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Evolution of the TEXAS Model 33 
 
 

� Elia King Jordan, a graduate student in Civil Engineering at the time, developed the 
initial version of DVPRO. 

� Glenn E. Grayson, a graduate student in Civil Engineering at the time, assisted in the 
development of the actuated signal control logic for SIMPRO and supervised the field data 
collection and analysis which was used to validate the TEXAS Model. 

� Vivek S. Savur, a graduate student in Civil Engineering at the time, assisted in the 
field data collection and analysis and assisted in the development of GEOPRO. 

� Scott Carter, a graduate student in Civil Engineering at the time, was the primary 
person that developed the Intergraph UNIX X Windows version of DISPRO. 

� Moboluwaji “Bolu” Sanu, a graduate student in Electrical and Computing 
Engineering at the time, was the primary person who developed the Java versions of geoplot and 
dispro. He later participated in the Small Business Innovative Research Projects performed by 
Rioux Engineering (Rioux 2004 DTRS57-04-C-10007; Rioux 2008 DTRT57-06-C- 10016). 

� Zhonghui Ning participated in the development of gdvsim in the Small Business 
Innovative Research Projects performed by Rioux Engineering (Rioux 2004 DTRS57-04- C-
10007; Rioux 2008 DTRT57-06-C-10016). 
 

Many research projects have used the TEXAS Model and their results are documented 
elsewhere. The original software programs proved to be a very robust and logically sound 
platform upon which numerous evolutionary enhancements, revisions, and new features were 
subsequently added through additional projects at CTR and Rioux Engineering as the TEXAS 
Model migrated from batch mode on a mainframe computer to interactive mode on modern 
microcomputers, including the following: 
 

� 1977/12/01 V1.00, initial release. 
� 1983/08/01 V2.00, Emissions Processor added (Lee et. al. 1983 250). 
� 1985/11/01 V2.50, converted to run on the DOS operating system on a 

microcomputer using 16-bit FORTRAN compilers, user-friendly interface added, and DOS 
animation added (Lee et. al. 1985 361). 

� 1989/01/01 V3.00, diamond interchange geometry and Texas DOT Figure 3, 4, 6, and 
7 dual-ring actuated diamond signal controller added (Lee et. al. 1989 443). 

� 1992/01/31 V3.10, replicate runs added, wide or narrow output selection added, left-
turn pull-out option added, hesitation factor added, maximum number of loop detectors per lane 
was increased from three to six, blocked lane processing modified, intersection conflict 
avoidance added, and driver–vehicle unit delay for unsignalized lanes modified. 

� 1992/03/25 V3.11, intersection conflict avoidance error fixed, lane change errors 
fixed, and look ahead algorithms modified. 

� 1992/12/15 V3.12, converted to run on the Unix operating system on a workstation, 
Headway Distribution Fitting Processor added, Geometry Plotting Processor added, Simulation 
Statistics Processor added, UNIX X Window animation added, free u-turns at diamond 
interchange added, Dallas diamond signal controller phase numbering added, NEMA TS 1-1989 
signal controller with volume–density operation added, replicate runs for specified number of 
runs added, replicate runs to specified statistical tolerance added, spreadsheet macros developed, 
car following modified, and many small enhancements to numerous algorithms (Rioux et. al. 
1993 1258). 

� 1993/11/23 V3.20, car following modified and NEMA controller errors fixed. 
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driver–vehicle unit, seeking the right to enter the intersection, has a predicted time–space 
trajectory through the intersection that does not conflict with the predicted time–space trajectory 
through the intersection of all other driver–vehicle units that have the right to enter the 
intersection. ICA is the algorithm used to simulate the behavior of driver–vehicle units that have 
the right to enter the intersection and try to maintain a nonconflict time–space trajectory through 
the intersection with the predicted time–space trajectory through the intersection of other driver–
vehicle units that have the right to enter the intersection. Certain driver–vehicle units 
automatically gain the right to enter the intersection when there are no major collisions within 
the system: driver–vehicle units on an uncontrolled lane at a sign-controlled or signal-controlled 
intersection, driver–vehicle units going straight or right on intersection paths that do not change 
lanes within the intersection when the signal displays circular green, and all driver–vehicle units 
on signalized lanes when the signal displays protected green for their movement. Typical 
applications of ICC and ICA include a left-turning driver–vehicle unit crossing opposing leg 
straight through driver–vehicle units. The TEXAS Model included the ICC algorithm in Version 
1.00 released 12/01/1977, added the ICA algorithm in Version 3.10 released 01/31/1992, and 
enhanced both algorithms in subsequent versions. The functionality and effectiveness of these 
algorithms has been verified extensively over the years by evaluation of the animation and 
analysis of the corresponding summary statistics from many, varied simulations. 

The TEXAS Model Geometry Processor (GEOPRO) calculates intersection paths starting 
at the coordinate for the middle of the stop line for an inbound lane, ending at the coordinate for 
the middle of the entry line for a diamond interchange internal inbound or outbound lane, tangent 
to the inbound lane, tangent to the outbound lane, and using the largest radius circular arc when 
needed. The user defines the turn movements that can be made from an inbound lane and the turn 
movements that can be accepted by an outbound lane. An intersection path consists of four 
segments in sequence. Each segment may or may not be used in the intersection path and is 
tangent at each end. The first segment is a tangent section, the second segment is an arc of a 
circle, the third segment is an arc of a circle, and the fourth segment is a tangent section. After 
calculating the geometry for all intersection paths, GEOPRO calculates the geometric conflicts 
between intersection paths including dual left-turn side swipes (the intersection paths come 
within a user- specified distance but do not cross) and merges into the outbound lane. Finally, 
GEOPRO creates a list of geometric conflicts ordered by the distance from the beginning of the 
intersection path down the intersection path centerline to the point of geometric conflict. Data for 
each geometric conflict include the intersection path information and the conflict angle. 

For each intersection path involved in a geometric conflict, the TEXAS Model 
Simulation Processor (SIMPRO) maintains a linked list of driver–vehicle units whose rear 
bumper plus a time safety zone has not crossed the point of geometric conflict. When a driver–
vehicle unit gains the right to enter the intersection, SIMPRO adds the driver–vehicle unit to the 
end of the linked list for each geometric conflict for the driver–vehicle unit’s intersection path. 
When a driver–vehicle unit is denied the right to enter the intersection, such as when a driver–
vehicle unit decides to stop on a yellow signal indication, SIMPRO removes the driver–vehicle 
unit from the linked list for each geometric conflict for the driver–vehicle unit’s intersection 
path. As the rear bumper plus a time safety zone crosses the point of geometric conflict, 
SIMPRO removes the driver–vehicle unit from the linked list for the geometric conflict for the 
driver–vehicle unit’s intersection path. 

To process the intersection conflicts for ICC for a driver–vehicle unit on an inbound lane 
or diamond interchange internal inbound lane that has not gained the right to enter the 
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variability of demand, cannot be compared to real traffic data. In other words, a design of 
the experiments that excludes demand variability cannot be used to infer on the system 
behavior and to validate the model itself. For this reason, the current practice of 
comparing with real traffic data from one day only, the average results from multiple 
replications of a model fed with constant demand profiles, has no meaning indeed. 

b. Outputs of a stochastic model can be properly analyzed only in terms of 
probability or frequency measures, for instance, through the cumulative distribution 
functions or the percentiles of their outputs (such as flow counts, queue lengths or travel 
times). Relying only on output averages means discarding the most of the information 
provided by a stochastic model and desisting from a proper model validation. When 
comparing alternative scenarios, it means adopting a nonrobust measure. 
2. In the traffic simulation field, advanced methods for model output sensitivity analysis 

are vastly unknown (in the cross-disciplinary community of modelers, the term “sensitivity 
analysis” refers to the set of methodologies and statistical techniques that aim to “…study of how 
the uncertainty in the output of a mathematical model or a system (numerical or otherwise) can 
be apportioned to different sources of uncertainty in its inputs” (Saltelli et al., 2002). In the 
practice, sensitivity analyses of traffic simulation models are usually performed adopting 
simplistic experimental designs that is just varying one input or parameter at a time while 
keeping the others fixed at their nominal or default values. Such design is also referred as “one-
factor-at-a-time” (OAT). Unfortunately, it is demonstrated to provide biased results in presence 
of non-linear models and uncertain inputs, for two reasons (Saltelli and Annoni, 2010): 

a. It is a local method as it explores only few points in the neighborhood of the 
chosen values (e.g., default values). If inputs (parametric or nonparametric) are uncertain 
and the model is nonlinear, the behavior at a point of the input space cannot be simply 
extrapolated elsewhere and, therefore, the analysis results at that point can be deceiving. 
For instance, the impact of a parameter on the outputs can be substantially different when 
running the model with the other parameters at values different from the default ones; 

b. Varying one input (or parameter) at a time does not allow the inputs interaction 
effect to be taken into account. However, it happens that the interaction effects of an 
input with the others transcend its standalone effect that is an input affects the outputs 
mainly when it is varied simultaneously with the others. Moreover, results of the 
experiments are not generally analyzed with appropriate statistical techniques. 
Eventually, OAT experimental designs are run with the only aim of investigating the 
influence of inputs or parameters on the outputs, while different settings for sensitivity 
analyses are established and recognized as extremely beneficial for the modeling practice 
(Saltelli et al., 2008). 
3. In the traffic simulation field, the term “sensitivity analysis” is sometime misused. In 

many traffic microsimulation guidelines, for instance, it is applied instead of “uncertainty 
analysis” (or “uncertainty quantification”). Quoting the Traffic Analysis Toolbox Vol. III 
(FHWA, 2004): “…A sensitivity analysis is a targeted assessment of the reliability of the 
microsimulation results, given the uncertainty in the input or assumptions. The analyst identifies 
certain input or assumptions about which there is some uncertainty and varies them to see what 
their impact might be on the microsimulation results.” It is clear that this definition refers to the 
quantification of the uncertainty in model predictions and not, properly, to a sensitivity analysis 
that, instead, aims at apportioning such uncertainty to the different inputs. 
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