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Data Processing Software for an Automatic 
Data Acquisition System in Mass Transit 

A. G. HoBEIKA, C. E. NUNNALLY, S. RAJU, AND P. ANDERSON 

Volumes of raw data collected using the Automatic Data 
Acquisition System are useless until they can be processed and 
transformed into meaningful reports and plots. This is done 
using the data processing software. The software has a 
matching algorithm that is modular in structure. It uses a 
simple, systematic, and logical sequence of actions in attempt
ing to match the recorded activities In the raw data file to 
actual bus stops. The algorithm is tested, validated, and 
justified by performing sensitivity analyses on data files resem
bling those obtained from the Automatic Passenger Counter 
experiment conducted in Roanoke Valley Metro in Virginia. It 
is found that the algorithm does not change its matching 
process with changes in the system variables. Thus, a robust 
algorithm has now been developed to do the matching accu
rately, removing the need for a radio signpost signal to be 
embedded to establish locational accuracy, consequently elim
inating signpost Installation and maintenance worries and 
costs. 

The federal government's increasing cutbacks in operating 
subsidies to mass transit have forced transit managers to shift 
their emphasis from capital intensive transit improvements to 
short-range transit efficiency actions (J). 

In order to improve efficiency, transit managers need to 
make intelligent and informed decisions. Such decisions re
quire an extensive, accurate, and continuous flow of data on 
ridership, fare revenue, schedule adherence, and the like. 
Establishing this kind of comprehensive and statistically valid 
data base through labor-intensive manual data collection 
methods is very expensive. The largest cost item in the manual 
data collection is the manpower needed to collect on-board data 
and data on the street (2). Hence, transit agencies are beginning 
to adopt automated data acquisition techniques. The federal 
government is also promoting research investigating various 
aspects related to future widespread implementation of the 
Automatic Data Acquisition System (ADAS) (3). 

Automated monitoring programs lend the capability of de
tecting detailed changes in running and loading characteristics 
as well as in various levels of service standards (2). Recent 
research in this field has considerably advanced the state of the 
art of transit assessment methods. A number of large and small 
transit agencies have implemented ADAS (4). They have now 
adopted sets of service performance measures and set up 
systematic evaluation programs. One such example is the 
Valley Metro bus station at Roanoke, Vrrginia. 

Department of Civil Engineering, Virginia Polytechnic Institute and 
State University, Blacksburg, Va. 24061. 

DESCRIPTION 

ADAS is a composition of hardware and associated computer 
software that work together to yield certain basic reports on 
routes, schedules, and operations (5). The data collected using 
the hardware give information about the number of passengers 
boarding and alighting at various stops at various times. The 
ADAS at Valley Metro in Roanoke, Virginia, is a micro
processor-based system performing four basic steps: 

• Data acquisition, 
• Data recording and storage, 
• Data transfer and data processing, and 
• Report generation. 

The data acquisition is accomplished using four pairs of 
infrared sensors fixed to the inner sides of the front and rear 
doorway of the bus. The sequence of interruption and making 
of the infrared beams determines the logic for the count 
generation algorithm to sense the passenger activity as an "on" 
or "off." The time in 15-sec units and distance in odometer 
impulses are stamped along with the activities. These are all 
recorded as a 5-byte-long set of records and stored. The file 
containing this set of data records is transferred to the process
ing computer for further processing and report generation. 

SYSTEM CONFIGURATION 

ADAS consists of four modules interconnected to each other in 
a daisy-chained fashion and four sensor pairs, each containing 
two pairs of infrared transmitters and receivers. The four 
modules are the Odometer/Power Module (OPM), Passenger 
Count Module (PCM), Data Storage Module (DSM), and 
Diagnostic Module (DGM). A typical ADAS as in Valley 
Metro at Roanoke, Virginia, comprises one DGM, one OPM, 
one DSM, and two PCMs-<me each for front and rear doors. 
The DGM is used to examine certain operational and functional 
parameters of the system. The OPM, which is fed directly from 
a 12-v battery, serves two purposes: as a power distribution 
center to the other modules of the ADAS and as a receiver of 
odometer impulses. These odometer impulses divided by a 
division factor give a measure of the distance, which is passed 
on to the other modules so that appropriate logs are generated. 
The PCMs monitor the status of the doors via an on/off contact 
signal and passenger activity via infrared sensor pairs. Door 
open and close signals and vehicle movement information are 
used by these modules to generate appropriate logs. The PCMs 
receive and retain the logs generated by other modules and 
store them in the order of their arrival, which is the order of 
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their generation or creation. The DSM is the "controller" of 
the system. 

The ADAS provides two different types of communication 
methods, one for intermodule communication and another for 
dumping the data file to a computer. Both use a packet-based 
approach for requests, acknowledgments, and actual data trans
fers. Communication with the outside world is by means of an 
RS-232 interface without any handshakes. 

DATA PROCESSING SOFTWARE 

The file created by the ADAS hardware is a set of 5-byte-long 
records. The 5 bytes are, respectively, 

• The log type, 
• The time elapsed in 15-sec units, 
• The distance traveled in odometer impulses, 
• Passenger ons, and 
• Passenger offs. 

Whenever an activity occurs, a particular log is created, which 
is stamped on the PCMs and stored on the DSM. These logs 
can be created for the following reasons: 

• The bus is idle for more than 1 min. 
• The counter sensors detect a passenger boarding or alight

ing (passenger activity). 
• The destination signboard is changed. 
• The time or distance registers overflow and is reset. 

For example, when a passenger activity like passengers getting 
on or off the bu occurs, a Log Type 5 is created and stored. 
Similarly, a Log Type 3 is created when the bus idles for a 
minute, and a Log Type 6 is created when the bus idles for 2 or 
more min. 

The data file generated during the collection period is 
transferred to the main computer for processing and eventual 
report generation. The data processing step is a key stage, 
determining the utility of the ADAS both in terms of present 
and future software needs of the transit agency. The algorithm 
for executing this step is built modularly. It employs a simple, 
systematic, and logical sequence of tasks to do the processing. 

Three phases are involved in this software, as shown in 
Figure 1: 

1. Data Integration Phase. 
2. Data Matching Phase. 
3. Output File Storage Phase. 

Data Integration Phase 

In the Data Integration Phase, the external file containing all 
the system information is first retrieved. This information 
includes the name of the transit company, the base names of the 
reference files used for matching, the base name of the Section 
15 cumulative file, the disk drives where all of the above files 
are stored, DeltaL, DeltaT, DeltaS2, the number of feet per 
odometer impulse, and so on. 

The reference files used for matching are the distance, 
schedule, and bus stop name files. The distance reference file 
includes information about distances between stops within a 
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loop, number of timepoints along the route per loop, the route 
number, and route name. The schedule reference file includes 
information like the block number, number of loops of opera
tion, number of timepoints along the route per loop, starting 
time of the first loop, ending time of the last loop, stop numbers 
of the timepoints, and times at various scheduled timepoints. 
The name reference file includes information like the route 
number, route name, the number of stops per loop, and the 
names of all the stops along the route. 

Next, a program menu is presented and according to the 
user's choice, the raw data file to be processed is retrieved. 
Activity records are created. An activity record is any record of 
the Log Types 3, 5, 6, and 11, representing 1 min idle, 
passenger activity, 2 or more min idle, and signboard change, 
respectively. The starting time of the operation of the route is 
calculated by tracking back from the time of data dumping. The 
times and distances at which the various activity records 
occurred are calculated by a process of integration. This is done 
by adding all the time clicks until the particular record from the 
starting time is reached. The same is done for the distance. 
Finally, a count of the number of activity records is generated. 
This phase is presented in Figure 2. 

Data Matching Phase 

The Data Matching Phase is the key phase in tlle processing of 
the algorithm. In tJ1is phase, the reference files-namely, the 
schedule and distance files-are first retrieved. Then, the 
potential loops from the activity records are filled Lo the 
reference files. A potential loop is one which passes a twofold 
test. The first involves matching an activity to Stop Number I. 
The first activity record that falls within DeltaT of the sched
uled starting lime of a loop is taken as the temporary beginning 
of a potential loop. The second test involves locating tJ1e 
activity record occurring at the end of the loop. This is done by 
comparing the actual distance corresponding to the various 
activity records with the reference loop distance; if the dif
ference is within DeltaL, then that activity record is taken as 
the temporary encl of tJ1e potemial loop. The match ratio for this 
loop is next calculated using the relation 

MR = M/[Te(L) - Tb(L)] 

where 

= match ratio, MR 
Te(L) = 
Tb(L) = 

M = 

temporary end of the loop L, 
temporary beginning of the loop L, and 
the number of activity records that have their 
distance within Deltas 1 of the corresponding 
reference distance, called "match." 

The match ratio reflects the percentage of activities that 
produced a match out of all the ac1ivi1ics. This match ratio is 
stored. The next activity record that falls within DeltaT of the 
scheduled time for Stop Number 1 is taken as the temporary 
beginning of the next potential loop and the end is located as 
before. Tis match ratio is calculated and then compared with 
that of the previous activity record, and the loop with the higher 
match ratio is chosen for further comparison. Finally, the loop 
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Retrieve External File. 

Present Program Menu. 

Data Integration Phase 

Retrieve Raw Data File. 

Create Activity Records. 

Retrieve Reference Files. Locate Activity 
Record near Slop 1 for loop 'L'. 

Locate end of potential loop 
and calculate Matchratios. 

Data 

Compare Matchratlo(L) for all potential 
loops and select loop with best Matchratio. Matching 

Phase 

Match all Activity Records within loops. 
Assign Matchvalue and stop number to 

Activity Records for all loops. 

Backmatch and Frontmatch the remaining 
stray data and assign stop numbers to activities. 

Output File 
Ascertain the required output file format. ~ 

Create the file format and store the same. ....____ ___ _ 
Storage Phase 

FIGURE 1 Flow diagram of the data processing algorithm. 

with the highest match ratio is chosen as the good loop. The 
beginning and end of the polenLial loop with the highest match 
ratio become the beginning and end of the good loop. All the 
good loops for all the activity records are located in the same 
manner. The activities within each of the good loops are 
matched, by comparing the distances of each of the activity 
records with the reference distances for various stops. If the 
difference is within DeltaS2, then a match value indicating an 
excellent match and the stop number from the reference file are 
assigned. If the difference is within Deltas 1, then a match 
value indicating a good match and the stop number from the 
reference file are assigned. However, if the difference is beyond 
DeltaS 1, then a match value indicating a poor match along with 
the stop number giving the closest correspondence are as
signed. This is done for all activity records within nil good 
loops. The next stage involves matching the activity records 
that fall outside the good loops. These stray data are matched 
using two technique : backmatching and frontma tching. Jn the 
backmatching technique, the stray data occurring before the 

beginning of the first good loop are matched, by comparing the 
difference between Lhe actual and reference distance with 
Deltas 1. The matching is carried backward from the beginning 
of the good loop. Jn the frontmarching technique, the data 
occurring after the end of the la L good loop are matched using 
the same procedure except that the matching is done forward. 
Thus, in this way, matching is attempted for all activity records. 
The flow diagram for this phase is shown in Figure 3. 

Output File Storage Phase 

In the Output File Storage Phase, the processed data are 
converted to an output file formal and stored. This output 
foanat depends on the needs of the present and future manage
ment software of the transit company. It is observed that this is 
dependent on the size, location, and management strategies of 
the transit agency. However, because of the modular nature of 
the algorithm, excellcnr liexibility and transferability potential 
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Retrieve E>cternal File oantainin; system parameters. Ascertain 

the basenames arxi drives in which the raw data file arxi ~ference 

files are stored 

Present Program Menu offeri.rg the followin:J option: Process 

Raw i::ata, Generate &ls Step Listi.rg arxi Quit or Exit. 

Qn choice Of 1Process RaW J:ata I option: 

i. 
Retrieve Raw i::ata File to be processed frail the drive specified 

above . 

• 
Create Activity Records by accum.llati.rg statistics for the 

data records. Track back frail the tiJDe of data dumpi.rg to 

ascertain the start.i.rg time of operation of the route. 

Accunullate the time clicks arxi distance clicks to give the 

absolute time an:i distance for each of the activity records. 

I Go to i::ata Matchirg Rlase. I 
FIGURE 2 Flow diagram of the Data Integration Phase. 

exist. This phase is represented by the flow diagram shown in 
Figure 4. 

SENSITIVITY ANALYSIS 

Any algorithm must be tested, validated, and justified before its 
final adoption. For doing so, a hypothetical test route was 
designed, and the algorithm was tested for various values of the 
system parameters. The results obtained, in all situations, were 
in conjunction with what was conceptualized; hence, it was 
proven that the algorithm did the matching exactly. The pro
gram was also run on real-life data, and the results obtained 
were very encouraging. 

A test route with 12 stops and several test data files having 
one or more loops of data were created and the program run on 
them. This was done so that the matching could be traced and 
checked manually. It was found that the algorithm matched as 
intended. Also, the distances and times in the data files 
resembled in magnitude those in reality. The manual checking 
of the matching process on the real-life data file could not be 
done because of the large number of stops per loop and the 
voluminous data that are matched. However, it is worth noting 
that the distances in the distance reference file play a crucial 
part in determining the quality and quantity of matching. In 
other words, the amount and accuracy of matching depend 

upon the distances recorded in the distance reference file to a 
large extent. 

The Roanoke Valley Metro bus equipped with ADAS col
lected data throughout the day on a normal operating schedule. 
The algorillun was used for matching activities in all types of 
service: peak, off-peak, midday, night, etc., and it performed as 
intended. 

A sensitivity analysis on the algorithm was performed to 
check the variation in the matching process with changes in the 
system parameters. This involved recognizing the parameters 
affecting the matching process and the roles played by these 
parameters during the various steps in matching. The system 
parameters are DeltaL, DeltaT, Deltas 1, and DeltaS2. 

The steps in the matching process from the point of view of 
performing sensitivity analysis are 

1. Location of the beginning of a potential loop. 
2. Location of the end of a potential loop. 
3. Calculation of the match ratio for the potential loop. 
4. Determination of the best match ratio and, consequently, 

the good loop. 
5. Determination of all good loops. 
6. Matching within good loops. 
7. Matching outside good loops using backmatching and 

frontmatching techniques. 
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Retrieve Distarx:e referernl file ard' Schedule 
reference file used for ma · 

Locate an activity recoxd within DeltaT of the 
scheduled tiJDe for number l of l 'L' . 

Locate end of loop by carparin;J cunul.ative distance 
with the reference loop di.starx:e. If differerx:e is 
within DeltaL, th.en that activity record is the end 

of the l 

Find the Match Ratio usin;J the given formula, for the 
above loop ard compare with that of other potential locp.s 
fcurd the way as above. Select loop with the best Match 

Ratio as l 

Match thin loops. Check distance of a v1ty reco 
of lcq type '5' (~ activity) with the c:orresporrlin; 
reference distaoc':es. If difference is within Deltasl or 
Oeltas2 then assign stop number to activity record with 
matchvalues of '2 ' or '4 ' indicatin;J a good or excellent 
match. If not , find best oarresporrlence for the activi ty 
record ard assign the stop number with a matchvalue of ' o' 
irxlicatin;J an inferior match. Do this for all activity 
records within good lcx::p:i. 

For a ivi records o.xts ocp.s, 
backma~ ard frantmatchin';J usin;J the same 
allo.rable variance of distance concept as above. 

FIGURE 3 Flow diagram of the Data Matching Phase. 

Ascertain the exi.stirg software needs of the transit TABLE 1 VARIATION OF THE MATCHING PROCESS WITH 
DELTAT 

prcperty, 
Step 

DeltaT 1 2 3 4 5 6 7 
Ascertain the foanat of the processed file (artp.Jt file] 

00 y y y y y y y 

far the exi.sti.rg management software . 04 p p p p p p p 
08 p p p p p p p 
12 p p p p p p p 

create and stare the processed data in the required facnat 16 N N N N N N N 
20 N N N N N N N 

on Processirg o:mp.xter far Report and Plot Generation. 24 N N N N N N N 
28 N N N N N N N 
32 B A s L I N E 

Reports and Plots Generation. 36 N N N N N N N 
40 N N N N N N N 

FIGURE 4 Flow diagram of the Output File Storage Phase. 44 N N N N N N N 
48 N N N N N N N 

The roles played by the various parameters and their effect 
on the matching process are detailed below. 

• DeltaT: This is involved only in the location of the 
beginning of a potential loop (i.e., Step 1). Increasing the 
values of the parameter may lead to a greater number of 
iterations of the algorithm. However, it is to be so chosen that it 
would account for the worst possible delay at the beginning of 
a loop of the particular route. A sensitivity analysis using a 
real-life data file shows that DeltaT doe.s not affect the overall 
matching process. This is illustrated in Table 1. 

Norn: DcliaL = 35, DehaSl = 6, Dch.aS2 = 3. =No change. P = Panly 
changed (5 Lo 10 percent). Y =Change> 10 percent. BASLINE =Baseline 
for comparison. 

• DeltaL: This is involved only in Step 2 (i.e., location of 
the end of a potential loop). There is absolutely no change in 
the matching process with a change in DeltaL. This is shown in 
Table 2. 

• DeltaSJ: This is involved in a number of steps of the 
matching process, namely, Steps 3, 4, 5, 6, and 7 (i.e., 
calculation of match ratio, determination of a good loop, 
determination of all good loops, matching within the good 
loops, and matching outside the good loops, respectively). 
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TABLE 2 VARIATION OF THE MATCHING PROCESS WITH 
DELTAL 

Step 

DeltaL 2 3 4 5 6 7 

00 N N N N N N N 
05 N N N N N N N 
10 N N N N N N N 
15 N N N N N N N 
20 N N N N N N N 
25 B A s L I N E 
30 N N N N N N N 
35 N N N N N N N 
40 N N N N N N N 
45 N N N N N N N 

NoTE: DeltaT = 32, DeltaSI = 6, DeltaS3 = 3. N =No change. P =Partly 
changed. BASLINE =Baseline for comparison. 

Hence, as far as the overall matching process goes, this 
parameter plays a crucial role and determines the actual 
precision of the matching process. The value for this parameter 
has to be carefully selected so that most of the unforeseen 
circumstances (like the bus stopping away from a stop due to 
one or more vehicles parked there, etc.) are taken care of. Also, 
the value of this parameter must be less than the distance 
between any two stops. The variation in the matching process 
with change in DeltaS 1 is indicated in Table 3. A mild effect is 
observed in Steps 6 and 7, but the overall matching process 
remains essentially the same. 

TABLE 3 VARIATION OF THE MATCHING PROCESS WITH 
DELTAS I 

Step 

DeltaSI 2 3 4 5 6 7 

4 N N N N N N N 
5 N N N N N N N 
6 B A s L I N E 
7 N N N N N N N 
8 N N N N N N N 
9 N N N N N p p 

10 N N N N N p p 

NoTE: DeltaL = 35, DeltaT = 40, DeltaS2 = 3. N =No change. P =Partly 
changed. BASLINE = Baseline for comparison. 

• DeltaS2: Th.is is involved only jn Step 6- matching 
within good loops with a high precision. As indicated in Table 
4, there is practically no change in the matching process with a 
change in DeltaS2. More activity records were matched when 
the allowable variance for precise matching was increased. The 
change or difference was negligible. In other words, the 
additional number of activity records got matched. 

Thus, from the sensitivity analysis, it can be concluded that 
the algorithm does not change appreciably in its overall match
ing process with changes in the system parameters, indicating 
that a robust and reliable routine is now available for use with 
the ADAS hardware. 

It should be recognized that there are a few implicit assump
tions in the algorithm. The bus using the ADAS is assumed Lo 
be operating on a fixed route. The data are assumed to be 
collected for a greater-than-one-loop length of the route. The 
bus is assumed to be operating on the normal route at normal 
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TABLE 4 VARIATION OF THE MATCHING PROCESS WITH 
DELTAS2 

Step 

DeltaSI DeltaS2 1 2 3 4 5 6 7 

6 3 B A s L I N E 
4 N N N N N N* N* 
5 N N N N N N* N* 

7 3 B A s L I N E 
4 N N N N N N* N* 
5 N N N N N N* N* 

8 3 B A s L I N E 
4 N N N N N N* N* 
5 N N N N N N* N* 

NoTB: DeltaL = 35, DeltaT = 36. N = No change. N* = Additional 
matches. BASLINE = Baseline for comparison. 

schedule. Any changes in the route must be incorporated into 
the reference files before matching. In addition, the operator is 
assumed not to allow boarding and alighting of passengers 
between stops along the route. These assumptions are valid, 
however, since events disrupting them are rare. 

From the results of these tests it has been concluded that 
there is no need for radio signposts along the routes for 
establishing locational accuracy. In this system, the algorithm 
is robust and can lock in and match the activities to stops. It is 
believed thaL the elimination of the use of radio signpost-; 
would result in savings of up to $2,000 per bus and eliminate 
associated installation and maintenance costs and worries. 

The software, which is available as a package along with the 
complete hardware, is written in BASICA and runs on any 
IBM PC or compatible computer with a BASIC compiler. 

DATA UTILITY 

Once the raw data file is processed and the output file is stored 
in a particular fonnaL, several reports and plots can be gener
ated. These reports include the 

• Timepoint Profile Report, 
• Section 15 Daily Report, 
• Section 15 Annual Report, 
• Summary Report, and 
• Bus Stop Listing Report. 

The plots include the 

• Passenger Load Plot, 
• Route Demand Plot, 
• Route Evaluation Plot, and 
• Schedule Evaluation Plot. 

In addition, any reports and plots specifically needed by a 
transit agency can be developed depending on the needs. 

A sample output of the Bus Stop Listing Report from 
Roanoke Valley Metro is shown in Figure 5. This listing 
provides general information such as the block number, route 
number, route name, and date of creation of the file. Also 
provided is crucial information on the locations and times of 
passenger activity, precision of the activity indicated by match 
value (M), distance and time the activity occurred (Dist and 
Depart), number of passengers boarding and alighting at each 
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ROANOKE VALLEY METRO BUS STOP LISTING PREPARED 01-01-1980 PAGE J 
BLOCK I 63 ROUTE I 5 MELROSE/VIRGINIA HGTS. 10-21-86 

STOP# STOP NAME M DIST DEPART SCHEO DEV ONS OFFS PASS 

0 65.62 13: 41: 0 0 l 0 
151 l 7TH/LOUDON 0 65.94 13:43:15 l 0 l 
156 22NO/LOIJOON 4 66.06 13:45:15 l 0 2 
181 GUN CLUB/MELROSE 0 69.32 14: 0:30 l 0 3 

0 71.04 14: 6: 0 0 l 2 
0 71.81 14: 9:45 3 2 2 

l RD.SALEM PUZA 4 72.90 14:18: 0 14:15: 0 - 3: 0 0 l 1 
8 MELROSE/35TH 4 73.62 14:20:45 l 0 2 

18 MELROSE/LAFAYETTE 4 74.54 14:23:45 14:22: 0 - 1:45 l 0 3 
20 MELROSB/24TB 0 77.45 14:35:15 0 l 2 
47 WOOLMORTB'S 4 77.46 14:37:15 0 l l 
48 JEPP'/CBURCH 4 77.60 14:41:15 14:40: 0 - 1:15 4 2 3 

0 77.72 14:42:30 0 3 0 
48 JEFF /CHURCH 0 79.05 14:49:15 14:40: 0 -- 9:15 0 l 0 

0 79.67 14:51: 0 0 l 0 
66 MAIDEN LANE/DUNMORE 0 80.43 14:54:15 0 l 0 

0 80.52 14:54:45 l 0 1 
76 MEMORllL/2229 0 80.97 14:56: 0 0 l 0 
90 MEMORllL/WESTOVER 0 81.98 15: 0:15 0 l 0 

0 83.00 15: 3:30 l. 0 l 
105 HAMPTON/OENNJ:STON 0 83.32 l.5: 5:45 l 0 2 

0 84.27 15: 8:30 0 l 1 
116 MA.IN/FERDINAND 0 85.59 15:14:45 0 l 0 

0 85.63 15:15:45 3 0 3 
130 CHORCH/2ND 0 85.78 15:17:45 2 0 5 

0 86.02 15:20: 0 l 0 6 
135 RORER/5TH 0 87.37 15:25: 0 0 l 5 

0 89.27 15:30:45 0 2 J 
0 89.38 15:31:15 0 l 2 

169 35TH/MELROSE 0 89.76 15:32: 15 0 l 1 
0 90.41 15:34: 0 0 l 0 

l RKE.SALEM PLAZA 4 90.63 15:43:30 15:40: 0 - 3:30 J 1 2 
17 MELROSE/FOREST PARX 2 92.14 15:47:45 l 0 3 
37 SALEM/9TH 4 94.22 15:53:30 l 0 4 

0 95.l.8 l.6: 0:15 2 3 3 
47 WOOLWORTH'S 4 95.19 16: 5: 0 2 0 5 
48 JEFF/CHURCH 2 95. 3l. 16: 7: 0 16: 5: 0 - 2: 0 2 l 6 

0 95.33 16: 7:30 1 0 7 

FIGURE 5 Sample output of Bus Stop Listing Report at Roanoke Valley Metro in Virginia. 

stop (Ons and Offs), and passenger load on the bus al each slop 
(Pass), Also, at timepoints, the scheduled time (Sched) and 
deviations (Dev) of the bus al these stops are indicated. The 
schedule deviations at particular timepoints along the route 
serve as indicators of the quality of design of the schedules and 
aid in Lhe proper design and maintenance of routes and 
schedules. This increases the efficiency and reliability of 
service of various routes, especially when schedule adherence 
is critically regarded by riders. 

CONCLUSIONS 

Easy-to-implement and inexpensive data processing software 
for ADAS is now available for bus transit. 

The proven software capabilities eliminate the need for radio 
signposts for establishing locational accuracy, which translates 
into savings of associated installation and maintenance costs 
and less worry. 

The software package is modular in nature, allowing for 
further enhancement. The potential for software development 
in this area is tremendous, and the described algorithm pro
motes this flexibility. 

The software is interactive and menu-driven, giving the user 
an opportunity to understand and visualize the sequence of the 
matching process. 

The output file format can be easily changed, depending on 
the requirements of the transit company, because of the stnic
tured approach used in the algoritlun. 

The soflware can be run on any IBM-PC or compatible 
computer. Thus, the ADAS can fit in simply without any 
investment for additional data processing machines. 

With thepresenl ADAS, transit agencies can now establish a 
comprehen ive data base to monitor various rout.es and sched
ules. This allows managers to exercise better system sur
veillance and make better decisions. 

A great potential for developing statistically valid demand 
models for each of the rotLtes is created, which aids in system 
planning. 

Finally, the system requires very little maintenance. It is 
advisable to have an employee of Lhe transit agency involved in 
the installation and implementation of the system, however, so 
that someone in the agency knows how the system hardware 
operates. A detailed manual for software support is available. 
The fear of change and the hesitancy rouse new technology for 
data processing, report generation, and so on is one of the 
biggest hindrances to wide.<>pread implementation of ADAS. 
With stronger marketing efforts, belier software support, and 
more stnictured information dissemination, this problem can be 
overcome. 
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GLOSSARY (6) 

Loop: the spatial distribution of the route starting from a 
point or stop and returning to it. 

Good loop: any loop whose start-up Lime is within DcltaT of 
the scheduled starting time and whose match ratio is the 
hjghcst. 

Match ratio: the percentage of activities that produces a 
match out of all the activities. 

Match: when an activity record's distance from the previous 
activity record falls within DeltaSl (a small distance value) of 
the corresponding reference distance. 

Match value: a number or value given to an activity record 
to represent the precision of the match. 

Timepoints: stops along the route that have scheduled times 
attached to them. 

DeltaL: the allowable distance variation in the number of 
odometer impulses for determining when the matching routine 
should end. 

DeltaT: the allowable time variation in the number of time 
clicks for determining the beginning of a loop. 

DeltaS 1 and DellaS2: the allowable distance variations in 
the number of odometer impulses for determining the outer and 
inner limits of a positive match indicating a good match and au 
excellent match, respectively. 
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