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ABSTRACT 

 

Companies are looking forward to improve their productivity 
within their warehouse operations and distribution centres.  In a 
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typical warehouse operation, order picking contributes more than 
half percentage of the operating costs. Order picking is a 
benchmark in measuring the performance and productivity 
improvement of any warehouse management. Smooth and fast 
order picking can help to reduce waiting time at the customers end 
and may increase customers’ satisfaction.  Hence, it is crucial to 
reduce order picking time and one of the ways is by considering the 
proper routing for picking an order in the warehouse.  In this study, 
the Dynamic Programming (DP) method and Dijkstra’s algorithm 
are applied to find the shortest distance for order picking in an 
automotive manufacturing company’s warehouse. The results 
show that the DP method is a simple yet competent approach 
compared to Dijkstra’s algorithm in finding the shortest distance 
to pick an order.  DP is then adopted to determine the shortest 
distance for each order picker considering the limited volume he 
can picked at a time The results show a reduced of shortest time 
by 12% using this method.  The shortest distance for each OP with 
items are also discussed thoroughly in this paper. 

Keywords: Shortest path model, Order picker, Warehouse cost 

management. 

 

INTRODUCTION  

 

Normally, manufacturing companies are looking forward to cut 

costs and at the same time try to improve productivity within their 

daily operations using many management tools such as Total 

Quality Management (TQM) (Pradhan, 2017).  This is to ensure 

the main objective, which is to meet 100% of the customers’ 

demand is fulfilled. On one hand, this is due to the strong 

competition in the industry and increase in the operating cost 

(Tuya,2017). 
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For example, even when companies develop new products and 

processes, and build new factories, the largest part of the 

manufacturing cost is often still determined by customers’ 

satisfaction,  

and therefore attempts to reduce manufacturing cost will exert 

pressure on suppliers to improve, develop and restructure their 

resources especially the manpower (Kato, 2016). There are many 

contributing factors to this achievement.  For a warehouse 

management, there is a need to have proper handling process in 

order picking, storage assignment, resource allocation, work force 

handling, tasking allocation and so on.   

On top of all the factors mentioned, it is stated that 55% of all 

operating costs in a typical warehouse can be attributed to order 

picking.  Trojanoswska et al. (2018) stated that manufacturing 

productivity can be improved through increasing operational 

efficiency in the warehouse. As part of warehouse operations, order 

picking is defined as the operation of retrieving goods from 

specified storage locations based on the customer orders 

(Dharmapriya & Kutalunga, 2011; Roodbergen & de Koster, 2001).  

In spite of many studies done in order to improve the order picking 

operation, managing it efficiently has become more complex (Beker 

et al. (2012).  They stated that complexity in handling order and 

operating them respectively arise in both the demand and supply 

side.  Dharmapriya & Kutalunga (2011)also stated that across 

many other operations in a warehouse, the most time consuming 

operation in general is in order picking.  Any underperformance in 

order picking leads to unsatisfactory service and an increase in 

operational cost.  Therefore, order picking is a benchmark and the 

highest priority in measuring the performance and productivity 

improvement of any warehouse management (de Koster et al. 

(2007).   Due to all these facts, solving order picking problem is part 

of the solution in inner transportation optimization to help reduce 
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the waiting time and response time of a customer in order to 

receive their demands.  Humans are at the heart of crucial 

processes in warehouses. Besides the common economic goal of 

minimising cycle times, we consider the human effect (in terms of 

order picker movement) as an effort in minimising thetotal 

operation cost (Larco et al., 2017; Elbert et al. 2017).  

Optimization, in this situation refers to an act of transportation 

process, design, system or decision to make it as effective as 

possible in achieving minimum cost (maximum profit).  In a 

warehouse, transportation can simply be defined as forklifts, 

trucks, andlorries which are needed to transport their items, 

material or finished goods to depot.  A manufacturing company 

with a big warehouse usually have their own transportations.  

Sometimes, the capacity of the transport is not fully utilized.  As 

mentioned in (Beker et al. (2012), the transportation capacity is 

normally empty in one way of the trip and resulting to only 50% 

utilization of the capacity.  Hence, this leads to wasting of optimal 

usage of transportation.   

On a whole, there is a continuous problem in managing the 

inner warehouse transportation such as congestion and  response 

time that still results in the used for future research.  This may 

due to improper communication between departments, 

incompatible transportation plan versus the layout plan, not 

focusing on the right items, unsuitable storage assignment and 

underutilisation of resource, which include order picking problem, 

manpower, and many more.  These types of problem are very 

specific to individual companies.   Order picking in warehouse 

system is known to be a crucial part in supply-chain.  Any 

underperformance or unreliable system may lead to dissatisfaction 

in customers.  The layout of warehouse can affect the management 

of orders in fulfilling the demand.  This can due to long duration of 

time taken to pick an order requested by customers, hence, affect 
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the delivery time, and increase the response time.  Response time 

in this case refers to the moment an order is placed until the order 

is successfully collected at the packaging point before it is delivered 

to a customer.  This also shows that the response time is influenced 

by the strategic location and routing of the transportation.  

According to Djukic et al. (2010), with proper routing methods in 

order picking efficiently helps to reduce between 17% and 34% in 

travelling distance.   

Due to this problem, it is vital to always ensures that the order 

arrives on time.  On top of that, any late arrival of an order leads 

to stop in production, which can translate to profit loss, wastage, 

rusty materials, and if it involves with hazardous materials this 

could be dangerous.  Additional costs might incur since the 

company needs to provide extra working hours, extra labour costs 

and additional transportation costs to send for emergency items.  

Thus, this study will offer an approach on finding the shortest path 

for the order pickers (OP) in a manufacturing company.  This can 

be done by applying Dijkstra’s algorithm and Dynamic 

Programming (DP) method for one block used in routing decision. 

 

METHODOLOGY 

 

Shortest Path Model 

       The shortest path problem (SPP) is defined as an undirected 

graph, E)(N,G   where nN   nodesthat are connected by edges 

(arcs), mE   from a specified node S, called the source.  Each arc is 

numbered sequentially and is given a cost function c  .  In 

general, this c can be in terms of time, distance or currency.  Say, 

c represent distance, thus one may find distances and shortest path 

that starts from a given node S.  The main objective of SPP is to 

find minimum cost of all paths from S to all nodes in N.   
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This procedure is used to solve any SPP using various type of 

algorithm.  In this study the Dijkstra’s algorithm is taken into 

account and discussed in the next section.  Dijkstra’s algorithm is 

applicable when all the weights are nonnegative. 

 

The Dijkstra’s algorithm 

In this study, the Dijkstra's algorithm is used to determine the 

shortest path from an order list collection point, O, to end node X, 

which is the packaging point.   

Say there are n number of items in the order list, and the OP 

needs to stop at each n stored location to pick up all the items in 

the warehouse.  At each iteration, the algorithm computes the 

distance of the path to every n and make sure all stored location 

are visited.  Dijkstra’s algorithm uses a set S for all the visited 

items.  This set also includes the nodes for which the shortest path 

has already been determined at the current moment.  The set S is 

updated by extending the shortest path by clearly visiting stored 

location (node) at every iteration.  For each iteration, the edge  ji, , 

where Si and  SNj    is found by:  

   
 

   ','',min,,
'' ,

jiweightiOdistjiweightiOdist
Eji




 

in which dist denotes the shortest distance from O to i and E is the 

set of all possible edges from i. The edge  ji, is then added to the 

shortest path, whose origin is at O.  
In this study, the weight is the distance between two respective 

items stored location.   The algorithm can also be explained as in 

the given pseudo code in Figure 1 where we have a set of nodes, n 

where i is the starting node and j is the destination (ending) node.  

Let is  be the starting time at node i and ijd  be the distance from 

node i to j.  There exist a nonnegative weight between the node i 
and node j.  An additional weight, c, is presented to show the 
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distance of lifting and disembarking the items taken from the 

shelves.  Thus, the total distance can be calculated by summation 

of starting value at the order list collection point until the picker 

reach the packaging point.  If the summation of iji ds  is less than 

the current ijd , then iji ds  is chosen as the next shortest path with 

total distance of
ijT .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  The Pseudo Code of Dijkstra’s Algorithm 

 

The 
ijT value will then be added with the distance of 

lifting/disembarking to compare which routes give the minimum 

distance value.  Otherwise, infinity means other nodes with the 

smallest value is chosen.  The same procedure will be repeated 

until all nodes have been processed and the minimum total 

distance from node O to X is obtained.  In this study, only the small 

parts or one zone is considered for the application of Dijkstra’s 

Given, 

i = starting node (order list collection point) 

  j = end node (packaging point) 

is  = starting time at node i 

ijT  = Total distance from node i to node j 

 c = weight of lifting and disembarking items from 

shelves 
 

The total distance 
ijT can be calculated as follow: 

If ,ijiji dds   

          Then, cdsT ijiij   

     Else, ijT  

   End. 
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algorithm.  This is to show how the algorithm works and the 

calculation procedure can be seen in the method.  

 

Dynamic Programming Method for One Block 

The other method used in this study is Dynamic Programming 

(DP). In DP method, we define the following variables: 

Let k be the number of blocks, where an OP starts through block 

)...,,1( kii  .  The route starts at the left-most subaisle that contains 

items (l) and ends at the right most subaisle that contains items 

(r).  Denote that ija is the back end of subaisle j in block i and ijb is 

the front end of subaisle j in block i for every j, nj ,,1 .  Let jL be 

defined as partial route visiting all pick locations in subaisles l 
through j and we distinguish to equivalence classes of partial 

routes: 

 a
jL is a partial route that ends at the back of subaislej 

 b
jL is a partial route that ends at the front of subaislej 

From subaisle 1j to j we distinguish two ways from here where 

 at goes along the back of the block 

 bt goes along the front of the block 

 

Refer Figure 2: 

 

 
Figure 2. Transitions used in Routing Heuristic 
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From here, we distinguish four ways to pick items in subaisle j.  
These four transitions are also stated in Figure 2, where: 

 1t traverse the entire subaisle 

 2t do not enter the subaisle at all 

 3t enter and leave the subaisle from the front of the block 

 4t enter and leave the subaisle from the back of the block 

Transition 2t  is allowed if the subaisle contains no item to be 

picked.  wj tL  is a summation of the partial route jL and transition 

wt  where w is a series of transition in Figure 3 where ),,4,3,2,1( baw

and (.)c  denotes the travel time associated with wj tL  .  i.e, for 

instance, )( 1tLc b

j
 gives the time needed to walk to partial route b

j
L

plus the time needed to walk to transition 1t .  Note that the 

transitions only involved on how to enter and leave the subaisles.  

The dynamic programming method described in Figure 3 where 

the resulting partial route b
rL will be used to form the complete 

order picking route.  In step 3, the a
rL  is not needed since all items 

have been picked in a block and we need to go to the front of the 

block to be able to go to the next block.  The dynamic programming 

method for one block from (Roodbergen, 2001) can be described in 

the following procedure: 

Step 1 

Let the block under consideration be block i, l be the subaisle 

from the left and r be the subaisle from the right. 

If block i to be the block farthest from depot and contain 

item(s), we start the algorithm by using two partial routes: 

   a
lL which starts at node ilb , ends at node ila  and 

consists of transition 1t  
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   b
lL which starts and ends at node ilb  and consists of 

transition 3t  

Else, the block is near to the depot and we start with two 

partial routes: 

   a
lL which starts and ends at node ila  and consists of 

transition 4t  
b
lL which starts at node ila , ends at node ilb  and 

consists of transition 1t  

Step 2 

For each consecutive subaisle  rjlj  we determine a
jL  and 

b
jL as follows: 

If subaisle j contains item, then: 
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If subaisle j does not contain any item(s), then: 

  
b

b
j

b
j

b
a
j

a
j

tLL

tLL









1

1
 

Step 3 

For the last subaisle of the block (subaisle to the right of the 

depot, r), we determine 
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Figure 3. Procedures of DPM 
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The last partial route b
rL will be used to form the complete order 

picking route.  In this step, the a
rL is no longer needed since all the 

items have been picked in a block.  We only need to go to the front 

of the block to be able to complete the routing parts.    

These two methods will be used in the study to determine which 

will gives better and accurate result for finding the shortest path.  

The results will be discussed deliberately under the Result and 

Discussion section.  From the findings, it is hoped to bring 

contribution in academic literature as well as the manufacturing 

company with similar procedure in achieving their objective of 

minimum total distance and shortest path in picking order. 

 

STUDY SETTING  

 

A Case Study of An Automotive Manufacturing  

The data is obtained from an automotive manufacturing 

company.  The floor plan as given in Figure 4 is the current layout 

of the warehouse in 2016.  In finding the shortest path for the OP 

to collect all the orders made in time, proper routing is vital.   

In the company, there are mainly two floors in the warehouse.  

On theground floor is where all the big parts are placed on shelves.  

Should any order is made by a customer, an OP will use a forklift 

to deliver the big parts onto a pallet.  Then from the pallet into the 

delivery truck.  There are 10 forklifts available in the company.  

This is to reduce waiting time for retrieving the order.  All the 

collected orders will be arranged in a pallet and each pallet can be 

filled to seven equal parts and ready to be delivered to the customer.  

Normally forone delivery truck, eight to ten pallets can be filled to 

complete one trip or depending on the size of the parts.  The 
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number of trips in a day depends on the number of order made by 

the customers.  Zone 2 and zone 3 are in this ground floor.   

On the other hand, in the first floor which holds Zone 1 is where 

all the small parts are placed.  Order retrieved will be picked 

manually by the OP.  There are 18 OP all together.  The procedure 

starts with collecting order formsfrom customers. Next, the OP will 

print the order form and collect the needed item accordingly.  The 

OP will standby at their particular shelf and they are familiar with 

the area.  This helps to save time when picking the order and thus, 

the response time can be reduced.  Once the order is completed, the 

items are placed in the ‘Standby for Delivery’ area to be finalized, 

wrapped and tagged before they are handed to the delivering units.        

 

  
Figure 4.  Floor Plan of an Automotive Manufacturing 

Company 

 

In the process of developing the shortest path for the order 

picking in the warehouse, proper representation of the routes 
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involved in the network is a main concern.  Generally, this network 

refers to a path with fixed nodes or vertices and intersected with 

edges or arcs.  Under the purpose of this study, nodes are defined 

as an item placed in the warehouse, while edge is an aisle of item 

stored location that serves as the directional link between them.  

Each edge is associated with a particular weight, which is the 

distance length between two adjacent nodes (items).  The weight 

must be nonnegative since the travel time or distance, by definition, 

must be nonnegative.     

Once the network is completed, an algorithm to find shortest path 

is applied to determine the shortest path through the network. 

 

Data Preparation 

Our study involves developing the routing network for the OP in 

this automotive manufacturing company.   Mainly, the floor plan 

layout of the warehouse is given in Figure 4.  The floor plan 

consists of three zones.  Zone 1 in the first floor, where all the small 

parts are placed.  Zone 2 is in the ground floor and stores big parts.  

Zone 3 is the container loading bay and space where all the packing 

goods and order are ready to be delivered to the customer.  In this 

study, we will only focus on finding the shortest route for the OP 

to pick order in zone 1.    

Layout plan for zone 1 is shown in Figure 5.  There are four 

shelves with four front subaisles, (A, B, C, D) and four end 

subaisles (E, F, G, H).  Each aisle are open ended route.  Each 

shelves are loaded with items ready to be picked.  In this case, an 

OP is free to go any side of the shelves and may return to the same 

point.  However, the objective is to find the shortest route to help 

minimize the order picking time for the OP.  Basically, OP starts 

their working operation with collecting information on the number 

of orders from customer.  They will gather at the main platform in 

each zone to receive a delivery order (DO).  DO form is based on 
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order made online by the customers.  Once the form is received, the 

parts are identified.  Next, the OP starts from the platform to their 

respected item area.  

 

 
Figure 5. Layout Plan for Zone 1 

 

In order to find the shortest route for the OP, few assumptions 

are made based on the study area.  Basically, we assumed that all 

the OP are well known of their routes and picking area, the 

conveyor is well maintained and in a good condition, the OP will 

follow the S-shape routing method.  S-shape method means that 

any aisle containing at least one pick is traversed entirely (except 

potentially the last visited aisle).  The S-shape seems to be the 

simplest heuristics for routing order and the aisles are equal and 

at the same length.  On top of that, the data collected will only 

include shift of normal working hours.  Any overtime or late 

working hours will not be included in this study and each transport 

is provided with accurate information of supplies need to be taken 

from shelves. Each transport is depot from the main entrance of 

the warehouse and also a clear diagram of the warehouse is 

important in identifying the routes of the transports. 
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RESULTS AND DISCUSSION 

 

Dijkstra’s Algorithm 

In order to apply the algorithm, a random order is picked.  This 

order has 9 items and the location of the items are located at 9 

different nodes as depicted in Figure 6.  Say, the OP starts at A 

and there are 9 items to be collected from item 1 to item 9before he 

can exit to the packaging point.  The distance for each nodes from 

1 to 9 and A to H are written as in Figure 5.  Now, the floor plan 

has been transformed into a network which represent the 

respective nodes and distances. 

 

 
Figure 6.  Network routing for Zone 1 

 

To see how the algorithm works, say, the OP starts at A and he 

needs to go from node 1 to node 9 to collect all the parts ordered by 

customer.  The Dijkstra’s algorithm starts to find the shortest path 

from node A until all nodes has been processed (Mohd Nordin, 

2010).  The path starts at A where node 1 is the immediate 

neighbour of node A with the distance of 179.35cm.  Thenode that 
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has not been visited and with the least distance from A is selected 

as next node to be visited.  From node 1, there are four possible 

nodes to be visited which are node 2, node 3, node 4 and node 5.   

The total distance travelled from A to each immediate neighbour 

of 1, which are 2, 3, 4 and 5 are then listed.   

 
Table 1.  Shortest Path using Excel Solver 

 
 

Total distance from A  1  2 is 1211.35cm while A  1  3 is 

734.48cm, A  1  4 is 831.49cm and A  1  5 is 1029.86cm.  

Out of the four values, route A  1  3 provide the shortest route 

and thus this route is selected as the next best path.  Similar 

procedure is repeated at each iteration. The total distance at each 
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node is updated only when the new distance via new path is less 

than the current one.  Table 1 shows that the shortest distance 

from A to 9 is achieved via the path A  3  4  5  7  2  1 

 6  89 (coloured boxes) with the total distance of 3983.34cm.  

The result is obtained using an Excel solver that carries out the 

steps in Dijkstra’s algorithm.  Note that in the earlier explanation 

using manual calculation, the route start at A  1  3 however as 

the calculation goes until all the nodes has been processed, it turns 

out that other route gives better solution for the OP to follow.  The 

simplicity of this algorithm is reflected through the 

straightforward approach and simple calculation performed in 

Table 1. 

 

The DP Method for One Block 

For DP method for one block, we consider four subaisles based 

on the layout plan.  The layout plan is the same as shown in Figure 

6.  Figure 7 shows the stored locations for the item stated in the 

order list.  In total, 9 items need to be collected from this block 

starting from the order list station and stop until the picker arrive 

at the packaging point.  The length of each block is mentioned in 

centimetres.  The length of each block is 1310cm.  The distance 

between two neighbouring subaisles is 360cm.    In this case, 1l

and 4r .  In this occasion, 1ibA  is denoted as the starting point,  

and 3ibD  is the ending point.  The route starts at the left-most 

subaisles (l) which is 1ib , and ends at the right-most subaisles, 3ib .  

All the values and distance is transformed to a possible nodes and 

edges.  321 ,, iii bbb and 4ib are the nodes from the front of the block while 

321 ,, iii aaa and 4ia are the nodes from the back of the block.  Nodes 1 

to 9 denotes the location of the item needed.   
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The process starts with identifying the node that is assumed to 

be the block farthest from the depot (packaging point), that is ,1ib

thus we start with two partial routes aL1 and bL1 .  aL1 starts at node 

1ib and ends at node 1ia .  This process involved transition 1t with 

total distance of 1310cm.  This can also be written as 1310)( 1 tc .  On 

the other hand, bL1 means we start and ends at the same node 1ib

and consists of transition 3t .  In this case, the total distance or 

70.2422)( 3 tc .  

 
Figure 7. Routing network using Dynamic Programming for 

Zone 1 
 

Next, there are two possibilities of creating ,2
aL  namely

  248.504992016.3131041  ttL a
a  and 13106.370.242211  ttL b

b  

which result in 2922.56cm and 3735.6cm respectively.  The 

shortest value between the two will be chosen as the next possible 

shortest path.  In this case, the current 56.2922)( 1 tc .  The same 

procedure need to be repeated to find bL2 .  The possible path for bL2
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can be achieved via 112 ttLL a
ab  and 312 ttLL b

bb  .  The calculation 

can be seen clearer using the diagram below: 

 

   

6.2623

13106.31310

11





 ttL a
a

 

     
26.4035

248.504992016.370.2422

31





 ttL b
b

 

Thus, from the findings, 60.2623)( 3 tc  is chosen as the next 

shortest distance.  The same process is repeated to find aL3 and bL3 .  

The end result for aL3 is 2.393712  ttL b
b and bL3 is 20.504912  ttL a

a

respectively.   

For the last subaisle r, we determine b
rL by comparing the 

previous shortest value of aL3 and bL3 .  In this step there is no need to 

find a
rL since all the items have been picked in a block and we just 

need to continue to end the picking point 3ib .  The value of 4r  

represents the right most aisle in the layout.  Thus, bL4 can be 

calculated as: 

    

80.6362

13106.32.5049

13





 ttL a
b

 

     
26.5776

273.5963216.32.3937

33





 ttL b
a

 

Based on the value obtained, it is clearly shown that bL4 can be 

achieved via 33 ttL b
a  .  The total distance from 1ib   to 3ib can be 

bL2  

bL4  
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achieved via route bi1ai1ai2bi2bi3ai3ai4bi4with the 

total distance of 5776.36cm. 

  

 
Figure 8.  Shortest path using Dijkstra’s Algorithm 

 

 
Figure 9.  Shortest path using DP method 
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Though the value is bigger than using the Dijkstra’s algorithm,  

is more accurate since it caters the value to the end of each of the 

aisle. In Dijkstra’s algorithm we only calculate the value from one 

node to another without considering the front and back of the aisle. 

Furthermore, the Dijkstra’s algorithm stops once the shortest path 

from starting point to end point is obtained.  In this case, Dijkstra’s 

algorithm is not applicable since many other nodes is omitted due 

to obtaining the shortest path.  The shortest path comparison 

between Dijkstra’s algorithms is depicted in Figure 8 and for DP 

method is shown in Figure 9. 

 

Shortest Path with Limited Picking Capacity 

In reality, there are limitations on how much an OPcan pick at 

one time.  For instance, in an order, item needed is 100 pieces, 

however at a time an OPcan only pick 25 pieces.  Using DP, this 

limitation is considered and shortest path is redetermined.  In this 

situation, we use the same area of study and the same order note.  

The OP need to collect all items based on the order node and the 

shortest path is obtained by making sure that every nodewith 

items are collected and visited. 

In this company, there are two types of car parts need to be 

collected based on order.  There are seven OPs involved in picking 

a car parts. Each OP has the maximum of only 25 quantities of 

item to be picked at a time and they are free to use any routes as 

long as all the items are fully collected.  Thus, using DP method, 

we are trying to figure out the best path for each OP in picking an 

order with the minimum distance.  Not only that, the customer 

need is also satisfied.   

As for this study, the order note from the company on 28th 

October 2015 is used.  Overall, there is total number of 1600 items 

to be picked.  Each OP will need to collect maximum of 229 items 

to complete the whole order.  Table 2 shows there are 13 orders 
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made by customer need to be fulfilled.  There are nine parts to be 

collected and each parts are located as in Figure 6.  The total daily 

order for each items are listed as in Table 2.  The objective is to 

make sure every OP to complete every requested items based on 

the Delivery Order and arrive at the packaging point in the fastest 

way.   

 

Table 2. Order request by customer 

 
 

In Table 3, the Euclidean distance from one node to another is 

recorded.  As for node 1 to node 2 the distance is 1032cm and so on.  

Using DP, we need to consider the turning point at each end of 

subaisles.  Additional values of 360cm are added for each turning 

involves of different aisles.  This is different than using DA since 

DA only calculates straight line distance from one node to the other.   

Another table is built with empty cells for determining the number 

of item to be picked by each OP.  This table is later on will be filled 

with the optimal value of items to be picked by each OP as in Table 
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4.  At the bottom of Table 4 we set the maximum limit for each OP 

to collect items.  Every OP is required to collect at most 229 items 

for this Delivery Order.  The number of items for each OP differs 

for each order note.  On the right most column, we set the limit for 

each items at each nodes.  The constraint here is, we need to make 

sure all items are collected by OP.  After the result is obtained, the 

number of item collected should be equal to the number of orders.  

At first, all values is set to zero. 

 

Table 3. Distance Matrix of Each Node 
From\To 1 2 3 4 5 6 7 8 9 

1 0 1032.0 555.1 652.1 850.5 741.2 1124.3 768.8 994.7 

2 1032.0 0 504.5 409.0 224.7 626.5 446.0 840.6 665.2 

3 555.1 504.5 0 99.0 300.0 329.8 588.5 502.7 550.6 

4 652.1 409.0 99.0 0 201.0 329.7 509.1 528.0 515.4 

5 850.5 224.7 300.0 201.0 0 410.8 377.3 626.1 499.7 

6 741.2 626.5 329.8 329.7 410.8 0 440.0 215.2 254.2 

7 1124.3 446.0 588.5 507.1 377.3 440.0 0 596.7 303.2 

8 768.8 840.6 502.7 528.0 626.1 215.2 596.7 0 321.0 

9 994.7 665.2 550.6 515.4 499.7 254.2 303.2 321.0 0 

 

The optimal shortest distance is determined using Excel solver. 

The objective value gives the total distance obtained for the total 

of seven OP.  However in our case, we set to find for each OP.  Thus, 

different table is built later to identify the shortest distance and 

total items picked by each OP.  The first constraint is, we need to 

make sure the items collected by each OP must not exceed 229 

items.  Next, the second constraint determines that all items 

collected in the end must be equal to the number of items stated in 

the Delivery Order.  The variable cells in Table 4 where the 

optimum numbers to be picked by each OP and the suggested route 

with the shortestpath value.  Once all the rules is set, click Solve 

and the computer will run down the program to give us the 

minimum value. 
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For Simplex LP, all constraints and conditions need to be 

satisfied in order to achieve for optimal solution.  Unlike other 

methods, this method only stop once the optimal solution is found.  

Figure 12 depicts the result of the optimal volume for each OP to 

pick.  Based on the result obtained, with nine nodes (item 

stationed), and seven OP, the OP starts at node 1 and node 2.  Node 

1 and node 2 are the starting points and each OP will continue to 

pick at the balance of seven nodes.  In the end, all the items 

collected will be gathered at the packaging point (destination 

point).  For instance, in Table 4, the first OP (in blue colour) is 

expected to collect 49 items from node 1 and 180 items from node 

3.  The total item picked by OP 1 is 229 items.  To collect all the 

items the OP will have to travel the same route back and forth for 

almost 9 trips.  The shortest path for OP 1 is 1  3 with the total 

distance of 555.13cm.   

    

Table 4. Total Items to be Picked by Seven OP 
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The sequence follow until all items collected by every OP.  For 

OP 7 (grey colour), he needs to go to 1  2  9to finish collecting 

all order.  But this time, the number of items to be picked is only 

226 items with the total distance of 1697.2 cm.  Full results of total 

items to be picked and shortest distance for all OP is depicted in 

Table 4 and Table 5 respectively. 

On the whole, the total distance for each of the pickers is 

different when we look at the three situations.  In the first and 

second method, we only find the total distance without considering 

the capacity volume.  As a result, though using DA seems to have 

total distance of 3983.34cm, which is shorter distance compared to 

DP method, however, this is not relevant in the real life situations.  

DA assumes that the picker will move only on the stored locations 

without considering the location of the aisles in the warehouse. 

 

Table 5. Total Items to be Picked by Seven OP in One Trip 

 
   

On the opposite, DP gives shortest path by considering every 

turns (penalties) the pickers need to go through in obtaining 

shortest path.  The total distance obtained using DP is 5776.26cm.  

Due to this reason, DP is then adopted into the study by 

considering the limited picking capacity.  When the capacity 
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constraint is added in the study, the total distance for the pickers 

is reduced to 5085.16cm.  This results in a reduction in the total 

distance by almost 12%.  The analysis is represented in Table 6.As 

a conclusion, this reduction may help to reduce waiting time at the 

customers end and may increase customers’ satisfaction. 

 

Table 6. Comparison between Using DA, DP and DP with 

Capacity Constraint 
 Shortest Path 

using DA (in 

cm) 

Shortest Path 

using DP (in 

cm) 

Shortest path 

+ capacity 

constraint 

using DP (in 

cm) 

Percentage of 

change 

Total 3983.34 5776.26 5085.16 11.96 ~12 

 

These calculations and procedure can be applied for the whole 

warehouse and any other warehouse.  

 

CONCLUSION 
 

The goal of manufacturing companies mainly is to cut costs and 

at the same time trying to improve their productivity within their 

warehouses and distribution centres.  This is to ensure the 

warehouse operation meets the customers’ demand.  Major factor 

that may contributes to this achievement is the handling process 

in order picking.  Since order picking is crucial in supply chain part, 

any underperformance that leads to customer dissatisfaction is 

unacceptable.  Thus, in this study, the Dijkstra’s algorithm and the 

DP method  are applied to find the shortest path for movement in 

the warehouse of an automotive manufacturing company.  The 

result carried out from the two approach is compared to identify 

which is more suitable in finding the shortest path and hence help 

to improve the order picking process.  
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On the whole, the DP method did produce better results 

compared to the Dijkstra’s algorithm.  This may be due to the 

inflexibility of choosing path in the Dijkstra’s algorithm.  Under 

the algorithm, it is assumed that the picker moves only on the 

stored location to pick an item which is not rational in a real 

situation.  On the other hand, DP did provide shortest path by 

considering all possible path.  In DP, the picker will follow the path 

that has already organized in the warehouse.  In this case, all 

impossible solution can be eliminated.  Furthermore, the problem 

is solved stage by stage.  From here, the DP is then tested again 

but this time, we include the number of items to be picked.  The 

result obtained gives the optimum value to be picked for each OP.  

Not only that, the shortest path and distance for each OP are 

determined, the item to be picked vary for every order but the 

number of OP and maximum number to be picked for each trip is 

fixed.  The model and algorithm modified will be discussed in the 

next paper which will also consider penalty for turning.  On top of 

that, this study only considers a random order.  In reality, there 

will be more than one order and the items stored locations might 

have different structure.  This network can also be represented 

with different settings and the layout may be reduced to three 

subaisles altogether depending on how the items are organized in 

the manufacturing company. 
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