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A Simultaneous Delivery and Pick-up Heterogeneous Vehicle
Routing Problem with Separate Loading Area

Gak-Gyu Kim - Seong-Woo Kim - Seong-Woo Kim

Department of Operations Research, Korea National Defense University

As a special topic of the vehicle routing problems (VRP), VRPSDP extends the vehicle routing problem as
considering simultaneous pickup and delivery for goods. The past studies have mainly dealt with a only weight
constraint of a loading capacity for heterogeneous products. However. this study suggests VRPSDP considering
separate loading area according to characteristics of loading species. The objective is to design a set of minimum
distance routes for the vehicle routing assignment with independent capacity for heterogeneous species. And
then we present a another HVRPSDP model which is easy to utilizes in a unique circumstance that is a guarantee
of executing a task simultaneously from the various areas under restricted time and raising an application of
vehicles that returns at the depot for the next mission like the military group. The optimal results of the
suggested mathematical models are solved by the ILOG CPLEX software ver. 12.4 that is provided by IBM

company.
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Table 1. Summaries of previous studies

Author ‘ Year ‘Solution Approach

* International previous researches

TSP method with (1) Cluster-first (ii)

Min 1989
route-second
Salhi and
i an 1999 | Insertion-based heuristic
Nagy
Dethloff 2001 Mathematic‘al'formulation with insertion-
based heuristic
Gribvoskaia | 2002 Lasso-.st.)lution :. first customers on the route
are visited twice
et al.

Minimization of empty vehicle movements

Gronalt ef al.| 2003 | with four different savings based heuristics
(SA, OSA, SSA, OSSA) for the problem
Crispim and 2005 Hybrid algorithm (i) tabu search (1ii)
Brandao variable neighbourhood descent
(1) First phase : agglomerative procedure
Ganesh and 2008 to find an initial solution
Narendran (i1) second phase : enhanced simulated
annealing (SA)
Reactive tabu search metaheuristic (1)
Wassan et al.| 2008 chAecking”feasibiliity of prop9sed moYes
quickly (11) reacting to repetitions to guide
the search
Emmanouil 2009 Hybrid solution approach (1) tabu search
et al. (i1) guided local search

* Domestic previous researches

Sub-optimal heuristic solution with

Kim 1994 | considering trade-off between the traveling
distance and the picking-up amount
Considering homeward-route transport
Park and Kim| 2004 | requirement with relaxed constraint that
vehicle can visit the depot several times
Grouping Genetic Algorithms with time
Song 2006 .
window
Teon and Lee| 2007 (.}enetic Algorithms allowing visits several
time
Park et al. | 2010 | Genetic Algorithm for cost minimization
Genetic Algorithm ( 1) initial result : swap
Jung et al. | 2012 | algorithm, (ii) final result : 3-optimal

algorithm
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Table 2. Node informations

(Unit : person, kg)
. Delivery quantity | Pick-up quantity
Locations Passenger| Goods |Passenger| Goods
A 23 4,200 15 2,800
De B 12 2,500 4 2,300
B0 Leo C 20 2,000 14 2,600
Fo D 7 3,500 18 3,000
He % 2e. E 30 2,000 28 3,500
e F 13 3,000 11 1,000
G 8 1,600 6 1,300
H 4 2,100 3 500
1o KO | I 16 | 4,100 10| 2300
J 5 3,000 6 3,100
e K 2,400 3 1,200
depot 0 0 0 0
TE715 3% F4UE 7S AL HAFA A o
& 3BE A BAS JE T $4719 A5 A
2910l 2 galA| <Table 3>} o] 4 et

Table 3. Aircraft informations

Aircraft Maximum number
No. Passenger(person) Weight on Board(kg)
1 40 12,000
2 50 8,000
3 50 8,000
4 80 12,000
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Table 6. Traveling routes and delivery/pick-up quantity results
of each aircraft
(Unit : person, kg)
+ Traveling route and loading status of aircraft 1

Path Delivery Pick-up Loading status
Passenger| Goods [Passenger| Goods [Passenger| Goods

depot 0 0 0 0 25 6,800
K 4 2,400 3 1,200 24 5,600

I J 16 4,100 10 2,300 18 3,800

J 5 3,000 3 3,100 16 4,600
depot 0 0 0 0 16 4,000

- Traveling route and loading status of aircraft 2

Delivery Pick-up Loading status

Path
a Passenger| Goods |Passenger| Goods |Passenger| Goods
depot 0 0 0 0 23 4,200
A J 23 4,200 15 2,800 15 2,800
depot 0 0 0 0 15 2,800

- Traveling route and loading status of aircraft 3

(Unit : km)
Travel Travel Delivery Pick-up Loading status
Aircraft No. . Aircraft No. .

distance distance Path Passenger| Goods [Passenger| Goods |Passenger| Goods

1 4,870 1 8,420
depot 0 0 0 0 39 8,000
2 2,390 2 2,520 B 12 [2500] 4 [2300] 31 |7.800
3 7,990 3 8,300 C | L] 20 [2,000] 14 2,600 25 |8400
4 11,320 4 8,400 D 7 3,500 18 3,000 36 7,900
Total 33,570 Total 27,680 depot 0 0 0 0 | 36 17,900
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- Traveling route and loading status of aircraft 4

Delivery Pick-up Loading status
Path
a Passenger| Goods |Passenger| Goods |Passenger| Goods
depot 0 0 0 0 55 8,700
H 4 2,100 3 500 54 7,100
E | 30 2,000 28 3,500 52 8,600
F 13 3,000 11 1,000 50 6,800
G 8 1,600 6 1,300 48 6,300
depot 0 0 0 0 48 6,300
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Table 7. Velocities of each aircraft

Aircraft No.

Velocity(km/h) 280 450 450 610

E C
F§ No. 3
Aircraft N&, 4 B

N

Aircraft No. 1

J

Figure 1. Optimal travel route of each aircraft
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Table 8. Comparing experiment result of between HVRPSDP and

problem for minimizing a travel time gap

. Experiment of
Aircraft No. HVRPSDP L .
minimizing time gap
depot > K =1 —1]
1 epo depot — A — depot
— depot
depot > 1 — K
2 | depot > A — depot epo
— depot
Path
3 depot > B — C depot > B — C
— D — depot — D — depot
depot > H — E — F |depot ] = F — E
— G — depot — G — H — depot
Travel 1 8,460 2,520
Ve 2,520 4,630
distance 73 8,300 8,300
(km) : ’
4 8,400 13,350
Total travel
) 27,680 28,800
distance
Travel 1 1,812.86 540.00
el 336.00 61733
time
. 3 1,106.67 1,106.67
(minute)
4 826.23 1,313.11
Time gap 1,476.86 773.11
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