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Chapter 5 - Calibration of the Origin-Destination Matrix

5.0 Method of Calibration

In order to simulate the I-81 network, an origin-destination (O-D) matrix was calibrated

to the observed flows.   The first stage was to obtain some traffic volume counts between

each interchange for both the northbound and southbound directions.  The data came in

two forms and had to be extracted appropriately in order to obtain the peak hour volume

for the AM (6:30am to 8:30am), mid-day (11:00am to 1:00pm), and PM (4:00pm to

6:00pm) traffic.  The first set of data was strictly for the on-and-off ramps.  The second

set included the main line volume by lane.  These lane volumes were then summed to

give the total volume for each station.

The next phase in developing the O-D matrix was to create two input files for

QUEENSOD.  The first file was a turning movement input data file which used the ramp

volume to show the turning movement.   The second file was the link flow file which

utilized the mainline volume.  Other input files used included the node file and the link

file. A total of 27 O-D pairs were created for cars, and 25 were created for trucks.  The

two classes of vehicles used are explained below.   Figure 5.0 shows a flowchart of how

the network was developed.

5.1 Vehicle Classification

One of the first steps in developing the O-D demand file was to conduct a reclassification

of the vehicle types.  There were a total of 13 classes that ranged from motorcycles to

seven - or more - axle multi-trailer trucks.  These classes were based on the Federal

Highway Association (FHWA) “F” Vehicle Classification.   These classes were simply

broken into two groups, car and trucks.  Table 5.1 illustrates how these groups were

reclassified.  Group one, motorcycles, was eliminated because of the low motorcycle

count on the corridor and was considered insignificant to this project.
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5.2 Location of Loop Detectors

The data that were utilized for this project were collected along various locations of I-81.

Figure 5.0 Flowchart showing how the network was developed

Volume output at 15 -
minute intervals

Volume output by vehicle
type – cars/trucks

Turning Movement
File

QUEENSOD

Link Flow File

Comparison between
Observed and Estimated

Flows
Origin-Destination
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INTEGRATION

Traffic Volume

Ramp Volume Mainline Volume

Geometric
Characteristics

Input

Node File Link File Grade File

O-D File - TrucksO-D File - Cars
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All the traffic volumes, that is, the ramp and mainline, were collected using loop

detectors that were placed at different locations along I-81.  These detectors collected

information either at a 15- or 30- minute interval.    Figure 5.1 shows the location of the

loop detectors along the mainline.  The detectors used for the ramps were also placed in a

similar fashion to count the number of vehicles entering and leaving the highway.

Table 5.1. Reclassification of vehicles

5.3 Input Files for QUEENSOD

5.3.1 Link Flow File

The observed link traffic flow file uses the observed volumes and a corresponding time

series of link travel times.  Link traffic flows are required, as it is from these observed

flows that the O-D demands that generate these flows are estimated.  When estimating

dynamic demands, it is necessary to know link travel times in addition to the observed

link flows.  The travel times are required in order to compute the route that vehicles

utilize to travel between the origin and destination zones.  For the estimation of static

demands, it is assumed that the length of the period of observation is sufficient such that

all vehicles can complete their trips, and no distinction is made as to when trips arrive at a

Vehicle Class Vehicle Type Reclassification

F2 Passenger Car

F3 Other two axle, four tire, single-unit vehicle Cars

F4 Buses

F5 Two-axle, six tire single unit trucks

F6 Three-axle, single unit trucks

F7 Four or more axle, single unit trucks

F8 Four or less axle, single trailer trucks Trucks

F9 Five axle, single trailer trucks

F10 Six or more axle, single trailer trucks

F11 Five or less axle, multi-trailer trucks

F12 Six axle, multi-trailer trucks

F13 Seven or more axle, multi-trailer trucks
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link.  The model then assumes that all demands instantaneously propagate along their

paths so as to be observed on all links on their path.  Figures 5.2 to 5.21 illustrate the

temporal variation in traffic between interchanges over three to four days at 15- or 60-

minute time intervals.   The daily profile of a typical day, based on available data, is also

presented in these graphs.  These volumes were recorded over a period of four months,

October 1996 to January 1997.  It is also observed that the proportion trucks exceed 50 %

between 12:00 midnight and 6:00 am.

                                   Figure 5.1. Diagram showing location of loop detectors
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Figure 5.2. Three-day profile for southbound traffic between Route 460 and the 603 interchange

(11/3/96 to 11/5/96)

Figure 5.3. Daily profile for southbound traffic between Route 460 and the 603 interchange (11/4/96)
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Figure 5.4. Three-day profile for northbound traffic between Route 460 and the 603 interchange

(11/5/96 to 11/8/96)

Figure 5.5. Daily profile for northbound traffic between Route 460 and the 603 interchange (11/7/96)
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Figure 5.6. Three-day profile for southbound traffic between Route 603 and the 647 interchange

(11/5/96 to 11/8/96)

Figure 5.7. Daily profile for southbound traffic between Route 603 and the 647 interchange (11/6/96)
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Figure 5.8. Three-day profile for northbound traffic between Route 603 and the 647 interchange

(11/5/96 to 11/8/96)

Figure 5.9. Daily profile for northbound traffic between Route 603 and the 647 interchange (5/6/96)
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Figure 5.10. Three-day profile for southbound traffic between Route 647 and the 112 interchange
(10/15/96 to 10/19/96)

Figure 5.11. Daily profile for southbound traffic between Route 647 and 112 interchange (10/17/96)
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Figure 5.12. Three-day profile for northbound traffic between Route 647 and the 112 interchange

(10/15/19)

Figure 5.13. Daily profile for northbound traffic between Route 647 and 112 interchange (10/17/96)
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Figure 5.14. Three-day profile for southbound traffic between Route 112 and the 311 interchange

(10/15/96)

Figure 5.15. Daily profile for southbound traffic between Route 112 and the 311 interchange

(10/16/96)
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   Figure 5.16: Three-day profile for northbound traffic between Route 112 and the 311 interchange

(10/12/96 to 10/15/96)

Figure 5.17. Daily profile for northbound traffic between Route 112 and 311 interchange (10/14/96)
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Figure 5.18. Five-day profile for southbound traffic between Route 311 and the I-581 interchange
 (11/17/96 to 11/21/96)

Figure 5.19. Daily profile for southbound traffic between Route 113 and the I-581 interchange

(11/19/96)
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Figure 5.20. Seven-day profile for northbound traffic between Route 311 and the I-581 interchange

 (11/17/96 to 11/23/96)

 Figure 5.21. Daily profile for southbound traffic between Route 113 and the I-581 interchange

(11/20/96)

0

200

400

600

800

1000

1200

1400

1600

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

Time (30 min. interval)

V
ol

um
e 

(v
eh

/1
5 

m
in

.)
Trucks Cars Total

0

200

400

600

800

1000

1200

1400

1600

0:00

1:00

2:00

3:00

4:00

5:00

6:00

7:00

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

21:00

22:00

23:00

Time (30 min. interval)

V
o

lu
m

e 
(v

eh
/1

5 
m

in
.)

Trucks Cars Total  

AM 
Peak

MD 
Peak

PM 
Peak

  



Francis Martin           Chapter 5   Calibration of the Origin-Destination Matrix 37

The peak hour volumes that were utilized to estimate the O-D demand were obtained

from the observed flow.  These demands were selected based on the most representative

day over the observation period.  Tables 5.2 and 5.3 show part of an input file for the

observed link flow.

Table 5.2. Link flow file

               Table 5.3. Description of fields in link flow file

I-81 Link Flow File
1 3600 604 604

3600 1
1 599 2000 6.59 6.59 1 1 ….. 1
2 599 2000 6.59 6.59 1 1 ….. 1
3 599 2000 6.59 6.59 1 1 ….. 1
4 599 2000 6.59 6.59 1 1 ….. 1
5 599 2000 25.09 25.09 1 1 ….. 1
6 599 2000 7.16 7.16 1 1 ….. 1
7 599 2000 2.41 2.41 1 1 ….. 1
8 599 2000 2.41 2.41 1 1 ….. 1
9 599 2000 2.41 2.41 1 1 ….. 1
10 599 2000 2.41 2.41 1 1 ….. 1
11 599 2000 2.7 2.7 1 1 ….. 1

Line Field Description
1 1 Title
2 1 Number of time periods for which link flow is observed

2 Duration of each time period in seconds
3 Number of links in network
4 Maximum link identification number

3 1 Time defining end of observation period
2 Observation period number

4 - max link no. 1 Link identification number
2 Hourly flow observed on link averaged over the period

duration (veh/h)
3 Net link capacity
4 Free flow travel time on links (seconds)
5 Travel time on links when loaded with observed traffic (sec.)

6-17 Remaining fields not used by QUEENSOD
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5.3.2 Turning Movement File

A time series of turning movement counts can be specified, where each time period

within the series consists of a block of data in which the left turn, through, and right turn

counts are listed for each link.  When no observation is available, -1 is entered as shown

in Table 5.4.

Movement counts, in units of veh/h, may be entered, or the directional splits may be

entered.  If the sum of the three movements is equal to 1, then the model assumes that

directional splits have been entered and turning movement counts are computed

internally by multiplying the directional split fraction by the total link flow as specified in

the link flow file.  Table 5.4 and 5.5 show part of the turning movement file and the

description of the fields, respectively.

  Table 5.4. Turning movement file

I-80 turn movement file
1 3600 604 604

3600 1
1 -1 -1 -1
2 -1 -1 -1
3 -1 -1 -1
4 -1 -1 -1
" " " "
" " " "

403 -1 -1 -1
404 0 504 58
405 -1 -1 -1
406 -1 -1 -1
407 -1 -1 -1
408 -1 -1 -1
409 -1 -1 -1
410 0 584 77
411 -1 -1 -1
412 -1 -1 -1

“ “ “ “
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Table 5.5. Description of turn movement file

The turning movement data were calculated based on the ramp information.  Each of the

interchanges was divided into a right, through, and left turn movement for each of the

directions.  The volumes for the turn movement files were assigned to the links at which

the turn was being made.  Figures 5.22 and 5.23 show an example of how the volumes for

the turn movements in Table 5.4 were computed.  Figure 5.24 also shows a diagram of

how the volumes were split on the links due to the turn movements.

Figure 5.22. Diagram showing how volumes were distributed on links southbound

Line Field Description
1 1 File title
2 1 Number of time periods for which link flow is observed

2 Duration of each time period in seconds
3 Number of links in network
4 Maximum link identification number

3 1 Time defining end of observation period
2 Observation period number

4 1 Link identification number
2 Left turn movement (veh/h)
3 Through movement (veh/h)
4 Right turn movement (veh/h)
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(15%)  91  0 (0%)

Route 11/460 Route 11/460

0 0 0
(0%) (0%) (0%)

Southbound I-81 Off Ramp

(%) – Percent Trucks
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Figure 5.23. Diagram showing how volumes were distributed on links northbound

Figure 5.24. Diagram showing how volumes were assigned to links
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5.4 Output for QUEENSOD

The output files that were generated after QOD was executed using the input files (node

file, link file, link flow file, turning movement file) produced quite a few output files, but

only two were of interest; the origin-destination file and the link flow file that compares

the observed values with the estimated values produced by QOD.  Figures 5.25, 5.26, and

5.27 compare the AM, mid-day, and PM peak volumes estimated by QOD vs the

observed volumes, respectively.  The correlation appears to be high, ranging from 0.81 to

0.89.  In addition, there does not appear to be any systematic error in the estimated flows

(observation systematic about the line of perfect correlation).

Figure 5.25. Graph showing the correlation between observed and estimated values for AM peak

(6:30 –8:30 AM)

0

500

1000

1500

2000

2500

3000

3500

4000

0 500 1000 1500 2000 2500 3000 3500 4000

Obs(veh/h)

Q
od

(v
eh

/h
)

R2 = 0.8319



Francis Martin           Chapter 5   Calibration of the Origin-Destination Matrix 42

Figure 5.26. Graph showing correlation between observed and estimated values for MD

                   peak (11:00 AM – 1:00 PM)

Figure 5.27. Graph showing correlation between observed and estimated
values for PM peak (4:00 to 6:00 PM)
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5.5 Comparison Between Observed and QOD/INTEGRATION for AM Peak

In order to use the information that was estimated from QOD, a comparison had to be

made between observed flows and the simulated flows.  This was done to determine how

accurate the estimated values used really were.  It must be noted that since it took about

one-half hour for vehicles to travel from one end of the network to the other, the

simulated flows were underestimated when compared with the flows from QOD,

however, if all the vehicles were allowed to clear the network, that was not the case.

Figures 5.28 through 5.34 show how all values from INTEGRATION and QOD

compared with the observed values for the AM peak.  The peak period was dissected into

three different time periods: ¾ hour, one hour, and two hours; that is, the time for all

vehicles to clear the network or to arrive at their destinations.

Figure 5.28. Graph showing relationship between QOD, INTEGRATION, and observed values after

3/4 hour for cars and trucks (AM peak)
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Figure 5.29 Graph showing relationship between QOD, INTEGRATION and observed values after

one hour for cars (AM peak)

Figure 5.30 Graph showing relationship between QOD, INTEGRATION, and observed values after

two hours for cars (AM peak)
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Figure 5.31.  Graph showing relationship between QOD, INTEGRATION, and

observed values after one hour for trucks (AM peak)

Figure 5.32. Graph showing relationship between QOD, INTEGRATION, and observed
values after two hours for trucks (AM peak)
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Figure 5.33. Graph showing relationship between QOD, INTEGRATION, and observed
values after one hour for cars and trucks (AM peak)

Figure 5.34. Graph showing relationship between QOD, INTEGRATION and observed
values after two hours for cars and trucks (AM peak)
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From the graphs above, it can be seen that the results produced from QOD seem to be

fairly accurate.  The progression in the accuracy was observed as the simulation time

increased.  This was expected because the shorter simulations gave results that were not

complete, that is, either all the vehicles were not yet dispatched, as in the case of the ¾

hour, or all the vehicles were dispatched, but not all made it to their final destination, the

one-hour case.  The two-hour simulation, which allowed all the vehicles to clear the

network after being loaded for one hour, proved to be more accurate as shown in Figures

5.30, 5.32, and 5.34.  An exact overlap between the QOD and INTEGRATION output

was also noticed after the two hours of simulation.  This resulted because of the structure

of the network.  There were very little alternate routes, therefore, restricting vehicles to

their original destination.

5.6 Comparison between QOD and INTEGRATION Output

The next set of curves shows how the INTEGRATION and QOD output compare with

each other.  There were two comparisons; the first after one hour of simulation while

loading the demand for one hour, and the second after two hours with all vehicles

allowed to complete their trips.  The results after one hour of simulation by

INTREGATION show that the number of vehicles making it to their destination to be

less than that estimated by QOD.  On the other hand, the two-hour simulation resulted in

a perfect match.  These findings indicate that the total demand was constant because

within the simulation, vehicles are not observed on the link until they traverse all other

links.  It took a considerable amount of time to attain equilibrium given the length of the

network.  Figures 5.35 through 5.40 show how INTEGRATION output compares with

QOD output after one and two hours of simulation.  The AM peak volume output and

percentage of trucks from these simulations were also presented by O-D pairs and by

links.  These volumes are represented in Tables 5.6 and 5.7.  These tables show how

trucks are distributed on links and by O-D pairs.  
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Figure 5.35: Comparison between QOD and INTEGRATION after ¾ hour for cars and trucks
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Figure 5.36. Comparison between QOD and INTEGRATION after one hour for cars (AM peak)

 Figure 5.37. Comparison between QOD and INTEGRATION after two hours for cars (AM peak)
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 Figure 5.38. Comparison between QOD and INTEGRATION after one hour for trucks (AM peak)

 Figure 5.39. Comparison between QOD and INTEGRATION after two hours for trucks (AM peak)
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 Figure 5.40. Comparison between QOD and INTEGRATION after two hours for trucks and cars
(AM peak)
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Table 5.6. Volume output by O-D pairs (AM peak)

               O-D Pairs Cars Trucks % Trucks
Origin Destination (veh/h) (veh/h)

1 1 2 0 67 100
2 1 8 192 40 17
3 1 12 0 2 100
4 1 16 0 25 100
5 1 20 0 11 100
6 1 22 26 0 0
7 1 25 516 40 7
8 3 4 0 39 100
9 3 6 323 65 17
10 3 10 7 54 89
11 3 14 68 29 30
12 3 20 378 97 20
13 3 24 378 68 15
14 3 25 879 319 27
15 5 2 0 20 100
16 5 6 565 25 4
17 7 2 300 63 17
18 7 4 73 9 11
19 7 8 168 4 2
20 9 2 105 39 27
21 11 12 107 18 14
22 13 2 180 4 2
23 15 4 13 0 0
24 15 16 68 0 0
25 17 2 530 85 14
26 17 18 28 0 0
27 19 4 74 0 0
28 19 20 98 0 0
29 21 2 182 66 27
30 21 22 275 0 0
31 23 4 101 0 0
32 26 2 506 301 37
33 26 4 339 116 25
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Table 5.7. Volume output by link counts (AM peak)

Links Cars Trucks per % Trucks Links Cars per Trucks per % Trucks
(veh/h) (veh/h) (veh/h) (veh/h)

1-13 734 184 20 435-437 80 24 23
14-19 542 144 21 438 68 24 26
20-23 842 208 20 439 558 84 13

24-101 842 228 21 440-444 28 0 0
102-121 946 264 22 445-446 476 96 17
122-128 946 240 20 447 476 108 18
129-152 1126 244 18 448 456 66 13
153-161 1126 232 17 449-452 274 0 0
162-186 1656 318 16 453 0 0 0
187-188 1630 318 16 454-457 378 68 15
189-194 1812 384 17 458-461 516 40 7
195-205 1296 344 21 462-464 1394 358 20
206-209 1802 644 26 465-466 844 416 33
210-211 2032 670 25 467-470 506 300 37
212-227 1154 352 23 471-489 300 62 17
228-229 1114 400 26 490-495 72 8 10
230-258 1216 400 25 496-501 0 0 0
259-260 838 302 26 502-507 0 20 100
261-283 912 302 25 508-517 322 64 17
284-312 844 274 25 518-520 0 0 0
313-383 850 220 21 521-522 6 54 90
384-392 526 154 23 523-525 0 2 100
393-403 600 164 21 526-528 104 38 27
404-405 564 44 7 529-533 0 24 100
406-408 564 24 4 534-539 180 4 2

409 888 90 9 540-544 12 0 0
410-411 540 76 12 545-551 68 28 29

412 168 4 2 552-555 0 10 100
413 360 44 11 556-562 74 0 0

414-415 104 38 27 563-568 378 96 20
416-418 0 0 0 569-571 530 84 14
419-421 6 54 90 572-577 100 0 0
422-427 106 18 15 578-583 378 68 15

428 106 20 16 584-589 26 0 0
429 180 4 2 590-596 182 66 27

430-432 248 32 11 597-600 338 116 26
433 68 28 29 601-604 878 318 27
434 80 0 0
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Figure 5.41. Graph showing relationship between QOD, INTEGRATION, and observed
values after 3/4 hour for cars and trucks (PM peak)

Figure 5.42. Graph showing relationship between QOD, INTEGRATION, and
observed values after one hour for cars (PM peak)
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Figure 5.43. Graph showing relationship between QOD, INTEGRATION, and observed values after
one hour for cars (PM peak)

Figure 5.44. Graph showing relationship between QOD, INTEGRATION, and observed values after
one hour for trucks (PM peak)
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Figure 5.45. Graph showing relationship between QOD, INTEGRATION, and observed values after
two hours for trucks (PM peak)

Figure 5.46. Graph showing relationship between QOD, INTEGRATION, and observed values after
one hour for cars and trucks (PM peak)
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Figure 5.47. Graph showing relationship between QOD, INTEGRATION, and observed values after
two hours for cars and trucks (PM peak)
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Figure 5.48. Comparison between QOD and INTEGRATION after 3/4 hour for
cars and trucks (PM peak)
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 Figure 5.49. Comparison between QOD and INTEGRATION after one hour for cars (PM peak)

 Figure 5.50. Comparison between QOD and INTEGRATION after two hours for cars (PM peak)
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 Figure 5.51. Comparison between QOD and INTEGRATION after one hour for trucks (PM peak)

 Figure 5.52. Comparison between QOD and INTEGRATION after two hours for trucks (PM peak)
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Figure 5.53. Comparison between QOD and INTTEGRATION after one hour for
cars and trucks (PM peak)

Figure 5.54. Comparison between QOD and INTEGRATION after two hours for
cars and trucks (PM peak)
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Table 5.8. Volume output by O-D pairs (PM peak)

               O-D Pairs Cars Trucks % Trucks
Origin Destination (veh/h) (veh/h)

1 1 2 68 134 66
2 1 8 176 29 14
3 1 12 0 34 100
4 1 16 0 25 100
5 1 20 18 2 10
6 1 25 372 90 19
7 3 4 54 52 49
8 3 6 409 55 12
9 3 10 139 58 29
10 3 14 248 21 8
11 3 20 521 106 17
12 3 24 701 98 12
13 3 25 891 285 24
14 5 2 10 24 71
15 5 4 0 18 100
16 5 6 475 0 0
17 7 2 242 101 29
18 7 4 80 8 9
19 7 8 510 0 0
20 9 2 307 15 5
21 11 4 29 0 0
22 11 12 307 0 0
23 13 2 294 2 1
24 15 16 50 0 0
25 17 2 557 138 20
26 17 18 123 0 0
27 19 4 141 0 0
28 21 2 904 82 8
29 23 24 41 0 0
30 26 2 134 254 65
31 26 4 467 161 26



Francis Martin           Chapter 5   Calibration of the Origin-Destination Matrix 63

Table 5.9. Volume output by link counts (PM peak)

Trucks per % Trucks Links Cars per Trucks per % Trucks
(veh/hr) (veh/hr) (veh/hr)

314 33 433 248 20 7
284 38 434 50 0 0
386 36 435-438 50 24 32
410 37 439 680 138 17
376 35 440-444 122 0 0
390 28 445-447 520 106 17
366 26 448 904 82 8
368 22 449-453 0 0 0
504 21 454-457 742 98 12
586 18 458-461 372 90 19
496 17 462-464 1262 374 23
750 23 465-466 600 414 41
674 19 467-470 134 254 65
390 16 471-477 242 100 29
550 18 478-89 176 28 14
452 20 490-495 80 8 9
346 21 496-501 0 18 100
346 19 502-507 10 24 71
326 21 508 408 54 12
268 20 518-520 28 0 0
212 24 521-522 138 58 30
230 25 523-525 0 34 100
238 24 526-528 306 14 4
42 8 529-533 0 24 100
18 4 534-539 294 2 0.7
0 0 540-544 0 0 0

54 6 545-551 248 20 7
108 11 552-555 18 2 10
100 12 556-562 140 0 0

0 0 563-568 520 106 17
28 4 569-571 556 138 20
0 0 572-577 0 0 0

58 30 578-583 700 98 12
0 0 584-589 0 0 0

34 10 590-596 904 82 8
2 1 597-600 466 160 26

22 4 601 890 284 24


