o.o <,72.0 15746.00 
o.c 973.0 15746.00 
o.o 974.C 15746.00 

Q75.0 

Figure 6-1 A. Odometer/ Generatnr Power Problem 
Typical Normal Operation 

80973 2016.0 
13.460 2017.o 28626.00 
14.955 201s.o 28642.00 

490.528 2019.0 28660.00 
687.936 2020.0 28681.00 
705.135 2021.0 28704.00 
758.97.3 2022.0 28729.00 
3510446 2023.0 28754.00 
26.171 2024.0 28780.00 
26.171 2025.0 28806.00 
25.424 2026.0 28832.00 
26.171 2027.0 28858.00 

Figure 6-lB. Odometer/Generator Power Problem 
Odometer Fail Condition 
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In order to present the results of all tests but at the same time to show the true 

systen1 performance capability, three categories of results are presented: all 

tests (10012 through 10047); an tests less 10016 and 10017; and, tests 10026 through 

10047. The reason for each category is as follows: program requirements do not 

allow detection of any test data, hence the category including results of all tests. 

Tests 10016 and 10017 show almost total contamination from start to finish by the 

low voltage problem. The second category of results does not include data from 

these tests, Since the motor-generator is part of the test support equipment and 

not the AVM System, a category of results is presented which is made from te,sts 

10026 through 10047, These are all tests conducted after the generator problem 

was corrected and demonstrates the true system capability, 

6. 2 FIXED ROUTE TESTS 

6, 2. l Tests 10001 through 10012 (with augmenter malfunction) December 6 

through December 13, 1976 

6. 2, 1, 1 Location Subsystem - For the location subsysten, the error at the 95th 

percentile was 318. 66 feet, At the 99. 5th percentile it was 1,457, 62 feet, Figure 

6-2 is a histogram and cumulative error curve for the location subsystem, runs 

10001 through 10012. 

The 99. 5% number is nul indicative of the system capab'.Ety. It is the result of 

a problem rn the augmentor transmttter circuit at low lernperature which plagued 

this set of runs, ultLmately resulting tn the suspension of testrng. When the aug­

menter transmitter malfunctioned, it resulted Ln one of two symptoms: no ID 

nurnber at all was decoded as the test vehicle passed, or an incorrect number 

was decoded. The latter symptom was the rnore troublesome if the incorrectly 

decoded number happened to be the same as a legitimate ID at another time point 

on the route. In this un:ortunate circumstance, the rncorrect augmentor ID results 

Ln a new position update at an erroneous location which could be many thousands of 

feet away from the true locatwn,. This did happen with rnteresting results. On test 

10010 as the vehicle passed augmentor ID 33 at 10th St. and Walnut, ID 32 was 
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decoded. It happens that 32 is the legitimate ID of an augmentor at 13th St. and 

Chestnut. At this point, the system located the test vehicle near 13th and Chestnut 

and, of course, produced large errors as the test vehicle continued along Walnut St. 

After three successive reports, the apparent LORAN errors were so large that 

the system declared the vehtcle off the fixed route. In this mode, the vehicle is 

continually tracked using LORAN data only whtle the system continues to project 

the LORAN derived location onto the nearest segment of the fixed route. Since 

the ,·ehicle had· not actually left the route but only had been" spoofed" by a mal­

functioning augmentor, it is of some interest to examine the run to see how long 

it took the system to deterrr:ine the true locahon of the vehicle. The computer run 

shows that at the ftrst checkpoint after declaring route departure (3 checkpoints 

after the false aug detection), the system error was 190. 74 ft., which means 

that the raw LORAN location clata put the vehicle within 200 feet of its true location. 

At the next two checkpoints the errors were 220. 68 ft. and 318. 66 ft, These were 

also based only on raw LORAN information. At the next checkpoint the conditions 

for declartng a return to the ftxed route were satisfied. The ,;ysten1 n,ade the 

correct" returned to route" declaration and located the pomt at which the return 

was made with an error of only 112. 85 ft. 

The artificial route departure descdbed above and other location problems caused 

by malfunctionrng augmentors caused the 99. 5% error to be larger than it would 

otherwise have been. 

6. 2. 1. 2 System Simulation - The system simulahon for runs 10001 through 

10012 produced a locatLOn accuracy of 269. 45 ft. at the 95th percentile and 

787. 37 ft. at the 99. 5th percentile. A histogram and cumulattve error plot is 

shown in Figure 6-3. As with the location subsystem runs, augmentor malfunctions 

had some effect on the 99. 5o/n. This is primarily because the data rate of 32 seconds 

is higher than the average rate resulting from updates only at checkpoints. The 

higher data rate and nominally higher quality LORAN available at non-street­

intersection sample points produces a markedly superior error distribution which 

can be seen through out the test results. 
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The system simulation of time of passage produced predictably poor results on 

these runs with their known augmentor malfunctions. The error at the 95th 

percentile was 47 seconds, 65 seconds at the 99. 5th. Significantly better results 

were obtained in subsequent tests conducted after the augmenter low temperature 

problem was solved. See paragraph 6, 2. 2. 6. 

6, 2. 2 Tests 10012 through 10047 

These tests were run during the January 31 to February 6 time period, Some of 

the first 12 tests (10012 through 10025) contaLO data affected by the low voltage 

condition described in paragraph 6. I. 

6, 2. 2. 1 Location Subsystem - The error at the 95th percentile for all 30 runs 

was 1,269, 16 feet for the location subsystem. At the 99. 5th percentile the error 

was 4,914,435 ft due to the generator malfunction. Figure 6-4 shows the distribu­

tion of all errors for these tests. 

These results are dominated by results of the early tests as will be shown later. 

The 99. 5% error should be discussed, It is an artificial number which is the 

product of a computer software overflow in the position location routine. It results 

from test data inputs containing LORAN TDA and TDB numbers hundreds of micro­

seconds away from the expected range of values in the Philadelphia area, The 4 

million feet numbers are artificial in that a gross manual coordinate conversion 

shows that errors of about 50,000 feet would have resulted had the software been 

scaled to handle this large range of time difference values. It is highly likely that 

these time difference numbers were a result of the low voltage problems in the 

test console since this unit is powered by the motor generator. The numbers put 

on tape are the output of a time difference averaging circuit in the test console. 

In addition, this condition only occurred during the first tests. It did not occur 

after the electrical problem was corrected. Finally, time difference errors of 

this magnitude would certainly have attracted the attention of the test operator and 

witnesses since the LORAN receiver outputs are displayed. No notes or observation 

of improper time differences were made during any of the test runs. 
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Figure 6-3A. Location Accuracy Histogram (System Simulation) 
(Fixed Route Tests #10001 - 10012) 

December 1976 
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6. 2. 2. 2 System Simulation - The results of the system simulation for all runs 

is also dominated by errors contained in the early tests. The error at the 95th 

percentlle was 1,648.51 feet; at the 99- 5th percentile the error was 5,087,946 feet. 

Figure 6-5 shows the distribution of these errors. 

The time of passage errors were not affected by the electrical problems to the 

same degree the locatlon errors were. This is probably because the odometer, 

which was most' vulnerable as previously discussed, is not as significant in the 

time of passage determination process. It is only used to measure a distance 

of 50 feet from initial augmentor detection. Erratic odometer data could only 

have a minimal effect at most. The error at the 95th percentile was 32 seconds; 

at the 99. 5th it was 49 seconds. Figure 6-6 shows the error distribution. These 

results are rnd,cative of the true system characteristics since they are relatively 

independent of any known extra-system problem. Results to be discussed later in 

this section tend to corroborate th,s, While 32 seconds - 95% is in excess of the 

specified requirement, post-test analysis has been completed showing that with 

some modifications and a door open-closed sensor, the 15 second 95% requirement 

can be met. A more detailed discussion of the error sources in the Phase I tests, 

plus a proposed mechanization for Phase II which is compliant, is presented in 

Section 7. Paragraph 6, 2. 6 describes an algorithm for determining time of 

passage at any point without benefit of an aug=entor. A comparison of results is 

given in Table 6-4. Analytic error calculations for this algorithm are discussed 

along with the results of manual application of this algorithm to Phase I test data. 

6. 2. 2. 3 System Simulation with 5% Lost Data - The system simulation described 

rn paragraph 6. 2. 2. 2 was repeated for all 30 tests with a random So/o of all data 

deleted. This simulates the practical system operating conditions. Results do 

not significantly differ from the straight simuiation. The error at the 95th 

percentile was 1,113 feet and 4,909,901 feet at the 99. 5th percentile. Error 

distribuhon is shown rn Figure 6- 7. 
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6.2.2.4 Coverage - Coverage was provided over 78. 3% of the fixed route when 

all 30 tests are considered. Coverage is defined as a mean error of less than 

450 feet over any • 1 mile segment of roadway. It should not be confused with 

coverage in the LORAN sense. The extent and quality of the LORAN coverage is 

addressed in paragraph 6. 5. 

As previously discussed, electrical problems contributed to large errors at many 

places along the r'oute. In particular for those measurements which resulted in 

an overflow in software, very large errors were recorded. These errors dominate 

the coverage figure, Obviously, if an error in excess of 4 million feet LS averaged 

with anything Ln a. 1 mile segment the mean will be greater than 450 feet. 

6. 2. 3 Tests 10012 through 10047, Less 10016 and 10017 

A separate set of results was compiled usmg all data collected except tests 10016 

and 10017. These two tests were most severely affected by the electrical problem, 

6, 2. 3, 1 Location Subsystem - The location subsystem error at the 95th 

percentile was 352. 79 feet. At the 99, 5th percentile it was 4,914,435 feet. 

Error distribution for this data set 1s shown in Figure 6-8. Since severe 

and extensive electrical problems occurred during tests 10013 and 10024 

which are included here, these results also are dominated by bad tests although 

not to the sarne extent as the previous set. 

6. 2. 3. 2 System Simulation - The system simulation for these tests produced 

an error at the 95th percentile of 320. 56 feet and 4,909,913 feet at the 99, 5th 

percentile. A histogram and cumulative error plot is given in Figure 6-9, 

The system simulation of time of passage showed an error of 33 seconds 95% 

and 47 seconds 99. 5%. These results differ only slightly from those obtained 

for all 30 runs as would be expected. See Figure 6-10 for error distribution 

curves. 
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6.2.3.3 System Simulation with 5% Missing Data - When the system simulation 

was repeated with a random 5% of the data deleted the error at the 95th percentile 

was 326 feet; at the 99. 5th percentile it was 4,909,908 feet. A histogram and 

cumulative error curve is shown in Figure 6-1 l. 

6.2.2.4 Coverage - As explained in paragraph 6. 2. 2. 3, <"'.overage statistics 

are dominated by contaminated data. For thts category of tests, coverage was 

450 feet or less for 78, 3% of the measurements. 

6, 2. 4 Tests 10026 through 10047 (No Generator Problems) 

The electrtcal problem in the tesl support equipment was identified and corrected 

after Test 10025. This category of tests has no external forces acting on it and 

as such presents the most accurate purtrayal of system accuracy capabLlity. This 

test category covers 18 passes around the fixed route course covering a total of 

almost 250 miles, A total of over 2, ODO checkpoints and 270 time points were 

passed, In itself this represents a very comprehensive test. 

6. 2. 4. 1 Location Subsystem - The error at the 95th percentLle for the 

Location Subsystem runs was 303. 34 feet. At the 99, 5th percentile the error 

was 5,186.65 feet. Error dtstribution curves are given in Figure 6-12. The 

95% error is less than 4 feet greater than the required accuracy but the 99. 5% 

figure should be explained. Of the 2,019 measurements made at checkpoints, 

12 contained errors greater than 2, ODD feet. These errors were the source of 

the 99. 5% error fLgure. Examtnation reveals that 9 of the 12 occurred on TP-st 

10030 and were the result of a LORAN cycle slip in time difference B. The 

cycle slip occurred just prior to checkpoing 151 at 8th and Spruce, probably 

the result of a temporary low SNR condition, The next few checkpoints are 

at checkpoints with consistently a poor SNR. Under these conditions, Lt is 

difficult or impossible for the LORAN receiver to make cycle corrections. 
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The result, on this test run, was a string of measurements (151 through 165) 

with the LORAN receiver on the wrong cycle. After three such measurements 

the software declares a route departure. Ordinarily, the route departure condi­

tion would be reconciled the first time an augmentor was detected. Such an 

augmentor was detected at Checkpoint 157 (Aug #32) bul the information 

rejected because of the software modificatLOn inserted earlier to prevent 

location errors resulting from inconsistent augmentor detections. It is obvious 

that if the augm'entor detection had been used, the large errors at Checkpoints 157 

through 165 would have been prevented. Section 7 will d,scuss further the manner 

in which augmentor detections will be used in the Phase II program. 

6. 2. 4. 2 System Simulation - System simulation results for the 18 good runs 

show an error at the 95th percentile of 287. 79 feet; at the 99. 5th percentile the 

error was 369, 60 feet, These are fully con,patible with DOT requirements, 

Error distribution curves are given in Figure 6-13. These results speak for 

themselves, They are based on 2184 measurements made over three days and 

nights of testing. Of the over two thousand measurements, only 1 had an error 

larger than 500 feet and only 5 had an error larger than 400 feet. 

The time of passage errors for these runs were 26 seconds, 95%, and 42 seconds, 

99. 5%. Figure 6-14 shows these results. Some improvement is necessary to 

comply with the given requ,rements. Section 7 discusses a practical modification 

to the AVM System which will lower the tLme of passage errors to acceptable limits. 

6. 2. 4. 3 System Simulation With So/o Missing Data - These results arc the most 

significant of the entire Phase I tests. Phase I was conducted to demonstrate the 

ability to perform in Phase II. The truest simulahon of Phase II operation is the 

system simulation with missing data. Under conditions considerably less favorable 

than Los Angeles, the LORAN AVM System had an error of 291 feet at the 95th 

percentile and 383 feet at the 99. 5th percentile. Both figures are under the stated 

requirements. Error distribution curves are presented in Figure 6-15. 
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ID 

24 

30 

57 

31 

33 

37 

72 

100 

15 

51 

53 

67 

54 

32 

110 

Table 6-3. Augmentor Detections 

Time Point 
No. Street Location 

5 Broad & Arch 

16 JFK&: Expressway 

Z6 20th & Market 

37 11th & Market 

50 10th & Walnut 

60 18th & Walnut 

70 33rd & Walnut 

76 22nd & Chestnut 

110 18th & Vine 

122 22nd & BF Pkwy 

134 19th & Pine 

144 10th & Pine 

151 8th & Spruce 

157 13th & Chestnut 

166 13th & Spring Garden 

Test(s) Not 
Detected Date 

No Misses 

10017 Feb, 1 

No Misses 

No Misses 

No Misses 

10012 Jan. 31 

No Misses 

10035 Feb. 5 

10016 Feb. l 

No Misses 

No Misses 

10017 Feb. 1 

No Misses 

No Misses 

10026 Feb. 4 
10027 Feb. 4 
10030 Feb. 4 
10031 Feb. 4 
10032 Feb. 4 
10033 Feb. 4 
10034 Feb. 4 



6. 2. 4. 4 Coverage - Coverage data shows a mean error of less than 450 feet 

over 983/o of the fixed route. The 2% of mean errors over 450 feet occurred in 

poor SNR areas and could easily have been corrected, if necessary, by either an 

augmentor or minor software modification. Total no coverage area is only , 3 

mile out of almost 14 miles of fixed route. 

6. 2. 5 Time of Passage and Augmentor Detection 

Time of passage e'rrors and augmentor detection percentages are examined tn 

this section. 

6. 2. 5. 1 Time Point Augmentor Detection Percentage - A total of 448 time 

point augmentor detections was possible on the 30 tests, 10012 through 10047. 

The fixed route course had 15 time points spaced at approximately 1 mile 

intervals. Two lime points were not passed due to street closure for fire 

fighting equipment. Of the 448 possible detections, 436 were properly made 

for a percentage of 973/o. Table 6-3 lists the missed augmentors. Figure 6-16 

shows the error curve at stop time points only, and Figure 6-17 shows the same 

thing, only with "dead time" (not moving) removed, Figure 6-18 shows non-stop 

time point errors only. 

6.2.5.2 Missed Augmentors - Of the 12 missed augmentors, 5 appear to be 

random misses, probably due to temporary conditions near the augmentor at the 

time of passage. Interference from vehicle ignition, for example, occasionally 

was seen at the 72 MHz augmentor frequency. One and one tenth per cent ( 5 out 

of 448) does not appear to be an inordinately high percentage of misses. The 

other 7 misses all occurred at the same augmentor on the same day (Aug ID 110 

at 13th and Spring Garden on February 4). These misses can be explained. They 

were caused by interference from Aug 35 which was located about 600 feet away 

at Broad and Spring Garden. A change in radiated power at Aug 35 apparently 

took place between January 31 and February 3, since the 10 tests made during 

this period all show proper detection of Aug 110. The most likely cause of the 

radiated power change was an increase in ambient temperature since both the 
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augmentor transmitters and the carbon z1nc battery used to power them have 

characteristics which vary with temperature - especially in the range of 0°F to 

35°F which were experienced. Confirmation that #35 was interfering with #110 

on February 4 was made by reducing the radiated power at #35 prior to the first 

test run on February 5, No additional difficulties were encountered. Also, 

examination of the data collected on test runs 10026 through 10034 show that 

Aug 35 was detected quite early as it was passed indicating excessive power, 

A method for determining b1ne of passage without utilizing an augmcntor at the 

time point is examined and evaluated in Section 7. This method offers a reliable 

backup method for determrning time of passage in Phase II. With some improve­

ment in accuracy the augmentorless method could become the prime source of 

time of passage 1nformation for Phase II at a considerable cost savings. 

6. 2. 6 Time of Passage Error Analysis 

An analysis of the time of passage errors shows that the statistics are dominated 

by errors at stop time points. (See figure 6- 16) This is because the mechaniza­

tion tested in Phase I did not incorporate a door open/closed sensor which could 

have been used to determine the time during which the vehicle was actually 

stopped at the time point. Without this sensor, the system error was subject to 

time accrued when the vehicle was stopped, If the 'time flag' had not been set 

at the time the vehicle came to rest, all time spent at a standstill was accumu­

lated as time of passage error. (For additional time of passage mechanization 

information, see ''Time of Passage Measurement" description at the conclusion 

of Section 4. ) 

Paragraph 7, 2, 1, 2 in Section 7 explains how dead time may be removed from 

the TOP statistics, Figure 6-17 shows the systematic errors in the system 

with dead time removed, Figure 6-18 confirms the fact that dead time at stop 

time points caused excessive errors. The results in Figure 6-18 (no stop time 
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points) are not as goQd as the 'no dead time' results of Figure 6-17 because 

some time points were 'no stop' in name only. 

At many points called 'no stop', the vehicle was usually stopped either for 

prevailing traffic or traffic signals. 

6. z. 7 "Augmentorless" Time of Passage Measurement 

A method of determing time of passage without benefit of an augmentor detection 

was developed using actual Phase I test data. The reason for this development 

is two-fold: to provide a back-up method in the event of a missed augmentor, 

and to provide a basis for an optional time of passage mechanization described 

in paragraph 7. 2. 1. 

In its simplest form, the system notes the two -position location determination 

it makes in the normal course of tracking the vehicle which bracket the time 

point. It assumes a constant vehicle velocity between these two points. The 

time of passage may be estimated from this data. The measurement will be in 

error by the amount the vehicle velocity varies from the assumed constant rate. 

Software to make this determination was not available at the time of test data 

reduction but the process is simple enough to be calculated manually over a 

limited number of instances. All time point passages on test run 10044 were 

evaluated using this process. The results are shown in Table 6-4. Examination 

of this table shows a similar trend in the augmentorless method to produce large 

errors at stop time points. A practical method of removing stop time point 

errors is presented in paragraph 7, 2, 1, The method is comparable to the 

augmentor method, and with the addition of odometer and door status information, 

also discussed in paragraph 7, 2. 1, it represents a viable and legitimate 

alternative, It should be thoroughly evaluated early in Phase II in view of the 

obvious cost savings, 
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Table 6-4. Comparison of Time of Passage Errors 

Time of Passage Error 

Manual 
Augmentor Stop/ Checkpoint 11 Augmentorless" 

Method 
Method No Stop 

5 2 sec 5 sec Stop 

16 6 sec 3 sec No Stop 

26 15 sec 24 sec Stop 

37 1 sec 4 sec No Stop 

50 1 sec 6 sec Stop 

60 2 sec 1 sec No Stop 

70 13 sec 8 sec Stop 

76 1 sec 5 sec Stop 

11 D 5 sec 0 sec No Stop 

122 18 sec 5 sec Stop 

134 14 sec 3 sec No Stop 

144 1 sec 3 sec No Stop 

151 9 Sec 1 Sec Stop 

157 2 sec D sec No Stop 

166 11 sec 1 sec No Stop 

Table 6-5. Fixed Polhng/Location Subsystem - 95% Errors 

All Runs Runs 
Less 10016 & 10017 10026 - 10047 

FIXED 
Fixed Polling 320.56 269.45 

ROUTE Location Subsysten1 352.79 318.66 

All Runs 

RANDOM Fixed Pollmg 697,76 

ROUTE Location Subsystem 358. 52 
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6,Z,8 Comparison of Location Subsystem and System Simulation Results 

Fixed Route and Random Route results have been compiled by two different 

methods - Location Subsystem and System Simulation. The Location Subsystem 

results have been determined by comparing true position and estimated posillon 

at arbitrarily located checkpoints, The System Simulation results have been 

determined by comparing position at the fixed reporting interval of 32 seconds 

used in the Teledyne position reporting concept. These results are compared 

in Table 6-5. In the Fixed Route results, the fixed polling errors are somewhat 

less than location subsystem errors. In the Random Route, the tendancy was 

reversed. The paragraphs below explain these differences. 

6,2,8. l Fixed Route - The Fixed Route analysis has shown a tendency for 

the Fixed Polling (system simulation) to have slightly better accuracy than the 

Location Subsystem. The table above shows this tendency in both the "All Runs 

Less 10016 and 10017" and"Runs 10026 - 10047"analysis, The Location Algorithm 

has two characteristics which cause the Fixed Polling results to be slightly better 

than the Location Subsystem results: 

1. The fixed-route location algorithm weights LORAN position 25% and 

the odometer position 75% to reduce the LORAN position variance. 

This position filtering technique is sens,tive to the distance between 

position reports/computations. The reporting intervals for Runs 

10026 - 1004 7 compare as follows: 

Fixed Polling 

Location Subsystem 

6-35 

Total 
Records 

2,324 

z, 113 

Average Distance 
Between Reports 

557 ft. 

613 ft. 



The average distance between reports for fixed polEng is 557 feet, 

compared to 613 feet for the location subsystem. Therefore, a 

tendency for the fixed polling results to be slightly better is expected. 

It is not possible to quantify this improvement due to the many other 

characteristLcS of the algorlthrn wlHch interact, for example, aug­

rnentor position updates at time points. 

2. The location subsystem test had a predorninance of checkpoints at 

street intersections where LORAN posLtions are known to be poo,er 

than at mid-block. This is apparently due to more overhead and 

underground power lines near intersections. The fixed polling test 

resulted in more mid-block computations, with expected better 

6.2. 8. 2 

accuracy. 

expected. 

The effect is rnore Lmportant than would have been 

On Runs 10021 and 10030, the location subsystem 

declared route departures with significant errors because three 

consecutive reports had LORAN errors greater than 1,500 feet. 

The Fixed Polling did not declare route departure in either case 

because large LORAN errors with validity flags enabled did not 

occur on three consecutive reports. Because of this effect, Run 

10026 - 10047 had 24 errors over 450 feet on the location subsystem, 

and only 2 errors over 450 feet on the fixed pollrng. 

Random Route - The random route data reduction results show a 

significant difference in accuracy between fixed polling and location subsystem. ' 

The fixed polling results are almost twice the error of the location subsystem 

results. This is due to the test technique and the random route location algorithm 

difficulty in determimng vehicle direction from an intersection. 
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The location subsystem checkpoints were all at intersections, about half of which 

had augmentors. Therefore, the location subsystem would be expected to produce 

significantly improved results compared to another technique which might never 

report position corncident with an augmentor detection. 

When fixed polling runs were made, almost all position computations were made 

well away from augmentor detectlons. Therefore, the random route algorithm's 

ability to determi~e direction from intersection would determine the performance 

level achieved. As conceived and implemented for these tests, the algorithm w~s 

somewhat deficient in this regard, resulting in the errors shown previously in 

Table 6-5. 

Section 7 explains an improvement to the algorithm which more heavily weights 

LORAN position and improves the fixed polling accuracy by more correctly 

estimating vehicle direction of travel. This change reduces the Fixed Polllng 

error to approxtmately 450 feet. This ts still more than the Location Subsystem 

error, but in a random route, this variation between fixed polling and location 

subsystem will always occur if the locatLOn subsystem checkpoints are always 

at intersections with a relatively high density of augmentors. 

6.3 RANDOM ROUTE TESTS 

Two sets of results are presented for the Random Route tests. The first set is 

the result of test data processed by the original Random Route location software. 

The second set is the output of the identical software with a rninor modification. 

The modification allows the vehicle location subroutine to use valid LORAN infor­

mation and an augmenter detection when both occur within a given 32-second 

polling interval. The original subroutine uses only the augmentor detection and 

last good location to update position, This many times results in a large error 

at the first stmulated poll after a turn. It has little effect on the location sub­

system results but tmproves the system simulation results by more than 30%, 

Addihonal improvements are discussed in Section 7. 
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6, 3. 1 Location Subsystem 

The locatwn subsystem error at the 95th percentile was 358. 52 feet. At the 99. 5th 

percentile it was 1,222, 96 feet. Error distribution curves are shown in Figure 

6-19, The 99, 5% result is enough over the sp edfied requirement to warrant a 

more detailed exarnination. The source of the 1,222.96 feet figure is found to 

be three meatrnrernents out of 406 with an error over 1,000 feet. As the histo­

gram shows, 9'7. 5o/o of all measurements had an error of less than 500 feet. 

While 1,222 feet, 99. 5%, is by itself a disappointing statistic, realization that 

the 97, 5% number LS under 500 feet tends to put Lt in proper perspective. 

In a like manner, the 95% ftgure of 358 feet should be compared with a 93% 

figure of under 300 feet. In light of these figures, it is clear that only a very 

slight 1mprove1nent in Location Subsystem accuracy 1s required to be fully 

compltant. 

6, 3. 2 System Simulation 

The systern simulation of the random route tests gave a result at the 95th 

percentile of 691. 16 feet and 819, 17 feet at the 99, 5 percentile. See Figure 6-20 

for error distribution, These results are considerably in excess of the system 

requirements. Post-test examination of the random route location software 

revealed obvious rneans of improving accuracy. Two of the simpler improve-

ments were implernenled and the test data rerun, A marked improvement in 

system accuracy resulted. These results are shown previously in Table 6-lC 

under" improved software," As the table shows, the error at the 95th percenti'le 

was reduced to 475. 89 feet and the 99. 5% error came out 819. 17 fec,t. See 

Figure 6-22 and 6-23 for the improved software error distribution. Obviously, 

additional improvement is needed. Time did not allow more elaborate software 

modifications to be evaluated for inclusion in this report. Some powerful software 

changes are discussed in Section 7, however, which have the potential of driving 

system errors below the specified values. In addition, some hardware modifications 

are discussed which could contribute a great deal to a more accurate random route 

system. 
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6. 3. 3 System Simulatlon With 5% Missing Data 

With 5% of the dala removed the errors using the original software were slightly 

degraded; at the 95th -percentile 752. 55 feet and .1. 293. 11 feet at the 99, 5 percentile, 

Using improved software they were 472. 94 feet and 819, 17 feet, respectively. As 

with the fixed route results, missing 5% of the data did not appreciably decrease 

accuracy. Improvement ts required, however, as discussed in paragraph 6. 3. 2. 

See Figures 6-21 and 6-23 for error distributions of original and improved soft­

ware, respectively. 

6. 3.4 Coverage 

Coverage over the random route test course was 98% using either the original or 

1rnproved software. That is, in only 2% of the test route did the mean error over 

any. l mile segment exceed 450 feet. The reason this can be so while at the 

same time having large errors at the 95th and 99. 5th percentlles lies in the 

geometrical characteristics of the large errors. Large (over 350 feet) errors 

only occur at simulated vehicle polls immediately after the vehicle has turned 

a corner. If the turn was not propE'rly detected, a large error resulted at the first 

subsequent poll but by the next poll the LORAN position would clearly indicate the 

new street that the vehicle had turned onto. When calculating coverage, then, 

large errors which sometlmes resulted imn1ediately after a turn were always 

averaged with the relatively sn1all errors within the same 0. 1 mile segment. 

The result was a mean for the the segment alrnost always less than 450 feet. 

The reason the coverage figure wasn't 100% was because in two instances, turns 

were made at successive intersections and the polling tirning was such that more 

than one large error fell within the same . l mile interval. 

Since the characteristic grouping of larger errors just after a turn can be seen 1n 

the system simulation result8 as well, the probability 1s high that any software or 

hardware modificalions for Phase 11, that improve the overall error statistics, 

will also improve the coverage figure. Obviously, only a slight improvement is 

needecl to provide 100% coverage. 
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6.4 SPECIAL CASE TESTS 

Many special case tests were run to evaluate specific components of the overall 

AVM System. The results of these tests are presented here by component, 

6. 4. 1 LORAN Tests 

There were four special case LORAN tests: LORAN Only Area Tests, LORAN Only 

Bridge Tests, LOR.AN Only Repeatability Tests, and LORAN Speed Effect Tests, 

The results of the tests are shown in Tables 6-6 through 6-17. Graphical result,5 

are shown where appropriate. 

6. 4. l . 1 LORAN Only Test - The LORAN Only Test was run to demonstrate 

the location accuracy of the LORAN system component without benefit of any 

augmenter updates. The test was run in an area with good SNR although this 

was still poorer overall than the measured SNR in Los Angeles. The results show 

an error of 325. 32 feet at the 95th percentile and 375, 68 feet at the 99. 5th percentile. 

A Phase II study should be made of a LORAN only system which derives location 

and time of passage solely from LORAN and odometer inputs. Some degradation 

in performance would be analyzed in a trade off with reduced costs of deleting 

all augmentors. Error distribution of the LORAN Only Test results is shown in 

Figure 6-24. 

6. 4. 1. 2 LORAN Speed/Lag Test - The results of the LORAN Speed Tests are 

given in Tables 6-6 through 6-15 and Figure 6-26. Figure 6-25 depicts the path 

and important measurements for the interpretation of the data. Calibration infor­

mation was taken just as for the random and fixed routes. The results of the 

calibration are shown in Table 6-6. The gradient along the path used was . 00186 

microsecond/foot for time difference "A" and. 00107 microsecond/foot for time 

difference II B.' The Root Sum Square (RSS) standard deviation for TDA and TDB 

calibration was 69. 4 feet. Tables 6-8 through 6-15 show the results of the speed 

tests in terms of radial, TDA, and TDB errors in feet for 10, 20, 30 and 40 MPH, 

respectively. 
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Table 6-6. LORAN Speed/ Lag Tests - Calibration Data 

TIME DIFFERENCE 6TD 

CHECKPOINT 
LOCATION 

(Fn TDA TDB 
TDA (µSEC) TDB (/'SEC) 

(µSEC) (f'SEC) 

I 0 51.779.90 82,270.55 0 0 

2 255 51,779.43 82,270.33 -0. ◄7 -0.22 

3 496 51,778.97 82,270.06 -0.03 -0. ◄9 

◄ 750 51,778.50 82,269 .7B -1. ◄0 -~.77 

5 1001 51,778.03 a2,269.55 -1.87 -1.0~ 

6 1250 51,777.58 82,269.20 -2.32 -1.35 

7 1493 51,777.12 92,268.9◄ -2.78 -1.61 

GRADIENT TDA • 0.DOl86µSEC 'FT I 
ALONG PATH TRAVHED 

TDB • 0.00107µSEC'FT 

Tl 08989-2 
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Tabl.es 6-8A, B, and C 

Table 6-BA. 10 MPH LORAN Speed/Lag Test Data(Test #30501) 

Checkpoint 
TDA (µSec) TDB (µSec) 

Cal. Run Test Run 1.11 Cal Run Test Run 

7 
6 
5 
4 
3 
2 
1 

51,777.12 51,777.07 . 05 82,268.94 82,268.95 
51,777.58 51,777.46 • 12 82,269.20 82,269.10 
51,778.03 51,778.09 . 06 82,269.55 82,269.41 
51,778.50 51,778.48 . 02 82,269.78 82,269.84 
51,, 778. 97 51,778.95 • 02 82,270.06 82,270.12 
51,779.43 51,779.38 • 05 82,270.33 82,270.35 
51, 779,90 51,779.80 . 10 82,270.55 82,270.51 

Table 6-8B. Results in LORAN.(.(.Sec 

l.11 TDA Mean = • 060 µsec l.11 TDB Mean = . 061 µsec 

Table 6-SC. Results in Feet':":' 

l.11 TDA Mean = 32 feet 

;,A Mean = 64 feet 
R 

In I TDB Mean = 56 feet 

,c:,Results obtained by using gradients determined in calibration 

data (Table 6-6): 

!al 
• 0 l 
• l 0 
. 14 
. 06 
• 06 
• 02 
. 04 

TDA Gradient 

TDB Gradient 

= .00I86µsec/feet} 

= • 00107 µsec/feet 
Along Path Travelled 

1
2 I 12 
+ .1TDB 

MEAN 
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Tables 6-9A, B, C 

Table 6-9A, 10 MPH LORAN Speed/Lag Test Data (Test #30502) 

TDA (µSec) TDB (µSec) 
Checkpoint Cal Run Test Run I .1 I Cal Run Test Run 

1 
2 
3 
4 
5 
6 
7 

51,779.90 51,779.96 • 06 82,270.55 82,270.62 
51,779.43 51,779.53 . 10 82,270.33 82,270.35 
51,778.97 51, 779,02 . 05 82,270.06 82,270.16 
51,778.50 51,778.52 • 02 82,269.78 82,269.69 

_51,778.03 51,778.12 . 09 82,269.55 82,269.53 
51,777.58 51,777.65 • 07 82,269.20 82,269.26 
51,777.12 51,777.19 • 07 82,268.94 82,268.91 

Table 6-9B, Results ln LORAN µSec 

I .1 \ TDA Mean = • 066 µsec I .11 TDB Mean = • 054 µsec 

Table 6-9C. Results in Feet 0:c:, 

I .1 I TDA Mean = 35 feet 

·· .1R Mean = 61 feet 

I L1 I TDB Mean = 50 feet 

,:c:,Results obtained by using gradients determined in calibration 

data (Table 6-6): 

TDA Gradient = • 00186 µSec/Ft} 
Along Path Travelled 

TDB Gradient - . 00107 µSec/Ft 
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Tables 6-l0A, B, C 

Table 6-l0A. 20 MPH LORAN Speed/Lag Test Data (Test #30503) 

Checkpoint 
TDA (µSec) TDB (µSec) 

Cal Run Test Run I .1 I Cal Run Test Run 

7 
6 
5 
4 
3 
2 
1 

51,777.12 51,777.07 • 05 82,268.94 82,268.83 
51,777.58 51,777.62 • 04 82,269.20 82,269.18 
51,778.03 51,778.05 . oz 82,269.55 82,269,45 
51,778.50 51,778.48 • 02 82,269.78 82,269.77 
51,778.97 51,778.83 . 14 82,270.06 82,269,84 
51,779.43 51,779.34 . 09 82,270.33 82,270.31 
51, 779,90 51,779.73 . 1 7 82,270.55 82,270.43 

Table 6-l0B. Results in LORAN µSec 

I .1 l TDA Mean = • 076 µsec I .1 I TD B Mean = • 086 µsec 

Table 6-l0C. Results tn Feet':":' 

I .1 I TDA Mean = 41 feet 

,:, .1 Mean = 90 feet 
R 

I .1 I TDB Mean = 80 feet 

,:":'Results obtained by using gradients determined in Calibration 

data (Table 6-6): 

TDA Gradient 

TDB Gradient 

= .00186µSec/Ft} 

= .00107µSec/Ft 
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Tables 6-11 A, B, C 

Table 6-llA. 20 MPH LORAN Speed/Lag Test Data (Test #30504) 

Checkpoint 
TDA (µSec) TDB (µSec) 

Cal Run Test Run I .1 I Cal Run Test Run I .1 I 
1 51,779.90 51,779.88 . oz 82,270.55 82,270.66 . l 1 
2 51,779.43 51,779.49 • 06 82,270.33 82,270.27 • 07 
3 51,778.97 51,779.06 • 09 82,270. 06 82,270.04 , 02 
4 51,778.50 51,778.55 . 05 82,269. 78 82,269.88 . l 0 
5 ,51,778.03 51,778.09 . 06 82,269.55 82,269.57 • 02 
6 51,777.58 51,777.58 -0- 82,269.20 82,269.06 • 14 
7 51,777.12 51,777.19 • 07 82,268.94 82,269.02 . 08 

Table 6 - 11 B. Results in LORAN µSec 

I .1 I TDA Mean = • 050 µsec I .11 TDB Mean = • 076 µ sec 

Table 6- l lC. Results in F.,,.,,p,:, 

I .1 I TDA Mean = 27 feet l.11TDBMean = 7lfeet 

,:, .1 Mean 
R 

7 6 feet 

,•co:,Results obtained by using gradients determined Ln calibration 

data (Table 6-6): 

TDA Gradient = . 00186 µSec/Ft } TD B Grad tent = • 00107 µSec/Ft 
Along Path Travelled 

,,, .1 = v1 .1 TDA 
12 + I .1 TDB 

12 
R 

MEAN MEAN 
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Tables 6-lZA, B, C 

Table 6-lZA. 30 MPH LORAN Speed/Lag Test Data (Test #30505) 

Checkpoint 
TDA ( Sec) TDB( Sec) 

Cal Run Test Run I a I Cal Run Test Run 

7 
6 
5 
4 
3 
2 
1 

51,777. 12 51,776.99 . 13 82,268.94 82,268.83 
51,777.58 51,777.46 • 1 Z 82,269.20 82,269.02 
51,778.03 51,778.01 • 02 82,269.55 82,269.53 
51,778.50 51,778.40 . 10 82,269.78 82,269.65 
51,778.97 51,778.95 . oz 82,270.06 82,269.88 
51; 779.43 51,779.33 • 10 82,270.33 82,270.31 
51,779.90 51,779.84 • 06 82,270.55 82,270.62 

Table 6-12B. Results in LORAN µSec 

I fl I TDA Mean = • 079 µ,sec I fl I TDB Mean = • 10 µsec 

Table 6-lZC. Results in Feep,:, 

I fl I TDA Mean = 42 feet 

,:, fl Mean = 102 feet 
R 

I fl I TDB Mean = 93 feet 

,:,,:,Results obtained by using gradients determined in calibration 

data (Table 6-6): 

TDA Gradient = .00186µSec/Ft 

TDB Gradient - • 00107 µSec/Ft 

.6R = /lTDA 

MEAN 

12 + I 12 
flTDB 

MEAN 
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Tables 6-13A, B, C 

Table 6-13A. 30 MPH LORAN Speed/Lag Test Data (Test #30506) 

Checkpoint 
TDA (µSec) TDB (µSec) 

Cal Run Test Run I A I Cal Run Test Run 

1 
2 
3 
4 

5 
6 
7 

51,779.90 51,779.96 . 06 82,270.55 82,270.62 
51,779.43 51,779.53 , 10 82,270.33 82,270.43 
51,778,97 51,779.02 . 05 82,270.06 82,270.02 
51, 778,50 51,778.59 . 09 82,269.78 82,269.73 
51,778.03 51,778.05 . 02 82,269,55 82,269, 61 
51,777.58 51,777.70 . 12 82,269.20 82,269.10 
51,777.12 51,777.30 . 18 82,268.94 82,268.98 

Table 6-13B. Results tn LORAN µSec 

I A I TDA Mean = , 089 µsec I A I TDB Mean = • 066 µ.sec 

Table 6- l 3C. Results m Feet':":' 

[AI TDA Mean = 48 feet 

,:, A Mean = 78 feet 
R 

I A I TDB Mean = 62 feet 

·:",Results obtained by using gradients rl.etermined in calibration 

data (Table 6-6): 

TDA Gradient 

TD B Gradient 

1.R = 

MEAN 

: .00186µ.Sec/Ft } 

- . 00107 µSec/Ft 

12 I 
+ !l.TDB 

MF.AN 
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Table 6-14A, B, C 

Table 6-14A. 40 MPH LORAN Speed/Lag Test Data (Test #30507) 

Checkpoint 
TDA (µSec) TDB (µSec) 

Cal Run Test Run I~ l Cal Run Test Run 

7 
6 
5 
4 
3 
2 
1 

51,777.12 51,777.03 . 09 82,268.94 82,268.95 
51,777.58 51,777.50 . 08 82,269.20 82,269, 02 
51,778.03 51,778.01 . 02 82,269.55 82,269,45 
51,778.50 51,778.40 . 10 82,269.78 82, 269,80 
51,,778.97 51,778.79 • 18 ,82,270.06 82,270.04 
51,779.43 51, 779,34 . 09 82,270.33 82,270.20 
51, 779,90 51,779.84 • 06 82,270.55 82,270.51 

Table 6-14B. Results in LORAN µ,Sec 

I~ I TDA Mean = . 0fl9 µ,sec I A I TDB Mean = . 071 µsec 

Table 6-14C. Results in Feet':":' 

I/},. I TDA Mean = 48 feet 

,:, A Mean = 82 feet 
R 

I A I TD B Mean = 66 feet 

,:n:,Results obtained by using gradients determined in calibration 

data (table 6-6): 

,',, A = 
R 

TDA Gradient • 00186 µSec/Ft 

TDB Gradient = • 00107µ,Sec/Ft 

I 6 TDA 
MEAN 

1
2 I 

+ 6 TDB 

MEAN 
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Tables 6-15A, B, C 

Table 6-15A, 40 MPH LORAN Speed/Lag Test Data (Test #30510) 

Checkpoint 
TDA (µ.Sec) TDB (µSec) 

Cal Run Test Run I A I Cal Run Test Run 

1 

2 
3 
4 
5 
6 
7 

51, 779,90 51, 779,96 • 06 82,270.55 82,270,59 
51,779.43 51,779, 57 • 14 82,270.33 82,270.43 
51,778.97 51, 779, 10 . 13 82,270.06 82,270.04 
51,778.50 51,778.67 • 17 82,269, 78 82, 269,92 

_51, 778. 03 51,778.14 . 13 82, 269,55 82,269,45 
51,777.58 51,777.77 • 19 82,269.20 82, 269, 26 
51,777.12 51,777.34 • 22 82,268.94 82,268.98 

Table 6-lSB. Results in LORAN µSec 

I A I TDA Mean = • 15 µ.sec I A I TDB Mean = • 071 /£Sec 

Table 6 - l 5C. Results in Fe et,:00
:, 

I A I TDA Mean = 81 feet 

'-' A Mean = 104 feet 
R 

[ A [ TDB Mean = 66 feet 

,:":' Results obtained by using gradients determined in calibration 

data (Table 6-6): 

I A I 
. 04 
. 10 
. 02 
• 14 
• 10 
. 06 
• 04 

TDA Gradient 

TDB Gradient 

. 00186µSec /Ft 

. 00107 µ.Sec/ Ft } Along Path Travelled 

MEAN MEAN 

6-56 



TABLE 6-16A 

LORAN BRIDGE TEST 

RADIAL ERRORS IN CHECKPOINT SEQUENCE 

CHECKPOINT SYSTEM 
LOCATION NUMBER RADIAL ERROR 

/ 1001 27. 86 
1002 36. 29 

Philadelphia Ea st bound 1003 27. 95 
. 1004 8, 81 

1005 44. 17 
1006 36. 84 

'- 1007 102,64 
Bridge West 1010 149. 46 
Bridge East 1011 188, 32 

/ 1012 378. 35 
I 1013 58.46 

1014 20.92 
Camden, N, J. . 1015 31. 77 

1016 48. 89 
1017 154, 01 
1020 170.97 

Bridge East 1021 73.59 
Bridge West 1022 91. 51 

,,. 1023 107. 7 3 
1024 137.54 

Philadelphia Westbound 1025 16 7. 94 
< 1026 83,45 

1027 35. 23 
1030 34.90 

,1031 42,64 
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TABLE 6-16B 

LORAN BRIDGE TEST 

RADIAL ERRORS RANKED 

CHECKPOINT SYSTEM 
NUMBER RADIAL ERROR 

1004 8.81 
1014 20. 92 
1001 27.86 
1003 27.95 
1015 31. 77 
1030 34.90 
1027 35. 23 
1002 36.29 
1006 36.84 
1031 42. 64 
1005 44. 17 
1016 48.89 
1013 58.4b 
1021 7 3. 59 
1026 83.45 
1022 91. 51 
1007 102.64 
1023 107.73 
1024 137,54 
1010 149.46 
1017 154. 01 
1025 167.94 
1020 170,97 
1011 188, 32 
1012 378. 35 
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A summary of all of these errors is given Ln Table 6-7 and the Radial Error is 

plotted graphically in Figure 6-26 and projected to 80 MPH, 

The results as indicated in Figure 6-26 show that as the vehicle speed increased, 

the radial error in feet increased; the increase is due to lag in sensed LORAN 

position, and it was at a decreasing rate. At speeds above 30 MPH, the error 

increased at less than 3 feet per 10 MPH. At the 30 MPH speed, the error, due to 

lag, was 27 feet. The absolute error is shown as 90 feet at 30 MPH. Sixty-three 

feet is due to LORAN/System error (this follows closely with the standard deviation 

for calibration of 69, 41), 

6.4,1.3 LORAN Bridge Test - The results of the special case LORAN Only 

bridge run gave a 95% accuracy of 188 feet radial error for the entire route of 

6. 2 miles and twenty-five checkpoints. Passing over the Benjamin Franklin 

Bridge ( 1 mile long) the errors at four locations were: 150, 188, 74, and 92 feet. 

These locations were the bridge supports in the Delaware River, Table 6-16 

shows the errors and locations. The 99% error for the run was 378 feet. The 

detailed bridge route was shown previously in Section 2, Figure 2-8. 

6. 4. 1. 4 LORAN Repeatability - Table 6-17 compares LORAN position by 

checkpoint for two different tests tn the LORAN Only area. Neglecting three 

points in Test 30703 where the SNR was very bad, the mean difference is 

199, 29 feet. One concluswn that can be made is that LORAN repeatability errors 

are considerably lower than absolute errors, LORAN proponents have been aware 

of this fact for many years. The LORAN AVM System takes advantage of this 

taking many calibration points in a given test area. The location algorithm 

converts TDA and TDB to X and Y coordinates, using the closest (physically) 

calibration points. In this rn.anner the coordinate conversion errors approach 

the repeatab1lity errors as a limit. 
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TABLE 6-17 

LORAN REPEAT ABILITY 

TEST 30701 TEST 30703 
TRUE LOCATION LORAN COCATION LORAN LOCATION 

Radial 
X y X y X y liX li y Difference 

500, 00 2836,00 854, 17 2858.04 918. 95 2952. 77 64. 78 94. 73 116.48 
500, 00 2273.00 691. 02 2372. 72 918, 95 2952. 95 227.93 580. 05 623, 23 
500,00 1723. 00 902. 77 2048. 31 32264. I 3 16502. 27 31361. 36 1445 3. 96 -
500,00 1156. 00 695. 39 1069. 55 29854, 30 14344. 70 29158.91 13275. 15 -
500,00 617'.00 7 38. 9 3 1342. 37 30928,48 15193.27 30189.55 13850.90 -
500. 00 348. 00 1295. 28 -265. 08 1252. 28 -229. 04 43.00 36. 04 56. 11 
727.00 152. 00 840, 71 722. 76 1036. 60 761. 41 195.89 38.65 l 99. 67 
945,00 51. 00 942. 07 315, 75 963. 57 258. 70 21. 50 57.05 60. 97 

ll 72. 00 16. 00 1038,69 113, 45 1102. 81 77. 51 64. 12 35. 94 71. 51 
1391.00 16. 00 1344. 63 -103, 81 1386. 72 -9. 64 42,09 94. 17 1()3, 15 
1633, 00 16, 00 1520. OJ -130.56 1511. 23 -11.6, 36 8.78 35. 80 36. 86 
1611. 00 6 I 7. 00 2018. 24 890. 09 2230. 04 970,08 211. 08 79.99 226. 40 
1633, 00 l 156, 00 1533. 01 1236,81 1485. 39 1131. 69 47.62 105. 12 115,40 
1613, 00 1 723. 00 1349.04 1658. 93 1550. 76 1616, 36 20 I. 72 42.57 206. 16 
1633. 00 2273. 00 1712.24 2526. 50 1661, 76 2331, 30 50.48 195. 20 201. 62 
1633. 00 2836.00 1085. 97 2643,89 1943, 14 2944. 16 85 7. 17 300, 27 908. 24 
I 391. 00 2836,00 1109,85 2705, 41 1256,97 2800.91 147, 12 95,50 l 75. 40 
11 72. 00 2836. 00 839,40 2866. 83 914, 75 2 729. 02 75. 35 137, 81 I 5 7. 06 

945. 00 2836,00 944,77 2773, 15 947. 42 2819.67 2. 65 46,52 46. 60 
945. 00 2273. 00 878, 73 2178, 16 947.42 2819. 67 68,69 641. 51 645, 18 
945.00 17Z3, 00 710, 33 1645. 10 734. 77 1719,61 24.44 74, 5 I 78. 42 
945.00 1156,00 681. 06 1686. 38 683. 71 1925,94 2,65 238. 86 238. 88 
727. 00 1156, 00 703. 72 1209. 34 711. 78 1192. 69 8,06 16. 65 18. 50 
727, 00 1723, 00 649.83 1647. 62 649.83 1647. 62 o 0 0 
727, 00 2273. 00 765.44 2499.52 749,69 2528. 29 15. 75 28. 77 32. 80 
727,00 2836, 00 871. 56 2850. 5 7 971. 37 2991, 81 99.81 141. 24 1 72. 95 
945,00 2836,00 897. 13 2826. 74 1030.94 2833, 58 n3. 81 6. 84 133. 99 

1172. 00 2836. 00 1034. 35 2925.55 1000.01 2879, 35 34. 34 46, 20 57. 56 
1391. 00 2836,00 933. 71 2742.82 I 160. 71 2829. 89 22 7. 00 87.07 243. 13 
1633,00 2836.00 1009.95 2592. 67 1157. 16 2667. 86 147. 21 75. 19 165. 30 
1898. 00 2836. 00 1350. 65 2560, 71 1701,10 2776. 14 350.45 215.43 411. 37 
1898. 00 2273. 00 2185.47 2408.04 2595, 27 2600. 21 409. 80 129. 19 452. 63 
1633. 00 2273. 00 1405. 59 2361. 79 1845. 14 2676. 59 439. 55 314.80 540. 65 
1391.00 2273. 00 1669. 09 2640.55 1784, 90 26 I 7. ID 115. 81 23. 45 118.16 
11 72. 00 2273. 00 1240. 74 3593.40 1349, 04 3489 18 108. 30 104. 22 150. 30 
945.00 2273, 00 1012. 37 2548 61 1089, 36 2600. 35 16. 99 51. 74 9Z, 76 
727. 00 2273.00 790. 70 2409,60 812,47 2404. 39 Z 1. 77 5. 21 22, 39 
500. 00 2273.00 702, 54 2449. 05 742. 70 2499.89 40. 16 50.84 64, 79 
500, 00 1723. 00 728, 79 1960. 75 683. 70 1885. 15 45.09 75.60 88. 25 
500. 00 1156. 00 708, 88 1079.60 714.97 1031. 58 6. 09 48. 02 48,40 
500, 00 617.00 717.98 989.58 712. 14 1136. 72 3. 16 147. 14 147. 18 
727. 00 6 I 7. 00 660. 90 1328. 10 678.65 1254. 15 1 7. 75 82.95 84. 83 
945. 00 6 I 7. 00 728, 44 1185, 11 801. 80 970. 08 73. 36 215. 03 227. 20 

11 72. 00 617.00 I 093. 04 943. 24 1070, 55 90 I, 50 22,49 41. 74 4 7. 41 
1391.00 617.00 1465.22 942. 93 1563. 13 981. 25 97, 9 I 38, 32 l 05. 14 
1633. 00 617.00 2640.06 1465.91 2435. 93 1369. 31 204. 13 96.60 225. 83 
1633. 00 1156. 00 1358, 52 1074. 10 1540,52 1067. 15 182. 00 6, 95 182. 13 
1633. 00 1723. 00 1250,65 1595, 50 J 505. 75 1685, 32 255. 10 89. 82 270,45 
1633. 00 2273,00 1620.03 2140, 03 1456,88 2557.20 163. 15 417,17 447.94 
1633.00 2836.00 1632.85 2942.59 1122.40 2736.49 510. 45 206. 10 550,49 
1391. 00 2836,00 1042. 69 2728, 70 1192.08 2804. 81 149. 39 76, 11 167,66 
J 172. 00 2836. 00 812, 47 2404. 39 892.44 2910,51 79. 97 506, 12 512, 40 

9-45, 00 2836,00 921.01 2822, 58 925. 29 2759. 05 4. 28 63, 53 63. 67 
727. 00 2836, 00 881, 79 2880,42 930, 02 291 7. 44 30. 21 37, 02 47,78 
500.00 2836, 00 867,59 2869, 05 851. 58 2791. 05 16. 01 78, 00 79.63 

1109299 
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6. 4, 2 Augmentor Tests 

The results from the raw data sheets for the special case augmentor tests have 

been tabulated in Tables 6-18 through b-23. Each table has an associated chart 

showing the results rn a graphical fashion. 

G, 4, 2. 1 Augmentor Coverage vs. Vehicle Speed - The results of the augmentor 

coverage versu~ vehicle speed tests are shown in Table 6-18 and Figure 6-27. As 

can be seen in Figure 6-27A, at low augmentor elevations of 10 feet and 15 feet, 

the speed of the vehicle ( 10 to 55 MPH) had l1ttle effect on the detection and si•gnal 

loss distances. Detection distances ranged from ,o to 60 feet prior to reaching an 

augmentor, and loss distances ranged from 50 to 90 after passing an augrnentor. 

At higher elevations of 20 and 30 feet, a noticeable decrease in the dPtect1on dis­

tance occurred as can be seen in the chart. The detection distance decreased 

approximately 80 feet rn each case as the vehicle speed increased from 10 to 75 

MPH. 

The results of the signal loss tests at the h1gher elevations of 20 and 30 feet were 

variable. At 30 feet there was no noticeable change (less than 20 feet) as vehicle 

speed ranged from 10 to 75 MPH; however, at a 20 foot elevation, no clear results 

were apparent: the change in loss d1stance decreased 30 feet and then increased 

160 feet as vehicle speed ,ncreased from 10 to 75 MPH. 
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Vehicle 
Speed 
(MPH) 

10 
10 

35 
35 

55 
55 

Table 6-18A. Augmentor Coverage Special Case Tests 
(Elevation Constant - 10 Ft) 

Reaction Actual 
Detection Loss Distance Detection/ Average 

(Ft) (Ft) (Ft) (Ft) (Ft) 

32 95 10 42 38 
24 101 10 34 

8 100 44 52 59 
22 121 44 66 

,:,_ 72 165 88 16 33,5 
,:,_3 7 181 88 51 

Distance 
Loss/Average 
(Ft) (Ft) 

85 88 
91 

56 66.5 
77 

77 85 
93 

,:,A Negative Distance indicates marked detection occurred after passing Augmentor 

Vehicle 
Speed 

(MPH) 

10 
10 

15 
15 

35 
35 

55 
5S 

Table 6-18B. Augmentor Coverage Special Case Tests 
(Elevation Constant - 15 Ft) 

Measured Distance Reaction Actual 
Detection Loss D1stanc e Detection/ Average 

(Ft) (Ft) (Ft) (Ft) (Ft) 

37 85 10 47 46 
35 90 10 45 

23 108 20 43 42 
21 110 20 41 

5 95 44 49 51. 5 
10 91 44 54 

-60 160 88 28 33 
-50 150 88 38 
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Distance 
Loss/Average 
(Ft) (Ft) 

75 77.5 
80 

88 89 
90 

51 49 
47 

72 67 
62 

I 

! 



In summary, the results of the vehlcle speed tests show that at elevations of 

15 feet and less, vehicle speed has no noticeable effect on either detection or 

loss. At higher elevations up to 30 feet increasing the vehicle speed up to 75 

MPH decreases the detection distance as much as 80 feet. 

6.4.2.2 Augmentor Coverage and Elevation - Figure 6-28 and Table 6-19 

represent the results of the Augmentor Coverage versus Augmentor Elevation 

tests. At all vehicle speeds (10, 35, 55, and 75 MPH) the detection distance of 

the Augmentors increased with Augmentor Elevation. The increase followed the 

same pattern for 10, 35 and 55 MPH: there was virtually no increase in detection 

distance (15 Ft or less) as elevation increased from 10 to 15 feet. At this point 

a large increase in detection distance occurred: as elevation increased 5 more 

feet, an increase of from 200 to 240 feet was noted. Then as the elevation was 

further increased 10 more feet, a more gradual increase in detection distance of 

85 to 130 feet occurred. At 75 MPH only two data points were plotted, and the 

results showed an increase of 100 feet in detection distance as elevation was raised 

l 0 feet in going from 20 to a 30 foot height. 

The curves plotted in Figure 6-28B to depict the effect of elevation on loss distance 

show that for vehicle speeds of 10, 35, and 55 MPH a small decrease in the loss 

distance of up to 20 feet took place m raising the elevation 5 feet from the 10 to 15 

foot level. As the elevation was raised from the 15 to 20 foot height a large increase 

in loss distance of from 290 to 430 feet occurred. At this point, as the elevation 

was increased 10 feet to the 30 foot height, results varied with a small increase of 

20 feel at 10 MPH to decreases of 30 and 80 feet at 35 and 55 MPH, respectively. 

Again at 75 MPH, only two data points were plotted, and these show a decrease in 

signal loss distance of 100 feet as elevation was raised from the 20 to 30 foot level. 

In summary, these results show that as elevation mcreases the detection distance 

of an augmentor mcreases, and the effect is much n1ore pronounced at heights 

above 15 feet. An increase of 10 to 17 feet in detection distance can be seen with' 

each foot of rncreased elevation. Loss distances also increase with increases in 

elevation with the most pronounced increase at the 15 to 20 foot level; however, at 

lower elevations (below 15 feet) and higher elevations (above 20 feet) small decreases 

or increases in loss distance can occur. 
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Vehicle 
Speed 
(MPH) 

10 
10 

35 
35 

55 
55 

75 
75 

Vehicle 
Speed 
(MPH) 

10 
10 

35 
35 

55 
55 

75 
75 

Table 6-18C, Augmentor Coverage Special Case Tests 
(Elevation Constant - 20 Ft) 

Measured Distance Reaction Actual 
Detection Loss Distance Detection/ Average 

(Ft) (Ft) (Ft) (Ft) (Ft) 

297 378 10 307 285.5 
254 389 10 264 

214 244 44 258 248.5 

195 525 44 239 

161 624 88 249 239,5 
142 55 7 88 230 

32 588 100 132 200.5 
169 619 100 269 

Table 6-lSD. Augmentor Coverage Special Case Tests 
(J:.:levation Constant - 30 Ft) 

Measured Distance Reaction Actual 

Detection Loss Distance Detection/ Average 
(Ft) (Ft) (FL) (Ft) (Ft) 

368 391 10 378 374,5 

361 403 10 3 71 

342 452 44 386 378 
326 462 44 370 

217 497 88 305 324.5 

256 505 88 344 

202 518 100 302 296 
190 491 100 290 
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Distance 
I 

Loss/Averae:e 
(Ft) (Yt) 

36 8 3 73. 5 
379 

200 340.5 
481 

536 502,5 

469 

488 503. 5 
519 

Distance 
Loss /Average 
(Ft) (Ft) 

381 387 
393 

408 413 
418 

409 413 
417 

418 404.5 
391 
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Table 6-19A. Augmentor Coverage Special Case Tests (Vehicle Speed Constant - 75 MPH) 

Augmentor Measured Distance Reaction Actual Distance 
Elevation Detection Loss Distance Detection/ Average Loss/Average 

(Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

20 169 619 100 269 
2 00. 5 

519 
20 32 588 100 132 488 

503. 5 

30 202 518 100 302 
296 

418 
404.5 30 190 491 100 290 391 

Table 6-19B. Augmentor Coverage Special Case Tests (Vehicle Speed Constant - 55 MPH) 

Augmentor Measured Distance Reaction Actual Distance 
Elevation Detection Loss Distance Detection/ Average Loss /Average 

(Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

10 ,;,_ 72 165 88 16 
33.5 

77 
10 ,:,_3 7 181 88 51 93 

85 

15 ,:,-60 160 88 78 72 
67 15 ,.,_50 150 88 38 

33 
62 

20 lbl 624 88 249 
2 39. 5 

536 
20 142 557 88 230 469 

502. 5 

30 217 497 88 305 409 
30 256 505 88 344 

324. 5 
417 

413 

*Negative distance indicates detection was marked after passage of augmentor. 



6.4.2.3 Augmentor Range - Augmentor Range is defined as the sum of the 

detection and loss distances, Using the figures from Tables 6-19A through 6-19D 

for augmentor coverage, the augmentor range has been calculated and is shown in 

Table 6-20 for each elevation and speed. It can be seen that vehicle speed had 

no one particular effect upon augmentor range. The range values both increased 

and decreased slightly (from 1 to 60 feet) as speed increased. The ranges were 

grouped about their mean at each elevation as follows: 

Elevation Mean Deviation Limits 

10 ft 123 ft -5. + 8 ft 

1 5 ft 113. 5 -13, 5 I t 1 7. 5 

20 ft 697.8 -38. 8, t 43. 2 

30 ft 747.3 -4 7 • 3 I + 43, 7 

The mean ranges are plotted in Figure 6-29, As Augmentor Elevation increased 

from the 10 to 15 foot elevation, only a slight decrease of 10 foot of range occurred. 

In going from 15 to 20 foot elevation a large increase in range of 584 feet was 

observed. Finally, in going from the 20 to 30 foot height, an increase of 50 foot 

in ranged was noted. 

In summary, these results indicate at low elevations of 10 to 15 feet, small 

Augmentor ranges of less than 125 feet occur, At higher elevations to 30 feet 

large ranges of up to 750 feet occur, and at these elevations above 15 feet, 

increases in elevation cause large increases in range. 

6.4.2.4 Augmentor Interference Tests - The results of the Augn1entor 

Interference tests are given in Table 6-21 and Figure 6-30. From the data 

analyzed, interference between augmenters which can cause erroneous detections 

or non-detections occurred as the separation between augmentors was reduced 

to 100 feet. The number of incorrect detections at this distance was one out of four 

attempts. This situation worsened as the distance was further reduced to 50 feet. 

The incorrect detections in this case were observed to be three out of four atter.:1pts. 
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Table 6-19C. Augmentor Coverage Special Case Tests (Vehicle Speed Constant - 35 MPH) 

Augmentor Measured Distance Reaction Aclual Distance 
Elevation Detection Loss Distance Detection/ Average Loss/ Average 

(Ft) (Ft) (Ft) (Ft) (Ft} (Ft) (Ft) (Ft) 

10 8 100 44 52 
59 

56 
66.5 10 22 121 44 66 77 

15 5 95 44 49 51 
15 10 91 44 54 

51. 5 
47 

49 

20 214 444 44 258 400 
20 195 525 44 239 

248.5 
481 

440.5 

30 342 452 44 386 
378 

408 
30 326 462 44 370 418 

413 

Table 6-19D. Augmentor Coverage Special Case Tests (Vehicle Speed Constant - 15 MPH] 

Augm.entor Measured Distance Reaction Actual Distance 
Elevation Detection Loss Distance Detection/ Average Loss/ Average 

(Ft) [Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) 

15 23 108 20 43 
42 

88 
89 15 21 110 20 41 90 

Table 6-19E. Augmenter Coverage Special Case Tests (Vehicle Speed Constant - IO MPII) 

Augrnentor Measured Distance Reaction Actual Distance 

Elevation Detection Loss Distance Detection/ Average Loss/Average 

(Ft) (Ft) (Ft) (Ft) lFt) (Ft) (Ft) (Ft) 

10 J2 95 10 42 
38 

85 

10 24 101 10 34 91 
88 

15 37 85 10 47 
46 

75 

15 35 90 10 45 80 
77. 5 

20 297 378 10 307 368 

20 254 389 10 264 
285. 5 

379 
373.5 

30 368 391 10 378 
374. 'i 

381 

30 361 403 10 371 393 
387 



Table 6 -20. Augment or Range and Elevation 

AUGMENTOR RANGE (Fl) 
AUGMENTOR 

ELEVATION (Fl) 
10 MPH 15 MPH 35 MPH 55 MPH 75 MPH 

10 126 - 125 118 -

15 123 131 100 100 -

20 659 - 688 741 703 

30 761 - 791 737 700 

T108992-1 
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Table 6-21. Augmentor Interference Special Case Test 

Augrnentor Correct Cumulative 
Separation Detections Correct 

(Ft) (Number) Detections 

200 4 4 

150 4 8 

100 3 11 

50 1 12 

12 

10 

::.:: :5 
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WOULD APPEAR IF ALL AUGMENTOR 
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Figure 6-30. Augmentor Separation Distance vs, Number of Correct 
Detections (Cumulative) 
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6. 4. 2. 5 Augmenter Detection in Traffic - In traffic the augmenter detection 

distance increased as the augmenter elevation increased. At a 10 foot elevation 

the detection distance was 205 feet and increased to 670 feet at a 28 foot elevation. 

Table 6-22 and Figures 6-31 show the results of the test. 

At the 28 foot elevation, the 670 foot detection range may be invalid. Due to the 

geometry of the test course, as the test vehicle came around the corner of 

Juniper to JFK, the augmentor was immediately detected, The augmenter could 

not be located such that a greater distance between the augmentor and test 

vehicle could be obtained. 

The loss distance in traffic showed an increase of 110 feet as the elevation was 

increased from the 10 to 15 foot level. From this elevation on up to 28 feet, the 

changes in the signal loss distance varied with both a slight decline in the distance 

(35 feet) at the 20 foot height and then a slight increase (15 feet) at the final 28 

foot height. 

In summary, the detection distance increased 470 feet as the augmenter elevation 

was raised 18 feet, and the lass di stance increased 110 feet for a five foot increase 

in elevation up to a 15 foot height and then remained nearly constant as the elevation 

was raised 13 more feet. 

6. 4. 2. 6 Augmenter RFI Tests - The data from the Augmenter RFI tests is 

given in Table 6-23 and plotted in Figure 6-32. The 3 dB bandwidth (from data 

sheet) of the center frequency of 72. 96 MHz was 350 Hz, Figure 6-32 shows 

the decrease in signal strength of the 72. 96 MHz carrier as it was located 

farther and farther from the test vehicle, Signal loss occurred at 100 feet. 

The decrease in signal strength seemed to follow a curve of 0, 25 dB/ft. 

6. 4. 2. 7 Augmenter Antenna Pattern Test - Figure 6-33 represents the antenna 

pattern of the test augmenter. Except for the ten foot elevation the antenna 

patlerns appeared nearly syrnmetrical with no apparent lobes. At all elevations 

6-72 



AUG MENTOR 
ELEVATIO!\ 

(FT) 

10 
10 
10 
10 

15 
15 
15 
15 

20 
20 
20 
20 

28 
28 
28 
28 

TABLE 6-22 

AUGMENTOR COVERAGE IN TRAFFIC 

SPECIAL CASE TEST 

AVERAGE 
DETECTION DETECTION LOSS 
DISTANCE DISTANCE DISTANCE 

(FT) (FT) (FT) 

240 151 
208 213. 5 171 
217 217 
189 213 

392 298 
275 318. 2 392 
297 302 
309 260 

336 194 
309 334. 5 357 
331 292 
362 260 

t.,650 268 
,~689 *672 323 --
*655 240 
,~694 318 

AVERAGE 
LOSS 
DISTANCE 

(FT) 

188 --

313 --

275. 7 

287. 2 

Augmentor received as it came into view around corner. Straight line 
distance to augmentor not long enough for goud measurement. 
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Figure 6-3 lA. Augment or Detec.:tion Distance (In Traffic) Vs. Elevation 

"' w 
w 
!:=, 

z 
0 
;::: 

~ 
w 
...J 
w 

30r---------------------------~ 

20 

10 

o,._ ______ ._ ______ .._ ______ ._ _____ __, 
0 100 200 300 400 

SIGNAL LOSS DISTANCE (FEET) 

T10B994-2 

Figure 6-31 B. Augmentor Signal Loss Distance 
(In Traffic) Vs. Elevation 
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TABLE 6-23 

AUGMENTOR RFI TESTS 

SPECIAL CASE TEST 

AUG MENTOR CENTER FREQUENCY, 72. 96 MHZ 
DISTANCE RELATIVE AMPLITUDE 

(FT) 

IO 
20 
30 
40 
50 
60 
70 
80 
90 

100 

1. No measurable side bands 
Z. 3db bandwidth = 350 Hertz 

(Db) 

-36 
-40 
-54 
-50 
-57 
-58 
-58 
-62 
-60 

In ambient noise 

3, Ambient noise = -70 db (with and without augmentor on) 
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Figure 6-32. RF! Test - Augmentor Signal Strength 
versus Distance 

(10', 15', and 20') the range increased with elevation (with the exception of one 

data pornt at the 20 feet elevation). 

Maxtmum range was 180' at an elevation of 20'. Minimum range was 65' at an 

elevation of 10', 

6.5 FIXED ROUTE SNR ANALYSIS 

An analysis of fixed route results was conducted to determine the effect of poor 

SNR on system accuracy. First, the portions of the fixed route with SNR below 

0 dB were determined. Figure 6-34 shows sections of the fixed route which con­

sistently exhibited SNR's of less than O dB. Most of the bad SNR sections are due 

to legitimate signal attenuation in high rise sections of the city. Other sources did 

contribute to apparent low SNR conditions such as bridge underpasses 

6-76 



N 

1 
150' 

NOTE· AUGMENTOR POLE CONFIGURATION SHOWN 

1/4" = 10 FT 

(ALL DISTANCES IN FEED 

F
NTENNA 

POLE 

AUGMENTOR 
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Low SNR conditions are constant for each test run and tend to be repetitive. 

On the average, 21% of the fixed route test was run in low SNR area. To deter­

mine the errors for good and bad SNR measurements, 13 checkpoints were selected 

which consistently fell in bad SNR areas. These points and the error measured 

at each one by test run number are listed in Table 6-24, In a similar manner, 

11 points in consistently good SNR areas were examined. These points and the 

errors measured for each run are given in Table 6-25. Of course errors are 

recorded in both sets which are independent of the AVM System. Some errors 

recorded on test 10013, for example, are artificial in that the source was not. 

the system being tested but support equipment used for data instrumentation, 

See paragraph 6, 1 for a complete explanation of these problems, 

At the bottom of each column in Tables 6-24 and 6-25, the mcean is calculated 

usrng all data and agam wtth erroneous data omitted. Finally, the mean of all 

means LS calculated. Comparing good and bad SNR error figures shows the bad 

SNR errors slightly better than the good SNR errors. This is due to the fact that 

location calculations along the route are not independent but part of a continuous 

tracktng algorithm. In addition, utilization of the odometer rnformation when bad 

SNR 1nd1cattons are recorded improves performance. LORAN quality indications 

(TDA, TDB VALID FLAGS) are c-ontained in the data and prevent the system from 

performing location calculations based upon poor LORAi\" information. The 

simplest conclusion provided by this analysis is that SNR alone is not necessarily 

a good index of AVM System accuracy. 

Another analysis of fixed route errors was conducted in relation to SNR and 

LORAN signal quality. Errors recorded on daylight tests were compared with 

ntght tin1e test errors. To present clear results, only results from tests 10026 

through 10047 were used. Histograms in Figures 6-35 an<l 6-36 show the errors 

for day and night. Figure 6-37 1s a curEulative error plot for both data sets which 

clearly shows a slight supertonly m the night data. While there is generally an 
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1 
00 
0 

Rnn 

10012 
10013 

1001◄ 
10015 
10016 

10017 
lOOZO 
1002.1 
10022 
10023 
10024 

10025 
100?:h 

10027 
10030 
10031 
100~?. 
10033 
10034 

10035 
10036 
10037 
10040 

10041 
10042 
10043 

1004-4 
10045 
10046 
10047 

Ckpt 
7 

ID 
10 
70 
40 

845 
,06 

45 
8 

49 
201 
854 

76 
l4b 
226 
275 
145 
224 

41 
o3 

110 
113 

84 
57 
50 
31 
21 

115 
64 
46 
31 

Mean (All D&ta) 1(,5 

Mean (B.i.d D.i.ta CmtHl!'ld) 87 
Mean Mean - 52, 552' (All Do1.tA) 
Mean Mean - 1}8' [Bad Data Omitted) 

Cltpt 
10 

q 
3 

61 
44 

10,s 
~126 

30 
11 
36 

199 
1079 

77 
14q 
207 
263 
177 
233 

73 
57 
87 
6q 

113 
38 
·i, 

18 
24 

103 
77 
47 
I 5 

18:i 
85 

Table 6-24, Bad SNR Error Analysis 

Ckpt Ckpt Ckpt Ckpt Ckpt Ckpt 

II 34 35 53 55 57 

10 59 121 40 32 21 
45 52 36 5,093,985 5,095,979 5,095,974 

59 9 83 39 30 -
25 b qz 4Z 51 29 

1285 1064 12 l B 660 1163 15~3 
13&3 1379 1553 751 1293 1748 

Z9 29 100 75 H 64 

'7 67 12q 119 133 105 
60 8428 qos, 46 52 38 

139 39 90 67 R2 68 
1298 12.20 1335 741 1043 1157 

67 5 81 178 180 163 
lb l 77 163 187 190 210 
19h 81 176 2q8 287 304 
270 45 135 208 209 2.37 

lo4 lb u, l')S 190 226 
201 259 337 178 183 215 

95 20 60 100 94 122 
38 lb 34 178 175 190 
47 44 12 45 30 23 

115 55 14 87 122 83 
137 185 289 81 9S 68 
45 243 337 116 133 107 

40 6 lOG 55 20 6 

27 29 76 73 70 61 
22 60 39 • 5 14 

118 28 56 113 lib 85 
75 "' 123 108 89 08 
29 135 204 4 25 H 
lb 40 12 l 23 27 5 I 

210 459 5-!3 170,026 170,072 175, 96/;i 

38 65 119 126 104 103 

Ckpt Gkpt Ckpt Ckpt Ckpt 
bl 10< 131 156 160 

951 102 235 26 47 
4,914,442 43 196 130 3B 

121 48 116 160 25 
83 28 133 153 54 

269 70o2 2233 1J07 -
322 1059 22U 546 -
68 48 125 72 6 
24 bl 134 221 -
21 68 131 83 18 
79 104 106 115 16 

115 10 69 130 ZI 
13 37 110 !ZS 10 

308 140 8 210 179 
272 15 n 21 247 
290 139 62 11,362 10,686 
261 24 27 Zl 7 198 
302 214 34 19 191 
?.91 ll 3Z 63 207 
203 68 102 135 125 

83 110 137 54 3 
20 40 105 182 51 
RS 11 166 n 45 

152 192 138 120 >9 
77 64 140 49 64 
60 h8 96 20 52 
66 54 144 42 51 
g7 09 104 96 69 

111 70 130 75 50 
101 60 24 33 SB 

37 27 163 80 59 
163,980 335 250 524 467 

144 60 109 100 74 
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Cl' 
I 

ex, ..... 

Run 

10012. 
IC>Oll 
IOCl14 

10015 
10016 
l0C17 
10020 
10024 
10022 

IOC23 
10021 
10025 

10026 
10027 
1003 □ 

10031 
10032 
10033 
10034 
10035 
10036 
10037 
10040 
10041 
10042 
10043 
10044 
10045 
100--16 

10047 

Gkpt 
21 

43 
215 

35 
324 

3250 

96 
122Q 

6677 
43 
79 
94 

JIG 
294 
2 58 
2 i;g 

258 
171 
111 
46 
32 
q9 

I 
Zb 

I ts 
78 
50 

117 
21 
39 

Mea.n (All Data) 489 
Me;i_n (Rarl n2t.i. OmLtted) 116 
Mea.n Mear. - lb, 195 1 (All Datal 
Mea.n Mean ~ 131' (Bad Da.ta Omitted) 

Table 6-ZS. Good SNR Error Analysis 

Ckpt Ckpt Gkpl Gkpt Gkpt-

22 23 44 113 114 

262 HO 271 '4 lb 
90 178 5,222, 106 136 27 

- 279 185 90 18 
zq I il 211 237 148 

471 486 ao, 10, 5Qt, 10,568 

[603 753 1058 924 833 
]45 214 13b 305 172 
%4 1159 552 239 235 

0775 6860 427 170 116 
161 283 327 202 139 
152 243 " 279 144 
Uh IRO 120 43 4l 

157 210 5 1 272 192 
413 408 135 182 131 
rn1 268 lb 230 ~ 7 l 

262 276 147 zn 288 
298 263 103 13' 101 
180 219 227 185 70 
148 I 76 38 Zll 148 
110 1 74 76 84 9 

74 lH 12 1 288 282 
113 212 189 307 200 

86 16? 70 312 -
28 66 206 53 2 

177 216 108 267 lb! 
130 174 210 108 306 

b9 156 86 lb5 9Z 
123 188 38 287 1 72 

97 138 9 302 , .. 
1U4 104 q 301 284 

450 489 174,269 578 530 
173 218 125 211 147 

Ckpt Ckpt Ckpt Ckpt Ckpt 
116 143 144 145 147 

4 11 R 140 42 25 

39 17! l?l 79 b3 

120 97 4 26 92 
16 11 D I 62 18 

10,781 1635 2127 450 978 
14U0 1634 2118 2 561 2991 

32 165 220 88 48 
54 81 61 •• 55 

8 95 80 16 6 
I 16 225 46 199 98 
;9 14b 45 9 H 
84 37 128 57 63 

I 53 84 95 14< 117 
83 73 1 52 150 103 

1 55 24 54 77 0 
l.Z 130 178 111 117 

5 125 lb9 151 115 
22 126 157 239 96 
64 142 152 144 130 
91 25 79 161 186 

209 409 1113 :lll 34\ 
31 149 26 29 108 
67 77 13 7 54 

• 85 29 T 8 
197 86 124 91 38 
187 134 14 43 34 

zz bl 25 12 100 
68 18 97 24 29 

181 .. no 22 20 
230 68 19 26 73 
489 213 260 169 205 

87 Ill 90 85 78 
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Figure 6-37. Fixed Route Cumulative Error By Time of Day 

improvement in signal conditions 1n the 80 - 120 kHz band after sunset, a much 

more realistic explanation of the improvement 1s a decrease in local noise and 

interference sources as the activity in the city slows down at the end of the day. 

In band interference is a major source of LORAN errors because it contaminates 

the LORAN measurements without triggering low SNR indicators. After dark, 

many such interference sources such as business electrical equipment, spurious 

radto transmissions, and high voltage power transmission slow down or cease. 
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6. 6 LONG TERM LORAN STABILITY 

The Phase I tests offer a umque opportunity to exan1ine changes in ti.me difference 

measurements over a long (5 years) period. Teledyne Systems Company has been 

conducting Loran Sensor Tests in Philadelphia since 1971 when the U.S. Department 

of Transportation, Urban Mass Transit Adn1inistration sponsored one of the first 

test programs. Teledyne participated in this program and is therefor able to 

compare data recorded at certain locations over this period. 

Only calibration data can be compared as opposed to test data. Calibration data 

represents a relatively stable short term (1 minute) mean since calibration time 

differences are always an average of fron1 10-100 consecutive sarnples. Test 

data on the other hand, is typically a 'snap shot', one-time measurement subject 

to vibrations due to jitter. In addition, it is usually difficult to determine exactly 

where a test measurement was taken since the vehicle containing the LORAN 

Receiver is usually in motion when recording data, 

The 1971 test program used standard LORAN transmitters at Carolina Beach 

(Master), Nantucket Island (Slave A) and Dana, Indiana (Slave B). In 1977, a 

local ministation was used in place of the Dana Slave. Therefor, only one time 

difference (master-Nantucket) is common to both tests. 

A comparison of calibration data from the two programs shows three common 

points. l'hese three points with the time differences measured are given in 

Table 6-26, 

The significant information in the table is that the change in time difference appears 

to be systematic and fairly constant. All three time differences moved in the same 

direction by an arnount differing a rnaxin1urn of 232 nanoseconds. This is significant 

because any systematic time difference grid pertubations will affect the base station 

n1onitor receiver in an identical rnanner. The n10nitor receiver feeds continuous 

corrections into the position processing computer which will negate any affect on 

system accuracy that TD grid shifts would otherwise have. 
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Table 6-26. Comparison of 1971 and 1976 TD Measurements 

Master-Nantucket TD (µsec) 

Location 1971 1976 ~TD (µsec) 

Broad - Arch 51,751.348 51,730.620 -0.728 

18th - Spruce 51,757.604 51,7':J?.057 -0,547 

16th - Lombard 51,757.838 51,757.059 -0.779 

6. 7 SUMMARY AND CONCLCSIONS 

The Phase I program contained many different types of tests and analyses for the 

purpose of providing a thorough evaluation of the LORAN AVM system. System 

and subsystem accuracy were measured for fixed and random route vehicles. 

Time of passage, area coverage, and performance in unusual locations were 

measured in addition to a battery of system component evaluation tests. The 

results of such a test program are necessarily voluminous. This section will 

summarize the results of the various tests and draw the resultant conclusions, 

Detailed Data are presented in the appendices. 

6. 7. 1 Fixed Route Tests 

Ten fixed route tests were run in December of 1976 after which testing was sus­

pended to correct a repetitive augmentor malfunction. During the test suspension, 

the fixed route was extended. Thirty extended fixed route tests were run in 

January and February of 1976. During the first twelve of these test the motor­

generator periodically malfunctioned, contaminating much of the data. The last 

twelve fixed route runs were made with no instrumentation-system problems and 

yield conclusive evidence that the LORAN AVM is an operational vehicle location 

system capable of meeting Department of Transportation requirements. System 

shortcomings which were noted have been thouroughly analyzed with corrective 

action described and satisfactorily derr-onstrated on the actual test data. 
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6. 7. 2 Random Route Tests 

The tests showed the system capable of locating a random route vehicle within 

472. 94 feet 95% of the time. Methods for improving system accuracy have been 

presented and analyzed. It is not unreasonable to expect that incorporation of 

some or all of the techniques described will allow the system to meet the 300 feet 

95% requirement. 

6. 7. 3 Special Case Tests 

Many special case tests were run to determine component characterisitcs ind'e­

pendent of the AVM system, The results of these tests will be ·valuable in the 

Phase II implementation. Other special case tests demonstrated that the systen1 

operates reliably in unusual location such as the Ben Franklin Bridge, The 

"LO RAK Only' special case test showed that the system is capable of providing 

the specified accuracy 1n a lov.,- rise area without benefit of any augmentors, 

6. 7.4 Conclusions 

The LORAN AVM system has demonstrated its ability to meet fixed route accuracy 

requirernents, A method for meetir>g the time of passage and random route 

accuracy has been presented. All this has been accomplished in an environment 

far less benign in every ¼ay than the Phase II city. Extreme environmental 

conditions and prototype equiprnent uncertainties did not prevent the system from 

denrnnstrating a real capability consistent with the .Phase I test objectives. 





SECTION 7 

DESIGN CHANGES R.E:QUIRED TO MEET PHASE 11 REQUIREMENTS 

7. l INTRODUCTION 

Tcl.cdyne's AVM system has been in development since 1970. The system has been 

improved continuously to especially meet as many user requirements as possible. 

And indeed, user AVM requiren1ents have been continuously changing as it has 

been possible to adapt AV Minto more face ts of overall vehicle deployment. Since 

Teledyne has continued to strive for the best combination of system simplicity and 

systen1 perforn1ancc-, some of the equiprnent and software c1l.gorithms were used 

for the first time during the l_)hasc I tests described in chis report. During the 

data reduction effort following these tests, several location subsystern improvements 

becan1e obvious. These in1proven1ents primarily enhance system performance and 

rcliabilily, at very little arlrli.tional cost. 

Briefly, tl,ese in1provements are grouped according to location subsystern type. 

Flxed Route 

a. In-tpro,-e time-of-passage IT. 0. P.) estin1ate by incorporating a door 

closing switch and odometer in the T. O. P. algorithm. 

b, Reduce systen1 cusls by nol using Augmcntors at every Timing Point 

in good LORAN coverage. 

c. Modify the software algorithm to always use Augmentor detections. 

d, Incorpol'ate reasonableness checks between posicion reports to detect 

odometer and LORAN coordinate anomalies, 

Random Roule 

a. Software algorithm improvements to enhance determination of direction 

of travel. 

b. Position reasonableness checks between position reports to prevent 

inordinate jumps rn estimated vehicle posit ion. 
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c. Evaluation and poss'ible incorporation of a vehicle turn sensor using 

differential odometers. 

System performance improvements will also be realized in the Los Angeles system 

due to the very strong signal-to-noise ratios compared to those estimated at the 

time of the proposal. The sections following discuss each of these system 

improvements, 

7.2 FIXED ROUTE LOCATION SUBSYSTEM IMPROVEMENTS 

Improvements in the time-of-passage concept and position algorithm to prevent 

unreasonably large position offsets have resulted from the Phase I tests and sub­

sequent data reductions. 

7, 2. 1 Time of Passage Improvements 

7, 2. 1. 1 Phase I Time of Pas sage Error Analysis - An examination of the source 

o: lime of passage errors in the Phase I tests reveals that they were highly depen­

dent on' dead time' or the time the test vehicle stopped at the time point. For 

example, at the 224 time points passed where the vehicle did not scop, the error 

al the 95th percentile was 8 seconds and at the 99, 5th was 16 seconds. Overall 

tesl accuracy was reduced by the 39 second 95% error recorded at time points 

where the test vehicle stopped. The source of large errors at stop time points 

1n each case was the following sequence; the time flag (system estimation of time 

of passage, see Section 4. 7) is set just before the vehicle stops at the time point, 

All the time spent stopped is accrued against the system since vehicle departure 

from the time point is the criteria for error measurement. Utilization of additional 

available information will make a dramatic improvement in time of passage accuracy. 

7.2.1.2 Phase II Time of Passage Mechanization - The two additional sources of 

information which can be used by the system to improve time of passage accuracy 

are the odometer and the state (open, closed) of the vehicle doors. Dead time 

can clearly be removed if the system sees that the vehicle is (a) at, or very 

near a time point and (b) is not moving (odometer change is zero). The same two 

pieces of information will allow the system to also make an accurate estimate of 

7-2 



time of arrival as well as departure, The Phase II mechanization will operate 

in the following manner: 

a. The augmentor will be located 50 feet ahead of the time point insuring 

that the time flag in the vehicle equipment is set prior to arrival at 

the time point. 

b. The next 100 feet of vehicle travel is monitored to see if the odometer 

stops and/or if the doors open. 

c. If the odometer does not stop in this interval, time of passage is 

recorded at the instant the system detects that the vehicle has passed 

a point 50 feet after augmentor detection. Phase I results show that 

the errors under these conditions will be 8 seconds 95%, 16 seconds 

99. 5%. 

d, If the vehicle does stop during this interval, the instant the odometer 

goes to zero is stored and sent back at the next polling time as 'time 

of arrival', 

e. When the doors close and the vehicle begins to move, the time is stored 

anrl rluly reporterl as 'time of rleparture'. 

This method makes optimum usage of the information available. An interesting 

option available for Phase II is the augmenter-less time of passage (T. 0. P.) 

mechanization. 

7.2.1.3 Optional Phase II T. O. P. Mechanization - Examination of the scheme 

described above shows that the precise T.O.P. information is derived from the 

odometer and the door sensor, the augmenter is used only to bound the area in 

which the odometer and door sensor outputs are monitored. More precisely, 

the augmentor is only used to indicate approach to the time point Location, This 

information is already resident in the system computer since it is tracking the 

vehicle with each .32.4 seconrl polling update. All the system requires in adrlition 

to the information it already has is (I) did the odometer stop in the last polling 

interval (if so, at what time) and (2) did the odometer start during the last polling 
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interval (if so, at what time). Inclusion of door open/closed data can be used to 

confirm and insure that the vehicle truly stopped if the odometer so indicates. 

Since tirre points are typically one mile or more apart there is little chance of 

ambiguity. The obvious advantage of this T. O. P. method is the deletion of all 

augmentors on fixed route lines in Phase II. 

7. 2. 2 Fixed Route Algorithm Improvements 

7. 2. 2. 1 Phase I Fixed Route Error Analysii:; - Extremely large errors of more 

than 5 million feet on Run 10013 has been analyzed carefully. These large errors 

have been shown to be the result of a low voltage ac generator condition causing 

errors in the odometer. The location subsystem recovered these large error 

excursions after approxunalely 20 fixed polling reporting intervals. Three aug­

mentors were passed during the period of time these large errors occurred. The 

sys:e1n recovered to normal errors when the LORAN receiver reacquired signals 

and a "valid" augmenter was passed, 

The algorithm had been de signed to make a reasonableness check each time an 

Augmentor was detected. The position derived from the Augmenter detection 

was comparecl with the LORAN plotted position. If the LORAN position was greater 

than 500 feet from the Augmenter position, the algorithm assumed that this was a 

false Augmenter detection and ignored it. This portion of the Algorithm was added 

when Lhe Augmenters were operating unreliably due to cold weather. The Aug­

mentors were subsequently modified, and not a single false augmenter detection 

was made throughout the 30 Fixed Route and 5 Random Route runs, 

7,2.2.2 Phase II Fixed Route Algorithm Improvement - Since false Augmentor 

detections have been de1nonstrated to occur very rarely if at all in a properly 

operating system, the Phase II system will not use the reasonableness check des­

cribed above. If this had been done during Phase I, the first Augmenter detected 

after the large error was recorded would have accurately reset the vehicle posi­

tion to the correct position on the route. 
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The large position excursions tixperienced in the first runs of Phase I were induced 

by noise caused by a faulty generator loading large odometer numbers into the 

odometer register. Sometimes this noise caused several hundred feet to be 

injected into the register in a one second update period. This observation suggests 

that a reasonableness check on the vehicle odometer between position reports 

could be useful, Teledyne will incorporate a simple test into system software 

which compares the odometer distance between position reports. If the reported 

distance exceeds a pre-determined reasonable value, it will not be used in updat­

ing vehicle position, The LORAN measurement will be used without odometer 

smoothing in this case, 

7. 3 RANDOM ROL;TE LOCATION SUBSYSTEM IMP.1:ZOVEMENTS 

The Phase I data analysis results showed an accuracy of 691 feet at Lhe 95th 

percentile. This was shown to be improved to 458 feet by simple software modi­

fications to use more LORAN dala and to improve posicion projection onto a street 

more accurately. These improvements are described below. 

7. 3. 1 Software Algorithm Improvements 

7.3,l.l Phase I Random .l:Zoute Error Analysis - When analyzing the system 

simulation test results from Phase I, it was evident that the original algorithm 

needed in1pro,0 ement in determining direction of vehicle travel. The algorithm 

testec'. determined direction of travel by assuming a straight Line through the 

pre,0 ious two position reports. This simple algorithm d.id not take maximum 

advantage of the good LORAN data to determine good pos1tion and direction of 

travel. Augn-ientor detections were also not used to maximum advantage because 

street prujecled position was allowed on streets ulher than those in which the Aug­

mentor was Located. Good LORAN position was also tossed out by the tested 

algorithrn due to a reasonableness check that was referenced to poor position 

updates. The paragraphs below describe the modifications. 

7. 3. l, 2 Phase II Improvement - In the original random route software a 

reasonabilily check was imposed which required that the computed absolute 

difference between the LORAN converted coordinates and the measured odo 
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distance over the last interval be less than twice the rneasured odo distance before 

the LORAN coordinates were used in the update. It was found that this rule tended 

to prevent a position update in cases where there were several consecutive reports 

with invalid LORAN. This was because with invalid LORAN, no new LORAN 

coordinates were computed in spite of the fact that the odometer indicated that the 

vehicle had moved. To correct this a simple change was rnade to the LORAN 

reasonability test so that the odo was accumulated from the last point at which 

the LORAN was bolh valid and passed the ado reasonability test. That is, at any 

poinl where LORAN was valid, ,he new reasonabiliLy test computes the radial 

distance from the converted LORAN point to the last computed system position 

where LO RAN was used, If this distance does not exceed twice the accumulated 

odo, then t'-ie converted LORAN coordinates are used tn the position update. 

It was also observed in intervals where an augmentor was detected, that big errors 

were sometimes incurred by using two point dead reckoning and projecting down 

onto the closest street. Considerable improvement could be made in these cases 

by another simple change, namely by projecting down only on one of the two streets 

that ihe augmentor is known to lie upon. Thts change was also implemented to 

yield the results labeled "in1proved software" random route runs, 

Hinosight has revealed that the random route software could have been strengthened 

by making greater use of the available odometer information which proved to be 

quite reliable. There are cases where consecutive computed vehicle positions 

,HP separated by distanced considerably greater than the measured odo. Simple 

changes can be made> Lo the existing random route software to ensure that this 

doesn't occur. Perhaps a more serious short coming was failure to make use 

of known directivity of streets. Intelligent use of this inforrra tion would have 

been very useful in resolving position ambiguities. 

In an effort to strengthen the random route software a subroutine called GROPE 

has been <leve>lopec:, It has Lhe feature that successive reported vehicle positions 

are always separated by a street map distance equal to the accumulated odometer. 

It makes a much greater use of the stored street map information and ;,utomatically 

gives a higher weighting to the odometer information with a resultant damping of 

the LORAN data. The present intent is to use the available Phase I randon1 
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route data base and to experiment with GROPE, the incorporation of street direct­

ivity information and the incorporation of some of the aforementioned reasonabitity 

tests to obtain an optimized version of the random route software for Phase IL 

7. 3, 2 Random Route Differential Odometer 

Teledyne installed odometer pickoffs on the Test Vehicle for the Phase I tests, to 

assure that these tests used the same odonrnter proposed in Phase II. The odom­

eter pickoff works on the magnetic hall-effect principle, with a simple sensor 

unit mounted on each front wheel. This design proved flawless during the Phila­

delphia tests and will be used in Phase II. (Note - odometer register problems 

c>xperienced during the first portion r,' the Fixed Route tests were due to a faulty 

ac generator). 

During the 1-'hase I tests the two front wheel odo sensors were sent to one register 

in the vehicle equipment for accun1ulation, The register was scaled properly 

since it was being updated fro1n two odometers. The effect of vehicle turns were 

a,·eraged oul in lhis register, 

For nu cost or other syslern impact, the two odo pickoff data could be accumulated 

Ill two srn,dle r registers simultaneously and included in the position report to the 

Bas,, Sla,ion, The software would be modified co ave rage these two smaller odo 

nurnbers to rletern1ine vehicle ,Ii.stance for each reporting interval, and the 

cornputer woul,J calculate the difference between the odo numbers to determine 

if a turn was made during the reporting interval, The direction of turn could 

;ilso be cle te rmined. 

This concept offers another 1mprovernent to the Phase II Random Route software 

at no cost. The additional information of turn and direct1on for each reporting 

interval will enhance the perforinance. This investigation will be coincident with 

the testing of the GROPE softw2.re. 
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7.4 IMPLICATIONS OF LOS ANGELES LORAN SIGNAL QUALITY 

7. 4, 1 lntroduc tion 

Prior to installation of the West Coast LORAN C chain, signal strength and 

signal-to-noise ratio estimates were prepared for the Los Angeles Phase II area. 

',Vith the chain now operating on a continuous basis, actual measurements have 

been 1nade in the area. Implications of these measurements on system performance 

and required augn1entor density are examined. 

7. -t, 2 Predicted, s Actual S;\'R, Field Strength 

The character.sties of the \\'est Coast LORA:;\! C chain are given in Table 7-1 

early field strength and S:'.'JR predictions and results of field mc:asurements are 

gi,·en in Table 7-2. The table indicates considerably better LORA)J signal quality 

than was originally pred;cted. The high rise measurements indicate that most 

locations ha,·e adequate LORAN signals with very few no coverage ::,oints. Figure 

7-1 shows tl-.e Phase 11 Random Route area which includes the down town hi rise 

sect1on. 

The rP sult s of a LORAN spec trun1 survey a re piotted 1n this figure, The re salts 

are ,·en· encouraging. 

It is significant to :1ote that the Phase I tests in Philadepnia were conducted using 

a portable transmitter whose distance from the test area (25 1nilesJ and transmitted 

_oower (100 watts) \,·as adjusted to simulate the "·eakest signal condition expected 

in Los Angeles, It 1s now known that this was 8 db weaker than the actual condi­

tion. Phase I results would have been substantially improved particularly 1n 

Randoin Route tests 1£ this actual condition had been known and the portable trans -

m1tter bee:1 adjusted accordingly, Significant improvements will result in the 

Teledyne P:-oase 11 S\·stem as a result. 

a, Augme:-itor requirements were expected to be 192 plus Time Points, 

The number ,,·ill now decrease to 31. (See next section.) 

b, System performance in terms of accuracy will be better - fixed 

route will be even further below the requirem mts and random route 

'-'111 be reduced to be close to the requirements, 
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'° 

Station/Location 

Fallon, Nevada 
39° 33' 6. 38" N 
us 0 49' 56. 20'' W 

Middle Town, Calif. 
33o 46' 56. 76" N 
122° 29' 44. 30" W 

Searchlight, Nev. 
35° 19' 18. ll" N 
ll4°48' 17.35"W 

Table 7-1. West Coast U.S.A. LORAN C Chain 

Rate 9940 (99,400 Microseconds GRI) 

Function Baseline Coding Delay Antenna Radiated Power 

190 Meters 
Master 0.0 0 Top Loaded 450 KW 

Monopole 

190 Meters 

Secondary 1094,52 27,000 Top Loaded 450 KW 

(Slave A) Microsec, Microseconds Monopole 

210 Meters 

Secondary 1967. 21 40,000 Sectionalized 450 KW 

(Slave B) Micro sec, Microseconds LORAN Tower 



--.J 
I -0 

Table 7-2. Predicted and Measured SNR and Field Strength 

Predicted Measured 

Lo Rise Hi Rise Lo Rise Hi Rise 

Field Field Field 

Station SNR Strength::, SNR Strength':' SNR Strength,:, SNR 

Master +9 db 62 +4 db 62 +17. 4 64.2 -3 db min 
+11 db max 

Slave A +21 db 74 +16 db 74 +29. 9 76.8 +6 db min 
+19. 4 db max 

Slave B +43 db 96 +38 db 96 +36,2 83.0 +10. 5 db min 
+24. 9 db max 

,:,Field Strength in db above 1 Microvolt per meter 

Field 
Strength>:, 

64.2 

76.8 

83. 0 



LFGEN[) -1-IIGH RISE AREA 

• POOR LOR/IN AREA !LOW SNR) 

QGOGD LORAN AREA 
(MEASUREME:Nr TAKEN H!:.Hl:::) 

EBMARGtNAL LORAN AREA 

NOTE AT THF TIME THISD/\TA WAS TAKEN, TH[ 1/~EST COA.ST LORAN-C 
I.HAIN (!J940l WAS ON THE A.!R BUT NOT OfFICIALLY CALIBRATED 
l HF TIMF nlFFERl:NCES MAY CHANGE, BU r THE GRADl[NT WILL 

REMAIN THE SAME 

Figure 7 -1. LORAN Cove:rage in the Phase II Random Route Area 
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7. 4. 3 

c. The Teledyne system may be extended to other areas and users with 

greater· confidence as a result. 

Phase II Augmentor Deployment 

Based upon the SNR and signal strength measurements given in Table 7-2 no 

augmentors other than any required for time of passage measurement will be 

required for fixed route coverage. 

Eventual expansion of A VM sys tern utilization up to and including all SCR TD 

routes may be accommodated without additional augmentors save time of passage 

requirements. Of course, successful development of an 'augmentor-Less' time of 

passage measurement scheme will remove the requirement for any augmentors 

for fixed route deployment. 

Random route coverage to the stated accuracy of 300 feet 95% will still require 

some augmentors. Figure 7-1 shows 9 points within the random route area 

which do not have adequate LORAN. An additional 6 points are shown with an 

SNR in the range +6 db to +12 db, Conceding that not every possible street inter­

c;ection was surveyed (as will be the case in Phase II), the points shown should be 

interpreted as indicative of conditions in the immediate (1 block radius) vicinity. 

Further conceding that an SNR of more than +12 db does not automatically guarantee 

a Location determination to within 300 feet, the proposed Phase II augmr:mtor 

figure is still an estimate. At the same time:,, however, the earlier estimate of 

192 augmcntors in addition to time points is clearly excessive. The current estimate 

of 31 augmentors in the random route area is based on pre sent knowledge of condi­

tions in the area. As more survey work is completed during Phase II it should be 

expected that the estimate of 31 augmentors will again be changed with the probability 

of decreasing requirements equal to that of increasing. 
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8. 1 

SECTION 8 

REQUIRED PERMITS IN LOS ANGELES 

INTRODUCTION 

Adequate detaileu planning for installation of a large AVM system in Los Angeles is 

extren1ely important even down to the color of the last mounting bracket. Several 

permits and licenses will be required. This section describes the requirements 

and the initial contacts made with the various Federal, State, County and City 

agencies and even the sub-departments within these agencies. Most have guarded 

cooperation in their discussions and letters and all will reluctantly agree to 

reasonable requests on a hold harml,•ss basis. 

This section describes tlw pern1its secured for the Pl-uladelphia Phase I tests, 

lists the permits and licenses requirerl for Los Angeles and describes the dis­

cussions conducted so far with the co~nizr1nt agencies. 

8. 2 ESSENTIAL APPROVALS OBTAINED FOR PHASE I 

The Teledyne letter datecl 20 Septtcmber 1976 reference PS/278/RSS-76 (Attachment l) 

was written to th<e nty of Philadelphia, Departrnent of Slreets requesting their 

cooperation in order to conduct the ''DOT'' LAVM Program. This letter requested 

permission to install, test and operate the LAVJ\1 systen1 on the streets of Phila­

delphia. Permission Wil.S granted on t, October 1976 by le[ter frorn the Depart-

ment of Streets to feledyne. A certificate of insurance (part of Attachment 1) 

for $1,000,000 and a "hold harn1less" agreen1enL letter frorn Teledyne dated 

23 September 197h per filP reference PS/27K/RSS-76 was delivered to the Depart­

n1ent of Streets Lo satisfy all of their requiren1ents. A favorable response was 

received on October L, Jq7b (Attachment 2). 

Initial telephone conversations with the FCC 1n Los Angeles and Washington, D. C. 

led to a contact with Mrs. Fowler (ALtachmenl 3) of the licensing section for 

experimental (RESEARCH). Her deparLment issued the KGZX LB call sign, file 

number 7244-ER-PL-76 (Attachmen[ 4) for use by Teledyne until terrnination of 
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the government contract effort in Philadelphia. As a result of the per-

formance in Philadelphia, a perrnanent license request will be processed for the 

Los Angeles area system installation as requested by the FCC. Since concurrent 

operation was not scheduled the FCC asked Teledyne to wait until the Philadelphia 

tests we re completed before filing for the Los Angeles license on Form #400. 

s. 3 PERMITS AND LICENSES REQUIRED IN LOS ANGELES 

The experience in Philadelphia provided an invaluable background and aid for 

planning the LAVM operaLional system installation in Los Angeles. 

This operatlonal phase will require permanent FCC licenses for transmitters and 

use permits fur installation of the equipments and associated power connections. 

Safety and fire hazard inspections are also required in most cities. State, 

county and city governinents all have regulations and inspections associated with 

highway safety. The Teledyne approach for securing approvals and licenses for 

Los Angeles will follow the same pattern employed in Philadelphia except for the 

n,ore permanent nature of the installations. 

It is necessary to file for licenses by completing FCC Forms #400 (or Form #425 

if 470-512 MHZ band is requested), a work copy is attached (Attachment 5) for 

lhe augmentors. The other two licenses are really A VM upgrading and the #400 

forms are already filed by the SCRTD for the base station KMA 454 and the mobile 

so it is only necessary to modify them to include the operation of AVM under 

section 93. 120, subsection (d) of the Commission's rules, which are: 

''Each application to license an AVM system shall include the following 

as supplen1ental information'' 

1. A detailed description of the m3.nner in which the system will operate, 

including a m3.p or diagram. 

2. For wide band frequency operation, the necessary or occupied bandwidth 

of emission whichever is greater. 
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3. The data transmission characteristics as follows: 

(i) The vehicle location update rates; 

(ii) Specific transmitter modulation techniques used; 

(iii) For codes and timing schen1e; A table of bit sequences and 

their alpha-numeric or indicator equivalents, and a statement 

of bit rise tin1c, bit transmission rates, bit duration, and 

interval between bits; 

(iv) A statement of amplitude-versus-time of the interrogation and 

reply forn1ats, an<l an example of a cypical n1essage transmission 

and any synchronizing pulses utilized; 

4. A plan to show implen1en ,tion schedule during the initial license term. 

Technical Standards 

1. AVM stations authorized for operation below 512 MHz must comply 

with the L,~chnical standards applicable to the freqnency bands prescribed 

in this chapter, includtng the requiren1ent for type acceptance of equip­

menL used. 

2. Pen<ling final developmenl of technical standards, utilization of 

non-type accepted transn1itters by AVM slations authorized for opera­

tion above 512 MHz will be permissible, provided that: 

(i) The output power of transmitters used i.n pulse ranging systems 

shall not exceed 1 k\\' PEP (The Teledyne Systems design 

employs LORAK-C and these transmitters are not requirecl). 

(ii I Tl1 e ou lpt1J: power of tr ansrn ittc rs used in non-pulse ranging 

systems shall not exceed 300 watts. (All AVM transmitters 1n 

the Teledyne Sysrcrns are less than 300 watts). 

(1ii) En1issions will be authorized on a case-by-case basis dependent 

on the require mr, nts of the specific tee hnique s utilized. The 

Teledyne Systems Augmentor design of the 1/ 10 watt checkpoint 

variety is described in detail under each applicable section as 

requirer] by lhe above F'CC rules. 
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A description of the Operation of the AVM system for the FCC in appropriate formal 

is presented in Attachment 10. 

Phase II will also require several permits from different governmental agencies 

to allow installation and operation of the AVM equipment on their respective faci­

lities or property. Table 8-1 below is composed of eight categories all of which 

are ess<:,ntial or may be needed depending upon future route assignments. The 

entire gamit is summarized in Table 8-1 with comments, names, phone numbers 

and locations. Other comments regarding phone conversation and letters are 

inserted at appropriate p Laces throughout this section. Figure 8- 1 is a Planning 

Schedule for the essential Licenses, permits and agreements based upon preliminary 

conversations with available staff personnel. Letters of response to our le,ters 

will be inserled in the Appendix as they are received. 

8. 4 PRELIMINARY DISCUSSIONS WITH COGNIZANT AGENCIES 

In order to satisfy the requirements for preliminary discussions with cognizant 

agencies, it was considered essential to talk to Frank Barnes, General Manager of 

SCRTD and Jack Penwell who is the SCRTD Chief Engineer as well as Mr. Skiles, 

Chief Traffic Engineer L.A. City, George Eslinger, Assistant Director of the 

Bureau of Street Lighting for the city of Los Angeles and Richard Lukas, Principal 

Street Lighting Engineer for the city of Los Angeles. Richard Lukas is located 

at Room 510 City Hall East, Los Angeles, 91002, and the phone number is 485-5918. 

Richard is the principal source of information for permits which must go through 

the chain of command for approval. The Board of Public Works is the final ap­

proval point. 

Teledyne was informed by Mr. Lukas that a temporary permit was issued to Lhe 

Aerospace Corp., by the L.A. City Board of Public Works for one year for instal­

ling Location equipment on L.A. City Lighting poles and structures. Mr. Lukas 

did emphasize the fact that this was a temporary permit, and that he and his bosses 

were not really in favor of recommending permit approvals to the Board of Public 

Works for any permanent structures attached to city lighting polls and most 

especially if city power is required for such devices. He informed Teledyne that 
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Table 8-1. Check-Off Summary Table ol Number and Types of Permits 
Required For Permanent LAVM System Inslallation In Los Angeles 

CATEGORY AGENCY COMMENTS (NUMBER OF PERMITS & LICENSES) 

1 FCC (3) Licenses plus documentation (93.120) of AVM System Specs. 

Base KMA 454 Base Station for existing SCRTD voice plus audio applique unit to add 
data with same bandwidth. 

Mobile Modify existing license for AVM with data attached section 93.120 Item "D" 

Augmentors Apply for new license for LA with Form No. 400. Attach Sectmn 93.120 
Item "D" 

- ----------

2 AVM Frequency Dorothy Probst, FCC, Long Beach, Cailf. (426-4451) is local FCC contact and 
Coordination & Larry Guy .. :tie Local Radio Inspector. The SCRTD Trade Association User 
Assignment Polley Group is Wm. l:fa,nich af National A!'lsoc1at1on of Motor Bus Owners, Wash., 
with User Group FCC D.C 1202) 293 5890. He related that his approval is forwarded to Chas. Fonger 
93.8 and 93.9 who IS Mr. Frequency Coordinator for the FCC ,n Washington, D.C. 

-----~--

3 Cal State Highway George Glanzmann Permit Dept/Lloyd Brown Encroachments Dept. (1) Permit 
1s rP.qu11ed if augmentors a1e required on any state highway - few 1f any are 
anticipated - however a letter 1s prepared to request their cooperation and explain 
the function of the SCRTD/DOT AVM - System (620 2206) 

-~----
4 LA County Road Road permits Jim Keller, lnsp /H.J. O'Rourke, Utility Eng. 798 3817(1) 

Department Permit 1s required 1f augmentors are required on county roads or highways -
in drea near L.A. City - L.A. City Traffic senuce some areas - A good county -
City relat1onsh1p was 1nd1cated. 

- ---- ------ - ~-~-- ------ --- --- -- ------ - --- -

5 LA City Public The LA City Dept. of Publrc Works must ,ssue a permit for publrc property use. 
Works The specific department must evaluate the proposal and respond. Comments 

are discussed rn the text of this section for TRAFFIC and LIGHTING. ( 1 ) 
Permit IS required for LA City 

"LA TC" Dept The "Traffic Controls" appear to offer the most advantageous points to mount 
"LA Street Dept. augmentors. A letter of response 1s ant1c1pated. In certain areas more standards 
L1ghtrng" are available for mounting augmentors, sec te><t for details.. A letter of response 

is anticipated. 

6 Public Utilities John Mumaw Asst. Gen. Mgr 485 2755 Room 1600 City Hall L.A. 90012. 
and Transportation Would require (11 permit and (1) "use agreement". Many acres of strategic 

\ancl 1s available with power for Augmentors or Receiving sites or Base Stations 
for extended coverage ur system expansion. 
--- ------ ~----------

7 Other C1t1es Attached letter indicating a cooperative attitude letter received from Director 
Santa Monica ot General Services_ 

8 Other Cities and As needed for expansion use - same approach as above. 
Counties if A VM 
Sera1ce is Extended. 
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we should plan for a rninirnurn of tl1ree rnonths to receive an official pern,it or 

rejection from the Board of Public Works, Rm. 353, City Hall, Los Angeles, 

CaLf. 91002, and tbat a more realistic time of six months could be expected 

under some conditions, 

It wa~ .·.fr. Lukas' opinion that en,ploymg street lighting power from the Depart-

menl 

oJ t,-." 

l-'ublic Works was undesirable from their point of view and lighting is most 

ihe high Yoltag"' series tvpe. I-le also sfatecl that 1c v.oulcl be necessary to 

tT,a"" "~cuniary arrange1nents for tr>, use of such power even though less than 

one"'" 1 pPr augn1entor was requirerl, <1ncl installing 1ncters was noL very practical 

or cL ___ :·ab]e. 

The I.J1rector of GE>neral Sen·ic,,s for t 11,· Cily of Sctnta 1'.lonica, Stanley Scholl, 

lt,85 Ms,in Strc0l, Santa .Monica, Calif. q0-101 was n:uch 1110re encourctging than 

Mr, Lukas. A discussion wilh Stanl,0 y on ·,/18/77 was very favorable ancl he has 

wrillen a letter stating that he und,,rslancls 011r augn1,;ntor installatic.;n clesires for 

the SCRTD and 1s willing to go c1long with anytlnn~ re,isonal,le such as the Hold 

Harn1less Clause an<l insurance ::iolicy which ,,;ere dcceµla 0Jle in l'hiladelphia. 

Mr. School's letter ,s included as Attachn1c,nL b, 

Mr. Earl Jagenburg, Senior Trdihc En121neer for the Los Angeles l'raffic Division 

was coop>erativc in our discussions about mounting SCRTD/DOT m1n10.ture 1/10 

watt angnwntors on dkir existing structnres. The result 1nu;;t be aesthetically 

pleasing hut a hove <111, h1s trcJffic enginec:rs must 2.scertain for themselves the fact 

that no interference or f;cilse traffic control signal triggering (especially reed 

relays) will ever occur hecause of the angn1cntors. before a final use permit or 

agn°,,r11enl 1s ever< onslllcred, He licts pron11secl c0 c0nfirn1 imn1cdiately 111 writing 

an ani,,wer to n1y letter (Attachnient 71 regu,:sting a ;itaten,ent of guarded coopera,ion. 

This is therefore the n,ost likely sol11t10n to rnonnting and oowc-nng up the required 

Augn1enlors. 

Conversation with the office of Pu1Jhc Utihl1es and Transportation Room 1600 

City Hall (485 275SJ revectl ,1 VPry cooper2ttive altitude 'lncl offer n1any ideal 

locations for addilionc.L Rasce St2tl10ns, Pe-nwte Receiving Siles and Augmentors. 

John 1'-!un,aw is Asst. Gen. Mgr. of Uus departn1ent and has always been very 

co ope rab v,,,. 
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Letters to the Los Angeles Road Department (Attachment 8) and California 

Department of Transportation (Attachment 9) are included to show contact has 

been established with those agencies and that Teledyne is expecting responses 

from each. 
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Attachment 1 

20 September 1976 

Mr. Werner Behrend 
Staff Engineer 
Street Lighting Section 
Room 800, Municipal Services 
15th Street and JFK Boulevard 
Philadelphia, Pa. 19107 

Dear Mr. Behrend: 

Bldg, 

~"'" TELEDYNE 
SYSTEMS COMPANY 

In Reply Refer To: PS/278/RSS-76 

Teledyne Systems Co, requests permission to install temporary and 
portable miniature radio transmitters on street lighting poles at certain 
specific locations in Philadelphia, These d,~vices are a part of Teledyne's 
LORAN Vehicle Location System which will be tested in Philadelphia under 
contract to the U, S. Department of Transportation; Transportation Systems 
Center, Cambridge, Mass. Tests are scheduled to be run during October le 
thru December 14 time period, Details of the minature radio devices, 
called augmentors are listed below: 

l) Size: 6" x 6" x 6 11 

2) Weight: 31/Zlbsmax. 

3) Power: Self contained 6 volt battery 

4) Mounting provision: flexible metal straps, 

5) Elevation: approximately 15 feet 

6) Radiated signal: l milliwatt maximum on 72, 96 MHz 
carrier frequency. (Responsibility for FCC approval and 
permits is borne by Teledyne Systems Co.) 

7) Number of augmentors: 66, located at various times at 
any of approximately 200 locations. 

No interference with or damage to city property or personnel is anticipated. 
Installation is temporary and does not require any holes or other modificatio1 
of any kind to city property. 
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ln Heply .Heier To: PS/278/RSS-76 

Attachment l 

In Reply Refer to: PS/278/RSS-76 
20 September 1976 
Page Z 

I-lease find enclosed I.he following documents: 

a. Statement of Liability Insurance of Teledyne Incorporated 
and Teledyne Systems Company. 

b, City of Philadelphia 'Hold Harmless' Letter • 

......_, ,----.. --~·--~--
c. List of intersections in the City of Philadelphia where nearest 

street light pole may be utilized. Not all will be utilized at one 
time and many will not be used at all. The total will never 
exceed 66 at one time. This list is preliminary. A final list 
will be submitted on or before October 29, 1976. 

d. Booklet describing system to be tested. 

Teledyne Systems will be grateful for any assistance you can provide, Should 
you have any questions or require additional information, please do not 
hesitate to contact me at (213) 886-22.11, extension 2873. 

RSS:nt 

cc: L. Kent, Teledyne Systems 

Yours truly, 
/'1 

/ I , / . 1 · , 

/. 
--- .. .,r ,,,. A-..... -•-• •• ., , 

,· P I -/ .., / . 
·(.,Y,11,lt_ ,r.k_) :-~-"'/ [c ~ 

, Richard StapleJ6n 
LAVM Program Manager 

F-. Robinson, Teledyne Systems 
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Attachment 1 
",",h 

~ ,':-1 

CERTIFICATE. 
O"F, 

INSURANCE 

TJo,i, h 1-:, rt.,!dy l~ot 1hi, COMr_. rn .J~,1,.J',nltvl ,,!,nvc h,,, ino('rl tn tha fHim~d in,uf,n,t •~q- pof:t y;\,' rmu1i.• rq1, ,I tirfow, '1.ol,1rrl 10 c1II th,,.' '1e.r!TI~ ot such J.-Oltq,t~l 
lh,s Cc'1,f,,;olo or ln~Urllf'l(Q '1(1rth,,r' 11ff1r,nu1i~ .. ~y hr "''!I''''""''/ hnlrnd~. ~·atr•ml$ '" ult. 1t••1r,,~ ''0'#1N'{J•tl' ,111,,,,1, I ~v \IJl'h r-,1,•yri tn ~liir. f'•IC!lt ,,, uny 1'1'H1hu,::., 

c.hong• 111 or tanullollcm of lhc ptJJ1cy(sJ, 1ho COMPANY will mak• every 11rlf?rl 10 notiiy ~•n ceriiliU,10 h.~h.lt!r, lwt vnJuloJhs no rcspuns,Ll/1ty ol fa,J.,.,o lQ <t,, .,o 

CERTIFICATE HOLDER AND ADDRESS NAMED INSURED '°'ND ADDRESS .,. 

• 

City of Philadclpl1ia 
Street Lighting Section 
Rcom BOO, l·lunicip,il Services 
l 'itJ1 and JFK 

lluilding •. T[LEOYNE. INC /\NI It 11 '.' 'l"dl ,1.-.1;·1 ,111 l'IH 1 

l'ldl I i\iJ', ! !l'.~J'A~..,JIJ :; 111: f1 1\'\',lf•nl :fi'.l l!rltlJ\, 

Philadelphia, PA 19107 

Attn: Mr. Wcn1c>r DehrC'Jld 
St_;_if{ 1:noinc,,r 

II C<'rtilicotu ho1,kr 1s o lo=.s. poycl'! with rC"s.fH•cl to \he dc-!.cdbcd ,;:,ulo, cl,("ck here, 

POLICY NUMHR 

we 2"0 )JO(')l,1QQO 

Mt\-]0 J2B O/t1Ol3 

Ml\;:'[! l.'(l()!IIJ\I 

MA 2() Jl!fl 07•1!llJ 

KIND Of INSIIRMICE AND COVERAGES 

WQf{KM[N"S COMPLNSAT ION 

fMl'LOYFln LIABIUT'( 

BODILY. INJUlff l.lA\Jll.l l Y 

--· EXCEPT AUTOMOUILE • 

PROPERl Y DAMAGE I.I AO I Lil Y 

~ EXCEPT AUTOMOUILE ' 

1 · 80Dll Y INllll!Y LIAIJILITY 

-· AUlOMQ[llLE 

PROPfRT'( DAMAGE LIABILITY 

-·- AU roMOllll [ 

·'•---

'l'elcuync Syslans CCT.1p.:111y 
l!JOI /\V[~JlH: or TIil !, I t,H~ 

LOS ANG[U:5, C/\LIFCJllNIA !JOOG7 

[] 

1. 

$. 

,,, 

'i• 
'[, 

·I, 

Lm111 

111 

1.11~115 

5tn111ior,., 

1,(10l),0{){) t',lt 11 d( I 1f1<•11\ 

l,lff)0,1100 ('.,, t1 1", 1!!1• 

I'll u/q, t, 

,,1,,1 1 ·• 11.•' 

t If], Ir,!, 111 

,, 1' 11 ,,, • 1rl1 ,ii 

I' t 11 ,,.., !jlli IL<• 

MEIJICl,l PAYMll-lfS ALHOMOBIL!c " 1,1·""'" 

f'IIYSICAL DAMI'.(,[ .. 1\Ul OMOBILE - ACl UAL CA$! I VALUE UNL[SS 01 fl[f<W!',E <;1 A T[I' 

COMPREHEN<;IVE $ 

LCI llrilClN cm \lPSf:.1 

Fil'[ /l~m fl lfrl 

• 1r COM>'R[IIL'J~IVF. LIABILITY. CIHCK HERE 
. . . ' -

lT',5 i 

$ 

W:x 
Dcscr,plion nf Ot1crn11nn<;, Loco11onc;, or A,1tnmol'-ilr~ Covcn~<j~ Of A"1di1ionol Covcro~.-.; or Spcclnl Comhtion 

Workt•rs' \.n,1,111Jn~,,1,u11 

rl"durT I I," 

.'\, r,i, 1:.'\!HHI_. \\'.11i111'. ✓ llll lf\ll211Hllf':J{, 11,: t1ll'1!;',llfHH.l\1LN'S /\f,Jll llAli'tHJI! WOtl~~I It'',,\! 1 \/ 1 111q:,, !i1 

1..o-1ri tJ".,\ 1 ION M,\HI [IM[· MAS! lll Oil Ml h<lit 1,,.; ill< ci,k\N INCLUDING 111/\N~['lll!I fl f H 11,J. W,\l;.j •;. •.lA!f,J 11 IJ,\'Ji:I 

·.~ -=------ . -,. 

lXPIRATIOt! 

Uulll C,tnr.inl\1111 

PIIODUCtR AND Al1DRESS 

• :Joi mson & I lig,..J irn; .... 
~201 Wilshire Blvd;· 

"f'"!GONA.U1" ,NSUlll\NCf" COMPANY 
AIIC.()NAu·r•MIOWEST INSUrll\NCC COMPANY:. 

, . I\OGONAUT-SOUTl·HVEST INoUll/lNC!: COMIIJl1 

Los .l\ngcks", "cal.ifornia.90010 
~ r,,,,._ 
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,,,_ /"RGQt~/\UT;l;IOHlHWEST INSURANCE cq,.ur•· 

c:~~ctzµ ,y~ 
Pl'IE.,,D~H'f __ / 
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Attachment 2 

* CITY OF PHILADELPHIA 
DfPARTMENT OF STREETS 
840 ,1/lun.r•;'>n! .:-,..~~•(f>'> B11dr!,r,,1 

Philadelphia. r1a 191 ,,-. 

DAVID J DAMIANO 
Comm·ss1oner 

T:r. 'lic:,:i.rc!. Stc:plee,on 

Tc 1 1:..:-rivn.t; S 15 1.er1~ Co 
J_'/J_ll. 1-;ordhoi'f S1:,reet 
, r-r'o::rLi·--e, California 913?.4 

(:c, (;tr -- ;, 

In resnonse 1,o ·our renues t. of SentumLer 20t' lCT: 
r,'.ce C:i t:, ,,f PhiL,delphia herewi t,1 rr,."ntc; Tclcdym) S ,, ,,-1s Cc,, 
~H~r1,1=L;3Sion ~c tern1 1or<rily in~_l,,c:11 lJorto.blc ::-1i!1~ :it: re .::'l,Ui(" 

tr;;,1sr i:. L•·::~s on street li,r;i1t '.lo lr,s at local.:' or..s re,nJc~,, · 

Trtese ir.:.st ·,llat:i.cns shall_ be in .-,cccrdance ,,-i th .. ,.-.lr 
7_etter o,~ above c!·,,e and shc:.11 be cov•_):·ed b-; :rnur 1tcc:~-::,_(T~cc,,,e 
of insns-·:Jnce 11 ·::.rnl lthold harrnless 11 ar:rr·eme11t. 

If we c'"n 
o_'.'."°":''ir:e. 

'' -; t ") ~ ', s 

' Ge of J'.,rthcr ~,ssi:,~: nee p1i:, :,_:_ 0 c:_ r, " -. ~ ,_, 

8-12 

_Sincerel:' _ ou•·"• 
-- r' ' /' 

/. r· 
(,, ::£' ,..., -~- b-...'.l:. ~ 

1.-erner Behrend P. E. 
Staff :S.0 3:i.neer 



Attachment 3 

31 May 1976 

Mrs. Fowler, Applications Examiner 
Federal Communica hons Con1n1i s sion 
Washington, D, C. 2.0554 

-"TELEDYNE 
SYSTEMS COMPANY 
19601 NORDHOFF STREET 

N()i1THHI0GE, CALIFORr..lA 91324 

(213) 886-2211 

In reply refer to: PS/119/PJI-7, 

Subject: Philadelphia, Pennsylvania and Los Angeles, California License 
for 72.. 960 MHz Sign Post Radiators for AVM (DOT Contract) 

Reference: Telephone conversations on low powered AVM Sign Post Radiators 
on 7 April 1976 

Dear Mrs. Fowler: 

We are pleased to have completed our contract negotiations with DOT (UMTA) 
for the first experimental research AVM systems lo be contracted for by the 
U. ::;, Government. Now we are in need of signpost (sometimes called augmen­
tors) license approvals for Philadelphia and Los Angeles. These 72.,960 MIIz 
ca lib ration points are street lo cation points per our Gover nrnent contract, 
The input power is less than (1/5) one fifth of a watt. Twenty units maxinmm 
will be employed within a n,ile of City Hall in Philadelphia for six months or 
so and 2.00 units n1aximum will be employed in Los Angeles within ten nriles 
of City Hall for an indefinite period, These coded position locators are of 
an "experimental re search" nature and identical exe ept for their unique 
identifier codes. 

F:nclosed please find FCC forms 400 completed and awaiting your further 
instructions. We are still not in receipt of the other forms 440 - 441 and 
440A, I requested ther11 from Washington, D, C. and Los Angeles but none 
have arrived (slow mail?) in the last three weeks so if the information on 
form 400 1s not adequate please send the correct forms by registered mail as 
soon as possible. Our scheduled Teledyne-Govcrnn,ent commitn1ents are firm 
and our work is now in process, Please ask Mr. Bromery if his letter to me 
has been mailed. 

Sincerely, 

PJI:tla 
Enclosure 8-13 



, __ 
' ~ .. l ~t. 

ll"Rll IIH Pl1ufrJfll f11IIIIIILI No ' 1i2 ll(IT.,l Attachment 3 -
Urn1N1 Stales ol A.m•FICI 

Feoje-111 Commun•catmn,;, tomm,MHOn I AUl >-il,•><1ii1ION==:J Call Sign tit• No 

11.1 F1f'IQuf'nc•Ps 11Lil No of It insm1111rs Hcl Em1s!'.,011 11,11 Input An1•1111a p11n11ng and l•ghl ,r,g sp1c1l,ic111on1o 

MH, e,u Land 
Pnwer 

f•••d Mobile Chher 
\,'\ JIii Spec,11 Cond111on1 

-~ 
----

72. 960 20 0 0 . 170 
watts This a,,1..,o•,1J11nn l"flf'c1n:{' 

- -- ' 
, __ 

and will up,r1 J 00 AU EST 

and " sub1111C1 10 lurth~r conc:l,11ons " S"! forlh co r ■ verse side If u,, s1a1,on 
iuthor111d hl!!r61rl 1s rio1 ol3cer1 1n 001ro111on w,1r,," e1ch1 months th,s au1no·11a11on 
b9c.omes. ,nvalod and must lJ4 return•d 10 1h1 Comm1ss1on 101 c1nc1llition unless 
iln 1xl ■ ns1on of comple11on dill has been authorized 

1,,, s,o.o,c, ",...,oc,,~..,,,,~,.,•e••co-•-, 
Feoerill Cammun1c1110ns Comm,u,on -~~ 

No mobile units. :01 ,;,.~,,.- ( ........ ,-<' ,- ~~ . .'l~, 
,_,n~ c I , .- =>•~ ,,.,_ ,-_,- .,, f/ 

"'I''"• ·•-~ .... Ch,ef Salew &. Sp111c,;,I Radio Se1'J1Ct5 BureilU ~ .,.,,v,ij!-", -, 
" .,- - . ... ·~. -.- . 

... ~~ _,,, 0 ,(' 1t • O "'" c,1-., •n,l-<•1 ~r v+ ,.,_ ~• onl 6(a! Name of A;u110 S•r,.,,c, 
lb I Clas.s of Slilt1on 

'''.-!-,Os Angeles 
Philade 1 ohia 

,,~M, Los f:-fntle s 
Philade n· ia T''""California 

Pennsvlvania 
BiseO MobileO 01her~ 

L•''lvM J ';I . 
'.l '' Ub. '.l{;b •;ic 0

~·'
0
'• I ':I' 09' 50.4,3 11 7{a) Name(sce ,n6trn('tions; 

34 03 1 09.6 19\J llR 14 I 2 2 g 7 l 11 ., ~\ J l<><~ O"O'<c.--,,.,,<'°"n''' 

City of Philadelphia and City of Los Angele 
(DOT) lb! Ma1lmg address (TIUlllbt'T, slreel, city, srar~ & zip cod<:) 

• II mou ,e un,•s or otMer class ot station ill ,~mporary locat,ons are mCl!.de-d •n 1li,s 

I aun10''.l',i1l•cn s'"lo....- 1•eil of ope,c11,on 

' ' 0, e·il,, re,ght abo11e ground o! 

11 I 1,i:, cf ;,r,ienr,ai 20 " I [2) .inl1nn1 suooortmq slructure' 20 h 

'i '~' ~ e;a-1,on c' grr::i..Jnd abo\le meiln 
',!'!a eve' ac ilr•er,n;i s11e 40 1 to 290• It 

8 1/',c~ld a, Co...,m,ss,on ,;121,1 of u,,s .ap~l,ca11on 1::e .i milJor ilct1on ilS 16 1al Appl1ca11on for c Checi,; one1 
dei.r,ed by Sec1,,:,- I , 300: :-• •he Comm,ss1on s rules/ -New l'l.lal•or, ~ As.s19,nmen1 ol O Re,nsliltem,nt or 0 

YesQ ,oo □ iluttior,2ilt1on e,p 11ec aun,or,za11on 
Mod1l,cat1an 

: II \I"'., subm11 ,he required statement (See Sec11on 1 1311 of ,,. tbl If Im mod1f1c,;1t1on state mod•licat,on proposed 
C0!T'm,ss,:,n s rules) 

If r:, g1,'!'eJr•11na••on 

9 St 111> wr,e: '1er aori1,c,;in1 1s 1Cr-ieck 0111! 

1,-,c,,,-::.,a'O P;i·•nersh1p 0 Ass::ic1auon D Corpora,1on@ Goviern'T'le~1al Ew,:I' 0 {~l If this apol1c1t1on refer~ to a tir!'!sen1- Id) Gove pornts of commumea1,on lcall 1,gns) 

YesO No□ 
ly authori:ied stal,on. g1\III'! call sign 

10 •~ -:,:;~ ,,...,__..,,-;::!l''?n se,,..,ce~o Oe 1ece,ved from ar rende111i::l 
10 ,i1•1-01rie1 oerson ts"e 1ns;1ucI1onsP If Yes nam• of 

persc-,, 1!. 
Yes □ Noi29 (el Are you presently au1r._ 1z!'!d for any other 

" ,a, 1, W,lt aool1cant own Yes(1i] NoO {al(2l If not lhe Jwn-e• ot :r,e ••~ o e:::iu,p sUtrons 1n the ser-.,1ce 1r,i::l-c3•;i,d 1n Item 61al7' 
!'le rac!,o ecu :;>m,n1i rnenl ,s appl•Cant a pi:! ·" ~:: a •e.'!:.~ ·y ');hr-• 

aqreernen1 unoe• whc"1 CQ'l''O "ir' 1 :ie ~._er 17 II an1ennil will b!! l"l"Ouniea on .iln ex1s11ng .i.-,1~.-,na structure l.-.1 G,,e n,1m• of • 
II i,nswe, IS No gl\l• n3rne ol CN11n•r 1,cense1 using this s1ruc1u1e his Cilll sign ano ,.ia,o serv1c1 1nd the cuir,111 painting 

c1~ed ,n tlie sam• manner 
as ,I the e,:::iu1pment w,.r11 

Ind t1gh11ng spec1f1cit1ons required by I Mt Comm1ss1on lcr this ilntenriil ::.tructur• 

owned b" the ao::::n1{:ant' Yes~ NoO 
,t,.-,, ,~c· :a11 h.-~, uul,~1,•r~ iCCU~ 1; 1ne equ,pmerol ~M will tlh:! ,t 

Yesx] '""□ 
!bl II vour orooosed antP-nna wi11 111creoise lhe he,;ihT of 

r,,•;: P! t! ,2• ~- 10 ,rry•nl 1,;t ;;11ir 'idle rQL 1pm,~1 b1 uiiu1ho111rd or1~01., \hi'! !!;t1s11ng structur<> q ~, ever all heigh! .11bove ,, A•t•.:n 1un:1,ord· wstl'!rr 0,1;:ir;:im show,no oe1,;i1ls of proposeo r.,o,o sys:e~ a ... ,::I r,C'.Hlt 
cround alt he 1.ic11~•-;:·:;:::.,cd an1,nna stru:1u·e 

S'JC:l"I orrier s.J;:,o/11men:an; OilU ~s requ,red by soec1·1c 1ul'!S 18\a) V.,il '" illll,ll"J " - "'. T 20 htl ,t;,G1~, ti" gM aboJ, graunti la, each 
ibo~@ ,n, Qroun(l 01 1"1~1, ,r,,l,n 2 □ f"l ~Ouye CO!TlP:lnln\ of '"" ;ir,tenra s1r1,1ctu1• 

u II ,, ,, p1:;i:iuJ " ~~ ~ . lriln~•ritll!I Wh>th do~! "' ,il~~UI "' '"' ~T,>•~~•on:; F.,.J ~ tou1p,- "' HU n~lur.11 !orTUIIM " P'llShhr mi' 1an1enn.i pole tower water tower. 
r,,!~· ,,, C' ,, '"' !•ir!"''':t• " listed bu\ "" O~SLQUltd Im uH 1n :~e ~•r.ic~l.11 r,1j10 $!1'JICf rnadt 5ITUt1UU 1011.,, 1n,1n ,1n ,1nienna 111Ut n-,a st building chimney Ole or com-
r1-i,: 1n 11,-, 61,11 cl 1"' 5 •~c',0\10~ aru11bP' !Uth fPifl~m1t•r• 1n deti1I {Su 1ns1 ur1-s,, IUltl on which II I! ll'Quntrd' 

YosO No[;;;) 
b,na11on of H1•s.•! 

" 
,., 

lhS.Nt! 1b I ICI •~ 20 h u I/J,11 tr,e !i1,:,1 1,es be loca1eo on land und■ r 1unsd•c11on of the 1nd (Pl 

U S Foresl Serv,ce 01 l~e Buruu of L•nd Man•gen1nt? 
,e~n ~,0 !ti D1sl,;ince and direL;\tu, 10 nt':arest runway of !di Name ol l•nd1ng •r•a 

111 -.I'~ attach s1atem8m) ~ ne,;irest •1rcrah l.indmlil area 

l5 S1ac1ment of el1g1b1lrty 

NA NA 

4•) Has no11ce o! the r,rooosed construc11onof !he 0 
•·□ antenna s11ucture ti,f,en l1 ~d wnh t'1t1 FAA 7 Ye-; 

IU~e jp~r:e on the ,e..,erse of r'115 P•ae,' 
It Ve,s; Stale , •• ,m,ri dr>rl !he n,;ime unde wh,ch ,t WilS Pil•d and1h, Ff..A ,., 
g1onal olT,ce wriere , •·· J'> l,,~o U~" SDilce a,, !r!'J •ev@•se al t~w, oarJ!! 

Ali 1re s'~lfll'l@n11 ma'.lr m 1he ilDDl1t.i111Dn and illlilth!d uh1b1t; ( '" rndus1n\ ii!! C(Hl>,C!r~O milll!li.ill feDlf'HnUll:r;< il!ld illl lhe ,_ti1•nt! ilt a ma,ruil part 

h~•eol ilrld ilit ,rico1po1111,d hPr!iri as 11 nt out m !tJII iri ttie illlt1l1ci1!1on HI! ilOPl,ca11 r~nil1ts th■ ! he h,n a curren1 copy ol !ht Comm1ss1on s Rults oovrr111nc The r•d•o ser,,cc n•mtd m 11tm 6(al 
il~uvf Tht i1pc11c,i1nt w~•vrs •ny tli11m lo 1hir: use ol •ny pi1rl1tulJ.1 !rrque,,c.., m o! l'l~ e•.itr H 1;ilmSI the 1egula101y·pOwP1 o! lht Ur111id Sutes benu~t ot I/le prnrnus ust ol the Him! whtlhe1 by -
l1r,n~r or 01hrr111,1sr ,and ttQut'SlS ilrJ au1hor1lillton If\ iltco1danu w11h 1h1s il\lOhc.-i11on Nr11he .ill)phc1nl nor any member lht1td ,s I torr1ar govtrnmut or .111ep·uen1a1r-1e l~treCI~ 

;-cl-! I Alf"(,_ 
! ClRTIF)' lhil! lht S1Jlmtn1S ,n 1h1s .ilppliCil!IOR II! llU! tompleir ~no c::;rrrct 10 \he bnt ol my lmowltdg11nd brh,f ■nd il[e m.1cle In good la,1th.J J,) /r r l (l{r j ,'-

REME~BER TO INCLUDE FREQUENCY COORDINHION, IF REQUIREO 
{' IY:, ,' . 

SIGNATURE DATE 

I 
DO NOT W!IITE IN THIS ILOCI( 

I 
lDes1gn•1• •pp,op11~,~ ,;l•u,f,,at,on ~,,,..,, '-

8-14 
□ INDIVIDUAL □~EM~£R ~f □OFFICER Of APPllC•NT□ □ IFICER WHO IS ALSO A MEMBER 

APPllCANT p:~~'tit~HIP CORPORATION - Of THE .,,urnn ASSOCIATIO~ l W1HfUL fti.lSt STAlf'.~!~11~ r.1t..:il oi.; !HIS fOR~· 7 
_ ... ~... ... ld?r Pl.t~:.;H!bi ~T Jlr,[ A'HJ ,r,i;,._1~·1~.~.il'H US 



Attachment 4 EXPERIMENT AL 
RADIO STATION CONSTRUCTION PERMIT 

~X_l' ;JlJM.t:J-1.J:!.i-.l. .... (B.!t!;\.Jj:.:!\RCH) AND ........ .K .... G .... :t ... X .... L .... l\ ..... Cn~.) 
(Na1ur• ol 1orvlc•) LICENSE IC.II aip) 

CONTRACT ... DEVELOPMENTAL XC FX ...... Z2.4.4.::-E.B.:::.l'.1.::-. .7..6. .......... .. 
(Class of s1atlon) (Fil• .,.r■1,erl 

NA ~IE ........... J' ,E;.J;,.J;;.P.Y.~.l'; ..... HrnJrn.:r.~::i;.~.s. .•..... lN.G .. , ..... ..rJJb . ./.,;\ .... I.E.L.lHI.XJi.E .... S.J:.S..T.J:;HS. ... ~.QM.l'./i..?:Cl ........... . 

J:'.hJ.l..a.9 g.l..P.hJ. ~ ... (r hJ.J.~.!l.!?.lP.bJ. ~ l. ... f..!\U!.ll.~.Y. J..v..,u:\.1.,;\ ... ::: .. ..l,.3 .. t .. , ..... J.9. ..... 5 .. 7 ..... Q.8 .. , .. 5 . .9..6.N ....................... . 
(l.01:ation of 1mlon) Long. 7 5 09 50 • 4 7 3 W. 

(Locati•n of authori~ed remo1e, control point) 

Subject to the provisions of the Communications Act of 1934, subsequent acts, and treaties, ard all regulahoos hefel(!f1J1e or .... 
hereafter made by this Commission, and further subject to the conditions and requirements set forth in this license, the llcensee here­
of is hereby authorized to use Jnd operate the radio transmitting facilities hereinafter described for radio·communication. 

Fre-qvency 

72.960 MHz 

Emi ■slon 
D•sl9natar 

. lAl 

· Authorized 
Pow•r (Wot10) 

0.170 

Sp•clol 
Provisions 

Equipment: (20) health Co., Model GDA-1057-1 

Frequency Tolerance: .002%; Hours of Operation: Unlimited 

Operation: In accordance with Section S.202(c) of the Commission's Rules. 

Special Conditions: 

(1) This authorization is issued for the express purpose of conducting 
experimental operations described in the related application and required 
by U.S. Department of Transportation Contract No. Gov't RFP No. TSC/432-
0017-RN. The use of this radio station in any other manner or for any 
other purpose will constitute a violation of the privileges herein 
authorized. 

(2) Except as subsequently authorized by the Commission, this radio 
station shall not be operated after the expiration date of the contract 
designated in the related application and enumerated above . 

• 

The above frequencies sre &'3signcd on a temporary basis only and are BUbject lo change 111 soy time 
without hearing. 

Th1.s authorization is granted subJeCTt Lo Lhe condition tho.t no harmful interference is en.used to any 
other station or service and may be C8ll.Cellc<l at any time without heMing if, in the judgment of the Commission, 
such action should Le necessary. 

This license is issued on the licensee's representation that the atll.tements contained in licensee's 
application are trne and ~hat the un_derta.kings therein contained, so f~ ""· they a.re consistent her-:w1th, will 
be earned out in good faith .. The l1eensee sh!'-11, dunng the term of this ho.e'!se, render .such service as will 
serve public interest, conven,ence, or necessity to the full extent of the privileges herein conferred. 

This license shall not vest In the licensee aoy right to op.rate the station nor any right in the use of 
the frequencies designated in the license beyond the term hereof, nor in any other manner than authorized 
herein. Neither th.e license nor the right granted hereunder ehall be assigned or otherwise transferred in vio­
lation or the Communications Act of 1934. This license is subject to the rii;!hl or use or control by the Govern­
ment of the United States conferred by Section 606 or the Communioations Act or 1934. 

'fh t' -. t rr 1· FebruarY. 14 1 0 77 and 1 . ..:i uu 11or1za llln e ec 1ve ••••••••••••••.. ,. •·······'···""········ -1;:(I)ERAL 
will :·xpire 3:00 A.M. EST ..... Q~t.Q.Q.~.r .. J, .... J.9.7.!l .. ::.,.or on tl!c!MMUNICATIONS 
expiration of the contract designated above'COMMISSION 
whichever is earlier. 

F C,C., WAIHINGTON, 0, C, 
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RECEIVED 

.E8 t.3 1~)77 

CONTRACTS W.T •. ~.''-

/./· , . I_ 



FEOU!AL C~NICATIONS (ov.M!SSLON WASHINGTON, DC 20554 * U.S. GOVERNMENT PRINTING OFFICE, 1976-203-420 

United States of America 
Federal Commumcal1ons Commtss1on 

1 (a) Frequencies 1 lb) No of transmitters 

MH, Base-land­
hxed Other 

Form Approv.d 
Budget Buruu No. 52-R0132 

!APPLICANT'S FILE COPY! 

1 jc) Emission 1fd) Input 
Power 
W■tts 

00 NOT WRITE IN THIS BLOCK 

C ■ II Sign 

This authonzahon effective 

■nd WIii expire 3 00 AM EST 

and JS subject to further cond1t1ons as set forth an reverse side If the station 
authorized herein 15 not placed 1n operation within 61Qhl montM this ■Lthoruation 
becomes invalid and must be returned lo the Comm1ss1on for comcellalion unless 
an extension of completion d■ te tias been authorized. 

t--------~----~-----~---~-----~------'I 

~•p,H l_,~Y-~CI•---------------­ -•~ 

j Lu<oi,onolc. ,,.,..,,n<,sl 
,' ! 

~-· 

4 If mobile units, or other class of station at temporary locations, aru included 1n this 
authorilat1on, show area of oper.at,on 

!-i(a1 o,..f'ral! 1,e1ght abo\.e ground of 

L!.l...!!P cf a~n_·~en_n_a ______ f~'-· ~' ~12~/~a~n~t~en_n~'--'-'-' _o_ct~,n~•~'-'"~c~•~u•_e _____ ~tt1 
lb) Elevation ot groi1nd above mean 

2c;i level al antenna s11e tt 

Feder-al Commun1cat1oos Commission 

Chief. Safety& Special Radio Services Bureau 

6(a) Name of Rad10Serv1ce 
{b) Cl.i% of station ---------------------------1 

BaseO Mob,le □ Othec □ 

7{a) Name (sf"e 17Litructicm.:/ 

(b) Vla1hng address (numbtr, str~et, citv, slat~ &- Z1p cod~) 

------------------------------------------FOLD HERE-------------------------------------------

If \.f'< sul;rn,\ !h<• rc:q•• red -.t~lement (S"<l Section 1 1311 of the 
Cornm1ss101."s n.,1~s) 

9 Stale v.hetbcr appl1c:.'lnt 1s (Check one I 

lnu ,,rl 1Jal □ F'or\ri"r~h 1 p □ Assoc1at1'.ln D l.8rporat1on ,i Go,,,ernmental Entity n 
10 Is co1,"tnun1cat1on ~erJ1ce 10 L,l 10,-e,ved from nr rendered 

tc:i anolher perc;on (see 1n!olruL11ons)) Ir "Yes'. ndI11e ol 
YesD No , 

r ,~rson 1s 

11-~1W,11 Jµµlu ?.11 own "H . n--~{2~ If not \hC' owner Of the radio 
the rad111 f'[]t,1p1~ent) Yes~ No-·] l~~11t, 1s applicant a party lo a lea r 

1aqreeme1t under wtnch control II 
c1sed In t!wsarne rminner 

H '"'"""'er ,s No' give name o! ::,wr11•r 

ci:, 1f the equipment wer 
owned by the appl1c_, ~,,., .. 

12 

\'esO No□ 

If antenna will I.Jc mounted on iin ex1~\inq antenna strLcture [;ciJ Gr,r~ n.ime of a 
licensee u~mg lh1s struqure, his tall SI'<Jn iillnd radio sel"\,ICe and the cLrrew painting 
and l1ghling spec1f1cat1oos requ1rE'd by the Comm1ss1011 for lh1s an\erna structure 

(b) If y:iur proposed anlcnna will incre8se the he11Jl11 of 
the ex1st1ng structure g ve overall height above 

rcund of the t1µ of the proposed anler,r,ct ..,\ructure 

1 B(a) W II •tit 3"tenn,1 1111nd mor1 1hon 20 1HI (b) Gtve height above grounU for Pach 
_..:,,,..::;__ ________ --! .1bove 1r, grnund OT mor1 than 20 l!!t 1bav1 comoont>nt of the antenna structun.: 

lh! 1re1 naluriil lcrma\1on or !mt1ng mon {antenna, pole lower waler to..ver, 13 !' It I' Ptu,os!j la U!e I 1rr.m111,r ·1rh1Lh 

", 1' lh• 1 i~! 11 II l~• I! I 1 ,t ,rl but not de11gn 2 I 

111 lh1s 3:•,I 1til'IO" deic•1:, ',1r' ! 1 ,1~1nilter ,n del 

14 \Nill th~ fac1l1!re:, bt- located on land undt>r 1unsd1ct1on of the 
US FurP.,t SP 0 vIce or 1he Bureau of L.ind Management1 

(II ves atiach stJtl'11entI 

1 5 Statement cf el,91bil1ty 

(Use.space on the reverse of th,s p~ge) 

Yes O Nu]El 

made strucIur1 ( □ lh1r !hln an iinte- i >1ruL· masl, building chimney, etc, 01 com-

:r~:;n wl)i~c:,t1~1 ~tl~%il? Yl":'; □ No□ bir1a;1on of these) 

i~I~ ft 

(c} D,stance and d1r~t1on to nearest runway uf (d) Narnl!'l of landing erea 
nearest aircraft landing area 

(el Has notice of the propose<l con51ruct1on of the D 
an:enna structure been f1lerl \r\111h the FM"/ Yes 
If "Yes··, st,te when and the name urder which 1t was filed and the FAA 
regional office where 1t was f1IL•d Use space on the rever:;e of \lits page 

No □ 

:... 1 1 e ~111• !; 1 :j2 ~ "i; rri, ,ca110,1 •• vJ citlacl,p,) p,h1t1ts ( 10 1rclus111e1 are cons ,11•1t>d •11CJter10 represen1at1on·,, 1,nr' all the e:,,h,b,ts or~ a moter1JI 
f•(.rl rp,, .' u11C:: c,, .. 1rcor;-1ru Jd re•e1• , ,· ,,:t OLI 1r, 'JII 1n !he appl1rnt on llw oppl1canl :er1.t1e~ tl- □ t lw hos a urrent copy o' Iii• Cumm1;~1an s Rules ~01ernir1L..J lliP rod o :erv1c~ nomed 11, 
II<-, ', :i ~••uvP ~,,. or ~lirart "rn ... es <:i ,yr a..., •o 11-ie> - ot an1 p,Jri1cul:Jr trPquencv or of thP elhPr J\ □ga1ns1 the re;;ula1ary ,-., ,,,.r of the lJr1ted Slole: lwrOL1oe ol the pre~1ou1 use of 111e 

.,~"1her 1, I ceri~r or c,tr1e,,•1 , .. or I req,e·1; on c ,1 1',.::J11on 1n ccrnr JJr,:Y with 1h,1 oppl1cot1on Nrilheroppl+cont no'ary rnc'rnl,n 1r,ereo! ,so foreign gove"rirlu•rif □ r a revcse,1c1•~e 1hueof 

',-un1•{1"•,t lh2 :IQl>-rr,er1, n 11-i 5 □~• 1 1 cul10~ a 0 e ·rue, cornpl~IP, arid corroe:t to 1hc' r,~! oi my ~ric"'IE:dge and L1c>l1rf and :lre rrode 1"1 g:od fo1lh 

SICNATLiRF 
_________________ OAT!: ____________ _ 

(D~s.,gnat~ ,ppropn,tl! cf~ssd1c,r1on b~low) 

8-16 □ INCIVIDUAL □~i~?f:N~f DOFF CfR Of APPLICANT□ OFFICER WHO IS ALSO A MEMBER 
APF'LICANT f'ARTNERSHIP CORPORATION OF THE APPLICANT ASSOCIATION 

WILLHJL FALSE STATEMENTS MADE ON THIS FORM 
ARE PUNISHABLE B'I' FINE ANO IMPRISONMENT US 

□ g~)f~tLM?~TAl rNTlfY CO□: TITLE 18 SECTION 1001 

J 
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.l"l.t..l.d.L.-l.llllt:;::J.U., V 

CITY OF 

SANTA 
CALIFORNIA 

OFFICE OF THE DIRECTOR OF PUBLIC WORKS 
1685 MAIN STREET. 393•9975 
SANTA MONICA, CALIF. 90401 

'T'e:;.eci;,·,;_e Systems Corpo1·ati,,n 
l•~3oc, Nordh()-F"f Street 
r:orthri~lGe, CallfOl''nla 

Att.ent::.cn: 1-'.r. Phineas Icer,bir:e 

MONICA 

.March 18, 1977 

'.:'llis Hill ,;orfir0, ::i,;_r co;,versation today reganlinG your desire 
t:: r:oorcd.,,at8 t:ie pl2,,ce''1er,t of se,,er::1.l devices to be located 
Oi"l approxL1at·~ly six street light poles in Santa Monica by 
.s·~RTD, :'or tna :•1onltorint of the locat_;_ons of the SCRTD blisses. 

A:.. ·,1c r,!ertlo,1ed to :roil, the Cit:, of 2anta l·'.on~ca will cooperate 
c,1 +;]1-i_s 1;rr· :eet sL1ce it .vil.l inirrove public transportation. 
lt is c•_,r w ,Je1 standi_nc that tr1e City or 3anta 1--lonica will be 
_,el.J harrr,·:!P,s ,rein an:,· l.ic1.bilitJ which rraJ oc2ur frmu the 
:'..:1sta11.3t:'..0~1 ,)r 01-en1.t'.on of tnesc devi2es. 

l;:; .\e, -~,,r , .. :, .,er.:;toncij_ng that tt1ese r1evices are ap1--1'oxlrrate.Ly 
,:~ 1' ): Jc' 11 ::-: ,_;" ~.n c:izc and thus relative2..:r unobtrusive. 

·,l" "c,:1decstan,J tltcit a 1tU]t.i.nf will i:,e held to discuss 8.r:td 
oesc:ri_be -ch· s i=ro,jec:t L: detail ·.-;i.thin the next few ~,1onths, 
';),, ,.;;11 look tonrnnJ to being ir,,,lted to that meeting. 
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Very truly yon:rs, 

Stanley E. 3choll 
Director of 
General Services 



March 25, 1977 

Mr. Karl Ja12:enburg 
Senior Traffic Engineer 
Dept. of Traffic 
1200 City Hall 

Attachment 7 

Los Angeles, California 90012 

Dear Sir: 

'°lr"TELEDYNE 
SYSTEMS COMPANY 

l\iORTHR1lJGF r ,:,., irc_1 .~IA 'l' ~ ~ 

It was a pleasure talking to you today about our favorite subject Automatic 
Vehicle Location 11AVM 11 for the SCRTD/DOT in Los Angeles. This system 
employs the Coast Guard LORAN-C signals and provides the BASE STATION 
with vehicle map position within 300 feet 95% of the time. Polling of each 
vehicle is once every 32. 4 seconds. The l / 10 watt vhf augmentors that we 
were discussing are less than 6 11 x 6 11 x 6 11 in size with a primary power 
requirement of less than one watt per augrnentor. Only a few of these units 
are required as accurate time and position check points. The exact number 
for the entire LA basin is a function of the forthcoming SC R TD/Dept. of 
Transportation specifications, the Teledyne system would use fewer augmentors 
than other systems because of the fact that the Teledyne LORAN-C system 
design is the only LORAN-C system for vehicle location. 

We were very successful in Philadelphia where we gave the city a 
Hold-Harmless agreement and an insurance policy for $1,000,000. Tests 
have been conducted in Philadelphia for IX)T by Teledyne for the past 
four years. 

A letter of response from you stating that Teledyne Systems Co. did request 
your cooperation in seeking a use permit for installation the SCR TD Augrnentors 
in Los Angeles on a non-interference basis would be appreciated. 

Sincerely, 

~~\1J)~~ 
P. J. le enb;:,:, Jr. 

PJI:nt 
Enclosure: A VM Brochure 

cc: Dean Terry, Sr. Design Engr. 
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.tucacnment o 

30 March 1977 

Mr. Henry J, O 1Rourke, Utility Eng, 
Los Angeles Road Department 
1540 Alcazar Street 

Los Angeles, California 90033 

Dear Sir: 

--TELEDYNE 
SYSTEMS COMPANY 
1%01 NORDHIJF-f- ~ lfl:"ll 

r J1JRTHRl[i(il::_ l.P.\ 1r::Or1NIA. n1 ';2.1 

t2 t 3) 88G-2£:: 1 

It was a pleasure talking to your office today about our favorite subject 
Automatic Vehicle Location "AVM" for the SCR TD/DOT in Los Angeles. 
This systen1 employs the Coast Guard LORAN-C signals and provides the 
BASE STATION with vehicle map position within 300 feet 95% of the time. 
Polling of each vehicle is once every 32, 4 seconds. The 1 / 10 watt vhf 
augmentors that we were discussing are less than 6 11 x 6 11 x 6 11 in size 
with a pri1nary power requirement of less than one watt per augrnentor, 
Only a few of these units are required as accurate tin1e and position 
check points. The exact nun1bcr for the entire LA basin is a function 
of the forthcoming SCRTD/Departme11t of Transportation specifications, 
the Teledyne systen1 wonld use fewer augmentors than other systems 
because of the fact that the Tclc<;,,w LORAN-C system design is "the only 
LORAN-C system for vehicle location. 

We were very successful in Philadelphia where we gave the city a 
Holcl-I!arn:1less agreenwnt and an insurance policy for $1,000,000. 
Tests have been conducted in Philadelphia for DOT by Teledyne for 
the past four years, 

A letter of response from you stating that Teledyne Systems Con1pany did 
request your cooperation in seeking a use permit for installation of Lhe 
SCR TD Augmenton, in the Los Angeles area on a non-interference basis 
would be appreciated, 

Sincerely, -, tl n 
//4/ ,!.~ (.,1~--- -c;v. 4~ . .,,,ft,,~,~1 .. -::!;--

,.k:/// l,(.-.,,,.. ' I {,ff. 
P. J. Icenbice, Jli·. 

PJI:tla 
Enclosure: AVM Brochure 

cc: Mr, Jim Keller, Head Inspector L.A. Co. Road Department 
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Attachment 9 

30 March 1977 

Mr. Lloyd Brown 
Caltrans Encroach1nents /Permits 
California Departrnent of Transportation 
District - 7 
P. 0. Bo'( 2304 
Terrrnnal Annex, Roon1 12.4 
Los Angeles, California 90051 

Dear Sir: 

--TELEDYNE 
SYSTEMS COMPANY 
19601 "JORDH=FF S "--lEE~ 

',J()•.:n1-RllJGE GALIFORNl1~ 91 324 

It was a pleasure talking to you today about our favorite sub3ect Automatic 
Vehicle Location "AVM" for the SCRTD/DOT in Los Angeles, This system 
employs the Coast Guard LORAN-C signals and provides the BJ\SE STATION 
with vehicle map position within 300 feet 95% of the ti1nc. Polling of each 
vehicle is once every 32., 4 seconds, The 1 /10 watt vhf augrnentors that we 
were discussing are less than 6 11 x 6 11 x 6 11 in size with a primary power 
rec1uirernent of less than one watt per augn1cntor. Only a few of these units 
are required as accurate ti1ne ar.d position check pointR. The exact nunrber 
for the entire LA basin is a function of the forth coming SCRTD/Department 
of Transportation specifications, the Teledyne system would use fewer 
augmentors than other systen1s because of the fact that the Teledyne LORAN-C 
systen1 design is the only LORAN-C systc1n for vehicle location. 

We werc very glad to le:ctr;1 that you are cooperating with other similar AVM 
installations on the freeways, 

A letter of response fro1n you stating that Teledyne Systems Company did 
request your cooperation in seeking a use pernrit for installation of the 
SCRTD Augrnentors in the Los Angeles area on a non-interference basis 
would be appreciated, We understand that the exact locations are required 
in a letter before you can issue a perrnit. 

Sincerely, _// 

/// ..(} (/~ / ~ ~ 
/' d . . ,...,- '-..:... ·'/ >-.!/ , -e,t,<-- Q ,;,__::1/ .,...,,.,.,,_~ .. -- - /, 
P. J. lcenbice,l<)r. 

PJI:tla 
Enclosure: AVM Brochure 
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Attachment 10 

ATTACH THIS SECTION TO EACH AVM LICENSE APPLICATION 

SUPPLEMENTAL INFORMATION FOR AVM SYSTEM AS REQUIRED BY FCC 
REGULATIONS 93. 120 Subsection (d) 

AVM SYSTEM TECHNICAL INFORMATION (Teledyne Systems) 

FCC Item (1) 

A detailed description of the rn.anner in which lhe system will operate, including 
a map or diagram, 

Figure 1-6 is the AVM Pictorial Diagram of the system and the associated signal 

flow block diagram is Figure 1-9. 

The block diagram (Figure 1-9) LA VM sys Lem block diagram is divided into four 

main sections from left to right: The Augmenter - this is a small ti'' x 6 11 x 6" 

(or less) box which houses the checkpoint generator or low power (1/10 watt) VHF 

sign post marker beacon which is mounted on or near the traffic lane and employs 

a coded adjustable output signal adequate for identification up to 300 feet. In strong 

LORAN-C signal areas (like LA) very few augmenters are required for position 

and time point because the Teledyne System is a RANDOM ROUTE positioning 

sys t<e m. 

The Satellite Receiving Site is a remote site of antennas and receivers dedicated 

to receiving the UHF vehicular signals in the face of multipath propagation ano­

malies and relaying lhem to the Base Station for processing, recording and rhs­

playing the data. The Base Station is also the dispatching center or command 

and control central with the VHF/UHF voice and digital data transmitters and the 

computing center for data reduction, display and control for the entire "AVM 

System." 

The Vehicular Installation is composed of an existing Late model UHF transceiver 

interfaced to a digital data applique unit so that the LORAN -C location signals, 

Augmenter signals, data sensor signals and UHF polling signals are coupled into 

and out of the AVM mobile environment and back to the Base Station. The existing 

UHF transceiver can be used in the normal voice mode, digital data mode or 
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Atlachment 10 

in the COVERT alarm mode. The COVERT emergency alarm switch is capable 

of being actuated without an intruders detection so that the vehicle identification 

and location are automatically transmitted for assistance. 
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Attachment 10 

FCC Item (2) 

For wide band frequency operation the necessary or occupied bandwidth of emission 
whichever is greater. 

The Teledyne AVM System does not require a modulation index or bandwidth in 

excess of the existing licensed SCRTD voice system bandwidth for Mobile-to-Base 

and Base-to-Mobile Digital Data transmissions. The 1/ 10 watt Augmentor does 

however require a wider bandwidth. Side bands are 100 KHz removed (upper and 

lower) from the 72. 960 MHz at a level. measured on the H.P. Spectrum Analyzer 

at 50 db below the carrier of 1/ 10 watt, The pulse rise and fall time is approxi­

mately forty microseconds and the D,1lse l.ength of the shortest pulse is eighty 

microseconds. 

FCC Item (3) 

The data transmission characteristics are as follows: 
(i) Vehicle location update rates: 

Table 1-7, Message Structure and Rates 

Reporting (for each vehicle) 1 time per 32. 4 sec 

Emergency report 1 time per 8. 1 sec 

No, of vehicles 225 

Base station polling message 64 bits/mes sage 

Base station emergency polling 

Data rate of vehicular transmissions 

Data rate of base station transmissions 

Vehicular message length in bits 

Time guar.-J tole ranee between 
vehicular reports 

Message rate (base) 

Mes sage rate (vehicle) 

Frequency stability (vehicular) 

8-25 

64 bits/message 

1200 bit/sec or • 833 msec/bit 

600 bits/sec or 1. 666 msec/bit 

(108) msg + (16) sync= 124 

16. 666 mseconds 

600 bits/sec 

1200 bits/sec 

1 part in 10
6 



Attachment IO 

FCC Item 

(ii) Specific Transmitter modulation tee hniques used: 

SCRTD (KMA 454) "BASE STATION'' is li!2ensed to transmit voice in the UHF BAND. 

The plan is to audio modulate with digital data by adding a digital data V. F. band­

width applique unit so that (KMA 454) can transmit 600 bits/sec of PM/FSK audio 

bandwidth digital data or voice. The ''vehicular stations'' or "MOBILES" are 

interfaced with the same type of ''APPLIQUE UNIT" as the Base Station except 

that 1200 bits/sec of digital data is the MOBILE data rate. Both ends of the UHF 

link retain their same modulation techniques and can transmit from the microphone 

or from the digital data applique units. In the case of the low powered augmentors 

the modulation is ON-OFF amplitude keying as employed in KG2XLB issued for 

Philadelphia which is 72. 960 MHz(. 1 Al) emission designator and 0, 170 watts 

authorized power. (Experiment License Attached). 

FCC Item 

(iii) For codes and timing scheme: A table of bit sequences and their alpha­
numeric or indicator equivalents, and a statement of bit rise time, bit transrnission 
rates, bit duration, and interval between bits: 

(iv) A statement of arnplitude-versus-time of the interrogation and reply formats, 
and an example of a typical message transmission and any synchronizing pulses 
utilized: 

Each vehicle poll contains 2 synchronization codes of 8 bits each and 4 data blocks 

of 12 bits each. This makes each poll 64 bits long and requires 120 milliseconds 

to transmit at a 600 bits per second rate including the 13. 333 millisecond guard 

time. Specific information content of each data block is listed in Table 2-5. 

This data is self explanatory. Note that each data block contains its own 5 bit 

hamming code which allows for detection and correction of single bit errors and 

detection of multiple bit errors on a block-by-block basis. 
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Attachment 10 

'Polling Message Discretes - Certain bits in each polling message are designated 

as discretes. These bits are used to transmit specific pieces of information 

according to Table 2-6. 

Vehicle to Base Information - Figure 2-9 shows the entire vehicle fleet data 

transmission sequence. The 32. 4 second report cycle time is divided into 270 

vehicle report slots corresponding to the 270 possible polls (18 x 15 = 270). Each 

vehicle when polled transmits 124 data bits in 120 milliseconds which includes 

16, 67 milfrseconds of guard time for each vehicle transmission. This is done 

at a 1200 bits per second rate. 

----------32 -4 SECONDS-------------

SIT TIME I 
l_l:,67M<:, f-

BLOO NO, SYt (.- I SYNC - 2 

BITS 7 , 5 7" 7,5 '" GUMD 
C0rHEl''l 'WtK CODE S'(NC ,om YEHICU ID ',/EHICLE ID iJISCPE-ES Dl~OETES TIME 

TIMF lrn,1 13 11 13 J~J 20 00 20.00 20.00 20 00 13,333 

rlDllll 

Figure 2-8. Fleet Polling Sequence 
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Table 2-5. Polling Message Block Content 

Bil t<UMeE~ 
DM!'> ~LOCK 

I 2 J ' 5 6 7 0 9 0 II ll 

I !X X X IX ~YNCHPONllATION - 1 WfK CODE 

2 X X X X SYNCHROr~IZ:,0.TION - 2 5YNC COCE 

z 
Q 

3 
Z!:: VEHICLE ID - N . . a iOl 11 

ILOCK 3 

lSI 
uo HAMMING 

CO0F 

a 
j 

a; 

4 

~ § 
.z LOCl< ~ 

VEHICLE 10 . !:i 8 N ,o;"j HAMMltJG 

M5' 
N ~ ~~~ CODE 

z 
" ~ 

:,; z e: 0 

~ 0 ~ c;§ " ~~ 1100 5 
5 ~(5 " ~ ~l ~ ~ I-IAMMlfJG 
DISCRETE ;3 §~~ ;:::t; 

"z t It ~ CODE 

~"jz ~~ wu 

8~~ 
~u 

~~ w< 

" 
z c " gs ~~ 
0 

' ils 6::1 .co Z e 
ILOCK 6 

~~ i~ H"MMING 
DISCftEIT we ~--~ ~!c~ ~5 e>~; rCDt I<~ 

~~~ ~~~ -" ~<o 

I 
:;=::;;o ~a 

~~ ~~~ 

Tl01213 
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Attachment 10 

Specific content of each transmission is listed in Tables 2-6 and 2-7. 

Since detection of an augmentor automatically overrides the LORAN. 

Note 

1. 

2. 

3. 

Table 2-6. Polling Message Discretes 

Di sere te 

Data Block Bit 

5 1 

5 2 

5 3 

5 4 

6 1 

2. 

6 3 

6 4 

b 5 

6 6 

6 7 

Meaning 

BIT = 0 means "last message from vehicle was 
received and verified. OK to rlump from vehicle 
memory. 11 

BIT - )_means "dispatcher acknowledges prior 
vehicle request for voice communications." 

BIT = 1 means "synchronize vehicle chronometer 
to exact half hour." 

BIT - 1 n1eans "dispatcher acknowledges vehicle 
is in emergency status." No display function. 

BIT = 0 means "vehicle is within schedule tolerance." 

BIT = 0 means "vehicle is ahead of schedule. 11 

BIT = 0 n1,.ans "vehicle 1s behind schedule, " 

BIT = 1 means "vehicle should start scheduled run. 11 

BIT = I means "vehicle status has just changed. 11 

BIT = I commands vehicle to "store ID of two 
successive augmcntors" for calibration purposes 

BIT = 1 asks "any vehicle in emergency status to 
report irnmediatcly." 

Note 1. Bit is sent once per hour exactly on half hour. All vehicl,)s receive 
and synchronize r<'gardless of poll address. 

Note Z. 

Note 3, 

Bit 1s periodically sent to each vehicle. Remains on until vehicle has sent 
message containing two augmentors ID's which satisfy calibration require­
n,ents. 

Bit 1s sent once per 15 vehicle polling block. This is special poll designated 
"A'' in Figur<' 2.-9. All vehicles receive - all viehicles with unacknowledged 
alarm condition reply. 
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Table 2-8. Vehicle Information Content (LORAN Data) 

DATA BL0O, l 2 3 ' 5 6 7 8 ' 1D 11 12 

I 
S~NC c1

ODE IX 'X x rx SYNCHRONIZATION - 1 I I 
2 - ~YNc dooE ·[)< X X X SYt-JCHRONIZATIOl'l - 2 
~ 

iS iS :; 8 iS iS iS 
z z ' 7 z z z 

3 0 0 0 0 0 0 0 
TIME DIFFEREr ICE />, 

u C: ~ u :,c :;: :;: BLOO<'. 3 
LSBS ~a ~:s ~:s 0 6 0 6 HAMMlt-.G CODE 

ll z N7 N~ ~7 z ~ oa 

~" ~! :g~ N< t<J-< :~ ~,,; 
~z ;;;z oZ ,.; " 

0 0 iS ~ iS iS 0 <( z z z z z z C,a 0 0 0 0 0 0 

' :;: :;: 2 u 2 2 ose BLOCK 4 TI/JIE DlFFERE KE e 
§ 2 0 ~ 

0 o§ ~~o HAMM!< iG CODE MSB'S () 

u,5 Ou o::J aZ 
0 \! C'.~ oU o~-

~~ ~~ :ii" ~j __,Q:;; 

'"" '.2 "-

iS iS iS iS ~ iS ~ 
n 0 

z z z z z z 6 5 0 0 0 0 0 0 
2 C: ~ u ~ C: u HOC!< 5 TIME DIFrERENCE B g LSB> ~~ \<lo ~:s 0 0 0 HIIMMll'IG CODF 

NQ 
8Z _z N•Z ~z z ~~ oa 

~' :;f 
. < ~-< N" ~ <( ~~ 

~z -Z ;; z ~z ..: " ,.;:,_ 

iS iS 0 :; 0 iS 
D z z z z z 2 

0 0 0 0 0 0 :. 
6 u C: C: V c;! ;;' 

.. BLOCY 6 
TIME DlFFERE~.JCE B 8 6 ? >_ HATNG !ODE MSBS 0 0 0 00 ~i·, 

0~ 
0 ts a fj oa o:::) oti o«-. s! ... Ci c:i 

~:s 25 o- $:;;_ o-
~~ N~ 00" -

I 
HO~K 7 I 

onOMETEP SINO 
N - 00 " ~ ::I LAST REP OPT HAMMING CODF 

l58l I I 
c') 

eLOJK B 
I 0 z 

8 ~~~ 5 
ODOMETU Sl"JCE 00 ~ z '., "3 z 

~ ->- HAMN,\~ IG C0CE LAST FF PORT MSBS ~ ~~~ a- 2 ~ 

DISCRETES >~~ ~~ ~04: I I a-v 

!!LOCK 9 ' ' ~ t-SEE:ABU 11-e.1>.~DFIG 
1
11-2.11---ti WEC1Al WOP0-1 HAMMING .CODE 

1- SEE ~ABLE 1
1
1-8 A~D FIG.

1
11-2.11

1
----ti BLOCK \0 ' 10 ~ SPECIAL WORD-2 HAMMING CODE 

z 

BL01 ll I 
0 
,= ' " u 

11 
SEE TABU 11~8 ~ ,,; a z 

DISCRETE A.ND 
~ ~~ -£ ~ H•MrNG 

1

CODE BLOC!< AND(IG. r·ll IDENTIFICATIOt-J " " ;j " :, 0~ u~ 

Tl0\217 
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BLOCK 
NO. 
BITS 

Attachment 10 

32.4 SECO, ms 1--------------270 VEHICLE REPORT SLOTS.-----------~--< 

/f --+I __,lc.........l _._I .... I_.__I _._I .J...I _.l-'l'---'---'-----l.___j__.LI .J...I _,_, -1I__.Jvr I I I I If 1/~~~~~-L-L-"----'-~~.L.J...-
---1 l---12□ MILLESECONDS 

I I I II I IIIII IIIIII I I IIIIIIIII I II IIIIIIIIII IIIIII Ill Ill I I 111111111111111111111111111111111111111111111111111111111 I 

1~1~1 1 I I I : I : I : I : I : I : I : I I i::; c;; I II I I I I I I I 
I I I I I I I I 
I 2 3 ~ 5 6 7 8 9 

8 8 7+5 '"' 7'5 7•5 7,S 7+5 7 , 5 7H 7H 

CONTENT ~~~ TDA/AUG TD.,.../ AUG TDB/AUG "'"DB/AUG ODOMETER ODOMETER SPECIAL SPECIAL DEFltllTIOr / ?i~~D I) ID ID ID 

TIME (ms' 10 ID ID l,J 10 10 10 10 10 16.67 

T 101214 

Figure 2-9. Vehicle Transmission Sequence 

Table 2-7. Vehicle Information Content (Augmencor Data) 

DATA eLOCt< I 2 ] ' 5 6 7 8 9 10 I 12 

I I I X X X X SYNCHRONIZATlm~ - l rvrK fODE 

2 lvNc to□ E X !X IX X SYNCHRONIZATION - 2 

3 
'-.!EXT TO LAST 
,l,,UGMENTOR lD - N ~ ro :<! ::i ~ BLOCK 3 

~ HAMrNG 

1

CODE 
lSl 
TURN INJICATOR 

' 2 I I r.JE)(T -c LA~T ~ ~ 

AUGMENTm ID ro 
~ 

N ~ z 
" BLOCr 4 

~ 
8 ; .le ~ ~ ~ 

HA.Mt NG IODE MSB t.!)~Z I 

TLPN INDICATm =:J<{L.WI-
,< a 9 co 

j I I LAS I 
AUGJ\11':J-ITOR ID - N ~ ro :<! ,l :;\ BLOCK 5 

LSl 
HAMrNG 10DE 

TURN IN~ICATOR 

' □ □ 

BLOCt 6 
I LP.ST 

~ 
z- z 

AUGMENTOR IJ ro il ;:, - 3c z~ N ,o i'l z J ; HA.Mr NG f ODE MSB 
,u ,u 
:,- 2 7' TURN .NDICA TOR -· 

7 I I 
ODOMETER SINCE - N ~ ro ;;> ,l :;\ 

8LOCK 7 

LAST AUGMENTOR HAMrNG 

1
coDE 

n..ss:, 

8 '::J tJ"' 0 6 I I 
ODOMETER SINCE LAST il N . U-:, ~~ zo ~LOCK 8 

N tl i:~~ <{:, o~~ 
AUGME~JTm (MS!) ~~ HAMr NG f ODE ~~~ ~~5 DISCRETES 

>~~ o:;; 

' B~C-Ct 9 
l 

SPECIAL ~ ':r TM
1

LE 11-B(ND rG 11-2111-
WOl:!D-1 HAMrlNG fODE 

10 ,--.+ TA+ ,JAND l,c. 11-,'11- I I 
SPECIAL 

!LOC'< IO 

WORD - 2 HAM~\ING fOD!: 

II SEE
I 

TABLf
I l:SJ l l 

DISCRETE 11-e AND ~ ":, ~ 
>- !LOCK 11 

AND u HAMflNG fODE "9· 11-2i11 
00 ~ ~LOCK IDEN-IFICATION u~ 
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REFEll:NCF S.0.W. 

ITEM PROGRAM TASKS 
PH,i.sE STEP 

' 
II 1 3a MASTER PROG. SCHEDULE 

3b MO, PROCESS REPORTS 

" TECH REVIE'N MEETINGS 

<o MA.STER COST SCHEDULE 

4b MO. COST REPORTS 

Sa-f INFO. FLOW STUDY 

5g DRAFT REPORT 

5h FINAL REPORT 

6c-e 0.P. SOFTWARE STUDY 

6f DU-..FT REPORT 

6g FINAL REPORT 

7a-c COMMUNICATIONS STUDY 

7d DRAFT REPORT 

7, FINAL REPORT 

8o,b LOCATION 5UBSYST, STUDY 

B, DRl>lrT REPORT 

8 ,,,ucJ~~}~PUrO~T,.c,1,'-\LL,.._IIUI'< 
!JQ [fj ..., .... FIX COMM. R::PEATERS INSTALLATION 

0 I).) 

3 ~ 
BUS STOP DISPLAYS INSTALLATION 

DATA PROCESSING CENTER INSTALLATIO'-J 28 ,.... 
7 3 ,cs, 

"' u ~. ,-
0 (1) 

29a-c DRAFT SYS T[M ATP 

29d FINAL SYSTEM ArP 

30a PREL!M ACCEPT. TESTING ., 
3 

s':'. (1) ,.... ::; 

30b PRELIM TESTS REPORT 

31c SYSTEM SHAKEDOWN 
,- ~ 

CJJ (1) P-> 316,c SHAKEDOWN LOGS & RECORDS 

"" I 'Jl ,.... vJ ~ 0 N 0 ::; ::; 

32a FINAL ACCEPT. TESTING 

32b F INAl ATP REPORT 

(1) 

"'" • 32c ATP REPORT A~PltOVAL 

V, C ., 
(') ,_.. 
~ ::; 
(1) ~Q 
;,__, 

5 33a D~FT O&M SOFlW. MANUAL 

33b FINAL O&M SOFTW. MANUAL 

34o CONDLCT TRAINING PROGRAM 

C ~ 34b DRAFT TRAINING PLAN 
,-

ro (1) 35o OPERATIONAL SUPPORT 
,.... 
::; ,_.. 
~ 

35b OP. & MA.INT. SUPPORT REPORTS 

36a DRAFT FINAL DOCUMENTATION 
,_,. 
P-> II 5 36b FINAL DOCUMENTATION 
,-

LAVM PROGRAM 
MAJOR MILESTONE SCHEDULE 

MONTHS .AFTER "ECEIPT OF OROEll 

PH,i.SE 11 

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

/\ I 

' \ ' '\ ' \ ' ' ' ' ' \' '\ "' ' " " \ '\ \ 
AA " IA " IA IA AA I\ I\ A A A A A A 111 /\, 

A 
1/' IA IA Ill A AA II I\ ... A A A,A. AA I\ A A A A A IA --
' IA 

' 
I/ 

I\ 

\ 

I I I 26135,35,35- 35 

I I'. -TBD• -
' 1 1 1 I ' 

' ~ 

/I 

A 
I'. -

' ' . 
I 

' ' 
; 

' ' 
; 

' 
' " . ... 

/I 

' 

25 26 27 28 29 30 31 32 33 34 

!\ '\ " ' ' " \. \ ' \. 
A /\ I\ 1/\ " 

IA A A A A A A A A "-

' 

AS REQUIRED 
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240 µ.S 

Attachment 10 

REPETITION INTERVAL 
83,333 µ.S 

MAX i------ TIME CODE-----~ 
83, 130 µ.S 

203 µ.S 

f-- 360 µ.S~ 

11~1 ____ _.n._ _____ !111• _________ tl_fl _______ ll a. LONGEST TIME CODE 

START STOP START 

I TIME CODE --i 
11-1 ____ ... n ll n ... ______ ___,n _____ -111 b. TYPICAL INTERMEDIATE 

START 

MINIMUM TIME CODE 
500 µ.SEC 

1- . , 

STOP START 

10-1 _____ n......n._ ________ 111-1---.....ln._ _____ 11 c. SHORTEST TIME CODE 

™" ~u 
1100826 

Figure 2 -28, Augmenter Timing Code 

7J7J 
-1160 ,.sf--

ASSUME A 40 µ.SEC RISE TIME [f = -4
1 

= l = 1
4
°
0

61 =-4
1 1a5 = 25 KHz 

40 X 10-6 j 
DOUBLE SIDEBAND AM 

DSB =Bf= BW (BANDWIDTH) 

.•. BW =Bx+ x lo5 = 2 x 105 OR BW = 200 KHz 

Tl09261 
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SECTIOK 9 

TEST ACCOMPLISHMENTS VS PROPOSAL 

9. I PROPOSAL ACCURACY, SYSTEM & SUBSYSTEM 

The LORAN AVM proposal predicted a fixed route systen1 and subsystem accuracy 

of 176' 95% in good LORAN areas and 150' 95% in no LORAN area with augmentors. 

Ranrlom route performance was prerlicted to be 230' and 150', both 95%. These 

accuracy predictions were based upon analytical system simulations and error 

models. Small errors in the no LORAN areas were the result of extensive simulated 

augmenter implementation in the simulations. The system was designed to exceed 

the requirern<onls by a significant margin in order to allow for I real world' varia­

rions in conditions which are difficult or impossible to simulate. 

9. 2 PHASE I TEST RESULTS 

9. 2, 1 Fixed Route 

Phase I results which portray LAVM system and subsystem accuracy without 

• compromise show 303, 34' 95% error for location subsystem measurements and 

287. 79' 95% error for the system simulation, 

.. 

v'lhile these errors exceed earlier siniulation results, they are clearly consistent 

with the stated accuracy require~ nts. System deficiencies uncovered in the 

Phase I tests are limited to 95% time of passage accuracy (26 seconds vs 15 seconds) 

and 2% of the route which has a mean error of greater than 450 feet as stated in the 

coverage specification. Both subjects are discussed in detail in Section 7. Methods 

for improving time of passage accuracy while reducing system costs are presented 

with extrapolated errors derived from the Phase I data of 8 seconds 95%. 

9. 2. Z Random Route 

Randon, Route Phase I test results fell short of simulation-based predictions. The 

source of the large (over 300') errors lies without exception in failure of the system 

to correctly identify the direction of travel. Short term modification to the random 

route software produced instantaneous improvement. System simulation results 
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were improved 69% from 691' to 476' with a few minor modifications. While the 

random route results are at first glance disappointing, the dramatic improvement 

made with a few simple modifications to software is indicative of the amount of 

improvement possible. The practical experience gained in Phase I has served 

one of the primary purposes of the program; to confirm and verify those aspects 

of the proposed system which are consistent with the requirements and to highlight 

any system characteristics which need improvement. With the Phase I test results, 

the improved software already demonstrated, and the additional improvements 

discussed in Section 7, a firm base for a successful Phase II development program 

has been established. Opti,!;flctl LORAN conditions in the Los Angeles area tend only 

to increase the already high probability of a very successful Phase II program. 
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