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vehicle (using a specific point of reference such as the 
front wheel) between two unobtrusive transverse pave
ment markings extended acr oss all lanes and spaced 
91 m (300 ft) apart. Dar k green paint or tape ma y be 
used for ma1•kings . It is clearly vis ible to an observer , 
yet would probably not be detectable to the driver . Oue 
very important aspect of this procedure is to obtain a 
random sample of the total vehicle population. Common 
observer bias, for instance, too-frequent sampling of 
large or fast vehicles, in collecting spot data must be 
avoided. Approximately 60 vehicles can be sampled in 
a period of 30 min. Using this sample, the mean and 
standard deviations will be calculated as a baseline 
against which speeds of slow vehicles are compared. 

Slowly traveling vehicles can be timed during alter
nate 30-min periods. Our manual coding reliability 
study demonstrated that vehicles traveling one standard 
deviation below the mean speed can be correctly esti
mated in 80 percent of the cases. The field procedure 
suggested here is to time all vehicles appearing to meet 
the slow-driving criterion; data on those actually travel• 
ing faster than one standard deviation below the mean 
speed can be discarded during the subsequent data re
duction. 

The measurP. nbtai.ned will be the proportion of exiting 
traffic volume meeting the slow-speed crite r ion. Each 
lane must be separately analyzed for speed variations 
between lanes. Since trucks, particularly large com
binationR. arf' ll"f'Tif'l':lllv rlrivf'n hv nrnf""'"'i"n"l r1.,.;,,,,.,." 
a general proc;du~al siiggestion -f~; -d;_t~- ~ii~-~tl~~ -i~- t~ 
observe automobiles and trucks as separate subpopula
tions. 

ANALYSIS OF DATA 

Recorded data must permit analyses of vehicle behavior 
as a proportion of exit volume. Comparisons of before 
data between test and control sites in an experiment pro
vide a check of site configuration match. Before·and
after differences at the test site provide a gross indica
tion of the impact of guide signing changes. Comparative 
before-and-after differences and the test versus the con
trol site provide a rigorous indication of signing change 
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impact with the time element effectively factored out and 
the effects of confounding variables minimized. 

For each of these comparisons, it is important to use 
data that are collected during corresponding time 
periods . It is suggested that traffic volume differences 
be first examined for significru1t diIIereuce::> lielweeu lhe 
before-and-after condition using the chi-square test. 
Proper designation of before-and-after data collection 
periods (1-year interval) will likely result in insignifi
cant volume differences. In this case, one should ex
amine differences in target behavior occurrence, using 
the chi-square test to make the comparisons cited above . 
If before·and-after volumes differ, one should convert 
traffic behavior data to proportions of exiting traffic vol
ume and perform the comparisons using the z-test to de
termine significant differences. The conversion to pro
portions should reduce the likelihood of spurious results 
caused by changes in volume. 

A reduction in the frequency of the behavior types 
designated in Figure 1 should indicate that a measurable 
benefit was elicited by the signing change. The signifi
cance tests described above are the primary means for 
determining changes in MOE behavior. 
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Macroscopic Simulation Models for 
Use in Traffic Systems Management 
Stephen L. Cohen, Office of Research, Federal Highway Administration 

In recent years, traffic simulation has become a power
ful tool for testing alternate traffic control strategies . 
The NETSIM (formally UTCS-1) network simu1atio11 
model (1) was developed for the Federal Highway 
AdminiStration for this purpose and has found increas
ingly widespread application. 

More recently, the favored approach to urban trans
portation problems has shifted from traffic control to 
transportation systems management (TSM). Here, too, 
simulation should be a powerful tool in testing alternate 

strategies. These strategies, however, will in general 
be very different from the pure control strategies de
veloped previously in that they will involve route 
changes. 

Unfortunately, the NETSIM model, which is so suc
cessful in testing these strategies, is inappropriate for 
testing many TSM strategies because of its microscopic 
vehicle-tracing interactions. This microscopic approach 
is responsible for the flexibility and accuracy of UTCS-1 
but is too expensive in terms of computer time and core 



to be used on networks larger than 40-50 intersections. 
Thus, it is evident that a model that does not track in
dividual vehicles is needed to test TSM strategies. 

MACROSCOPIC NETWORK MODELS 

Three existing macroscopic models, TRANS (2), 
TRANSYT (3), and SIGOP-II (4), were chosen for com
parison. They were executed-on a netw.ork in Washing
ton, D.C., for which both input and measures of effec
tiveness (MOE) data were available. The MOE average 
speed computed by these models was then compared with 
field data and a NETSIM run of the same network. 

TRANS Model 

The· TRANS model divides each link into zones of length 
T /S, where T is the time scan length and S is the free
flow ,speed. Vehicles are moved from the zone currently 
occupied to the next downstream zone, which is either 
on the same link (intralink movement) or the next down
stre.am link (interlink movement). Traffic movements 
may'be impeded, and vehicles enter into the queue state 
when (a) the zone immediately downstream is full, (b) 
the ·vehicle is in the downstream zone and faces a red 
sighal indication, ( c) the vehicle is a left turner in the 
downstream zone facing an unacceptable gap in oncoming 
traffic, and (d) the vehicle is a right turner in the down
stream zone facing pedestrian interference. 

In the queue state, vehicles discharge in a hit-or
miss Monte Carlo approach based on the mean queue 
discharge headway input for each link. 

Left turns and right turns on red (RTOR) are simu
lated by using gap-acceptance logic. When a vehicle is 
discharged from the last zone on a link, the rest of the 
vehicles in queue are moved up in the next time step to 
fill the vacancy. Thus, the queue-discharge expansion 
wave is not modeled, and cases where spillback condi~ 
tions may be expected to prevail are not properly 
modeled. 

The version of the model used here, TRANS-IV, al
lows pretimed signals and midblock sinks and sources, 
but there is no platoon dispersion feature or any internal 
provision for trucks and buses or midblock rare events. 

TRANSYT Model 

The TRANSYT model is used as an off-line program to 
optimize signal settings. The evaluation portion is a 
simulation model that is more macroscopic than TRANS 
in that the detailed intersection performance is not mod
eled. Delay is calculated using an algorithm based on 
these parameters: volume-to-capacity ratio (V /C), green 
time, and offset, together with a platoon dispersion al
gorithm. For links with V /C > 1, queue buildup is com
puted. 

The platoon dispersion algorithm, which is applied to 
both the primary and secondary flows on a link, is a 
recurrence relation based on exponential smoothing that 
has been validated in the field by the Transportation and 
Road Research Laboratory in Great Britain. 

Two types of delay, uniform and random, are calcu
lated. Uniform delay is based on the assumption that the 
traffic pattern is static from cycle to cycle, while ran
dom delay is based on fluctuations from uniformity and 
is determined by the V /C ratio. This latter term can 
contribute quite substantially to the total delay for inter
sections near saturation. 

The version of the model, TRANSYT V, used in this 
exercise simulates pretimed signals and midblock 
sources but does not treat buses, trucks, turning move-
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ments, midblock rare events, midblock sinks, or 
RTOR. 

SIGOP-Il Model 

The SIGOP-Il model, like TRANSYT, is used as an off
line program to optimize signal settings, The evalua
tion portion is a simulation model similar to that of 
TRANSYT but with some major differences: (a) SIGOP-Il 
assumes that all platoons are rectangular in shape; (b) 
a random component of delay is not calculated; (c) con
tinuity of platoon structure beyond the intersections im
mediately surrounding each intersection is not main
tained as rigorously as in TRANSYT; and (d) the case 
where V > C is not treated. If a flow occurs with V > C, 
it is truncated. On the other hand, a correction is made 
to the free-flow speed to account for acceleration and 
deceleration effects at the link ends. This correction 
has a substantial effect on simulated average speeds. 

The SIGOP-Il model internally handles turning move
ments, trucks, and buses by converting them to equiva
lent passenger-car units (PCUs). Thus a truck is con
sidered 2.25 PCUs and a right turn as 1.25 PCUs; a left
turn equivalent is determined by using an algorithm de
veloped by Fellinghauser (5). Sinks and sources and 
pretimed signals are simulated, but not RTOR. 

The table below gives a comparative summary of the 
models. 

Model 

Element TRANS TRANSYT SIGOP-11 

Platoon dispersion No Yes Yes 
Turning impedance Gap acceptance None Equiv a lent PC Us 
Data updating Yes No No 
Queue discharge Monte Carlo None None 
Trucks and buses No No Equivalent PC Us 
Midblock events No No No 
Pedestrian blockage Delay right- No Equivalent PC Us 

turn discharge 
Computer language IBM 7090 FORTRAN FORTRAN 

Assembly IV IV 
ATOR Yes No No 
Free-flow speed No No Yes 
correction 

SIMULATION TEST CASE 

In order to test the models for accuracy and computer 
time requirements, they were executed using a data set 
(1) gathered for the purpose of validating the UTCS-1 
model. The data set used consisted of 32 min of morn
ing peak data collected by aerial photography on a 16-
intersection network (Figure 1) in downtown Washington, 
D.C. 

This data set was chosen because it includes accurate 
MOE data that allow a good comparison of model accu
racy. Complete information was available on volumes, 
turning movements, vehicle types, lane blockages, bus 
movements, signal settings, pedestrian volumes, and 
midblock sink and source volumes. When the data were 
reduced during the UTCS-1 validation (1), the 32-min 
period was split into eight 4-min interv-als over which 
the data were aggregated. However, TRANSYT and 
SIGOP-II are static models and do not include a data 
update feature. For this reason, the eight 4-min sub
intervals were aggregated into one 32-min interval. 

The following features that are available in some 
models but not in others were represented in the latter 
in order to make the accuracy comparison of the models 
as independent of these features as possible. 



78 

Figure 1. Network in downtown Washington, D.C. 
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1. Turning movements. SIGOP-11 algorithms were 
used externally in TRANSYT to convert the input volumes 
to equivalent PCUs. 

2. Source and sink volumes. TRANSYT provides for 
sources only. Sinks were added by inserting an extra 
link at each node that was the tail of a link with a sink. 
Sink traffic was diverted onto this exit link. 

3. Stop signs. In Figure 1, nodes 9, 10, 20, and 21 
are stop signs that only UTCS-1 simulates. These nodes 
were handled in the other three models by replacing 
them with sinks and sources. 

4. Buses and trucks. The same factor of 2.25 PCUs 
used in SIGOP-11 was externally introduced into the vol
ume inputs for TRANS and TRANSYT. 

5. Exclusive turning lanes. These were introduced 
in TRANSYT by assignment of separate links. 

6. Midblock lane blockages. These are treated by 
UTCS-1 but not by the other three models. No easily 
implementable way was found to represent this effect in 
the other three models. 

7. Free flow speed. The same link-specific free
flow speeds were chosen for all models. This was be
cause the average running speeds that should be used in 
TRANS and TRANSYT were not available (the other two 
models take account of the link end acceleration and de
celeration effects). 

TEST CASE RESULTS 

Using the data set described above, the four models were 
executed. Three replication runs were made using 
UTCS-1. UTCS-1, TRANSYT, and SIGOP-11 were exe
cuted on the U.S. Department of Transportation's IBM-

360-65, while the TRANS model was executed on an 
IBM-7090. Comparative computer times for the 32-min 
period were about 13 min for UTCS-1, about 6 min for 
TRANS, about 6 s for TRANSYT, and about 22 s for 
SIGOP-11. 

The four MOEs that most stringently test model op
eration are travel time, average speed, stops, and total 
delay. The number of stops was not available in the 
field data. Travel time is not meaningful unless related 
to some distance traveled, and total delay is dependent 
on a free-flow speed. Average speed, on the other hand, 
relates travel time to distance traveled and is more in
dependent of free-flow speed than total delay. Thus, 
average speed was chosen as the MOE to be used to com
pare the models. 

The link-specific and overall results for average 
speed are given in Table 1. Only those network links 
that appear in all models are tabulated and included in 
the networkwide results, which indicate that, as ex
pected, UTCS-1 performed the best, followed in order 
by TRANS, SIGOP-11, and TRANSYT. To determine the 
link-specific comparative performances, the sum of 
squares of the differences between each model's pre
dicted link-specific average speed and the field value was 
calculated. Each term was weighted by the link volume. 
The results were UTCS-1: 413 027 (km/h)2 (159 471 
mph2

} TRANS: 1 397 663 (km/ h)2 (539 641 mph2
); 

TRANSYT: 1 449 471 (km/h)2 (559 644 mph2
); SIGOP-11: 

1 022 589 (k!!! / h)2 (394 824 !!!ph2
) . 

DISCUSSION OF RESULTS 

Several conclusions can be drawn or inferred from these 
results. 

The SIGOP-11 model performed better than TRANSYT 
in that the results were in closer agreement with the 
field data. However, this result is possibly misleading 
because it is probably the result of the free-flow speed 
correction in SIGOP-11. This correction is especially 
important in a network with short block spacing such as 

Table 1. Comparison of simulated and field results for average 
speeds. 

Simulation Results (km/h) Field 
Results 

Link UTCS-1 TRANS TRANSYT SIGOP-II (km/h) 

(5, 1) 21.50 21.1 21.50 20.6 21.13 
(1, 2) 17.36 28 .5 21.37 18 ,8 19.47 
(2, 3) 16.48 19.0 18.26 21.6 20.45 
(7, 3) 17.15 26.9 26 .87 23.0 14.66 
(3, 4) 12.45 14.0 14 .25 17.0 14. 85 
(8, 4) 7.72 14.3 16.36 9. 8 8.93 
(1, 5) 20.23 9.9 20.37 28.0 7 .87 
(13, 5) 13.50 26.6 17.44 16.7 24.93 
(6, 5) 12.47 19 .1 14.27 8.0 13.14 
(2, 6) 11.24 11.9 12.28 10.2 12. 71 
(5, 6) 20. 58 23.6 21.48 20.1 17,29 
(11, 6) 11.02 4.5 9.33 15.3 16.10 
(11, 7) 21.59 25.3 23 .80 16. 7 18.66 
(8, 7) 15.80 32.2 20. 78 23.6 16. 17 
(4, 8) 13. 77 11.9 18.37 17.5 9.67 
(12, 8) 27 .11 27.0 33 , 50 36.5 17. 63 
(6, 11) 22.53 29.3 39 .92 27 . 8 20. 77 
(15, 11) 14.34 17.0 16.86 13.4 13.90 
(12, 11) 23. 78 25.4 26.97 20. 8 22. 14 
(8, 12) 14.79 23.8 16.48 13 .4 11.91 
(11, 12) 24.73 13 .4 28.19 25 .9 18. 52 
(16, 12) 6.45 7. 7 6.40 6.00 6. 85 
(14, 13) 10.64 10.9 11.33 9. 20 17. 23 
(6, 14) 28.22 38.0 35.93 31. 85 25.60 
(15, 14) 14.01 11.6 13. 72 16.90 10.36 
(16, 15) 18.48 19.1 18.58 34.3 13.26 
(12, 16) 28.18 36. 7 29. 81 24.0 27 . 80 
Network- 15.70 17.28 19.52 17.76 15.85 

wide 

Note: 1 km/h= 0,62 mph. 



was chosen for this study. Further, only one link has 
a V / C ratio value approaching 1, which yielded a sub
stantial random delay contribution. Thus, it is pos
sible that SIGOP-II might not perform better than 
TRANSYT in a network with more links having V /C 
ratios near 1 and longer block lengths (or, in fact, if a 
similar free-flow speed correction factor were applied 
to TRANSYT). 

The results of TRANS and TRANSYT were mixed. 
TRANS was closer to the field data on a networkwide 
basis, but in the link-specific sum of squares test, the 
two models were about even. The reason can be seen 
from looking at the link-specific results; TRANSYT al
most consistently gives a higher value for average speed 
than is observed in the field, while TRANS often gives 
a lower value. It is highly probable that the reason why 
TRANSYT is consistently high is the use of free-flow 
speed rather than average running speed, which will also 
be a factor in the TRANS model. In the latter, however, 
the hit-or-miss Monte Carlo queue-discharge mechanism 
is equivalent to a negative exponential headway distribu
tion (6). This means that there will be some probability 
of long headways being generated. These are not ob
served in field data, unlike urcs-1 in which the longest 
headway is 1.8 times the mean headway. This will have 
the effect of overestimating delay on an intersection ap
proach in which V / C approaches 1. 
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Some Properties of Freeway Density 
as a Continuous-Time, 
Stochastic Process 
A. V. Gafarian, J. Pahl, and T. L. Ward, Department of Industrial and Systems 

Engineering, University of Southern California, Los Angeles 

Density is an important macroscopic parameter of traffic flow. A num· 
her of studies have based estimations of the density on a section of road· 
way on speed and flow measurements at the section entrance and exit. 
This paper views density as a continuous-time, stochastic process and 
considers the characteristics of the process itself. The study relied on 
freeway traffic data previously obtained by sequential aerial photog· 
raphy. Position data were smoothed and interpolated to construct indi· 
vidual trajectories, which were aggregated to obtain continuous vehicle 
counts in roadway sections of various lengths. Autocorrelation tune· 
tions and power spectra were calculated for these records. It was found 
that, for the traffic flow under consideration, correlation time was pro· 
portional to freeway section length. The power in the process was con· 
centrated below a cutoff frequency that was inversely related to section 
length. The implications these results have for sampling real traffic pro· 
cesses are discussed. 

Density was recognized as an important parameter early 
in the study of traffic flow. For example, G'reenshields 
(1) concluded that time mean speed was a linear function 
of density in vehicles per kilometer. His density, the 

ratio of flow to the arithmetic average of the speeds of 
vehicles passing the measurement point, is now known 
to be a biased estimate of the number of cars on a given 
roadway section (2, 3). 

A number of sfiidies have considered the problem of 
basing estimations of density on a section of roadway on 
speed and flow meas urements at the section entrance and 
exit (4, 5, 6, 7, 8, 9). This study views density as a con
tinuous-tiiiie-; s tochastic process and consider s s ome of 
the characteristics of that process. 

The data for this study were originally obtained by 
taking sequential aerial photognphs of a three- lane sec
tion of the westbound Long Island Expressway (10). The 
selected flow sequence had a mean concentrationof 9. 3 
vehicles/lane-k m (15 vehicles/lane- mile). This cor
responds to the Highway Capacity Manual (11) l evel of 
service B. The four test sections, 91, 305";°558, and 
853 m (300, 1000, 1830, and 2800 ft) long, are examined 
in column 1 of the table below (1 m = 3.3 ft). 




