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In this paper, we propose sludge collection strategies which allocate each sewage store of village to sewage treatment

plants and decide the schedule of sludge collection in order to collect sludge efficiently. The strategies aim to decrease

transportation cost with deciding proposed vehicle routing and scheduling the sludge collection. When we decide route of

vehicles, we consider the collection time in sewage store of village, distance between sewage store of villages and vehicle

information as average velocity of vehicle, operation time of vehicle driver. We also develop the SCMS (Sludge Collection

Management System) based on windows system with real data which is used in certain circumstance. And we experiment to

figure out vehicle route and transportation cost throughout changing input data.
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•

  ⋯  ( , 0：

)

    ⋯  ：

( , 

)

  ⋯ ：

 ：

•

 ：  

( , , )

 ： 

 ：

 ：

 ： 



 ： 

•

 ：  

 1, 0

min 
 ∊

∊

∊

  (1)

subject to


∊

∊

  ∀∊ (2)


∊

 
∊

  ∀∊ ∊ (3)


∊

  ∀∊ (4)


∈

  ∀∊ (5)


∈

∈

  ≤ ∀∊ (6)


∈

∈

  ≤ (7)


∊ 

∊

≤    ∀∊ (8)

   (9)

(1)

. ,

. (2)

.

. (3)

.

. (4)

.

. ,

(5) .

. (6)

.

. (7)

.

.

(8) . ,

. (9)

.

적용 알고리즘3.3

.

.

.

. ,



하수처리시 슬러지 수거 정계 수립 수거차량 경 결정

.

.

.

Clarke and Wright

, MFFD

.

.

Stage 1.

.

Stage 2.

.

Stage 3.

Clarke and Wright

.

Stage 4.

MFFD

.

Stage 3 Clarke & Wright

.

.

,

(Dijkstra) ,

. ,

Clarke and Wright .

Step 1. Saving Value





.   .

 

       

. ‘0’

,    

.

Step 2. Saving List

 

Saving List .

Step 3. Saving List

 

Saving List

.

Saving List

.

,

.

Step 4.

Step 3

Step 3

.

Stage 3 Clarke & Wright

(constructive algorithm)

(iterative algorithm)

,

,

. ,

(Genetic Algorithm)

.

.

< 2> Stage 4

MFFD

. MFFD Bin Item Weight

Bin FFD

.



최경 조중무 노 수 민제 허 정

MFFD

.

시작 경로 보입
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실험결과 분석 및 평가5.
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적용 알고리즘 실험5.1

< 1> A

.

7.5 , 60 ,

7 , 20 ,

8 . A2 A5

,

.

< 1> A 3.3

Stage 1 . A2 7 ,

A5 10 .

표 하수처리 별 할당 마 하수도< 1>

하수처리 할당 마 하수도

A2 A1, A3, A13, A14, A15, A17, A18

A5 A4, A6, A7, A8, A9, A10, A11, A12, A16
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3.3 Stage 3 . < 2>
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, 3.3 Stage 2
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. < 2>

7 A2

6 , A4

8 .

표 하수처리 별 수거차량 경 정보< 2>

하수
처리

경 문순
수거량
(t)

동거리
(km)

경 시간
(h)

생
수

A2

R1 A2-A13-A2 7.50 66.28 1.44 3

R2 A2-A3-A2 7.50 28.97 0.82 2

R3 A2-A14-A1-A2 7.00 64.22 1.74 1

R4 A2-A15-A3-A2 5.23 57.93 1.63 1

R5 A2-A17-A2 4.41 60.52 1.34 1

R6 A2-A18-A2 5.18 67.82 1.46 1

A5

R1 A5-A4-A5 7.50 34.39 0.91 7

R2 A5-A9-A5 7.50 52.71 1.21 2

R3 A5-A10-A5 7.50 61.30 1.36 2

R4 A5-A8-A9-A5 6.91 52.71 1.55 1

R5 A5-A4-A16-A5 6.09 50.79 1.51 1

R6 A5-A6-A12-A5 5.32 5.32 1.94 1

R7 A5-A7-A5 4.90 50.88 1.18 1

R8 A5-A11-A5 6.51 59.33 1.32 1

표 계 간동안 하수처리 별 수거차량 정정보< 3>

하수
처리

수거 운행경
수거량(t)

동
거리(km)

경
시간(h)

A2

D1 R1, R6 12.68 134.09 2.90

D2 R1, R5 11.91 126.79 2.78

D3 R1 7.50 66.28 1.44

D4 R2 7.50 28.97 0.82

D5 R2 7.50 28.97 0.82

D6 R3 7.00 64.22 1.74

D7 R4 5.23 57.93 1.63

A5

D1 R1, R2, R6 20.32 163.61 4.06

D2 R1, R2, R7 19.90 137.97 3.30

D3 R1, R3 15.00 95.69 2.26

D4 R1, R3 15.00 95.69 2.26

D5 R1, R4 14.41 87.09 2.45

D6 R1, R8 14.01 93.72 2.23

D7 R1, R5 13.59 85.18 2.42

< 3> 3.3 Stage 3

MFFD .
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경제 한 동비용비 실험5.2

< 1> A

5

10

.

동비용연비

거리
 류비

.

5 9 , 15 25 8

, 1,300 .

. < 4>
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.

표 계 간과 차량용량 변 에 따른 동비용비< 4>

계 간 차량용량 동시간(h) 동비용 원( )
*

동비용 원( )

5

5t 19.34 90,052 18,010

15t 12.46 47,690 9,538

25t 25.96 42,810 8,562

6

5t 21.56 102,060 17,010

15t 13.85 59,687 9,948

25t 26.08 43,797 7,300

7

5t 23.73 111,109 15,873

15t 13.33 55,223 7,889

25t 26.23 45,086 6,441

8

5t 25.23 114,981 14,373

15t 14.31 60,792 7,599

25t 26.51 47,497 5,937

9

5t 26.49 124,653 13,850

15t 14.54 62,800 6,978

25t 26.48 47,285 5,254

10

5t 30.82 145,238 14,524

15t 16.06 75,915 7,592

25t 27.92 59,687 5,969

) * = / .
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결론 및 추후 연구과제6.

.

,

.

.

LCC(Life Cycle Cost)

, ,

.

Exact Algorithm

. , k-opt

.

.

. ,

.

,

.

참고문헌

[1] Blakeley, F., Bozkaya, B., Cao, B, Hall, W. and

Knolmajer, J.; “Optimizing periodic maintenance oper-

ations for schindler elevator corporation,” Interfaces,

33(1) : 67-79, 2003.

[2] Chao, I. M.; “A tabu search method for the truck and

trailer routing problem,” Computers & Operations re-

search, 29 : 33-51, 2002.

[3] Clarke, G. and Wright, J.; “Scheduling of Vehicles form

a Central Depot to a Number of Delivery Points,”

Operations Research, 12 : 568-581, 1964.

[4] Fleischmann, B., Gnutzmann, S., and Sandvof, E.;

“Dynamic vehicle routing based on online traffic in-

formation,” Transportation Science, 38(4) : 420-433,

2004.

[5] Gulay, B. and Demet, O.; “A tabu search algorithm for

the vehicle routing problem,” Computers & Operations

Research, 26 : 255-270, 1999.

[6] Hadjiconstantinou, E. and Baldacci, R.; “A Multi-Depot

period Vehicle Routing Problem arising in the Utilities

Sector,” Operational Research Society, 49(12) : 1239-

1248, 1998.

[7] Hollis, B. L., Forbes, M. A. and Douglas, B. E.; “Vehi-

cle routing and crew scheduling for metropolitan mail

distribution at Australia Post,” European Journal of

Operational Research, 2005.

[8] Perrier, N., Langevin, A., and Campbell, J. F.; “A survey

of models and algorithms for winter road maintenance.

Part IV : vehicle routing and fleet sizing for plowing

and snow disposal,” Computers & Operations Research,

2005.

[9] Potvin, J., Lapalme, G., and Rousseau, J.; “A computer

system for the design of vehicle routing algorithms,”

Computers & Operations Research, 16(5) : 451-470, 1989.

[10] Ruiz, R., Maroto, C., and Alcaraz, J.; “A decision sup-

port system for a real vehicle routing problem,” Eur-

opean Journal of Operational Research, 153 : 593-606,

2004.

[11] Scheuerer, S.; “A tabu search heuristic for the truck

and trailer routing problem,” Computer & Operations

Research, 2004.

[12] Tadei, R., Perboli, G., and Croce, F. D.; “A heuristic

algorithm for the auto-carrier transportation problem,”

Transportation Science, 36(1) : 55-62, 2002.

[13] Tan, K. C., Lee, L. H., Zhu, Q. L. and Ou, K.;

“Heuristic Methods for Vehicle Routing Problem with

Time Windows,” Artificial Intelligence in Engineering,

15(3) : 281-295, 2001.


