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ABSTRACT 

The B-1 TRIDAQS (Travel Information Data Acquisition System) is a 
unit for recording travel time information in a floating vehicle. The 
unit is highly portable, with easy transfer from vehicle-to-vehicle, 
and virtually independent of any special equipment installations that 
would limit the use of the unit to a specific vehicle. The unit is 
easily operated by the driver, with the acquired data recorded on 
cassette tape. A playback arrangement within the unit permits recorded 
data to be transmitted directly to the computer for processing, utilizing 
an acoustic coupler and telephone hookup. This report is a users manual 
for the equipment. 

DISCLAIMER 

The contents of this report reflect the views of the author who 
is respons i b.l e for the facts and the accuracy of the data presented 
herein. The contents do not necessarily reflect the official views or 
policies of the Federal Highway Administration. This report does not 
constitute a standard, specification or regulation. 
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SUMMARY 

The TRIDAQS {lravel Information Data Ac~uisition ~steml is the 
result of Research Study HPR 2-18-79-269 conducted by the Texas 
Transportation Institute for the Texas State Department of Highways and 
Public Transportation (SDHPT) in cooperation with the Federal Highway 
Administration. The target equipment of this research was a highly 
portable, low cost, easily operated device for recording floating 
vehicle travel time studies. The recording medium is a cassette tape. 

The use of a separate playback unit was envisioned when the project 
was initiated; the playback unit was to be office based and utilized 
in interfacing with the portable unit for the purpose of accessing the 
recorded data and forwarding it to the SDHPT computer. This plan was 
revised by SDHPT, and a request was made to incorporate both the 
recording and playback functions in the playback unit. This change was 
made during the course of development of the portable unit. 

The TRIDAQS is a microprocessor * based unit which utilizes a SO 
Sales Z80 Starter Kit housed in a Halliburton aluminum case, with 
associated circuitry. This choice of microcomputer was a good one, 
and it has proven to be a reliable unit, once early failures were 
corrected. A number of useful features are present to assist in check
out and programming, such as an internal operations monitor (ZBUG) and 
cassette tape interface. The RAM size is 2K bytes, with PROM sockets 
for 6K, ·of which 2K is usually reserved 'for ZBUG. 

The cassette tape recorder for the TRIDAQS is a National Multiplex 
Model CC-8, which is a standard audio cassette recorder with new 
electronics incorporated (replacing the audio circuitry) and thus 
implementing a digital data recorder. An RS-232 interface is provided, 

* A technical dictionary may be useful to clarify some of the computer 
terms used in this report. One such reference is IIStandard Dictionary 
of Computers and Information Processing,!! by Martin H. Weik, Revised 
Second Edition, 1977, Hayden Book Company, Rochelle Park, New Jersey. 
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~llowing the user a popular method of communicating data between the 
microcomputer and the recorder. This standard was, in fact, incorporated 
in this application. The choice of such a low cost recorder p~oved to 
be unfortunate~ with many reliability problems encountered. Genera,lly, 
the unit could not maintain a minimal level of data integrity, and much 
time and effort was expended in trying to overcome this deficiency. 

This userls manual proVides a detailed description of the operation 
of the TRIDAQS unit. Both the field recording and data transmission 
modes are described, as well as speed sensQr installation. 
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I. DESCRIPTION 

The B-1 TRIDAQS (Travel Information Data ~c~uisition ~stem) is the 

result of Research Study HPR 2-18-79-269 conducted by the Texas 

Transportation Institute for the Texas State Department of Highways and 

Public Transportation, in cooperation with the Federal Highway Administra

tion. The study was an outgrowth of needs enumerated by Mr. Bill Ward, 

Engineer-Manager of the Houston Urban Office, to satisfy the fundamental 

requirements for monitoring traffic flows in Houston, Texas. This study 

provided some of the equipment to partially support the answer to the 

question: "What is the quality of traffic flow on specific segments of 

roadway? II 

The basic requirement was for a unit that could, at a minimum, 

record travel time information in a floating vehicle. The unit needed 

to be' hi'ghly" portable, \t/ith easy transfer from vehiole-t-o-vehicle, and 

virtually independent of any special equipment installations that would 

limit the use of the unit to a specific vehic1e(s). The unit was to be 

easily operated by the driver, and the data acquired with this portable 

un;"t were -to be' recorded on cas'sette tape,' wi th a, pl aybaC-karrangeni'ent 

that would transmit the data directly to the computer for processing. 

Finally, the unit ne,eded to be low in cost so that a number of the 

untts could be utilized -simultaneously. Briefly, these were the major 

requirements to be satisfied. Many other conditions and tradeoffs were 

encountered during the course of the research. 

The result of the study is a portable microcomputer system based 

on an SO Sales Starter Kit, interfaced to a National Multiplex Digital 

Data Recorder, and housed in a Halliburton aluminum suitcase. The unit's 
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single power source is +12 volts DC, intended tobe derived from the 

cigarette lighter receptacle in the vehicle. A keyboard, mounted in the 

unit, serves to accept both function commands and numeric data. Six 

numeric readouts are present for observing data parameters being entered 

or queried. A power on/off switch, a reset button, and ca~sette control 

switches comp1ete the switches on the operation panel, which is generally in 

the plane of the line of separation betweeen the two suitcase halves. 

Figure 1 shows the layout of the operation panel. Finally, a coil-cord 

lead joins the unit to the speed sensor, which is installed in the speed

ometer drive line; a heavy duty coil-cord is utilized for the power connection. 

In its data acquisition role, these are the functional components of the 

portable unit. It is intended to reside on the front seat in close proximity 

to the driver, who can reach the keyboard to control the unit. During operation, 

the d'rfver need only press one button to start a study, and simi 1 arly press one 

button to stop the study. Under normal operating circumstances, once the 

unit has been initalized, the starting and stopping of studies is the major 

extent of interaction that the driver has with the unit. 

In its data transmission role, the unit is assumed to be in an 

office environment. Two external units are required to transform the 

unit into a data transmission device: 1) a +12 volt DC power supply and 

2) an acoustic coupler. The 12 volt power supply serves the power needs 

of the portable unit (substit~ting as the automobile cigarette lighter 

receptacle), and the acoustic coupler links the unit to a standard 

telephone for transmitting the field data to the large-scale processing 
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computer. To transmit data, the oper-ator merely dials the computer's 

number and places the telephone handset in the cradle of the acoustic 

coupler, and the transmission of data is automatic from that point forward. 

A calibration procedure is provided to calibrate the TRIDAQS for 

each vehicle. Upon being utili 4ed in a new vehicle, the calibration 

procedure is initiated before the first study is made in that vehicle. 

This develops the necessary factors for the data processing programs to 

compute accurate travel distances. 

During data acquisition, speed sensor pulses are accumulated for 

each one second period. Approximately four minutes of travel time data 

are accumulated within the computer, at which time they are written to the 

cassette tape. This sequence is repeated during the cumulative time 

period that studies are in progress. 

This is an overview of the background and configuration of th'e B-1 

TRIDAQS. The unit described is a prototype and undoubtedly will be 

modified as future needs warrant. Specific details of operation are 

given in Chapters III and IV of this report. 

The terms "linkll and "study" are u~ed throughout this report. A link 

is a predefined roadway section delineated by landmarks, such as a one-mile 

section of freeway from overpass to overpass, a street section from inter

section to intersection, etc. A study is a unique travel time run over a 

particular 1 ink. 
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II. SPEED SENSOR INSTALLATION 

The only component of the B-1 TRIDAQS that is permanently installed 

(or at least semipermanently installed) is the MassTech sp.eed sensor. 

This is a small, rubber encased unit that fits in the speedometer drive 

line. There are two versions of this unit, depending on the point of 

installation. The TR8 version has standard transmission fittings 

(7/8-18 UNS threads) and would be installed directly on the transmission, 

and the speedometer drive cable would be connected to the TR8 in turn. 

The TR10 version differs only in the types of fittings, which have 

5/8-18 UNF threads for mounting directly to the speedometer head. For 

example, the speedometer cable would be disconnected from the speedo

meter head, and the TR10 attached to the head in place of the cable. 

In turn, the speedometer cable would be attached to the TR10. Note that 

both the TR8 and TR10 are simply inline units that add approximately 

2 1/4 inches of length to the speedometer drive line. Two pigtail leads 

emanate from the MassTech Sensor, and these should be attached to a 

longer, durable 2 conductor cable with the point of connection water

proofed. This cable extension must be long enough to reach a) through 

the floorboard b) through the firewall or c) from behind the dash, all 

to a point at the center of the front seat. A PHIL-UC-BB connector 

should be installed on the free end of the cable entering the passenger 

compartment, which will mate with the plug on the lead from the TRIDAQS. 

An alternate point of installation can be considered. If the 

vehicle is equipped with a cruise control, there will be a cruise 

control junction box under the hood, which has the speedometer cable 
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entering from transmission and exiting to the speedomet~r head. For 

this configuration, it is a simple matter to install the TR10 between 

the cable coming from the transmission and the junction box. Similarly, 

the 2-conductor extension cable would be channeled through a cable 

entry poi nt in the fi rewa 11 to reach the passenger compartment. A 

diagram of the speed sensor wiring is shown in Figure 2. 

Finally, it should be noted that the U.S. industry stClndard for 

speedometer drive cables is 1000 revolutions per mile. The MassTech 

speed sensor consists of a multiple magnet which rotates past a reed 

switch, producing contact closures. The sensors are available with 2, 

4, 6, or 8 pole magnets. For each contact closure, this vehicle will 

travel the distances noted below: 

# Poles Distances (feet} 

2 2.64 

4 1.32 

6 .99 

8 .66 

This gives some indication of the resolution in feet that can be exp.ected 

with each of the options. It is suggested that a minimtJm of 4 poles be 

utilized with the B-1 TRIOAQS. 

Also note that the polarity of the wiring connections to the speed 

sensor is immaterial, since all that is being measured is contact 

closures. The switch closures merely provide a ground completion circuit. 

The microcomputer is programmed for an 8 pole spE·ed sensor. The 

B-1 will still work with a 4 or 6 pole speed se'nsor, but the speed- and 

distance- related information that is displayed on the readouts will be 

incorrect. The computer printout associated with the final data red'uction, 
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however, will be accurate. This is achieved by the initial calibration 

sequence in the vehicle which results in a factor that reflect~ the 

distance traveled per distance pu1se. 

A brochure describing the MassTech speed sensor is shown in 

Appendix A - Speed Sensor Datasheet. 
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III. DATA ACQUISITION OPERATION 

A. Initial Setup 

The initial setup is concerned with preparing the unit for 

physical operation within the vehicle. This setup operation is 

presumed to be taking place in the vehicle, but it can be practiced 

in an office environment by using the auxiliary 12 volt power supply. 

The steps for setting up the unit are: 

a. Remove the top cover of the case by releasing each of 

the four suitcase latches. Put the cover aside, since 

it is used as a protective shield only when the unit 

is not in operation. 

b. There are two coil-cord cables supplied with the unit. 

Plug the heavier cable (the power cable) in the 

connector on the end of the case that is opposite the 

tape recorder. 

c. Plug the other cable (the speed sensor cable) into the 

corresponding receptacle at the same end. 

d. Plug the speed sensor cable into the matching cable that 

is connected to the speed sensor. Details concerning the 

latter cable were described;n Chapter II, Speed Sensor 

Installation. 

e. Plug the power cable into the cigarette lighter receptacle 

of the vehicle. The initial setup of the ~nit is now com~lete. 
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B. Procedure for Inn ia 1 i zi n9 the Computer. 

The following procedures are concerned with the entering of 

parameters to the computer after power is applied to the unit. This 

procedure must be followed each time the unit is powered up, if it is 

to perform the data acquisition function. (A different procedure is 

followed when tr.e unit is utilized as a data transmission device.) 

When power is removed from the unit, all internal data used by the 

computer is lost. After the POWER-ON switch is depressed, press the 

red RE.SET button to properly initiate operation of the computer. 

When any keyboard key or tne: reset button is pressed! an audible beep 

will be heard as a confirmation of this action. 

ThE: session for entering the:se parameters is characterized by a 

series of prompts which appear in the displays, each followed by a 

re5',ponse from tr.f: operator. Thi s Y'esponse wi 11 be in the form of numeri c 

data entered in the keyboard, which, when thE; fir-st key is pressed~ 

replaces the prompt in the displays. This a1lows the data to be viewed 

prior to entering it in the computer. If an error is noted, press the 

IICANCEL II key and re-enter the data. When the data is correct, press 

the "ENTER" key. If the computer rejects the data (such as would 

occur with the specification of an illogical date), the prompt for 

the same data will re-appear in the displays. If, on the other hand, 

thE: data is accepted by the computer, the next prompt in sequence will 

be displayed as a request for the next item of data. A summary of the 

commands and procedures in the data acquisition mode are given in 

Appendix B. This can be rE'fer'r'ed to cfter the operator becomes 

familiar with the procedures described in detail in the remainder of 

this section. 
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ThE: data parameters requested by the computer are as 

follows: 

DATE 

DRIVER NUMBER 

VEHICLE NUMBER 

WEATHER CODE 

PAVEMENT CODE 

STARTING LINK 

FEET/DISTANCE PULSE 

TIME. 

Each of these items will noW be generally discussed to provide back

ground information for the parameter entry sequence to be described 

in Section C of this chapter, Summary of Initialization Procedure. 

DATE 

The dc,te requested is the current day's date. The accuracy of the 

dc,te is vitally important, since it combines with the time and lfnk 

number to form a unique identifier for each study. The computer cannot 

ascertain the date, since it does not have an electronic calenda.r.' It 

does, however, make some simple tests to verify the reasonableness of a 

given date. These tests are (1) month designation must be 1 through 12, 

inclusive, (2) day designation must'be 1 through 31, inclusive, and 

(3) year designation must be 80 through 89, inclusive. Any date values 

outside these ranges will be rejected, and the result will be the 

re-display of the date prompt. Note that the date checking feature is 

very unsophisti cated, and for thi s prototype vet'S ion an accounting for 
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(1) the number of days per month, and (2) leap year calculations, are 

not made. Again, the accuracy of the date entered is vitally important, 

since the computer would accept a designation for February 31, for example. 

DRIVER NUMBER 

The driver number is a unique code aSSigned to the operator of 

the vehicle. This same number must be used by the operator each time he 

or she is making studies. When the study data is analyzed, the driver 

number is a factor in determining statistical bias, that is, the effect 

of particular driving habits on vehicle travel times. Driver numbers 

in the range of 1 through 999999 inclusive, are acceptable. A driver 

number of 0 is the only driver number the computer will not accept. 

VEHICLE NUMBER 

The vehicle number is the unique code assigned to the vehicle 

in which the travel time data is being collected. The use of the six

digit Texas exempt license plate number is recommended, but any nonzero 

numeric identifier of up to 6 digits may be used. 

WEATHER CODE 

The weather' code is a two-digit number that is used to describe the 

current weather condition. The weather code is entered during the cQmputer 

initalization-sequence, but may be updated at any time during data acquisi

tion. Valid weather codes are: 

01 Cl ear 

OZ Partly Cloudy 

03 Cloudy 
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04 Rain 

05 Sleet 

06 Fog 

07 Dust 

08 Snow. 

PAVEMENT CODE 

The pavement code is a two-digit number that is used to describe 

the current pavement condition. Like the weather code, the pavement code 

is entered during the computer initialization sequence, but may be 

updated at any time during data acquisition. Valid pavement codes are: 

01 Dry 

02 Damp 

03 Wet 

04 Ice 

05 Snow. 

STARTING LINK 

The starting link number relates to the overall plan that is 

being followed in conducting the studies. That is, it is assumed that 

the driver does not randomly select the links over which data will be 

acquired. Rather, the travel route will be over a predetermined path 

and will follow a numerically increasing sequence of link numbers. 

Here, a link is any roadway segment with a known distance. A link is 

further characterized by landmarks at the beginning and ending points, 
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and which are easily recognizable by the drivers. The landmark (e.g., 

intersection, interchange, bridge, overpass, etc.) should be prominent 

to the extent that it can be recognized from any lane of a congested 

multilane roadway. This is necessary because the driver is required 

to press a button signifying the location of the landmark, preferably 

accurate to within 100 feet. 

The driver is supplied with a IIdriving plan ll which clearly marks 

the route he or she is to dri ve. Genera lly, thi s wi 11 be one (or more) 

closed loop(s) that is (are) repeated as many times as PTactical over a 

given time period. Each of the closed loops will contain a number of 

links which are not necessarily contiguous, but which will have links 

that are numbered in a continuous, ascending sequence. For example, 

links 1001, 1002, 1003, 1004, 1005, and 1006 may be a sequence of links 

that are traversed during the AM peak period. The driver would begin 

wi th 1 ink 1001, dri ve over success ive 1 inks 1002, 1003, 1004, and 1005, 

and then end the circuit with link 1006. After that. the driver would 

return to the beginning of link number 1001 and repeat the sequence. 

The starting link for this sequence is 1001. This is the starting link 

number that the driver would enter in the computer prior to driving the 

1001-1006 link sequence. Note that the starting number is the only link 

parameter that must be entered in connection with a link sequence, as 

long as an ascending numerical sequence of link numbers is being driven. 

The computer will automatically increment the link number after each 

study is concluded. Thus s for the example sequence of links 1001-1006 

given above, the first study would be associated with link number 1001, 

the second study with link 1002, and so on. To implement the circuitous 
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nature of travel time studies, the TRIDAQS is equipped with a reset 

feature to return the internal link number to the value of the starting 

link that was entered through the keyboard. Further note that, during 

the day, the starting link would be updated as different link sequences 

are driven. For example, the daily driving plan may be: 

Time 

0600-0900 

0900-1530 

1530-1900 

Link Sequence 

1234-1246 

46-59 

64835-64848 

During the course of this (long!) day, three starting links would be 

entered. The first, during the computer initialization sequence, would 

be starting link number 1234. Sometime, after 9 am, a new starting link 

number of 46 would be entered in the computer, and sometime after 3:30 pm, 

another new starting link number of 64835 would be entered. 

Ordinarily, additional power-up actions and attendant computer 

initialization sequences would not have to be followed to enter the new 

starting link numbers. These would be entered by a numerical command 

code as described in the Command Code Section. In this first prototype 

version of the TRIDAQS, however, the feature for entering a new starting 

link number, at any time other than during the computer initialization 

sequence, has been omitted. Thus, the driver must go through the 

computer initialization sequence each time a new link sequence is being 

initiated. This requires that a new (erased) cassette tape be used each 

time a new link sequence is initiated. This limitation will be removed when 

the next version of the microcomputer program is generated. 
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FEET/DISTANCE PULSE 

The. complete title for this subsection is "Number of Feet per 

Distance Pulse." A request for this parameter is solicited during the 

computer initialization sequence, and the normal response is a zero to 

signify that the computer's internal feet/distance pulse parameter is 

to be utilized. As noted in Chapter II, the computer is programmed 

for a speed sensor which produces 8 pulses per revolution of the speedo

meter cable. Since the U.S. standard for speedometer drives is 1000 

revolutions per mile, the computer will detect" 8000 pulses per travel 

mile, or 5280/8000 = 0.66 feet per pulse. This is the basic distance 

resolution for the TRIDAQS when using an 8 pulse per revolution speed 

sensor. The TRIDAQS can display several distance and time-distance 

relationships such as: 

a) distance traveled in feet 

b) distance traveled in miles 

c) speed in miles per hour 

d) speed in feet per second 

The time standard that the computer uses for calculations c) and d) above 

is rather accurate, so it would not be considered a source of error. If 

the user was utilizing a speed sensor of fewer than 8 pulses per revolu

tion (2, 4, and 6 are also available), the above calculations a), b), 

c), and d) would have a substantial error. Beyond that, a small margin 

of error might be experienced even with an 8 pulse speed sensor. Should 

the user desire to utilize the TRIDAQS as a very accurate distance 

measurement device, it would be useful to be able to enter the number of 

feet per distance pulse in the computer, to within two decimal places. 
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The feet/distance pulse prompt during the computer initialization 

sequence affords the user the opportunity to enter a parameter which is 

possiblY more accurate than the existing default parameter (in the case 

of an 8 pulse speed sensor). Certainly, if a 2, 4, or 6 pulse speed 

sensor were being utilized, a feet/distance pulse parameter should be 

entered if any of the distance and time-distance relationships are going 

to be displayed. The standard parameters for the various speed sensor 

options are given below: 

Speed .Sensor Feet Per Number to Resolution 
Pulses per Revolution Pulse Enter .of Change 

2 2.64 264 0.3% 

4 1.32 132 0.8% 

6 0.88 88 1.1% 

8 0.66 Exists by 1.5% 
default. 

While the resolutions and accuracies above seem impressive, closer 

analysis reveals that the ability to compensate for distance errors is 
! " 

quite limited. In fact, this ability varies inverserly with the number 

of pulses per revolution provided by the speed sensor. Referring to the 

"Resolution of Change II column in the title above, it can be seen that 

a distance error of at least 1.5% would have to exist before a change to 

the default parameter of 0.66 would be meaningful. This means a 

distance error greater than + 40 feet per mile would have to be 

experienced before a change from 0.66 to 0.67 or 0.65 would be meaningful. 

This figure is much better for a 2 pulse speed sensor, where distance 

errors exceeding + 10 feet can be corrected. 
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This is the status of the current implementation of the distance 

pulse parameter. Clearly, to achieve the accurate measurements that 

were originally intended, the feet/distance pulse factor needs to be 

handled internally by the computer to an accuracy of 4 places rather 

than 2, e.g. 0.66 would be requested as 0.6600. Thus, 0.6601 would 

compensate for a relative error of 1 part in 6600 rather than 1 part in 

66. The result would be the ability to measure to the nearest foot in 

a distance of 1 mile, which was the original objective. This change 

will be mad.e in the next version of the computer program that is 

generated for the TRIDAQS. 

Finally, a word about accuracy. There 'is consideraole discussion about 

the accuracy of distance measurements in the context of acquisition of 

travel-time data. Too much is made of the arguments in favor of magnets 

on the front wheel or the use of a fifth wheel. Indeed, these are 

accurate ways to measure distance. The manner in which these distances 

are used is quite another matter, however. For travel time studies, the 

starting and stopping points are quite variable. When making studies on 

a six 1 ane freeway, the starti ng and endi n9 points of ali nk are' 

subject'to interpretation by the'driver'. the floating vehicle pas'ses 

these tmaginary points at freeway speeds and short headways. The starting 

and stopping points re~istered by the driver have an accuracy far less than 

the distance measurement equtpment. the link lepgth that is 'scared ,from 

the plan$ is not as accurat.e as the distance measured by the TRIDAQS. 

Finally~ the multiple studies for a link are heavily averaged to obtain 

consistency and representation of aggregate flmvs; Thus. ~Jr~,l~ the 
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accuracy of a study's distance measurement is degraded by the driver's 

dynamic assessment of link boundaries, the averaging inherent in conducting 

studies tends to remove this error. Technically, this y~elds results con

sistent with the relative accuracy of the distance measurement instrument. 

TIME 

The time of day is entered asa six digit number in the military, 

or 24 hour, format. This is entered to the nearest second. For example, 

fifteen seconds past 9:00 am would be entered as 090015, and nine seconds 

before 4:15 pm would be entered as 161451. 

Once entered, the computer automat i ca lly increments the i nterna 1 

clock at one second intervals. The current time of day may be displayed, 

and the beginning time of a study becomes a part of the identification 

data relating to that study. Note that the internal time clock ;s 

correctly incremented at midnight, i.e., the time at the second after 

235959 is 000000. However, the day of the month will not increment. There

fore, any study that begins before midnight and ends after midnight would 

signal the need to end the current tape and reinitialize the computer. 

This concludes the discussion of the individual data parameters that 

must be entered during the computer initialization sequences. The following 

section describes the individual steps of the initialization procedure. 

C. Summary of Initialization Procedure. 
[. 

The following steps are required to initialize the computer prior 

to the making the first study. The prompt message is in the left column, and 

the operator response is in the right column. For a more detailed description 

of the meaning of the particular parameter that is being requested, see the 
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preceding Section B, Procedure for Initializing the Computer. An abbre

viated description of this procedure is given in Appendix B. Seven-segment 

display representations for alphanumeric characters are given in Appendix C. 

Prompt 

none 

none 

none 

none 

Rewind 
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Response 

Press "POWER OW' pushbutton swi tch. 
The red pilot light will be 
illuminated if power is present. 

Press the red "RESET" button. An 
audible beep will be heard as the 
button is depressed. 

Put an erased cassette (has been 
passed by the tape eraser) in the 
recorder ~. I f any key of the cassette 
recorder manual controls is down, 
press "STOP" on the recorder to 
disengage that key. Press the 
"EJECT" 1 ever on the cassette 
recorder, which will cause the 
transparent plastic door to sw"ing 
open. If a cassette is already in 
the recorder, it, will "be ejected. 
If so, remove the previous tape 
and install the erased tape, either 
side up, with the exposed tape 
portion facing the control levers. 
Snap the new cassette in place 
and close the door. 

Press any button in the second 
column (from the left) of the 
buttons of the keyboard. These are 
IIBEGIN CALlB," "ENTER," "8", liS" 
"2" or "F". 

Press the "REWINDII key on the 
cassette recorder, followed by 
pressing "STOP" to cancel the 
rewind. Minimize the time that 
the "REWIND" key is down while 
the tape is not moving, because 
a belt is slipping on a pulley 
during this time, resulting in a 
high-wear situation. 



Beyond this point, the operator \'Ii11 press the "ENTER" key after each 

response, signaling the computer that an action (either keyboard or non

keyboard) has been taken. In the case of a non-keyboard action, pressing 

"ENTER" signals the computer to proceed to display the next prompt in 

sequence. Since the requested action is external to the computer, there 

is no way for the computer to verify that such action has been taken. In 

the case of a keyboard action, the computer w"i11 verify the reasonableness 

of the data quantity entered, using a test that is appropriate for the data 

item. If the computer is expecting a numeric quantity to be entered, press

"ing "ENTER" in response to the prompt is equivalent to entering a zero 

quantity. 

Prompt 

RdYrEC 
(Ready Recorder) 

DaTE 
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Response 

Simultaneously depress the ilRECORD" 
and "PLAY II levers of the cassette 
recorders. This places the unit 
in record mode, as with a standard 
cassette recorder. Both levers 
will remain down for the duration 
of the data acquisition period. 

Enter today's date via the keyboard 
as MMDDYY, where MM is the number 
of the month (1-12), DD is the day 
of the month (1-31), and YY is the 
last 2 digits of the year (e.g .. , 
81 implies 1981). Each numeric key 
that is depressed will cause the 
corresponding value to appear in the 
rightmost digit of the display. This 
value is shifted left one digit 
each time a new digit is entered. 
When the display contains the desired 
date, press IIENTER." If an error 
is made, press IICANCEL" and re-
enter the date. lf the date that 
is entered is not in the range MM= 
01-12, DD=01-31, or YY=80-89, the 
date prompt will reappear and the 
correct date should be entered. 



Prompt 

DrivEr 

VEhcLE 
(Vehicle) 

WEATH? 
(Weather Condition) 

PAvEl? 
(Pavement Condition) 

STLin? 
(Starting Link) 

FTdiS 
(Feet/Distance Pbllse) 

CLoC? 
(Clock Time) 
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Response 

Enter a nonzero driver identification 
number via the keyboard and pres'sI!ENTER." 

Enter a nonzero vehicle indentification 
number via the keyboard. For Texas 
state vehicles, this is generally the 
exempt license plate number. Press 
"ENTER. II 

Enter a two-digit weather code via 
the keyboard. Weather codes are 01 
Clear, 02 Partly Cloudy, 03 Cloudy, 
04 Rain, 05 Sleet, 06 Fog, 07 Dust, 
and 08 Snow. Press !lENTER.1I 

Enter a two-digit pavement code via 
the keyboard. Pavement codes are 
01 Dry, 02 Damp, 03 Wet, 04 Ice, and 
05 Snow. Press "ENTERII. 

Enter a nonzero startin9 link number 
that represents the first link on 
the next circuit to be driven 
according to the daily "driving 
plan. 1I Press "ENTER.II 

Enter a factor XXXXXX which represents 
the XX.XXXX number of feet traveled 
per distance pulse. Note the position 
of the imaginary decimal point is 
between the 2nd and 3rd display digits 
from the left. See Section B, 
Procedure for Initializing the Computer; 
for a detailed explanation of this factor. 
Normally, the operator would make no 
numeric keyboard entry and merely press 
IIENTERII to satisfy the prompt, which is 
equivalent to entering a zero. 

Enter the time of day as HHMMSS 
military time, where HH is the hour 
(00-23), MM is the minute (00-59), and SS 
is the ~econd (00-59). Press "ENTER.II 

After the time of day is entered, the 
displays will blank, signaling the 
end of the computer initialization 
session. The TRIDAQS is now ready to 
begin a study or a calibration run. 



(' 

D. Keyboard Function Buttons. 

The function buttons of the keyboard, as distinguished from the 

numeric buttons, are the green keys. The four function keys across the 

top of the keyboard are 

PAVMT 
COND 

BEGIN 
CALIB 

END 
CALIB 

END 
TAPE 

Just under this row is another row of four green function buttons. They 

are 

WEATH 
COND ENTER CANCEL RESET 

LINK 

Finally, down the right hand side of the keyboard is a column of 4 green 

function buttons. These are 

EVENT 

START 
STUDY 

STOP 
STUDY 

STOP/ 
START 
STUDY 

Figure 3 shows the configuration of the keyboard. At this time each of 

these function buttons will be discussed in their groups of logical 

affi nity. 

(a) Pavement and Weather Condition. 

The PAVMT key denotes pavement condition, and the WEATH key denotes COND COND 
weather condition. Recall that both the pavement and weather conditions are 

routinely entered during the computer initialization sequence, independent of 

the use of these special purpose keys. The function of these keys is to pro-

vide an easy means for updating the pavement and weather conditions, without 

going to the trouble of performing the computer initialization sequence each 
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PAVEMENT 
CONDITION 

WEATHER 
CONDITION 

7 

4 

I 

0 

BEGIN END 
CALIBRATION CALIBRATION 

ENTER CANCEL 

8 9 

5 6 

2 3 
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END 
TAPE 

RESET 
LINK 

EVENT 

,...... .,... 
rtI 

START +J 
(J) 

STUDY Cl 

"0 
'-
rtI 
0 
.0 

STOP ~ 
STUDY :::.::: 

(V) 

(J) 

STOP '-
::::l 

AND en 
START .,... 
STUDY LJ... 



time. Since both these conditions are subject to change during the course 

of a day, it is desirable to have a means for quickly updating these para

meters. Thus, the pavement and weather conditions may be updated at any time, 

such as before, during, or after any study. In fact, the only time that the 

pavement and weather conditions cannot be~tlpdated is_dut.i.og a calibration 

sequence. (The calibration sequence will be explained in a following 

secti on. ) 

The procedure for updating weather and pavement conditions is as follows: 

Enter a nonzero two-digit code. through the keyboard, noting appearance in 

the two right hand digits of the display. Press PAVMT or WEATH as appropriate. COND COND 
if more than two digits are specified, only the rightmost two will be accepted. 

If the code is a zero, then IIERROR" will be displayed. The IIERROR II message 

can be cleared by either entering a new numeric code or by pressing the 

IICANCL II key. Valid codes which are interpreted by the data processing computer 

program in Austin are 

Weather 
Codes 

01 Cl ear 

02 Partly Cloudy 

03 Cloudy 

04 Rain 

05 Sleet 

06 tog 

07 Dust 

08 Snow 

Pavement 
Codes 

01 Dry 

02 Damp 

03 Wet 

04 Ice 

05 Snow 

Pavement and weather codes, as well as other information, become a 

part of the study information that is recorded on cassette tape. These 
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supporting data are noted by the computer at the beginning of each study. 

Thus, if a weather code of 07 (Dust) was entered during a study, that 

condition would not be recorded until the beginning of the next study. 

(b) Entering and Deleting Keyboard Data 

The IIENTERII key is used to signal the computer that the data now 

'1n the displays are ready for input" to the computer. Dur"ing the computer 

initialization sequence, the IIENTER" key is depressed after the completion 

of an external operator action in response to a prompt, such as rewinding 

the cassette tape. Also, during the computer initialization sequence, 

the "ENTER" key ;s depressed after data have been entered via the keyboard 

in response to a prompt. If an error is made in keying the data prior to 

its being entered in the computer, the display can be II cl eared ll by entering 

a series of 6 zeros, followed by entering the desired numeric data. This 

feature is achieved by the fact that old digits are shifted to the left 

as new digits are entered, and as they are shifted out of the leftmost 

position, they are lost. 

Additionally, the IIENTER" key is used to enter a query code to the 

computer. A query code can be entered at any time after the computer 

initializati,on sequence, while the displays are blank, except during 

the calibration sequence. If th.ey are nonblank (indicating the presence 

of information displayed from a previous query), they can be blanked by 

pressing the IICANCEL" key. After a one- or two- digit query code is 

entered in the rightmost two digits of the displays, press "ENTER" to 

have the particular information displayed. 
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(c) Link Reset 

The IIRESET LINK" key may be pressed at any t'ime, except during the 

calibration sequence. When the starting link number is entered during the 

computer initialization sequence, it is utilized in two ways. First, it 

serves as the base which is incremented just after each study is begun, so 

it always is one greater than the link number of the current study being 

conducted. Secondly~ it serves as the initializing value for the link 

counter just described. Thus, the "RESET LINK" key is used to initialize 

the link counter to the base value of the starting link. 

Note that the function of the link counter is still preserved in this 

action, that is, the link counter will still contain the value of the 

next link on which a study will be conducted. This elaborate discussion 

is intended to give "insight as to when the "RESET LINK" key should be 

depressed. Simply stated, it can be used at any time after the study 

is begun on the last link of a circuit, and before the study is begun on 

the starting link of a circuit. It does not have to be utilized prior 

to beginning the first study after the computer initialization sequence, 

since the link counter is automatically initialized to the value of the 

starting link when it is entered. The same holds true when a new starting 

link number is designated (as previously mentioned, the procedure for up

dating the starting link number is unimplemented at this time). 

(d) End Tape 

The use of the "END TAPE" key is vital to assuring that the 

requirements are met for properly ending the data transmission of the 

studies by telephone. As mentioned in the general discussion of the 

TRIDAQS, data are accumulated by the computer for appreximately 4 mi nutes 
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at which time these data are written to the cassette tape. This technique 

is called buffering. Whenever the last study of a given data acquisition perioQ 

is made, there will always be at least one partial study still buffered. 

The purpose of the IIEND TAP[u key is twofold. First, it serves to 

dump the buffered data to tape, thus ensuring that all data collected is 

now recorded. Second, a coded IItermination ll block of data is placed on the 

tape. The latter serves to signal the TRIDAQS computer, when it is reading 

back the data from tape to transmit to the data processing computer, that 

no further data are on the tape. Otherwi se, < the TRIDAQS computer wi 11 continue 

to search the tape for nonexistent data. 

After the "END TAPE" key is depressed, and it is observed that the computer 

is through writing to tape, the IISTOp 1
' key on the recorder should be pressed 

to remove the cassette recorder from the recording mode. The cassette should 

be removed from the recorder and placed in a protective carrying case at 

this point. 

(e) Study Initiation and Termination 

The column of four green function keys to the right of the keyboard 

are concerned with controlling the beginning and ending of studies, as well 

as signalling intermediate events. The four keys are: "EVENT,II "START STUDY,JI 

"STOP STUDY," and nSTOP/STARTSTUOV." 

The "START STUDY" key is pressed to begin a study. If a study is 

already in progress, IIError" will be di"splayed <and no other action wilJbe 

taken, and the current study in progress will continue unaffected, If no 

study is in progress, the computer wi 11 "snapshot" a number of data para

meters that become header data associated with the study. The Mader data 

will eventually be recorded on tape, immediately preceding the associated travel 
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time data. The data in the header will be used by the data processing 

program to (1) properly identify the study and {2} annotate the printed out-

put associated with the study. The data in the header include the following: 

1. A record mark, which is used by the data processing program to 

discern the points of separation between studies. 

2. Month 

3. Day 

4. Year 

5. Hour 

6. Minute at instant study begins 

7. Second 

8. Link number 

9. Weather code 

10. Pavement code 

II. Driver number 

12. Vehicle number 

} generally zero 
13. Calibration counts 

14. Calibration distance 

These header data become a permanent part of the travel time data and 

remain associated with the study unit. 

The "STOP STUDY" key is pressed to end a study. If no study is in 

progress, "Error" will be displayed and no other action will be taken. The 

"Error" message may be removed by pressing the "CANCL" key. Generally speak

ing, the ending of a study causes no observable actions to be taken. For 

example, the data for that study would not be written to tape upon its 

termination. The reason is that the tape is written only when the data buffer 

is filled, and pressing the "STOP STUDY" key will inhibit further collection 
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of data in the buffer. Since data are accumulated in an increment of 1 

second, and the buffer holds 256 increments, it is only coincidental that 

the buffer contents would be dumped to tape when the "STOP STUDY" key is 

pressed. 

The IISTOP/START STUDY II key simulates the action of pressing "STOP STUDY" 

and immediately pressing "START STUDY." Very frequently, link definitions 

are contiguous and the ending of one link is coincidental with the beginning 

of the next link. Under such circumstances, the driver merely presses the 

"STOP/START STLIDY II key as the appropriate landmark is reached, and the computer 

separates the studies between distance pulses (between 0-.66 feet intervals tn 

the case of an 8 ~ulse speed sensor) without loss of data. At 60 MPH, the 

driver would have to press the "START STUDY" key 0.007 second after the 

IISTOP STUDY" key was pressed to emulate the action of a single depression of 

the "STOP/START STUDY" key. 

The "EVENT II key is used during the course of a study to signal the 

occurrence of an external event. Its use is not necessary in signalling the 

passing of landmarks, since the accuracy of the distance measurement surpasses 

the accuracy of the operator, and the landmark distances can be measured once 

and applied to all studies over that link. This, indeed, is the method used 

for processing the data, and a landmark dictionary supplies the corresponding 

annotation. At this time, the event markers are not utilized by the data 

processing program, but this feature is available for special purposes. The 

event data are captured. an-d- become a part of the study data within which they 

occur. The event information is registered as a yes/no bit of data each 

second. Additionally, the beginning of the event is the only data item that is 

noted. The duration of time that the IIEVENT" key is down is immaterial. Thus 
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an event is registered only during the second that the "EVENT" key transi

tions from an up to a down position. The succeeding event is registered 

after the key is released and pressed again, and so on. 

(f) Calibration 

The calibration function of the TRIDAQS is necessary to accurately 

establish the number of speed sensor pulses generated in a known distance 

for a given vehicle. Since minor discrepancies in travel distances can be 

expected from vehicle to vehicle (such as might be encountered if a vehicle 

had been fitted with nonstandard sized rear tires, for example), it is 

desirable to remove these discrepancies by a calibration procedure. 

Prior to discussing the actual calibration procedure, it will be help

ful to consider hm'l the ca.libration data are related to the overall. processing 

of data. When the main computer processes the travel time data for a given 

vehicle, it refers to a calibration dictionary for a factor which represents 

the distance traveled per speed sensor pulse. Th.is pulse factor is very 

accurate, being represented as approximately 7.2 decimal digits. There are two 

entries in the calibration dictionary for each vehicle. The first is a num

ber of calibration counts (speed sensor pulses) over a measured distance, and 

the .second is the calibration distance in feet. The pulse factor is cal

culated by dividing a vehicle's second dictionary entry (feet) by its first 

, dictionary entry (pulses). For example, if a calibration run over a measured 

mile had produced 7,990 distance pulses, then the pulse factor used by the 

data processing computer in travel distance calculations would be 

31 

5,280 
7~990 = .66082603 feet/pulse. 



Each vehicle must have a calibration run made before the data it 

acquires will be accepted by the computer. Thus, the purpose of the 

calibration run is to enter the vehicle number in the calibration 

dictionary together with the two data items described above. All this 

is done automatically by performing a calibration run in the field. The 

results of the calibration run become a part of the first study made 

after that run, and when these data are processed by the main computer, 

the necessary dictionary entries are made and retained for subsequent 

processing of that vehicle's studies. Since the calibration parameters 

are a part of the header information for the next study, it will be 

necessary to perform at least one study before power is removed from 

the TRIDAQS. Of course, the normal "END TAPE" procedure would be followed 

before powering down the unit. Naturally, any number of runs may be 

made after the calibration run is made, just so there is at least one. 

Prior to making a calibration run, check-tire inflation for manu

facturers recommended pressure. Drive the vehicle a sufficient distance 

to heat the tires to normal operating temperature. 

The calibration procedure is quite s-imple. A calibration run may 

be made at any time that a study is not being conducted. Begin the 

calibration run at the beginning of a measured distance, preferably 

in a stopped conditi on. Press the IIBEGIN CALIB II button, and CAli bE 

will appear in the displays. Time is not a factor, so the run may 

begin at any time thereafter. Accelerate briskly, without wheelspin, 

to the average operating speed of the vehicle during travel time studies. 

Drive to the end of the measured distance, preferably stopping at that 

point. Press "END CALIB" at any time, to signal the TRIDAQS that the 
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number of distance pulses accumulated since the beginning of the measured 

distance are to be used as the number of calibration counts. CALdS? will 

appear in the displays. This is the prompt for entry of the distance 

traveled, in feet, via the keyboard. Once entered, the calibration pro

cedure is completed and no further action need be taken by the operator, 

except to ensure that at least one study is made thereafter to force the 

recording of the calibration parameters on cassette tape. 

A calibration distance of at least one mile is suggested. However, 

the uppermost consideration, regardless of distance, is that the measured 

distance be accurate. Using an 8 pulse speed sensor, a maximum calibra

tion distance of 124 miles (999,999 distance pulses) is possible with the 

TRIDAQS. 

Periodic calibration runs should be made to compensate for time wear. 

Uniform tire pressure should be ma"intained for vehicles making travel 

time studies. 

E. Information Queries 

There are a number of information items that can be queried from the 

TRIDAQS. The general procedure for a query is, first of all, to blank or 

zero the displays. Next, enter a one or two digit code as described below. 

Finally, press "ENTER" to initiate the query. Each of the data items 

obtainable through this query mechanism is described in Table 1. 
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Table 1 - Query Codes and Descriptiuns 

Code Action 

00 none 

01 Display the date (MMDDYY). 

02 Display time of day (HHMMSS; military format). 

03 Display elapsed time (HHMMSS) since "START STUDY" or 

"STOP/START STUDY II function button was pressed. 

04 Display distance traveled in hundreths of miles (MMMM.MM) 

since "START STUDY II or "STOP/START STUDY" function 

button was pressed. 

05 Display distance traveled in feet (FFFFFF) since "START 

STUDY" or "STOP/START STUDY" function button was 

pressed. 

06 Display current speed in miles per hour (OOOOMM). 

07 Display current speed in feet per second (OOOFFF). 

08 Display last weather code entered (OOOOXX). 

09 Display last pavement code entered (OOOOXX). 

10 Display driver number (XXXXXX). 

11 Display vehicle number (XXXXXX). 

12 Display link number for the next study. 

13 Display base or starting link, i.e., the link number that 

will become the next study's link number if "RESET LINK" 

function button is pressed. 
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Table 1 - Query Codes and Descriptions (Continued) 

Code Action 

14 Display calibration counts. This number, if nonzero, 

indicates the number of speed sensor pulses that were 

accumulated during a calibration run made since the 

unit has been powered up. 

15 Display calibration distance. This number, if nonzero, 

indicates .the calibration distance entered by the driver 

at the conclusion of a calibration run made since the 

unit has been powered up. 

16 Display factor representing number of feet per distance 

pulse currently in use. May be a default value or 

may have been entered by driver during computer 

initialization sequence. 

17 Display factor representing number of miles per distance 

pulse (.XXXXXX) currently in use. Internally derived 

from number of feet per distance pulse through multi

plication by 0.6818. 

18 Turn on audio indicator of distance pulse occurrence. 

Audio indication of distance pulse rate can be 

monitored. 
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F. Terminating Operation. 

At the conclusion of a data acquisition session, a simple procedure 

is necessary to complete the operating sequence. The steps are as follows: 

1. Press the IIEND TAPE" button. The tape will be seen to move 

for a few seconds. As an added measure, press the END TAPE 

button again after tHe tape stops moving. This procedure 

ensures that the last study is written to tape, and that the 

end of tape signals have been recorded for later use. 

2. Press IISTOP" on the cassette recorder to cancel the uPLAY" and 

"RECORDII functions. All cassette controls should now be in 

the up position. 

3. Press IIEJECT II , remove the data cassette, and place in its 

protective carrying case. This cassette will be used later 

during the data transmission phase. 

4. Close the plastic door on the cassette unit. 

5. Press the red IlRESET" button to stop the computer. 

6. Press the POWER pushbutton to turn off power. 

7. Remove the p.ower pl ug from the cigarette 1 ighter receptacle. 

8. Disconnect the power cable from the TRIDAQS unit. 

9. Disconnect the speed sensor cable from the TRIOAQS unit and 

from the speed sensor connector on the cable that enters the 

passenger compartment. 

10. Stow the power cable and speed sensor cable. 

11. Place the protective cover on the TRIOAQS unit and fasten the 

latches. 
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IV. DATA TRANSMISSION OPERATION 

The procedure for transmission of recorded data to the Austin D-19 

computer is considerably less involved than the field data acquisition 

of these data. It is recommended that cassette tapes be transmitted on 

a daily basis, and thereafter processed promptly to detect any non-obvious 

malfunction in the TRIDAQS. 

A. Initial Setup 

The initial setup is concerned with preparing the unit for data 

transmission in ,an office environment. This setup requires the TRIDAQS 

unit, an auxiliary 12 volt power supply, an acoustic coupler (Operator's 

Manual is in Appendix D), and a standard telephone. These four items 

should be in close proximity on a desk or tabletop, with an AC power 

source within 4 feet. The steps for setting up the unit are: 

a. Remove the top cover of the TRIDAQS case by releasing each 

of the four suitcase latches. Put the cover aside, since 

it is used as a protective shield only when the unit is 

not in operation. 

b. A gray multiconductor cable is supplied with the unit. It 

is actually 2 cables, both joined at one end with an Amphenol 

connector, and with DB-25 connectors terminating the other 

two ends. The TRIDAQS in the data transmission configuration 

will utilize one leg of this cable. Plug the Amphenol 

connector in the receptacle on the end of the case that is 

opposite the tape recorder. Plug the DB-25 connector into 

the rear of the acoustic coupler. (The plugs are polarized, 
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so only the proper plug will match the connector in the 

acoustic coupler}. 

c. Plug the main power cord of the acoustic coupler into the AC 

receptacle. Trere are three control switches on the 

acoustic coupler. They should be set as follows: 

1. Turn the OFF/ON rocker switch to ON. The power indicator 

lamp to the left of the switch shou1d light. 

2. The line terminator pushbutton switch should be out with 

a black visual indicator in the center of the pushbutton. 

If set improperly, a green visual indicator would be 

showing in the center of the pushbutton. 

3. The DUPLEX rocker switch should be set at FULL. 

d. Plug the main power cord of the auxiliary power supply into 

the AC receptacle. Slide the power switch to the ON position. 

The power indicator lamp to the left of the switch should 

light. 

e. Plug the heavy power cable of the TRIDAQS unit into the 

connector on the end of the case that is opposite the tape 

recorder. Plug the other end of the cable into the cigarette 

lighter receptacle attached to the rear of the auxiliary 

power supply. 

B. Procedure for Initializing the Computer 

The computer is nQW ready to be initialized for the data trans

mission mode. The following steps are required to initialize the 

computer prior to transmitting a data tape. In the left column is the 
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prompt message, and the right column is the operator response. 

Prompt 

none 

none 

none 

none 

none 

REWind 

RdyPLA 
(Ready Playback) 

Response 

Press "POWER-ON" pushbutton. 
switch. The red pilot light 
will be illuminated if power is 
present. 

Press the red "RESETI! button. An 
audio beep will be heard as the 
button ;s depressed. 

If any key of the cassette recorder 
manual control .;s down, press 
IISTOPI! on the recorder to dis
engage that key. 

Place the data tape to be transmitted 
in the cassette unit. All manual 
controls of the unit are to remain 
in the upright, or neutral, position. 

Press any button in the first column 
(leftmost) of buttons of the keyboard. 
These are npAVMT COND", IIWEATI-I COND", 
"7", 114") "1", or "Oil. 

Pre:ss the "REWIND" key on thE; cassette 
unit, followed by pressing "STOP" 
immediately as tape motion ceases. 
Press the "ENTER" function button on 
the keyboard. 

Depress the PL.AY 1ever on the cassette 
un1t . 

The computer is now initialized and awaiting a short handshaking 

dialogue with the Austin computer prior to transmitting the data on 

the 'cassette. 
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C. Transmitting the Data 

The following steps are required to complete the procedure: 

a. Dial the humbe~ for'the Austin computer. As the 

last djgit is dia.led{before the nU!flber starts to 

ring) place the handset into the acoustic muffs 

of the acous ti c coup, ~r, recogni zi ng the cor.d, 

end. Immediately pNi!SS' "ENT.ER" on the key

board. 

b. If the Austin computer acknowledges the call, the 

CARRIER indicator lamp to th€l right of the "OFF/OW' 

switch on the acoustic coupler should light. 

c. At this point, the conversation between the computers is 

entirely automatic. The gist of this private conversation 

follows the sequence below: 

(1) D-19 computer transmi ts its i denti fi ca ti on. 

(2) TRIDAQS responds with its identification and 

awaits permission to send data. 

(3) D-19 computer transmits acknowledgement and prepares 

to receive data. 

(4) TRIDAQS reads a block of data from the cass·ette, and 

transmits these data. The TRIDAQS displays reflect 

this activity. 

(5) The TRIDAQS pauses to await acknowledgement from the 

0-19 computer that the data transmitted was not sub

ject to any obvious data transmission errors. During 

this interlude, th,e first 5 digits of the display will 

be blank, and the last (rightmost) digit will be "011
• 
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(6) If errors were encountered, the D-19 computer notifies 

the TRIDAQS, and the TRIDAQS retransmits the same block 

of data. This can account for an extraordinarily long 

pause between cassette tape movements. If a data block 

is not successfully transmitted within 10 attempts, the 

TRIDAQS will abort the session. The displays become 

static, and the operator should hang up the telephone. 

(7) If no errors were encountered, steps (4), (5) and (6) 

above are repeated as necessary. 

(8) When the last data block is read from tape and 

transmitted, the TRIDAQS will signal to the D-19 

computer that no further da.ta are. forthcomi ng. The 

D-19 computer will hang up, and this can be observed 

by the carrier pilot indicator on the front of the 

acoustic coupler being unlit. At this pOint the 

operator should hang up the telephone. 

(9) When finished, the TRIDAQS displays 6 digits of infor

mation regarding the success of the data transmission 

session. Numbered from left to right, digits 1 and 2 

are checksum error counters, which are incremented in 

the event of a checksum error of a cassette tape data 

block. Digits 3 and 4 are parity error counters, 

incremented each time a parity error is sensed for a 

data character within a tape data block. Digits 5 and 

6 are sync error counters, "j ncremented each time a 

data character is out of sync within a data block. 
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(9) (Cont I d. ) 

All three of the above counters are modulo 100, i.e., 

a count of 99 is followed by 00, etc. Generally 

speaking, a display of all zeros is desirable. If 

nonzero, it is probably worthwhile to delete the 

data transmitted to the D-19 computer's disk file by 

initiation of procedures through the District 

terminal. It is recommended that the tape head be 

cleaned between trials. If errors cannot be cleared 

up, treat the resulting data as suspect. 

D. Terminating Data Transmission. 

After the data transmission session is completed (characterized 

by a steady, bright display of all 6 digits and no further tape 

movement), the following procedures should be followed. 

1. Remove the telephone handset from the acoustic muffs 

and hang up. 

2. Press "STOP" on the cassette unit, followed by "EJECT". 

Remove and store the cassette tape until it can be 

determined that the data was processed successfully in 

Austin. Thereafter, the tape may be erased. 

3~ Press the red"RESET"button to stop the computer, and 

press the "POWER" pushbutton switch to turn off power. 

4. Switch the acoustic coupler power switch to the "OFF" 

position. 

5. Slide the power switch on the auxiliary power supply to 

the "OFF" position. 
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D. Terminating Data Transmission (Cont'd.) 

6. Disconnect the Amphenol connector (attached to the cable 

to the acoustic coupler) from the TRIDAQS unit. 

7. Disconnect the TRIDAQS power cable from the cigarette 

lighter receptacle on the auxiliary power supply, and also 

from the connector on the TRIDAQS unit itself. Store the 

power cable. 

8. Place the protective cover on the TRIDAQS and fasten the 

latches. 
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V. ROUTINE OPERATIONS 

A. Cleaning the Cassette Recording Head. 

The cassette recording and erase heads should be cleaned daily 

prior to making studies. A supply of cotton swabs and liquid head 

cleaner (available commercially, or use rubbing alcohol) should be 

kept in the vehicle. Press the "EJECT" button on the recorder and 

remove the cassette to gain access to the heads. 

B. Erasing Tapes. 

While the cassette recorder has an erase head, it is inadequate 

to totally erase a previously recorded tape. For this reason,;;.all 

used tapes, once their contents have been telemetered to Austin and 

verified by the data processing program, should be erased by a bulk 

tape eraser. Depending on the style of bulk tape eraser, this will 

involve either slowly moving the eraser past the tape, or vice versa. 

Exercise proper caution in operating the bulk tape eraser at a loca

tion remote from tapes that are not intended to be erased, as well as 

distant from the TRIDAQS unit. To prevent possible damage from the 

strong magnetic field, it is recommended that a wristwatch not be 

worn while operating the bulk tape eraser. 

C. Audio Monitoring of Data. 

There is a volume control on the cassette unit~ yet it does not 

affect the recording or playback levels of the digital data. It's use 

however, is a convenient check on operation of the TRIDAQS. 
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During data acquisition, the volume should be fully advanced 

to confirm by aU,dible. means that data are: being recor'de'd at approximately 

4 minute intervals. Additionally, the operator will learn to detect 

the associated sounds of various vehicle speeds as reflected by a 

continuous tone of varying frequency during data recording bursts. 

Otherwise, the operation of the unit is entirely silent and unconfirmed. 

During data transmission, the volume control should be set at 

a level which is not distracting in the office environment. A similar 

sound of recorded data is experienced as with vehicle use, except the 

sound reflects the data as they are being read from tape. The transmission 

of data occurs at a speed approximately fifteen times that at which 

it is acquired. Thus, one hour of recorded data will require approximately 

4 minutes to transmit. During the data transmission sequence, there will 

be several periodic tape reads. The uniform ,period of these tape reads 

can be audiby monitored to verify that data transmission errors are riot 

occurring. 
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APPENDIX A 

SPEED SENSOR DATASHEET 

46 





G< \<r \" ' 0 '''":,,?:'';-. ~ ~ ~ ~"\ < 1 
\ \ ~ ~ \ '" .A" '(\ ",.A \ ~\,.;71{ (\"- ~ (~\ ...... :?\ \ \' "" 
, '~"\.A,, ",,(, \"",:,...,,~ y\ ";(7',)..,:\, ;:", .. :r:\, ,',' \~' , -',z ,~ \~" y, ,-, (\ '" (~'(, '-.: '~" 

(;S~,','\~: ~."'~,,' 
~~~,t~:· \~. " ',.,': '. ,~",.\' 
~"" '~ '\~ .. ~ 

.... , . Th 

~ .... ~. YELLOW'JACKE; 

" 

., famlly ••• A 

~ 
"complete line 
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TR7 

Curtis &: Marble CorpOratIOn 

Teleonone (G171 791·8118 

80 Cambridge St., Worcester, Mass. 01603 



TYPICAL 
SPECIFICATIONS 

Maximum Switching 
Voltagee 
40VDC 

Maximum Switching 
Current: 
.25 Amps 

Initial R •• latance: 
.1 Ohm 

Maximum Switching Rate: 
800 Contacts/second 

lllaleria'. 
Housing - Giass-ftllEld 
nylon 
Fittings - Plated steel 
Bearings - OUlte' 

Wlrlngt 
Potted for waterproof 
requirements (except 
TAT selected with blade 
terminals) 

., . 
Operating T.mP«8tu .... 

To 280" F. 

Pole DefinitioN 

1 Pol.. f..-.--
--.! f Pole r--

TIME 

'," ; 
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MODEL 

TRT 

25 MALE 8LADE TERMINALS r 7 8-18 UNS-2B ~\ 

9F8=-=t~ 
;----__ 2 60 .. __ I '---' 31---i I. I 

TRB 

1.84 

;----- 2 26 ---""1 

TR9 

~/ 
5;8-18 UNF·2A 

~--------------------------~~ TRiO· 

5'$-18 UNF-2A 58-18 UNF 287 

! 

/ 



ORDERING STANDARD NO. OF WIRE REMARKS 
CODE FITTINGS POLES TERMINA-

($_ IM_' p ... , OF TIONS 
MAGNET 

_. 

TR7-XX-XX Blank· 

-~ ~ WI", T,~I",tiO" 
114" 
Blade TR7 
Terminals For direct con-

#10. #11.#18. #25 2.4.6. a A· 8" Leads naction to stan-
No. of Poles of dard engine or 
Magnet e- 12' 2- transmission fit-
Standard Fitting Ccnduc- tings 

tor Leads 
Model # 

, 

~~.~ TRB 
Input Output For direct con-
#10 #10 naction to stan-

No. of Poles of 
#11 #11 dard engina or Magnet 
#lB #18 2.4.6.8 8" Leads transmission fit· 

Output Fitting 
#25 #25 tingswhere 

#35 flexible shaft con-
Input Fitting tinuaticn is nec· 

Model It 
essary 

, 

TR9-X 

I T No. ofF'<" .. 01 

TR9 

#35 Input For splitting 
Magnet (Both ends) 2.4.6.8 8" Leads speedometer or 
Model # tachometer ca· 

bles with union 
nuts on both ends 

.,,,". 

TR10-X 

I T No. of Po'" 01 
TR10 

#35 Input For mounting di· 
Magnet and Output 2.4.6.8 8" Leads rect to speedom-
Model # eter or tachome-

ter fittings 
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INPUT 

7/8-18 UNS-28 

L=_ =-'-

104 soI-i 
~ -1 
5/8-18 UNF-2A 

:~g: SO 
"750EEP 

Base MoiJnl 

.... " »'_---,.,-K~""""".,.,., __ ... ".~~_~_ .. <, ___ , ..... "" •. _ .... _ ......... ...-,.-, 

STANDARD FITTINGS 

PITTiNG #10 
SAEMARINE 

F'lTTING#11 
SAEAERO 

PITTING #18 
SAE MARINE HVY 

PITTING #2S 
SAEUGHT 
(718" thread.) 

"" 
OUTPUT 

7/8-16 UNS-2A 

1931 189 DIA 
"077/ "069 SLOT 
"94 DEEP 

718-16 UNS-2A 

"163/"159 DIA 
.0771 "069 SLOT 
94 DEEP 

"2141,210 DIA 
"077 /'069 SLOT 
"94 DEEP 

7/8-18 UNS-2A 

"100 SO 
"H15 
94 DEEP 

-8fl " 104 
PITT"ING #3S .::...£ :m so 
SAE UGHT - -, _ 
(SI8" thread.) -r 

-i44~ 

j 

j 
j 

OPTIONS '" 

Multi-WiN/Connection 
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Special mounts and wiring connections 
are available lor your requirements" 
Consult Mass TeCh. 

DRIVE TIPS 

30134 .155 

J50l J. 
~-::-=:d.-L 

. --'t --r'[.410 
1'95 

SAE MARINE· Used with Fitting 1110 

30133 .188 
,l63l 1 

rr=<=?T?j-_ ::::1-'-
" --.....·---.-t 

' "250 
;;25 

SAE AERO· Used with Fitting #11 

30101 ,206 
.200 l 1 

eJJ=O[::=1_-,---'--.,-
" t [.250 

SAl! .235 
MARINE HVY • Used with Fitting #18 

SAE REGULAR Used with Fitti~ #25 

Used 10 convert Irl)m 5/S"IO 7/8" thre~ds. ;"8 .• us
ing nut. MQdel TR,!l-2535 can be used with either 
thread system. 

-.~.~¥':~;':._~' "'~'~~'?'>:~"-,J -',- ~r' - -' 

"$ massT~~h 
" " '"" • ,'" "' Divl1ion of 

,,"," ",,' Cun\$ at Merb .. QJrl'Ofiltlon 
','>!/"'; telephOne 16m 1\11,81111 

St.! Worcester. 01603 



APPENDIX B 

ABBREVIATED PROMPT/RESPONSE 

LIST FOR TRIDAQS 
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ABBREVIATED PROMPT/RESPONSE LIST FOR TRIDAQS 

Date Acquisition Operation 

(After computer reset, press any key in second column of keyboard to initiate) 

Prompt 

rEWind 

rdyrEC 

dATE? 
drivr? 
VEhiCL 
WEATH? 
PAvET? 
STLin? 
FTdiS? 

CLOC? 

Response 

Press cassette REWIND; press STOP immediately when tape 
stops; press ENTER. 

Simultaneously press RECORD and PLAY on cassette recorder; 
press ENTER. 

Enter date MMDDYY, press ENTER. 
Enter driver identification number, press ENTER. 
Enter vehicle identification number, press ENTER. 
Enter two digit weather code, press ENTER. 
Enter two digit pavement code, press ENTER. 
Enter nonzero starting link number, press ENTER. 
Enter feet/distance pulse factor (0 to ignore), press 

ENTER. 
Enter time of day HHMMSS military time, press ENTER. 

Data Transmission Operation 

(After computer reset, press any key in first column of keyboard to initiate) 

Prompt 

rEWind 

rdyPLA 

Press cassette REWIND; press STOP immediately when tape 
stops; press ENTER. 

Press PLAY on cassette recorder; press ENTER. 
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APPENDIX C 

SEVEN-SEGMENT DISPLAY CHARACTER REPRESENTATIONS 
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A R S 5 
B b T 1 
C [ U U 
D d V u 
E E W t:J 
F F ·X ., 
G 9 Y =t 
H H 'z 2 
I I 0 0 
J U 1 I 
K I- 2 2 
L L 3 3 
M n 4 '1 
N n 5 5 
0 c 6 6 
p P 7 1 
Q :l 8 8 
R r- 9 9 

Figure C-l. Seven Segment Display Alphanumeric Characters. 
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APPENDIX D 

ACOUSTIC COUPLER OPERATOR'S MANUAL 
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OPERATOR'S MANUAL 

Ven-Te1 
Acoustic Coupler 

l1ode1s AC103-l, AC103-3 
Originate Only 

Originate/Answer 

56 
September 1, 1978 

2360 WALSH AVE. • SANT A CLAHA. CALIFOHNIA 950~O • (408' 984.2127 



Ven-Tel, Inc. 

OPERATING PROCEDURES 

MODEL ACl03-l 

Originate Only 

1. Remove acoustic coupler from carton and check for 
any shipping damage. 

2. Plug in coupler and turn power switch located on the 
front to ON position. Power LED will light up. 

NOTE 
On Originate/Answer Model ACl03-3, switch 
on right frorit side should be iri originate 
position. 

3. Attach EIA or 20Na current loop cable, normally 
supplied by the business machine manufacturer or' 
can be obtained from your Ven-Tel supplier, to the 
25 pin connector on the back of the coupler. Pin 
assignment sheets have been provided with the ship
ment. 

4. Set the Half/Full duplex switch, located on the 
back of the coupler, to correspond with the terminal 
setting. 

SEE ILLUSTRATION 

5. Dial up the computer or remote station. 

6. Wait for the high pitched tone indicating contact has 
been made at the CPU end. 

7. Firmly place the Western Electric 500 data handset, or 
equilvalent, into acoustic muffs recognizing the cord 
end. Carrier LED will light up. 

When using Option "AIf, D.A.A., pull up on 
white exclusion key after contact has been 
made. DO NOT replace handset on telephone 
cradle. Place next to telephone on the table. 

When all data has been completely transmitted or call 
needs to be terminated, simply remove handset from the 
coupler and hang up the phone. 
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Ven-Tel, Inc. 

MODEL AC103-3 

Originate/Answer 

Coupler should be placed in the same operating mode as 
Originate only steps 1, 2, and 3. 

4. Hhen receiving calls from an originating 
location, firmly place handset into acoustic 
muffs again recognizing cord end. Push 
originate/answer switch into answer position. 
Carrier LED will light up. 

The 'ca 11 can be terminated in ,the same manner as the 
Originate only model. 
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ILLYSTRATION 

The ACto3 comes in two model conrigurations: 
MODEL 103-1- Originate only, half/full duplex, and both RS232C and 20Ma interface 
MODEL 103-3- Originate/answer, switch selectable, half/full duplex, and both RS232C and 20Ma interface 

Options available on the above models are: 
Option A DM for direct connection to telephone lines , 
Option B Provides for simultaneous operation of both RS232C and 20Ma interfaces.' 

THE MODEL ACI03 SPECIFICATIONS 

OPERATING MODE 

Originate: Half/full duplex, MODEL ACI03-J 
Originate/answer. MODEL ACI03-3 

INDICATORS 

Power on 
Carrier detect 

Receiver frequencies: 
Transmit frequencies: 
Sensitivity: 
Carrier detect delay: 
Data rate: 
EIA interface: 
Current loop: 
Power input: 

ENVIRONMENTAL 

Temperature: 40~F to 12crF 
Humidity: 10 to 95% 

OPERATOR CONTROLS 

Power on-off 
Half/full duplex (RS232C or 20Ma) 
Originate/Answer Switch (ACI03-3) 
Acoustic/DM Switch (Option A) 

WARRANIY: I year factory. parts and labor 
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ELECTRICAL 

2225Hz (mark). 2025Hz (space) 
1270Hz (mark). 1070Hz (space) 
45 dbm :':2 
1.5 sec (on); 150 ms (off) 
o to 30 characters per second (300 bps) 
RS-232C compatible 
20Ma 
115VAC :!:20v, 60Hz 

CONNECTORi
' (Pin Assignmsnts) 

EIAPIN# 

14 
2 
3 
5 
6 
7 
8 
9 

10 
13 

DESCRIPTION 

Positive pull up 
Transmit data 
Receive data 
Clear-to-send 
Data-seHeady 
Signal ground 
Carrier detect 
+ 12 VDC supply 
-12 VDC supply 
Receive current loop 

• Connector cables available on request 

PHYSICAL 

Size: 10-1/2" x 6-1/4" x 4-1/2" 
Weight: 2.5 pounds 

SYMBOLS 

+ transmit 
BA 
BB 
CB 
CC 
AB 
CF 
+V 
-V 
20Ma 



H A R It ANT Y 

1. Ven-Te 1 of [erR nOlle (1) year parts and labor warranty 
upon return to factory. 

2. Ven-Tc 1 fllrthe r f,unnmtces a tH(,llt y- four (2 L.) hour turn
nrollnd timc for those items retunwd to the [,Jetory for 
r('IH1ir, whether 1.n out:' out or ''':UTnnty. If the uuit is 
cove.red under the warnlnty, frei.ghl: out is' prdd by Vell
Tel, if the illli.t is out of vlHrr;mty. the En"i.ght out 
charges are the responsibility of the end user. 

3. Out of wilrrnnty relurnf; l1re rcpaixd nt a flnt rate of 
$35.00 per Nodem (not :i.nc1.uoillg freight). Ench out: of 
wnrranty repair is returned with a six (6) month extended 
warranty. 

4. A One (1) yenr eXl.:ended vlarrnnty is :lvnilnblc prior to 
the expiration of the original 1st year warranty. 

5. At this time, Vpn-Tcl dON; not Orr('l" on-site m:1i.ntetl,1tlCe. 
llmvever, :1Ily and nll COlllpOlwnts used in the 1I1oclC'llls are 
off the shelf items available from most local electronic 
distributors. 

6. Ven-Tel wi1.\. pt~ovi.de all technical spec:i.ficlltions requested 
by the State of Texas or any State Agency. 

60 



APPENDIX E 

COSTS OF TRIDAQS UNIT HARDWARE AND OPERATION 
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The TRIDAQS unit was designed using very low cost components. While 

this is a prudent course to follow, it can sometimes sacrifice reliability 

for the lower cost. This was the situation that occurred with the cassette 

recorder. Therefore, it is reconmended that a higher quality digital re

corder be utilized. Further comments on suggested changes to the TRIDAQS 

unit may be found in Appendix H, Recommendations for Further Research. 

Approximate cost of parts for the prototype unit were: 

ITEM 

SD Sales Z-80 Starter Kit 

Halliburton Aluminum Camera Case 

Machined Face Plate 

National Multiplex CC-8 Digital 
Data Recorder 

Terminal Strips 

Switches 

Indicator Lights 

DC/DC Converter (+12v to + 8v) 

Five Volt Regulator and Heat Sink 

Audio Tone Oscillator 

Connectors, Plugs, and Jacks 

Miscellaneous Hardware 

COST 

$ 300.00 

90.00 

275.00 

295.00 

6.00 

13.00 

8.00 

10.00 

7.00 

11.00 

19.00 

25.00 
$1,059.00 

The cost of data acquisition using the TRIDAQS unit is the cost of 

driver and floating vehicle over the study section. Further, this cost 

is related to the number of studies that are conducted on a link. It is 

expected that the study vehicle would traverse each link a specified 

number of times for each particular time period under investigation. The 
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travel runs might be associated with a IIbefore" and !lafter!l study, or else 

could be a series of continuing studies. Thus, the cost of data acquisition 

for a 1ink is strictiy a functi.on of the vehicle and driver costs over that 

link, multiplied by the number of studies conducted. The use of the TRIDAQS 

in a v~h1C1e does not inc.rease the operating cost of that vehicle. 

The cost of processing these acquired data is related to the long 

distance telephone charges for telemetering the data to Austin, and the com· 

puter time charges for checking, storing, formatting, and printing results. 

These control computer facility charges are not known at this time. Based 

on test runs conducted by Texas Transportation Institute on the Texas A&M 

University Amdahl computer, the estimated processing charge per study would 

be less than five dollars. 
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APPENDIX F 

DATA COMMUNICATIONS AND JOB PROCESSING 



II 

I I 



The TRIDAQS unit transmits and receives data from the SDHPT Austin D-19 

computer according to the 300 baud, auto-answer protoco 1 standard . Thi:s step 

transmits the field-recorded cassette data to a disk file which is accessable 

by the general data processing program. A schematic of this operation is 

shown in Figure,F-1. 

The procedures for obtaining printouts at the district terminal have not 

been finalized at this time. A sample printout obtained from a study con

ducted during the testing phase is shown in Figure F-2. This is the detailed 

printout that can be obtained from a single study over a particular link. This 

level of detail mayor may not be useful. 

Typically, a number of studies for a given link are combined to obtain 

the average link travel characteristics. As each study is processed in Austin, 

it becomes part of a master file. The data processing program has the capability 

of selecting a broad combination of studies for inspection. For example, the 

master selection criterion is the link number. For a given link number, none, 

any, or all of the following criteria may be specified: 

Beginning date 

Ending date 

Beg"inning time 

Ending time 

Driver number 

Vehicle number 

Weather condition 

Pavement condition. 

An example printout for a combination of six studies is shown in Figure 

F-3. The direct measurement of fuel consumption is not a feature of the 
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Fi gure F-l. INSTRUMENTED V£HlCLE RESEARCH PROJECT 

PROPOSt::D SYSTEM FOR DATA COMMUNICATIONS 

,TRAl!SMITTEO MESSAGE stREA. 
If_ IlIECORIlIIIQ: UllIn 

lfAI4D TELEPHONE 
, LINE 

'IIMIO lAUD ,,~ 

Source: Texa.s State Depart~nt of Hi~hways and 
Public Transportatlon 

IBM 
1?05Il 
~ 
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IlNIT 
UP, 

I~ , 

IBIt 

r
l 

- 1"a.,w;;oAH\. ;;--"'1 
SYSTEMS 

I I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 

DI9 WRITTEN I 
IlATCil I 

SU8ROUTINE 

TTl I 1-----+<1 APPLICATIOIf 

PROGR.... I 
I 
I 
I 

I I, 
I I L ________ ....J 



RE::'ULl !:. Ff.tUM TOTAl... STUDY LINK 5 

" -() ! STWY ~("Al" 19:49:3::: T/ <t /6. 1.1 /I-kLl<"E:;'~ Lo oti/i:.7/80 uRIVER 1 VEHICLE 259266 WEATt£R CLR PAVEMENT DRY 

TRVL S TDfI" PC"' TRVL Av4.J, Vc:LOCIT Y A<"Ct:LI:.I<A TJ ON MEAN C.i<EEN- NO .. STOPS 
01~1 r 1 .... .:. rIM!:; !:> fur" T 1,", '- ;,;-'u (Fl/::.t"; ) (f 1I~t::C/~CI VeL ':'HI t:J...D!:> Of PER 
(Fl) o.UN) "'IN TIM':' /141 ..... H t4:::AN 110 1St. MEAN N01 SE GRAD INDeX a~,aii't.\E" 

12l>lo\:> .... ::. i).;:; 5 1 .-" ..).c.:... 1 lI.I.\) " .7 -u ..... o 1.93 0.041 2';)' I. I 4 1,'1,3 
"",." 

......:.::.vLT::. dY :"'cl..JMi;.NIS LINK 5 

THVL ::.l ... t=> PC r TkVL ... til, Vt.':L..J ... I TV AC c.!:; Lc:, kA 11 uN MeAN GlicEi;.N- NO. ~~s 01501 TlME T U!\!: SHIP T 1MI': SPu (FT/Sf.<.. ) (FT/Sitc/SEC) VEL SHl6..OS tIP ,/' .. 
(FH ','4l NI I'IIN 11,foU:. 1M! MI-' /1 It AN ~UISE I'll:. A'" NUi !>C GI'tAi..l 1 NDt:: X ::.TOPS M,ILE CNTL SECT MILPNT LANDMARK 

m " ,» ' 
«x;v 

...... 4016 32 23 .. 460 SRI ARCREST DRIve 
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TRIDAQS unit, and that column of the printout should be ignored. Note that 

Figure F-3 has asterisks adjacent to all of the selection criteria mentioned 

above. When a criterion is unspecified, an asterisk is printed. Thus, the 

printout lists all studies for link 1 regardless of date, time, driver, 

vehicle, or weather or pavement condition. As a detailed example of the 

selection process, all studies conducted by driver number 121 in vehicle 

number 456 on wet pavement under cloudy skies on September 19, 1979 from 

8 to 10 am could have been selected. 

Using the same criteria, a speed profile plot may be obtained as shown 

in Figure F-4. Thii is a plot of the average spe~d from all previous studies 

conducted over link 5. 

While the general data processing program is functioning for the des

cribed activities as of August, 1981, it remains to be made fully operational 

in the SDHPT District terminal environment. This enhancement is scheduled for 

the near future. 
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APPENDIX G 

TRAFFIC FLOW QUALITY PARAMETERS, RELIABILITY AND USE 
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As shown in. Figure F-2 (Appendix F), a number of traffic flow quality 

parameters are printed out for an individual study. A subset of these 

parameters is included in the printout for combined studies (Figure F-3). 

A description of each traffic flow quality parameter and associated data 

items follows. 

DIST{FT) 

This is the distance traveled (in feet) by the vehicle during the 

course of the study. This quantity is derived from the speed sensor pulses, 

which occur at the approximate rate of one each 0.66 foot. This is a very 

accurate distance measure which, through the calibration procedure, can pro

duce'an exceptionally high accuracy for precision distance measurements. 

TRVL TIME(r~IN) 

This is the number of minutes in the study. 

STOP TIME MIN 

This is the time in minutes during the study that the one-second distance 

traveled is less than or equal to 5 feet. 

PCT STOP TIME 

The percentage stop time is calculated by the stopped time (as defined 

above), divided by the study length (in minutes), and multiplied by 100. 

TRVL TIME/MI 

This is the average number of minutes to traverse a mile during the 

study. 

AVG SPD MPH 

This is the average speed in miles per hour during the study. 

MEAN VELOCITY (FT/SEC) 

This is the average speed in feet per second during the study. 
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VELOCITY NOISE 

This is the standard deviation of the velocity (feet/second) as 

expressed by 

[I ~vr i=J ~ 

M 

M. - I 

where ~v is the one-second velocity in feeVsecond 
and M is the number of seconds in the study_ 

MEAN ACCELERATION (FT /SEC/SEC) 

This is the average acceleration as expressed by 

M-I 
I{~Vil-~Vi) 

1=1 + , 

M 

where ~v is the number of feet traveled during a one-second time slice 
and M is the number of one-second time intervals during the study. 
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ACCELERATION NOISE 

This is the standard deviation of the acceleration (feet/second/second) 

as expressed by 

2 

M-I 2 
L (/J.V

1 
I - /J.V

1
) -

1=1 + 
MM 

MM -I 

where M is the number of one-second time intervals during the study 
and MM is the number of one-second time intervals reduced by 1 for 

each (liVi+l, liVi ) pair that is zero. 

MEAN VEL. GRAD 

The mean velocity gradient is the acceleration noise divided by the 

mean velocity. The acceleration noise computation 'for this parameter is 

M-I . 2 
L: (/J.V

i 
I - /J.V

i
) -

i = I + 

fM- 1 

li ~I (LWj + I -6V1 ) 

M 

2 

M -I 

where M is the number of one-second time intervals during the study. 

Note that this is different from the primary computation of acceleration 

noise as previously defined in that a zero (liVi+1, liV i ) pair is not treated as a 

special case. 
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GREENSHIELDS INDEX 

Thi sis an index of the quality of traffi c flow as proposed by Bruce 

D. Greenshields. It is based on the premise that the higher the average 

speed within practical limits, the more satisfactory the flow. Conversely, 

the more turbulent or uneven the flow as measured by the change of speed per 

mile and the number of changes, the less satisfactory is the flow. This 

expression may be stated as 

S Q = -----
II f s 

where Q is the quality of flow, 
S is the average speed, 
~s is the speed changes per mile, and 
f is the frequency of speed changes per mile. 

The Greenshield Index produced by the program is uncorrelated with 

actual traffic conditions and seems to have substantial fluctuations. Some 

correlation studies and sensitivity adjustments would be useful in applying 

this index to SDHPT needs. 

NO. OF STOPS 

A stop is defined as 3 consecutive seconds during which the distance 

traveled each second was less than or equal to 10 feet, providing_that .at 

least 5 seconds (not necessarily consecutive, and each with distance traveled 

greater than 10 feet) have elapsed since the last stop was recorded. 
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STOPS PER MILE 

This is the number of stops divided by the number of miles in the study. 

Reliability of Results 

The reliability of results is a matter of interpretation of the term 

"reliab"ility,1I coupled with an appreciation of the sampling requirements of 

the traffic stream. For example, for a given study of one mile length, the 

printout reflects exactly the travel quality experienced by the floating 

vehicle within its travel space. The distance traveled should be accurate 

to within a foot, and the average speed is correspondingly exact. Yet, this 

single study could not be deemed a reflection of traffic flow on that link 

except between the time the study started and the time it ended. 

The question arises, then, as to how many studies are to be conducted 

over a given link to obtain an average that is indicative of traffic flows 

on that link? Time of day, day of week, day of year, weather and pavement 

conditions, and other factors are to be considered. These topics are beyond 

the scope of this document. For a good discussion on the number of travel 

time were required to achieve statistically sound results, the reader is 

referred to a monograph entitled "Minimum Number of Travel Time Runs Re

quired to Obtain Statistically Significant Results." This is Staff Report 

No. 51.06 by D. S. Terry, Victor L. Hernandez, and S. S. Taylor, Bureau of 

Traffic Research, Department of Traffic, City of Los Angeles. The report 

is dated May 21, 1971. 
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Use of Results 

Typi ca lly, the TRIDAQS Uni tis used wherever it is necessary to 

monitor the quality of traffic flow, and where that measurement can be 

satisfied by means of a series of travel time runs performed by a floating 

vehicle. Naturally, a number of studies must be made on a link to obtain 

representative results as described above. The frequency with which these 

groups of studies are made is dependent on the purpose of the investigation. 

A IIbefore" and "after" study would obviously require two groups of studies. 

Bottleneck evaluation would require only one series, while ,threshold moni

toring of flows might dictate periodic studies for trend analysis. Groups 

involved in traffic operations and planning would be the most likely to util

ize the results of travel time studies performed with the TRUDAQS unit. 
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APPENDIX H 

RECOMMENDATIONS FOR FURTHER RESEARCH AND ENHANCEMENTS 
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The TRIDAQS unit is a prototype model which forms the basis for much 

improvement. The following is a list of items that apply both to the hard

ware unit and data processing software: 

1. A higher quality digital tape recorder should be utilized. 

A sacrifice in reliability for this unit is a significant 

detriment. 

2. The displays should be liquid crystal for easier viewing, 

and have an alphanumeric capability. 

3. Considerations should be given to utilizing a large memory, either 

CMOS or Bubble, and doing away with the tape recorder. In the 

case of CMOS, a battery backup would be required. 

4. The physical size of the unit needs to be reduced from attache 

case down to that of a Simpson 260 multimeter, which would occupy 

perhaps 25% of the existing space. 

5. The microcomputer program needs various operational enhancements 

made, such as a1lowing multiple link sequences without initial

izing the computer and changing tapes. Also the recognition of 

calibration parameters is inoperative and needs further debugging. 

6. The scale and format of speed profile plots needs updating. 

7. Additional maintenance procedures for the master file need to be 

added to the battery of data processing program. 

8. The Z-80 cross assembler used for microcomputer program development 

could not accommodate the entire program due to symbol table 

overflow, and a system of transfer vectors was established for 

communicating between the part;-tioned programs. Even so, some 

numeric relative addressing was required to reduce the symbol 

count. An improved method of obtaining assemblies and resultant 

PROM programming is needed. 
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9. The addition of the data transmission capability to the TRIDAQS 

unit caused the program size to increase to the point that 

some features had to be deleted. A reorganization of the program 

is needed to reduce the program size so that other features may 

be added. 

Other suggested enhancements have been mentioned during the discussion 

of specific topics in this report. 
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