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  Abstract 
A rational assignment strategy can effectively reduce Automated Guided Vehicle 
(AGV) driving distance and improve resource utilisation. Firstly, we propose a 
partition assignment strategy considering the driving distance of AGV. On this 
basis, we propose task balanced partition assignment strategy by considering the 
utilisation balance of the pick-up platform. And we develop a closed queueing 
model to evaluate the performance of the AGV system. Secondly, we design 
experiments to verify the effectiveness of the theoretical model. Finally, we 
analyse and compare the performance of random assignment strategy, partition 
assignment strategy and task balanced partition assignment strategy. The results 
show as (1) The closed queueing model can effectively evaluate system 
performance. (2) Task balanced partition assignment strategy can obviously 
improve the system throughput. (3) The partition assignment strategy caused 
resource congestion when parcels arrive unevenly, while the task balanced 
partition assignment strategy can obviously balance the utilisation rate of the 
pick-up platform. 
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1. Introduction  

With the rapid development of e-commerce, the volume of express deliveries in 
China has surged dramatically, reaching 198.95 billion parcels by 2025. Manual 
sorting can no longer meet the demand for fast and high-quality express services. In 
recent years, emerging technologies such as artificial intelligence, robotics, and the 
Internet of Things have been widely applied in the production process of the 
express delivery industry. Although automated sorting belts offer high-speed 
sorting, they occupy large areas and exhibit poor flexibility after deployment, 
making it difficult to meet the flexible requirements of distribution centers for 
sorting systems. In contrast, AGV sorting systems demonstrate high flexibility and 
strong adaptability, holding significant application value. 
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Current research on AGV system task allocation primarily focuses on unmanned 
automated terminals and "goods-to-picker" picking systems. Initial studies by 
Chuliang Yong et al. [1] and Li Mingze et al. [2] investigated the scheduling of 
unmanned trucks and AGVs in automated container terminals. Liu Jingjing et al. [3] 
explored AGV scheduling methods in production workshops. Zhao Yiming et al. [4] 
analyzed charging strategies and scheduling coordination in goods-to-picker storage 
systems (RMFS). Zhang Yanju et al. [5] optimized AGV picking efficiency through 
order splitting strategies. Li Kunpeng et al. [6, 7] compared two allocation 
rules—round-robin and first-come-first-served—on the basis of collision-free path 
planning, constructed a model aimed at minimizing picking labor costs and AGV 
handling costs, optimized batch-order strategies for goods-to-picker systems, and 
designed an adaptive genetic algorithm for solution. Li Teng et al. [8] established a 
bi-level model for scheduling and task allocation, aiming to minimize total order 
completion costs and the average idle rate of AGVs, and solved it using genetic 
algorithms. Yuan Ruiping et al. [9] proposed two operational modes—synchronous 
and asynchronous picking at multiple stations—improving the co-evolutionary 
genetic algorithm to address logistics AGV task scheduling. Boysen et al. [10] 
employed a mixed-integer programming model to comprehensively optimize order 
sequencing and AGV shelving sequencing. Merschformann et al. [11] studied 
operational scheduling decisions in goods-to-picker warehouse systems, focusing on 
order sequencing rules and shelving selection rules. Task allocation for AGV systems 
in warehousing and unmanned automated terminals mostly centers on establishing 
mathematical models minimizing scheduling time, path length, energy consumption, 
or shelf handling frequency, while improving solution methods like genetic 
algorithms or particle swarm optimization. However, the sorting sequence of 
parcels in express distribution centers is random and cannot be ordered, unlike 
e-commerce orders that allow system-optimized picking sequences to achieve 
optimal task allocation. Thus, the aforementioned methods are not applicable to 
optimizing parcel distribution in express hubs. 
In the study of AGV systems, Liu Xiaopeng et al. [12] proposed a hybrid queuing 
network model to analyze various performance metrics of material handling 
systems employing multiple levels of AGVs. Li Chengping et al. [13] developed a 
finite-buffer open queuing network model to describe the stochastic processes in 
human-machine collaborative work cells within customized production 
environments. Zou et al. [14] employed a semi-open queuing model to study the 
assignment strategy of "goods-to-person" AGV systems, proposing a speed-based 
assignment rule and designing a domain search algorithm to determine the optimal 
throughput time. Lamballais et al. [15] used a semi-open queuing model to evaluate 
the performance of "goods-to-person" AGV systems with single and multi-line 
orders, as well as storage partitioned and non-partitioned systems. Roy et al. [16] 
applied a closed-loop queuing model to investigate picking and replenishment 
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issues, comparing the differences between dedicated picking and replenishment 
AGV strategies and shared strategies, while analyzing regional congestion problems 
using discrete Markov chains. 
In summary, current research on AGV performance evaluation and dispatch 
strategies in express delivery distribution centers still has limitations. This paper 
focuses on the AGV system in express delivery distribution centers, investigating the 
AGV system dispatch problem by constructing a closed-loop queuing model to 
assess system performance during peak periods. Based on the principle of 
minimizing return routes, a zoning dispatch strategy is proposed. Additionally, 
considering the balanced utilization of loading docks, a task-balanced zoning 
dispatch strategy is introduced. The effectiveness of the theoretical model is 
validated through simulation, and the performance of three strategies—random 
assignment strategy, Partition assignment strategy, and task-balanced assignment 
strategy—is analyzed and compared. 

2. Problem description 
2.1. AGV system for express distribution center 

The working area of the AGV sorting system of express parcel sortation is mainly 
composed of four elements: the pick-up platform, the sorting grid, the AGV and the 
charging space. The charging issue with AGVs is not addressed in this article. AGV 
system for express distribution center layout generally has a two-way layout 
( Figure 1. left, the pick-up platforms are distributed on both sides of the sorting 
lattices) and a four-way layout (Figure 1. right, the pick-up platforms are distributed 
around the lattices), and its layout is shown in Figure 1. 

 

Figure 1. Layout of the AGV system of the express distribution center  
The operation process of the AGV sorting system for express parcel sortation can be 
described as follows: the sorting conveyor transports the parcels to the pick-up 
platform distributed in the system. Then the AGVs queue at the pick-up platform, 
identify the destination of the parcel after picking it up the parcel, and transport the 
parcel to the sorting grid (the first journey) completing delivery. The AGVs then 
return to the pick-up platform to retrieve the parcel (the second journey). This 
creates a working cycle for the AGV. 
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Figure 2. AGV workflow diagram 

The journey between the pick-up platform and the sorting grid, as well as queueing 
at the pick-up platform, take up the majority of the time when AGV is working. 
Because the parcel's destination is uncertain, that is, the start and finish points of 
the first AGV travel are also unpredictable and unchanging, making the first distance 
of AGV operation difficult to optimise through task assignment. However, the 
endpoint of the second journey can be changed by rules, and the number of AGVs 
reaching each pick-up platform can also be balanced by certain rules. Therefore, it is 
of great significance to study assignment problem to improve the efficiency of the 
AGV sorting system. But most current studies have set the arrangement of the next 
pick-up platform to a random strategy after the AGV has completed a task. In this 
paper, the partition strategy is proposed by considering shortening the second 
journey. Further, due to the different probabilities of parcels arriving at the sorting 
grid, a task balanced partition assignment strategy is proposed by considering the 
balanced utilisation rate of the pick-up platform. 

2.2. Assignment strategy  

1) Random assignment strategy means that AGV is randomly assigned to a pick-up 
platform with an equal probability to pick up the next task after it delivers the 
parcel to the sorting grid. 
2) Partition assignment strategy means that the AGV sorting system workspace is 
divided into multiple zones according to the distance between the pick-up platform 
and the sorting grid, and the AGV will return to the pick-up platform divided into the 
zone with an equal probability to pick up the next parcel. Theoretically, the distance 
from the pickup station inside the AGV arrival zone is minimal when each zone has 
only one pick-up platform. Therefore, at this time, the partition assignment strategy 
is equivalent to the shortest strategy. 
3) Task balanced partition strategy means that the AGV system is divided into zones 
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in the same way as the partition strategy, but the AGVs that arrive in the zone do not 
all return to the pick-up platform in the zone to receive the task when the zone has a 
high parcel arrival rate, but the AGVs in the zone with too many tasks will be 
transferred to the pick-up platform in other idle zones to receive the next task with 
a certain probability (3.2 has been introduced in detail). Because the number of 
parcels arriving at each zone of the express distribution center is different, there 
may be more parcels in a certain zone, leading to problems such as the utilisation 
rate of the pickup platform and too many AGVs in some zones. 

 

Figure 3. Partition diagram 

3. Performance estimation model for express distribution center 
3.1. Closed queueing model 

The parcel arrival of express parcel sortation is generally a whole vehicle, and the 
parcels at each pick-up platform are generally sufficient, so estimating the maximum 
throughput of the distribution center is a key issue. To evaluate the efficiency of the 
assignment strategy, a closed queueing model is established according to the AGV 
operation process. The closed queueing model has capacity limitations, and the 
model assumes that AGVs are always in the scheduled state. So, the closed queueing 
model can estimate the maximum throughput of a system per unit time. In the 
closed queueing model, the journey travelled by AGVs to deliver and pick up parcels 
is converted to service station service time. The closed queueing model is shown in 
Fig 4. 
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Figure 4. The closed queueing 

In Figure 4, the service station in the first step represents the process that the AGV 
picks up the parcel from the pick-up platform and travels to the sorting grid for 
delivery; 1,..., zp p  represents the probability that the parcels will reach the zones; 

11 1zµ µ，...  shows the processing rate of each service station in the first step, that is 
also the time it takes for the first journey of the AGV to reach the sorting grid from 
the pick-up platform and delivering the parcel. The second step of the service 
station represents the journey that the AGV returns to the pick-up platform from the 
sorting grid. ijp  indicates the probability of arrival of the AGV returns to pick-up 
platform in j  zone when AGV reaches the sorting grid in i  zone.  2ijµ  shows 
the processing rate of each service station in the second step, which is also the time 
it takes for the second journey of the AGV to reach the pick-up platform in j  zone 
from the sorting grid in i  zone. In the third step, the service station represents 
each pick-up platform. wijµ  represents the service rate of the service station in the 
i  zone, that is the processing rate of the pick-up platform.  
During the operation of the AGV sorting system, the following assumptions are met: 
(1) The parcels are sufficient; 
(2) All AGVs are working normally regardless of AGV charging, obstacles, etc.; 
(3) Parcels arrive within the area of the sorting grid orally from the random arrival 

strategy; 
(4) An AGV can perform only one sorting task at a time; 
(5) The AGV operates with the shortest circuit possible; 
(6) The AGV travels at a uniform speed on a two-way street. 

3.2. Model analysis 
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1) Probability of accessing each service point 
In the closed queueing model, the probability 1,..., zp p of the first step arriving is 
determined by the distribution of historical parcels over a certain period, and

1

=1
z

i

i

p
=
∑

. 
The difference between the three strategies is mainly in the probability of arrival in 
the second step, that is, the probability of the three strategies reaching the pick-up 
platform among zones is different. 
Under the random assignment strategy, the probability of AGV reaching each 
pick-up platform is equal. ijp  can be calculated by (1) . Z  represents the number 
of zones. 

 
1 *ij i
Z

p p=
  (1) 

Under the partition assignment strategy, each AGV in the arrival zone returns to the 
pick-up platform within the zone to pick up the parcels. Therefore, when i j= ,

ij ip p= ; When i j≠ , 0ijp = . 
Under the task balanced partition assignment strategy, in order to make the AGV 
walking route as short as possible and the utilisation rate of the pick-up platform as 
balanced as possible, ijp  is calculated by the following rules, and , ,i j k are zone 
markers. 

(1) If
1

i
Z

p <
and i j≠  , 0ijp =   

(2) If 
1

i
Z

p >
 and i j=  ,

1
ij

Z
p =

  

(3) If
1

i
Z

p >
 ,

1
jp

Z
>

 and i j≠ , 0ijp =  

(4) If
1

i
Z

p >
 and there are multiple 

1
j

Z
p <

， then follow the steps below to 
calculate: 
Step 1: Assign the zone number j  of the service point with the highest service rate 

in the second step of the model to k  , [ ]2max ijk j µ= （ ）; 

Step 2: Calculate the probability of arrival ikp ,
1 1

,min( )ik i j
Z Z

p p p= − −
, i i ikp p p= −  

and j j ikp p p= − ; 

Step 3: if 
1

i
Z

p =
, stop; otherwise return to Step 1. 

2) Service rate for each service station 
The total delivery time of the AGV from the pick-up platform to the sorting grid 1T   
is divided into the time it takes for the AGV to reach the sorting grid after picking up 
the parcel from the pick-up platform rt  and the time it takes for the AGV to deliver 
the parcel dt   , where  is dt a fixed value. 

 1 r dT t t= +   (2) 
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Set the width of the sorting grid channel in the layout to be cd   ; The sorting grid is 
square and the side length is sd  ; The pick-up platform length is wd ,and width is 

kd ; The length of the entire working area is L ,and width is W ；The distance from 
the pick-up platform to the working area of the sorting grid is D ；The number of 
pick-up platforms located above and below the working area is un ,and  located to 
the left and right is rn . The number of rows of the sorting grid is mn ,and the 
columns is nn . Layout dimensions are indicated in Figure 5. 

 

Figure 5. Distribution center layout dimension 

Take the lower-left corner of Fig 5 as the coordinate origin (0,0). Equal distance of 
the pick-up platform is evenly distributed on the four sides (or both sides) of the 
distribution center. The pick-up platform location is ,w wx y（ ）. There are four types of 
pick-up platforms’ locations.  
(1) In the first case, the pick-up platform is at the bottom of express parcel 

sortation. The i  th pick-up platform location  is calculated as  

 * 1
2

1*( ) *( ) ,
2

u w

u
wi w wi l

L n d
n

x i d i D y d
−

= − + − + =  ; 

(2) In the second case, the pick-up platform is at the top of express parcel sortation. 
The i  th pick-up platform location is calculated as   

* 1 1
2 2

*( ) *( ) , 2*u w

u
wi w wi l

L n d
n

x i d i D y D W d
−

= − + − + = + −  ; 

(3) In the third case, the pick-up platform is at the left of express parcel sortation. 
The i  th pick-up platform location is calculated as   

* 1 1
2 2

, *( ) *( )r w

r
wi l wi w

W n d
n

x d y i d i D
−

= = − + − +  ; 

(4) In the fourth case, the pick-up platform is at the right of express parcel 
sortation. The i  th pick-up platform location is calculated as   

* 1 1
2 2

2* , *( ) *( )r w

r
wi l wi w

W n d
n

x D L d y i d i D
−

= + − = − + − +  ; 

The sorting grid position is ,( ) Smn mna b ∈ , where {1,2,... }mm n∈  represents the 
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number of rows and {1,2,... }nn n∈  represents the number of columns. And 
,( ) Smn mna b ∈ can be calculated as  

2

2

* *( 1)

* *( 1)

s

s

mn c s

mn c s

d

d

a D d n d n

b D d m d m

 = + + − +

 = + + − +


  (3) 

After completing a mission, AGV stays next to the sorting grids, which is the starting 
point of the next mission. Because a large number of papers[17,18], studies have 
been able to successfully achieve AGV obstacle avoidance and congestion problems, 
this paper assumes the AGV runs in the shortest path without considering 
congestion or the acceleration and deceleration process. The AGV runs horizontally 
and vertically along the channel, so the distance between two points can be 
expressed as a Manhattan distance: 

| | +| |ij w mn w mnd x x y y= − −   (4) 
Therefore, the travel time required from the pick-up platform to the sorting 

grid is 
ij

r
r

d
v

t =
. The distribution center is divided into Z  zones, and there are sA

sorting grids and wA  pick-up platforms in each zone，  so 
s

s
n
Z

A =
, 

w
w

n
Z

A =
. 

Because parcels within the zone are subject to a random arrival strategy,  the first 
and second moments the of service station can be calculated by (5),(6),(7): 

 1
*

*
( )

a b
ij

s w ri j

r
d

A A v
E t = ∑∑   (5) 

 1( ) ( )r dE T E t t= +   (6) 
2

2

22
1

1
*

*
( ) +2 ( )*

a b
ij

s w ri j

d r d
d

A A v
E T t E t t= +∑∑   (7) 

So, the rate of the service station the first step of the model is
1

1
1
( )

i
E T

µ = . 

Similarly, the expected service time of the service station in the second step of the 
model can be obtained by (8),(9). 

2
1

*
*

( )  
a b

ij

s w ri j

d
A A v

E T = ∑∑   (8) 

2

2

2
2

1
*

*
( )

a b
ij

i js w r

d

A A v
E T = ∑∑   (9) 

Its service rate is 
2

2
1
( )

ij
E T

µ = . 

In the third step, it is assumed that the service time at the pick-up platform follows 
an even distribution [ , ]i iU a b  , so the first and second moments of the third step of 
service can be calculated by (10),(11). 

 3
2

( ) i ia bE T +
=   (10) 
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2 2
2

3
( * )

3
( )

i ii ia a b b
E T

+ +
=   (11) 

Its service rate is 
3

3
1
( )

ij
E T

µ =  . 

3.3. Approximated mean value analysis 

This paper uses approximate mean value analysis (AMVA) to solve the throughput 
of the model. AMVA is a queueing model algorithm for[19] to solve the presence of 
non-exponentially distributed service stations in multiple service station. AMVA 
allows multiple parallel service providers at service stations and provides a method 
for calculating the length of queues at each service station. 
Table 1. AMVA algorithm parameter 

 

S  The total number of stations 

R  The total number of AGVs 

,rem sES  The expected time remaining until the first departure at the station s  

sES  The first moment of service time of station s  
2

sES  The second moment of service time of the station s  

( )sL r  The expected AGV queue length including AGVs in service at station s   when the 
system contains r  AGVs 

( )sL r  The expected AGV queue length excluding AGVs in service at the station s   when 
the system contains r  AGVs 

( )sQ r  The probability that all servers are busy at station s   when the system contain r  
AGVs 

( | )sP i r  The probability that there are i  AGVs at the station s  when the system contains 
r  AGVs 

( )rτ  The throughput when the system contains r  AGVs 

( )sET r  The lead time at station s  when the system contains r  AGVs 

sC  The number of servers at station s  

sv  The visit ratio of the station s  

Table 2. AMVA algorithm 
Step1：Initialize (0 | 0) 1, 1,...,sP s S= =  ， (0) 0, 1,...,sQ s S= =  ， (0) 0, 1,...sL s S= =  ， 

(0) 0, 1,...Ls s S= =    
Step2：Processing For s=1,…,S 

             
2

,
1 2 1
1 1 2

s s s

s s s s s
rem s

c ES ES
c c c c ES

ES −
+

+ +
=   

Step3: Iteration  For r=1,…,R 
(1) For s=1,…,S 

        ,( ) ( 1) ( 1) s

s
s s rem s s s

ES
C

ET r Q r ES L r ES= − + − +   

(2) 
1

( )
( )

S
s s

s

r

v ET r
rτ

=

=
∑

  

(3) For s=1,..,S and for b=1,…min(Cs-1,r) 

( | ) ( ) ( 1 | 1)s
s s s

ES
b

p b r v r p b rτ= − −   

(4) For s=1,..,S ,if , ( ) 0s sr c Q r< =  ,otherwise  

( ) ( ) ( 1 | 1)s

s
s s s

ES
C

Q r v r p b rτ= − −   
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(5) For s=1,..,S 
min( 1. )

1

( | ) ( )(0 | ) 1
sc r

s s

b

s P b r Q rP r
−

=

−= − ∑   

(6) For s=1,..,S ,if , ( ) 0s sr c L r< =  ,otherwise 

( | ) ( ) ( 1 | 1)s
s s s

ESp b r v T r p b r
b

= − −   

(7) For s=1,..,S 
( ) ( ) ( )s s sL r r v ET rτ=  

In the first and second steps of the model, the AGV that enters the service point can 
receive the service immediately, so the number of service servers is unlimited. The 
"customer" in the system is AGV, up to R , so the number of service station service 
servers in the first two steps sc  is set to equal to R . But there is only one service 
server in the third step. Pick-up platform utilisation can be obtained by 

* *w r s sES Vρ τ= . Because the assumption is that the parcel volume is sufficient, the 
AGV will remain scheduled. However, AGVs will still queue at the pick-up platform. 

Therefore, the utilisation of AGVs can be obtained by
1 s

r
L

R
ρ = −

. 

4. Simulation validation 
4.1. Experimental data 

In this paper, we use Arena (14.0) software to design and build a simulation model 
of an AGV system in an express distribution center, conduct experiments to verify 
the theoretical model, and compare the performance of AGV random assignment 
strategy, partition assignment strategy, and task balanced partition strategy in 
various scenarios with varying parcel arrival rates and AGV layout. The simulation 
findings for each scenario were obtained using a simulation model with a warm-up 
run time of 100 hours and 1100 hours per run, respectively, and the experimental 
parameters are listed in Table 3. 
Table 3. Experimental Parameter 

Parameter L  W  D  rv  cd  sd  wd  ld  
Value 49m 25m 3.4m 1.3m/s 1m 0.5m 1.2m 1m 

nn  mn   wn  Z   dt   ( , )i ia b   
32 16 8 4 5s (5,10)s 

4.2. Experiment result  
The deviation between the theoretical model and the simulation model is calculated 

by
100%

S A
S

δ
−

= ×
,where S  is simulation model data and A  is theoretical model 

data. 
1) Experiment 1 
Experiment 1 created practical circumstances for small, medium, and large AGVs to 
verify the theoretical model, and compared the theoretical model results with 
simulation results in terms of throughput, pick-up platform utilisation, and AGV 
utilisation. 
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The deviation between the theoretical model and the simulation model is calculated 

by
100%

S A
S

δ
−

= ×
,where S  is simulation model data and A  is theoretical model 

data. 
The number of zones is 4. Order arrival rate per zone is 1 2 , 3 40.3 0.2p p p p= = = = . 
The layout is a two-way layout. The experimental results are shown in Table 4. 
Table 4. The results of experiment 1 

Assignment Strategy 
The 

number of 
AGV 

rτ (/hour) wρ (%) rρ (%) 
A S rτδ  A S ωρδ  A S sρδ  

Random assignment 
strategy 

24 1436 1393 3.1% 37.4 36.3 3.0% 99.1 96 3.1% 
64 2954 3082 4.2% 80.8 76.9 3.9% 96.5 97.6 1.1% 

128 3532 3654 3.3% 92 95.7 3.9% 92.8 92.4 0.4% 

Partition 
assignment strategy 

24 1693 1681 0.7% 44.1 43.8 0.7% 98.5 98.6 0.1% 
64 2879 2987 3.6% 75.0 77.7 3.5% 94.5 94.9 0.4% 

128 3094 3135 1.3% 80.6 81.7 1.3% 91.6 91.3 0.3% 
Task balanced 

partition 
assignment strategy 

24 1665 1655 0.6% 43.8 43.1 1.6% 98.7 99.4 0.7% 
64 3117 3300 5.5% 81.2 85.9 5.4% 95.2 96.4 1.2% 

128 3563 3675 3.0% 92.8 93.6 0.8% 91.9 95.6 3.4% 
Mean value of 

deviation  2.81% 2.68% 1.19% 

Note: the pick-up platform utilisation rate wρ  and AGV utilisation rate rρ  are average. 

As can be seen from the results of experiment 1, the average deviation of all three 
indicators is less than 3% and the maximum deviation is about 5%. The deviation is 
small, so the theoretical model is reliable. The operating efficiency of the theoretical 
model is much higher than that of the simulation model, so the establishment of the 
theoretical model is of great significance for evaluating the performance of the AGV 
system. 
2) Experiment 2 
The performance of the three strategies is compared from different arrival rates in 
Experiment 2. 
The number of zones is 4; The layout adopts a bidirectional layout; R=64; the 
experimental results are shown in Table 5. 

Table 5. The Results of Experiment 2  

The arrival rate of parcels 
and the coefficient of 

variation 

Random assignment strategy Partition assignment strategy Task balanced partition 
strategy 

rτ  
max

wρ
  

min
wρ

  
σ   rτ  

max
wρ

  

min
wρ

  
σ  rτ  

max
wρ

  

min
wρ

  
σ  

1 2

3 4

0.25

0.25

p p

p p

= =

= =  
( 0cv = ) 

3078 80.3 79.9 0.01 3322 87.1 85.6 0.04 3322 87.1 85.6 0.04 

1 2

3 4

0.27,

0.23

p p

p p

= =

= =  
( 0.32cv = ) 

3086 80.5 80.2 0.01 3243 91.9 77.6 0.54 3311 86.4 86.1 0.01 

1 2

3 4

0.3, 0.2

0.25

p p

p p

= =

= =  
( 0.4cv = ) 

3076 80.3 79.9 0.02 3089 96.7 63.9 0.66 3310 86.4 85.9 0.01 

1 2 3 0.28p p p= = =                      
4 0.16p =  

( 0.72cv = ) 

3085 80.5 80.2 0.01 3106 90.9 51.2 1.18 3293 86 85.5 0.01 
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1 2

3 4

0.3,

0.2

p p

p p

= =

= =  
( 0.8cv = ) 

3082 80.5 80.1 0.01 2987 93.9 62.1 1.27 3300 86.4 85.7 0.02 

 

Note: σ means standard deviation. 

From experiment 2, in terms of overall throughput, the task balanced partition 
strategy and the partition strategy outperform the random assignment strategy 
when the coefficient of variation is small, that is, when the volume of the parcel is 
more evenly distributed between the zones. When the coefficient of variation is 
large, the throughput of the partition strategy decreases more, while the random 
strategy and the task balanced strategy remain constant. Meanwhile, the standard 
deviation of pick-up platform utilisation shows that the random strategy and the 
task balanced strategy have more balanced pick-up platform utilisation, which is 
approximately 0.02, whereas the partition strategy has unbalanced pick-up platform 
utilisation. 
3) Experiment 3 
To verify the impact of the layout on the assignment strategy, Experiment 3 
designed the experiment in terms of aspect ratio and two-way layout and four-way 
layout and compared the change in throughput. 
The number of zones is 4; R=64; The possibility of arrival is

1 2 , 3 40.3 0.2p p p p= = = =  ; The experimental results are shown in Table 6. 
Table 6. The results of experiment 3 

distribution 
center 

aspect ratio 

The sorting 
grids 

(columns 
*rows) 

Random assignment 
strategy 

Partition assignment 
strategy 

Task balanced 
partition strategy 

two-way 
layout 

four-way 
layout 

two-way 
layout 

four-way 
layout 

two-way 
layout 

four-way 
layout 

2 
（24*12） 3304 3279 3043 3040 3409 3402 
（32*16） 3082 3050 3002 2995 3300 3284 
（44*22） 2752 2660 2901 2875 3082 3034 

1 
（16*16） 3317 3337 3045 3048 3417 3433 
（22*22） 3147 3157 3005 3009 3315 3322 
（32*32） 2676 2702 2875 2895 3028 3056 

Note: The sorting center aspect ratio is the number of sorting grid columns divided by the number of rows. 

As can be seen from Table 5, the task balanced assignment strategy is superior to 
the random assignment strategy and partition strategy in terms of either layout. It is 
found that when the aspect ratio of the distribution center is 2, the two-way layout 
is slightly better than the four-way layout, and when the aspect ratio of the 
distribution center is 1, the four-way layout is slightly better than the two-way 
layout, but the gap is not obvious. 
4) Comparative analysis 
Figure 7,8,9 show the graphs of system throughput with the number of AGVs under 
different distribution center areas and different arrival rates for three assignment 
strategies with the distribution center aspect ratio of 2 and a two-way layout. 



Liying Ou. Ying Gong and Hongli Liu 
 

 

DOI:10.63313/JCSFT.9090 14 Journal of Computer Science and Frontier Technologies 
 

 

  (a) 1 2 3 4 0.25p p p p= = = =   (b) 1 2 3 40.27, 0.23p p p p= = = =    (c) 1 2 3 40.3, 0.2p p p p= = = =  

Figure 7. (24*12) Throughput variation curve 

 

 (a) 1 2 3 4 0.25p p p p= = = =   (b) 1 2 3 40.27, 0.23p p p p= = = =    (c) 1 2 3 40.3, 0.2p p p p= = = =  

Figure 8. (32*16) Throughput variation curve 

 

 (a) 1 2 3 4 0.25p p p p= = = =      (b) 1 2 3 40.27, 0.23p p p p= = = =    (c) 1 2 3 40.3, 0.2p p p p= = = =  

Figure 9. (44*12) Throughput variation curve 

Note: (24*12), (32*16), and (44*12) indicate the number of columns and rows of sorting compartments in the 
distribution center. 

Figure 6,7,8. it can be seen that the task balanced partition assignment strategy 
outperforms the random assignment strategy and the partition assignment strategy 
in most cases. The throughput of all three strategies, random assignment strategy, 
partition assignment strategy and task balanced partition strategy, increases with 
the number of AGVs, but the growth rate gradually decreases. When the arrival 
probability of parcels across the zones is the same, the partition assignment strategy 
and the task balanced partition strategy have the same probability of visiting each 
service station, and the two curves overlap in (a). And it can be seen from (a) that 
the larger the area of the distribution center with a moderate number of AGVs, the 
more the partition assignment strategy and the task balanced assignment strategy 
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improve relative to the random assignment strategy, which means the partition 
strategy and task balanced partitioning strategy can effectively shorten the distance 
of AGV return trip to pick up the parcels. In (b)(c), when the number of AGVs is 
small, the partition assignment strategy is better than the task-balanced partition 
strategy, but the difference is not obvious. With the increase of the number of AGVs, 
the task balanced partition assignment strategy gradually outperforms the partition 
strategy, which means that the task balanced assignment strategy can effectively 
balance the AGVs to each pick-up platform and prevent the overall throughput from 
decreasing due to the congestion of some pickup platforms. In (b)(c), it can be seen 
that the upper limit of throughput of the partition strategy with the number of AGVs 
gradually decreases with the strengthening of the regional parcel imbalance and is 
significantly lower than that of the random strategy and the task balanced partition 
strategy. From the comparison of (a)(b)(c), it can be seen that the random strategy 
and the task balanced partition strategy are not greatly affected by the probability of 
reaching regional parcels, while the upper limit of the partition strategy is 
significantly affected. 
In summary, the partition strategy and task balanced partition strategy can 
significantly shorten the AGV return distance and improve the system throughput. 
However, the partition strategy will cause resource congestion at the pickup 
platform when the regional parcels arrive unbalanced, resulting in the reduction of 
system throughput, while the task balanced partition assignment strategy can 
significantly improve this situation. The theoretical model established in this paper 
can effectively help enterprises evaluate AGV system performance and help them 
decide on resource investment, while the proposed task-balanced partitioning 
strategy can significantly improve AGV system performance. 

5 Conclusion 

In this paper, we study the assignment problem of the AGV sorting system in the 
express distribution center, propose a partition assignment strategy and task 
balanced partition assignment strategy according to the principle of shortening the 
return journey and task utilisation balance at the pickup platform, and establish a 
closed queuing model to evaluate the system performance. Simulation experiments 
are designed to verify the validity of the theoretical model, comparing the 
performance of the random strategy, partition strategy, and task balanced partition 
strategy in terms of distribution center size, number of AGVs, and layout. It is found 
that the closed queueing theory model can effectively evaluate the system 
performance, and the task balanced assignment strategy is better in throughput in 
most cases, better in pick-up platform utilisation compared to the partitioned 
strategy and not much different compared to the random strategy. However, in this 
paper, the input of resources such as pick-up platforms is not taken into account, so 
more attention will be paid to the input of resources in the subsequent study.  
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