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A Vehicle Routing Problem Which Considers Traffic Situation

by Service Time Zones

Ki-Tae Kim * Geonwook Jeon

Department of Operations Research, Korea National Defense University, Seoul 122-875

The vehicle travel time between the demand points in downtown area is greatly influenced by complex
road condition and traffic situation that change real time to various external environments. Most of
research in the vehicle routing problems compose vehicle routes only considering travel distance and
average vehicle speed between the demand points, however did not consider dynamic external environ-
ments such as traffic situation by service time zones. A realistic vehicle routing problem which considers
traffic situation of smooth, delaying, and stagnating by three service time zones such as going to work,
afternoon, and going home was suggested in this study. A mathematical programming model was
suggested and it gives an optimal solution when using ILOG CPLEX. A hybrid genetic algorithm was also
suggested to chooses a vehicle route considering traffic situation to minimize the total travel time. By
comparing the result considering the traffic situation, the suggested algorithm gives better solution than

existing algorithms.

Keyword: VRP with time and traffic, service time zone, mathematical programming model, hybrid

genetic algorithm
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Table 1. Genetic Representation

Customer 1 2 3 4 5 6 7 8
Priority 2 8 5 6 4 1 3 7
Vehicle Number 1 2 1 3 2 3 1 3
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Traffic Situation Confirmation of Travel Route ‘
Delaying
Stagnating,

Selection of Roundabout Route ‘

l

Comparison of Travel Time
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and Roundabout Route
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Shortest >Roundaboutl
v
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Figure 10. Route Selection Process
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Table 2. Genetic Parameters

Number of
Generations

1,000~ 3,000

Mutation
Rate(Pm)

0.02

Crossover

Parameters Size Rate(Pc)

Value 100 0.7

Genetic | Population

M

452129 25 % BEE 2o

£ Ao e e <Table 353} 2ol HEAHS HuA2
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Table 3. Experimental Example

Point Customer Demand || Point Customer Demand | Point Customer Demand
0 | Seoul City Hall(Depot) 0 11 Seoul National Univ. 13 22 | Dong Duk women’s Univ. 11
1 I;‘:;Sfaljt’z;al 9 12 Chung Ang Univ. 9 23 | Hankuk gz;ejf Foreign |y
2 | Korea Aerospace Univ. 12 13 Chong Shin Univ. 25 24 The Univ. of Seoul 23
3 In Ha Univ. 2 14 A Jou Univ. 58 25 Kwang Woon Univ. 14
4 Univ. of Incheon 4 15 Univ. of Suwon 3 26 Seoul women’s Univ. 9
5 The Catholic U'niv‘ 17 16 Sung 'Kyun Kwan | 27 Han Yang Univ. 20

of Korea(Songsim) Univ.(Suwon)
6 Sang Myung Univ. 21 17 | Sook Myoung Women’s Univ. 8 28 Kon Kuk Univ. 20
7 Myong Ji Univ.(Seoul) 15 18 Dong Guk Univ. 19 29 Se Jong Univ. 17
8 Yon Sei Univ. 30 19 Korea Univ. 26 30 | Dan Kook Univ.(Jukjeon) 13
9 Hong Ik Univ. 28 20 Duk Sung women’s Univ. 12 31 Myong Ji Univ.(Yongin) 7
10 So Gang Univ. 23 21 Kook Min Univ. 8 32 Kyungwon Univ. 4
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Table 4. Traffic Situation for Each Route by Service Time Zones

Service Time Zone(Min.) Traffic Situation(Speed) Routes
0—1/2/6/7/19/20/21/22/23/24/25/26, 1—2, 2—1, 6—7, 19—20/21/22,
Smooth(60km/h)
20—21/22, 21522, 23—24/25/26, 24—25/26, 25—26, 28—29
Going o Work _ 34, 43, 89/10, 98/10, 108/9, 14—15/16, 15—>14/16,
(0~100) Delaying(30km/h)
16—14/15, 1718, 18—17, 30—31/32, 32—30/31
Stagnating(15km/h) The rest of routes except smooth and delaying
Smooth(60km/h) The rest of routes except delaying and stagnating
8—9/11/23/24/25/26/27/28/29, 9—8/11/23/24/25/26/27/28/29,
Afternoon .
(100~ 300) Delaying(30km/h) 11—19/20/21/22, 12—19/20/21/22, 13—19/20/21/22, 19—11/12,
20—11/12, 21—11/12, 22—11/12, 3/4/5/14/15/16/30/31/32—0
Stagnating(15km/h) 17—18, 18—17
Smooth(60km/h) 12, 2—1, 30—31, 32—30/31
Going Home Delaying(30km/h) The rest of routes except smooth and stagnating
(300~ 400) . 3/4/5/14/15/16/30/31/320, 8-9/10, 9—8/10, 10-8/9, 11->12/13,
Stagnating(15km/h)
12—11/13, 13—>11/12

9} slolHEE FAA dug &S o] &3l 87 57H 2}2F Table 6. Result of Experiment that does not consider Traffic Situation
2HE FAE ARY F A8 NREE St 747 vlaskel Total
on FE Ry A= A= TS <Table 5>9 72 .
o, FYEY AF AFE v a o 2ot Method Vehicle Routes Travel | Consumption
Distance Time
Table 5. Validation of Mathematical Model (km) (Min.)
Result ILOG CPLEX Hybrid GA D-8-6-9-17-7-18-10
-16-32-D
Total Consumption 2101 2101
Time(Min.) . . D-19-23-27-24-4-21
- - NNS -28-12-22-D 779.26 1,099.26
Computing Time(Sec.) 0.15 1.32
D-29-5-2-30-1-3-20
-13-11-15-26-25-D
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Table 7. Result of Experiment

Total
Method Vehicle Routes Travel Consumption
Distance Time
(km) (Min.)
D-16-15-14-31-30-32
-28-29-26-25-D
D-5-4-3-11-13-12-17
HGA-1 -1-2-7-6-D 340.37 984.41
D-21-20-22-19-24-23
-27-18-D
D-10-9-8-D
D-16-15-14-31-30-32
-28-29-26-25-D
D-4-3-5-11-13-12-17
HGA-2 -2-1-9-10-D 351.12 796.25
D-19-20-21-22-23-24
-27-18-D
D-6-7-8-D
B A7 HGA29) 74 Avl 2 A B E48L 17
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Figure 12. The Number of Traffic Situation
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Figure 13. Best Vehicle Routes
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