
21 

Application of an Algorithm for Estimating 

Freeway Trip Tables 

ROBERT W. STOKES and DANIEL E. MORRIS 

ABSTRACT 

The application of an existing computer 
program that uses only the marginal totals 
of a freeway trip table to estimate ramp-to
ramp traffic flows is described. The flows 
estimated by this program [synthetic origin
destination matrices (SYNODM)] were compared 
with origin-destination data obtained from a 
postcard survey and the distribution and 
magnitude of the estimation errors across 
the trip table were documented. A modified 
version of the basic SYNODM algorithm that 
incorporates limited origin-destination data 
into the estimation method is also dis
cussed. Relative to the postcard data, the 
estimates of trip interchanges obtained from 
the modified version of SYNODM exhibited a 
substantially smaller average trip error 
than those obtained from the basic SYNODM 
program. However, given the limited scope of 
the study, no generalizations regarding the 
adequacy of the basic SYNODM program -could 
be made. 

A large variety of freeway planning and management 
activities require information about the pattern of 
vehicular traffic flows between entry and exit 
ramps. Traditionally the collection of such informa
tion has involved elaborate, time-consuming, and 
expensive special-purpose surveys such as roadside 
interviews. It has been suggested that instead of 
special-purpose surveys being relied on to gather 
this information, more readily available information 
such as mainline and ramp traffic volumes could be 
used to estimate traffic distribution patterns (1). 

Reliable procedures for synthesizing trip distri
bution patterns offer a number of advantages over 
strictly empirical approaches. First, synthetic trip 
distribution data would certainly be less expensive 
and more easily obtained than data obtained from 
field studies. Second, the use of available (or in 
any case easily obtainable) information on flows on 
the system could greatly reduce the lead time be
tween the data collection and model calibration 
phases of the planning process. Third, the advan
tages of low cost and quick turnaround time could 
lead to broader applications of analytic procedures 
that, because of their extensive data requirements, 
have in the past been restricted to use in large
scale studies. Finally, reliable procedures for 
estimating freeway traffic distributions from 
readily available, longitudinal data, such as ob
served flows, could alleviate many of the problems 
attributable to the cross-sectional nature of empir
ically derived origin-destination (OD) data. 

The objective of this research was to evaluate an 
existing algorithm for estimating freeway traffic 
distributions and assess the extent to which the 
algorithm could be used in lieu of more traditional 
empirical approaches. 

BACKGROUND 

In recent years the Texas State Department of High
ways and Public Transportation and the Texas Trans
portation Institute have made extensive use of the 
FREQ simulation programs (2) in evaluating proposed 
design configurations and- control strategies for 
freeways in Houston and San Antonio (3-6). One of 
the basic data inputs required by the FREQ programs 
is an OD table for each of the time periods being 
simulated. Fortunately, much of the necessary OD 
data had been collected as part of earlier planning 
studies. However, as use of the FREQ programs was 
extended to more and more freeways it became ap
parent that more efficient and economical procedures 
for generating reliable OD data were needed. 

A preliminary literature review revealed several 
OD estimation methods. Nihan (2.l, for example, has 
presented a summary of several proposed estimation 
procedures and their limitations. The computer pro
gram available to users of the FREQ simulation pro
grams, synthetic origin-destination matrices (SYNODM) 
<.!!.l, was chosen for preliminary evaluation. SYNODM 

was designed to be internally compatible with the 
FREQ simulation programs and therefore represented a 
logical starting point in the search for an accept
able OD estimation method. The basics of the SYNODM 
algorithm are presented in the following. 

DESCRIPTION OF THE ALGORITHM 

Basic Approach 

Consider the case of a complete OD matrix (i.e., a 
matrix in which all cells may have nonzero entries). 
For such a matrix, with r on ramps and c off ramps, 
estimates of trip interchanges could be obtained 
from <.!l 

T*ij 

where 

s 

estimate of trips from origin i to desti
nation j, 
total entering volume for origin i, 
total exiting volume for destination j, 
and 

c 
r D, j. 

j=l 

(1) 

Equation 1 is, of course, the familiar maximum
likelihood estimate (MLE) of individual cell values 
for statistically independent objects in a two-way 
contingency table (see Table 1). Although this for
mulation does not account for any observed regular
ities in travel behavior nor take into consideration 
the spatial separation between origins and destina
tions, it does provide a convenient measure for as
sessing the precision of the estimation method and 
the adequacy of the underlying assumption of statis
tical independence of origins and destinations 
(.!_,.!!_). Specifically, under the assumption of inde
pendence, the statistic 
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TABLE I Typical Complete OD Matrix (Two-Way r x c 
Contingency Table) 

Deitination 

n 

Ta T1z Tl j T1c 

Tz1 Tzz TzJ Tzc 

Til T;z TlJ T; c 

Trl Tr2 Trj Trc 

Total D.1 0.2 D.j D. c 

r c 
* * >; I: [ (Tij - Tijl 2 /Tijl 

i =l j21 

Total 

Oi_ 

Oz. 

O;. 

o,._ 

s 

(2) 

wher e Tij is the observed flow from origin i to 
destination j, follows a chi-square distribution 
with (r - 1) (c - 1) degrees of freedom (!_). 

The fundamental weakness in Equation 1 is that OD 
flows are estimated using only the total trips for 
each orig in and destination. Consequently, for two 
OD matrices that may have completely different cell 
values but the same trip totals for each origin and 
destination, Equation 1 would produce two identical 
matrices. Intuitively, then, one would expect size
able errors in the T*ij's obtained from Equation 1. 

Estimation Procedure 

The estimation method given by Equation 1, though 
appealing in its simplicity, is not, unfortunately, 
directly applicable to simple linear systems with 
flow in one direction. For a typical freeway OD 
matrix for flow in one direction, such as that shown 
in Table 2, the basic contingency-table approach to 
estimating the Ti·'s requires modification. The 
need for this modi~ication stems from the fact that 
some trip interchanges are not permissible (i.e., 
the resulting OD matrix is not complete). The matrix 
resulting from such an arrangement, then, is roughly 
upper triangular. The structure of such a matrix 

TABLE 2 Typical OD Matrix for Freeway with Flow in One 
Dii'ection 

Off 
Ramp 

Total o. z D. (n-Z) D. (n - l) D.n 

Total 

Ol. 

Oz . 

O(n-Z). 

O(n-l ). 
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also implies that for those freeway sections where 
each on ramp is accompanied by an off ramp a few 
hundred yards downstream, few vehicles will enter 
the freeway just to exit immediately downstream (1). 

Despite these minor complications, a solution to 
the matrix remains fairly straightforward. For exam
ple, for the matrix shown in Table 2, it is clear 
tha t T*12 = 0 0 2 and T*n-1 n a O(n-1) • Once T*12 and 
T*n- l,n have been f ound t he c o r respond i ng r ow and 
c olumn sums can be a dju s ted a nd a s o l ut on s ought 
for the reduced matrix. Following this approach, 
T*n-2,n-l and T*n-2,n can be obtained from 

T*n-2,n-l = [O(n-2)• D•(n-l)l/[D.(n-1) + D',nl (3) 

T*n-2,n = [O(n-2)• D'.nl/[D.(n-1) + D'.nl (4) 

where D'•n = D, 0 - T*n-1 n· Except for minor devia
tions, Equations 3 and 4 tallow the notation and for
mulation given by Hauer and Shin (1). By subtracting 
the 'l'*i j ' s fo r row n 2 f r om- t he c o l umn sums 
D•(n- 1) and D' •n' one can p r oceed t o obtain the 
T* i · 's £ o r row n - 3 in the s ame f a shion (! l . Note 
in i::q ua tions 3 and 4 that only the s econd t e rm in 
the numerator varies across the row. Consequently, 
the ratio of the current row sum to the current 
destination grand total can be stored in calculator 
memory and used as a distribution factor to cal
culate the T*i·'s from the corresponding current 
column sums. ~t is precisely these transition 
probabilities (~) that SYNODM uses to apportion 
entry volumes among the downstream ramps. 

Application of the algorithm, then, involves the 
repetition of two basic steps. In the first step, 
the T*ij 's in the c urrent bottom row of the matrix 
a re obt a ined by mu l tiply i ng the corresponding cur
rent row and column totals and dividing by the cur
rent destination grand total. In the second step, 
the bottom row with the newly obtained estimates is 
deleted from the matrix and the affected column 
totals are adjusted accordingly (1). 

To summarize, SYNODM distributes the total trips 
of each origin by working from upstream destinations 
to downstream destinations using the currently unas
signed trips at upstream origins to satisfy the cur
rent destination totals ( 8). That is, total entry 
volumes are apportioned tO' downstream ramps in ac
cord with flows leaving the downstream ramps (1,8). 
Basically, SYNODM e s timates the Tij's by s o l ving- a 
portion of a complete ma t rix. For those sicuations 
where I:Oi• does not equal rD.j 1 SYNODM allows the 
user to specify whether the distribution matrix is 
to be balanced with respect to input or output 
volumes (~) • 

Although the SYNODM computer program does not (in 
its present form) permit the user to specify any 
known Tij' s, such as might have been obtained from 
a limitea field survey, it is possible to manually 
incorporate such information into the estimation 
method. Known Tij 's can be i ncorporated into the 
estimation method by simply ad j usting the appropri
ate current row and column totals before applying 
the algorithm. A manual application of the basic 
SYNODM algorithm that incorporates limited OD data 
i~t~ t~e e~t!~~t!~~ ~eth~ f~ r r ~~~n~~rl l~tPr in t.hP 
paper. 

APPLICATION 

Field Data Collection 

OD data for the Katy Freeway (I-lOW) in Houston, 
Texas (see Figure 1), were used to evaluate the 
SYNODM algorithm. The OD data for the Katy Freeway 
(2_) were collected by the driver postcard survey 
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FIGURE 1 Freeways in the Houston region. 

method. The survey was designed to sample 50 percent 
of entrance-ramp traffic for the period 6:00 a.m. to 
6 :30 p.m. The ramp survey stations from which the 
samples were drawn are shown in Figure 2. 

To estimate total traffic volumes and OD distri
butions from the sample data, the sample percentages 
of ramp-to-ramp flows were applied to automatic 
counts of entrance-ramp volumes made on days just 
before the field survey. These presurvey volumes 
were used to compensate for possible diversions 
attributable to the presence of the survey crews. 
The sample percentages (distribution factors) that 
were applied to the presurvey ramp volumes are, of 
course, analogous to the transition probabilities 
used by SYNODM. 

In order to present a simplified illustration of 
the SYNODM algorithm, the OD tables developed from 
the field survey were compressed into a 6 x 6 table 
representing a 3-mile section of the freeway for the 
morning peak period (6:00 to 9:00 a.m.) 

Sununary of Results 

A comparison of observed OD distributions (i.e., 
postcard data) and the OD distributions estimated by 
SYNODM from row and column sums only is presented in 
Table 3. As can be seen from Table 3, SYNODM has 
overestimated the trip interchanges for those off 
ramps immediately downstream of each on ramp. This 
tendency to overestimate is particularly evident for 
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FIGURE 2 OD survey location on Katy Freeway. 
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TABLE 3 Observed and Estimated OD Distributions, Eastbound 
Katy Freeway (6:00 to 9 :00 a.m.) 

Gessner 

1358 
(1048) 
91. 698 

IJI 
; () 

~ "'Ill"' "-3 
" ~ .. .., 
" " 

::i:Oc:r 

" 
_.," =,....= 

l 1 11 
T T T T 

• • • • • • • • 

Bunker Blalock 
Hill 

536 501 
(443) (445) 

19. 524 7 .047 

84 139 
(95 I (96) 

I. 274 19.260 

51 80 
(70) (70) 

5.157 1.419 

iil!!!liiiiiiii 
0 I 2 

MILES 

14 f arther 
TOTAL 

East" 

7256 
(8000) 12186 
69.192 

2123 
(1722) 1446 
93. 380 

1437 
(1265) 1571 
23.387 

1578 
(1460) 1621 
9. 537 

1166 
(1113) 1175 
2.524 

1997 
I 1997) 1997 
0.000 
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those off ramps with low observed interchange vol
umes. As shown in Figure 3, SYNODM has generally 
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FIGURE 3 Correspondence of observed and estimated 
Tij's . 

overestimated the number of short trips and under
estimated the number of long trips. 

The value of the chi-square statistic for the 
trip table (i.e., 1,053) is clearly much higher than 
would have been expected if all trip interchanges 
were equally likely. There appears to be some reg
ularity in travel behavior or some unique attri
butes of the trip makers that are not accounted for 
in the algorithm. Intuitively, this conclusion seems 
entirely reasonable. There are several major employ
ment centers downstream of the portion of the free
way depicted in Table 3. Because the trips repre
sented by Table 3 are primarily work trips, one 
would expect the majority of the trips originating 
at the upstream end of the table to exit at or near 
the downstream end of the table. Approximately 64 
percent of the chi-square statistic comes from the 
five cells associated with ramps upstream of the 
Bunker Hill exit, which is consistent with this 
reasoning. 

In addition to the cell chi-square statistics 
shown in Table 3, an average absolute trip error, 
defined as follows <1>, was also calculated: 

r c 
r r 1T*ij - T1j1/N 

i=l j=l 
Avg trip error (5) 

where N is the number of error values. 
Whether the resulting average trip error of 14 7 

is excessive or not cannot be answered in general. 
However, when compared with the low ramp volumes 
observed at the upstream end of the trip table 
(·I'aDie ~; , ~he average er ip error illu~i:.1.Cli:.~l:j L.i1~ 

relative magnitude of SYNODM's tendency to overesti
mate the number of short trips. 

SYNODM's tendency to overestimate short trips 
suggests that it might be worthwhile, in terms of 
improving the precision of the estimation method, to 
conduct a field survey of the first few upstream 
ramps. For example, suppose a lights-on survey of 
the distribution of farther-west traffic among the 
first th r ee off ramps,. was con,.ducted. Assume that the 
survey r es ulted in T12 and '1'13 va l nes o f 1 , 713 and 
1,358, respectively (i.e., identical to those ob-
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tained from the postcard survey) • Utilizing the 
total exit volumes shown in Table 3 (i.e., assuming 
that these values represent ramp counts), estimates 
of T11• T22• and T66 could be obtained by inspection. 
Estimates of T44 through T56 would be unaffected by 
this additional information and would remain as 
given in Table 3. The trip table reflecting the 
incorporation of the Tij*'s obtained from the hypo
thetical field survey is shown in Table 4. The ~23 

TABLE 4 Observed and Estimated OD Distributions, Eastbound 
Katy Freeway (6:00 to 9:00 a.m.): IncorPoration of Limited 
Survey Data 

3 West 
Belt 

5 Bunker 
Hi 11 

TOTAL 822 

a"Adjusted" row sums. 

bO'(.n) for row]. 

<o• ( .n) for row 2. 

6 

West Gessner Bunker Blalock "Fa.rthee TOTAL 
Belt Hi 11 East" 

1713 1358 

1735 1439 

Bl 

689 755 15557 

608 612 10987 

530 534 9582 

rXxXl Observed 
~Estimated 

12288b 

l0646c 

through Ti6 and Ti4 through Ti6 were obtained by sub
tracting the known Tij 's from the appropriate row 
sums and applying Equations 3 and 4. Incorporation 
of the hypothetical limited field data into the 
estimation method reduced the average absolute trip 
error from 147 (for the basic SYNODM program) to 42. 

CONCLUSIONS 

Given the 1 imited scope of the study presented in 
this paper, the question of whether the accuracy of 
SYNODM is sufficient in some specific case cannot be 
answered in general. However, a few points deserve 
note. These observations are offered because they 
may provide some direction for future research in 
this problem. 

~·irsc, ior cne simp.1.e exampJ.e oi an urban free
way during a peak time period with fairly stable OD 
patterns, the SYNODM algorithm produced reasonably 
accurate estimates of freeway ramp-to-ramp traffic 
flows. For freeway planning studies employing macro
scopic simulation models, SYNODM' s estimates of OD 
flows may suffice in the absence of any actual OD 
data. Eldor (!!_), for example, has shown that the 
operational measures of effectiveness output by the 
FREQ simulation programs are not overly sensitive to 
errors of the magnitudes typically encountered in 
SYNODM estimates. 



Second, incorporation of limited OD data into the 
estimation method produced a substantial reduction 
in the average trip error. This suggests that even 
with the fundamental weaknesses that characterize 
simplistic algorithms like SYNODM, they could be 
useful in expanding limited survey data. 

In any case, additional research on OD estimation 
procedures is needed. In this regard, Nihan's <2.l 
incorporation of a trip impedance factor into the 
estimation method has produced some encouraging 
results. 
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Estimation of Origin-Destination Matrices 

with Constrained Regression 

CHRIS HENDR ICKSON an d SUE M('NE IL 

ABSTRACT 

The use of constrained generalized least
squares (CGLS) regression to estimate ori
gin-destination travel matrices from aggre
gate data is described. The CGLS method does 
not require general surveys but allows any 
available data to be included. variances of 
matrix entry estimates can be estimated and 
used as measures of uncertainty or to sug
gest additional sampling strategy. Two case 
studies are described from applications to 
data from Portland, Oregon. The first in-

volves expanding a matrix of transit work 
trips to all transit trips. Second, a grav
ity-type model of trip distribution for all 
work trips is estimated. Comparisons are 
made with other estimation methods with 
respect to accuracy, computational effort, 
and the use of uncertainty measures. 

Origin-destination (OD) matrices representing the 
number of trips between zones or locations in a 
particular time period are widely used in transpor-




