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Abstract 
The cost of packets or pallets handling  at the studied freight company has increased 
considerable through the years due to increase in online shopping. As a result of this, the 
company has tried different methods of processing packets and pallets at the warehouse 
without effective result. 
 
The primary aim of the study is to analyze communication and collaboration of information in 
the warehouse and come up with a possible improvement suggestion to the multinational 
freight company.  
 
The result from the analysis shows the weak points in information sharing between different 
areas of warehouse operations of the multinational freight company. The outcome of the study 
recommends use of information technology such as Radio Frequency Identification and 
Wireless Sensor Network. The recommendation will allow extension of information sharing 
to all processes involved in packets or pallets handling at the warehouse.  
 
Keywords - warehouse operations, Radio Frequency Identification, Wireless Sensor 

Network.  
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Table 1. List of  acronyms 

Shortening Meaning 
WMS Warehouse Management System 
WSN wireless sensor network  
RFID Radio frequency Identification 
SKU Stock Keeping Unit 
IOT Internet of things 
TI Transport intelligence 
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1 Introduction 
This chapter gives a description of background, purpose, study objectives, target audience, 
limitation and scope of study.  
 
1.1 Background   

XYZ freight company handles over 15 000 order lines per day at the companys warehouse. 
Every day valuable time is lost due to poor coordination of resources between warehouse 
operations. These lost resources could be gained if warehouse operations are better 
coordinated and organized.  
 
The forklift drivers play an important role between warehouse operations. The forklift drivers 
are assigned to different zones of warehouse operations with the purpose of moving packets 
or pallets from one part of the warehouse to another. Assigning of forklift drivers to specific 
warehouse operation limits the full usage of the forklifts resources since the forklift drivers is 
limited only to the information of its assigned assignment, which as a result of this cannot 
easily operate in other warehouse operations when assistance is require. This type of system 
hampers growth and it is ineffective because it limits the forklift drivers to the assigned zone. 
Movement of packets or pallets at the right time from one warehouse operation to another is 
vital for achieving an effective warehousing. 
 
The study done in this thesis is about analysis of coordination, communication and 
collaboration of information in the warehouse. Warehousing is an important part of the supply 
chain and its operational capacity is impacted by different season (Bartholdi and Hackman, 
2010). Because of this it is important to have a working operational method that can withstand 
all seasons. Since warehousing is a vital part of the supply chain it is important to have 
efficient method for handling of different warehouse operations (Chen, Cheng and Huang, 
2013).  
 
1.2 Purpose 
The primary purpose of this study is  

1. To identify the operational areas of the warehouses, how they are executed. 
2. To evaluate current operational practice within the warehouse. 
3. To recommend the possibility of technology that could make it better, faster and 

cheaper. 
 
1.3 Target Audience 
The primary target of this study is the XYZ freight company that made it possible to 
undertake this study. The other target are the multinational freight companies that are engaged 
in redistribution of parcels and pallets such as DHL, Schenker, TNT, UPS, PostNord and 
other logistics companies. This study is also of interest to those studying computer support for 
collaborative work. 
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1.4 Limitations 
The data used for analysis in this study is obtained through a survey of warehouse operations 
of a XYZ  freight company. The survey is limited to a geographical area, it includes twenty 
seven of the forty contacted respondents. Because of the rather limited number of 
respondents, respondents’ age is not considered. The warehouse which this survey is carried 
out has around thirty-six permanent workers at the warehouse while the rest are hired from 
recruiting companies. As a result of this, it became difficult to get more people to volunteer. 
The result from the respondents are voluntary and are in no way influenced. The companys 
name where the study is conducted is not mentioned in this thesis because the company would 
not like the result made public due to companys policy. The company does not like her 
competitors to know how her warehouse operations are conducted. 
 
1.5 Scope of study 
In the study of coordination, communication and collaboration of information in the 
multinational freight company warehouse, a task analysis is used to describe how warehouse 
operations is carried out and the problems associated with the way these warehouse 
operations are carried out. 
 
1.6 Ethical considerations 
This study is subject to ethical issues. Each respondent is informed of the objectives and 
informed that the survey is used only for academic purposes and not for commercial purposes. 
The respondents are informed that the study is not connected to the organization they work, 
and their responses are anonymous. The participants are not in any way hurt or harmed and 
their intergrity is never compromised.  
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2 Theory 
The research theory is divided into different parts, these parts are connected to one another, 
giving a wider and clearer picture of the research problem. The first part covers the literature 
review of related articles and researches in the proposed field. The second parts give 
description of the types of warehouses. The third part describes the WSN and RFID and its 
usage. 
 
2.1 Literature review 
Previous studies have identified the many benefits of information technology in warehouse 
operations. These benefits include improvements in operational efficiency, additional cost 
savings and opportunities for higher revenues. Information technology allow organizations to 
utilize all moments in warehousing to improve their operation (Lim, Bahr and Leung, 2013). 
Technology plays an important role in daily activities at the warehouse. 
 
2.2 Types of warehousing 
A warehouse according to Richards (2017) is a temporary place to store inventory and as 
buffer in supply chains. Good warehouse management could increase profit, time delivery, 
quality and customer service. Today’s warehouses and terminal centres are becoming the key 
to ensuring of customer expectations of on-time, in-full, damage-free deliveries. The basic 
processes within warehousing has remained same over time. We receive packets or pallets 
into the warehouse, the packets or pallets are processed, we replenish, we include some value-
adding services and then we dispatch (Richards, 2017). A Global e-commerce logistics report 
from 2017 estimates that the global commerce market grows by 18.1 % in 2016 and a forecast 
of 15.6 % compound annual growth rate over the next five years. The warehouse continues to 
play a major role within supply chains and will continue so, for a foreseeable future. The 
growth in terminal centres for e-commerce is changing the warehousing landscape. The 
finished stock needs to be held close to the point of consumption as possible to reduce ever 
increasing transportation cost and to meet increasingly demanding customer delivery. As a 
result of this many warehouses are being transformed into cross-dock and trans-shipment 
centres, sortation and consolidation points, reverse logistics centres and fulfilling this role as 
storage facilities (Richards, 2017).  Just as we have seen that warehouses are generally used 
for same purpose; the literature presents different types of warehouse classifications.  This 
study is very important in understanding how coordination, communication and collaboration 
of information can improve efficiency in the warehouse. According to van den Berg and Zijm 
(1999) there are three types of warehouses. The presentation follows below. 

 
x Distribution warehouses 
x Production warehouses 
x Contract warehouses       

            
Distribution warehouse       
According to Takakuwa, Takizawa, Ito and Hiraoka (2000) distribution warehouses is located 
between manufactures and customers. This type of warehouse is designed around four 
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primary functions, holding, consolidation, breakbulk and mixing. In addition to this, material 
handling in this type of warehousing can be reduced into three primary activities, loading and 
unloading, movement to and from storage and order filling. 
 
Production warehouse 
This type of warehousing store products that are ready for sale, either by the same company 
that manufactures them or on behalf of manufacturers, wholesalers and retailers. This 
warehouse type provides a buffer or safety stock for companies, enabling them to build up 
stock in preparation for new product launches, expected increases in demand and to deal with 
seasonality (Richards, 2017). 
 

Contract warehouse 
In this type of warehousing a warehouse performs the warehousing operation on behalf of one 
or more customers (van den Berg, and Zijm, 1999). There are different definitions of contract 
warehousing from different authors but most of them have great similarities. The main 
conditions for an effective contract warehousing as part of logistic system comes from the 
general principles of design as defined below (Komarova, 2016). 

x Effectiveness of the warehouse must serve the interest of the efficient functioning of 
the system. 

x Important to take into account the interaction and relationships of the warehouses at 
the level of the entire external environment. 

x Reduction of warehouse handling of packets or pallets costs should not lead to a 
lowering of the level of customer service. 

x Technical and technological solution should be efficient and cost-effective. 
The main focus in recent years concerning contract warehousing has been the increased 
flexibility and efficiency of the use of information technology to meet growing consumers 
demands and conditions supply (Richards, 2017). 
 
2.3 Warehouse operations and efficiency 
There are different operations involved in moving packets or pallets from one zone of the 
warehouse to another. The process is listed below.  

x The receiving operations involves unloading and checking the shipment to correspond 
against the carrier’s manifest (freight bill or delivery order) to ensure that all the 
consignments has been delivered. The next operation under receiving operation is 
unpacking and inspecting the material to verify that the correct items have been 
shipped and to inspect if the quantity of the shipment is verified in the manner. 
Finally, the clerk controls the condition of the material in order to determine any 
external damage during shipment (Frazelle, 2002).   
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x In Put-away process after the warehouse staff has scanned the bar code from the pallet 
or packet the good are moved to temporary storage location at the warehouse by 
forklift drivers. The put-away is guided by product key, product code, size, weight, 
palletizing and packet.  

x Storage in the warehouse is temporary. The packets or pallets are placed at this 
location in anticipation of further distribution to customers on a later date. Damaged 
packets or pallets are also stored at the temporary locations of the warehouse.  

x The next step is order picking which is a process of pulling items from inventory so as 
to fill a customer order. These types include zone picking, batch picking and wave 
picking.  

x Dispatching process involves getting packets or pallets ready for departure, just in 
time for carriers to load their trucks (Walker, 2018).  

 
The selected operation to consider in this research is shown in the figure 1 below 
 
 

 
 
Figure 1. Warehouse operation 

Distribution warehouses deals with a large set of packets or pallets coming in on a daily basis 
with a large set of orderliness over a wide scope of products which makes picking operation 
complex and expensive (Rouwenhorst et al., 2000).  
Two things are important in measuring warehouse operations effectiveness and efficiency. 
According to Bartholdi and Hackman (2010) packets or pallets received is evaluated by the 
number of pallets handled per hour. Since warehouse cannot be expanded every time to 
accommodate more packets or pallets, it is important that warehouse space is correctly 
utilized. Space utilization is another good way to evaluate storing operation. According to 
Frazelle (2002) the most commonly used metric within the warehousing is productivity, 
which is ratio between the output of what is being achieved and the input of resources 
required. Effectiveness in warehouse operation reflects the extent to which customer 
requirements are met while efficiency is measuring a good utilization of economic resources 
within a given service level. There are different measuring methods commonly used in the 
warehousing as seen in table two.  

Receiving Put-
away Picking Dispatch Storage 
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Table 2. Performance metrics per warehouse operation according to Danielsson and Smajli (2015) 

 Financial Productivity Utilization Quality Cycle time 

Receiving Receiving 
cost per 
receiving 
line 

Receipts per 
man-hour 

% Dock door 
utilization 

%Receipts 
processed 
accurately 

Receipt 
processing 
time per 
receipt 

Put-away Put-away 
cost per 
put-away 
line 

Put-always per 
man-hour 

% Utilization 
of put-away 
labour and 
equipment 

% Perfect 
put-always 

Put-away 
cycle time 
(per put-
away) 

Storage Storage 
space cost 
per item 

Inventory per 
square foot 

% Locations 
and cube 
occupied 

%Locations 
without 
inventory 
discrepancies 

Inventory 
days on 
hand 

Picking Picking 
cost per 
customer 

Order lines 
picked per 
man-hour 

% Utilizations 
of picking 
labour and 
equipment 

%Perfect 
picking lines 

Order 
picking 
cycle time 
(per order) 

Shipping Shipping 
cost per 
customer 
order 

Orders 
prepared for 
shipment per 
man-hour 

% Utilization 
of shipping 
docks 

%Perfect 
shipments 

Warehouse 
order cycle 
time 

Total Total cost 
per order, 
line and 
item 

Total lines 
shipped per 
total man-hour 

% Utilization 
of total 
throughout and 
storage 
capacity 

%Perfect 
warehouse 
orders 

Total 
warehouse 
cycle time 
= Dock-to-
stock-time 
+ 
Warehouse 
order cycle 
time 

 
 
2.4    Radio frequency identification and Wireless Sensor Networks 
The two most important wireless technology with wide variety of application for current and 
future system are Wireless sensor networks (WSN) and Radio frequency identification 
(RFID). RFID is used for storing and retrieving data through electromagnetic transmission 
using radio frequency - compatible integrated circuit. RFID systems is made up of two 
components tags and readers. The tag consists of   
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unique identification number (ID) and memory that consist of other information such as 
manufacturers name, product type, and environmental factors such temperature, humidity, 
movement etc. The reader reads or write to tags through wireless transmissions. RFID is 
integrated into objects to be tracked or needs constant identification. Having access to the tags 
IDs and making a correspondent check between the IDs and the object, the reader can monitor 
the existence of corresponding objects. 
A sensor network is made up of multiple number of sensor that is deployable in the air, on the 
ground, in vehicle, in warehouses etc. Sensor network is usable in different field of study such 
as security observation, environmental monitor and other applications. Differences between 
RFID and WSN technology is listed in table three. 
 
 
Table 3.WSNs vs RFID (Liu, et al., 2008) 

Attribute WSN RFID systems 
Purpose Sense parameters in 

environment or provide 
information on the 
condition of attached 
objects  

Detect presence of tagged 
objects  

 

Component  

 

Sensor nodes, relay nodes, 
sinks  

Tags, readers  

 
Protocols  ZigBee, Wi-Fi  RFID standards  
Communication  Multihop  Single-hop  
Mobility  Sensor nodes are usually 

static  
Tags move with attached 
objects  

Power Supply  Battery-powered  Tags are battery-powered 
or passive  

Programmability  Programmable  Usually closed systems  
Price  Sensor node — medium 

Sink — expensive  
Reader — expensive    Tag 
— cheap  

Deployment  Random or fixed  Fixed, usually requires 
careful placement  

Design goal  WSN: s is general-purpose  tags are optimized to 
perform a single operation, 
such as read  

  
 
Application of WSN and RFID can be combined in different ways. The approached for this 
study is integration, whereby a RFID is used for identifying and WSN is used for sensing. A 
RFID tag is attached to the object and a WSN is used for sensing this object (Yang and Yang, 
2007). When this object is sensed, RFID can provide additional information about this object. 
The expected object is the forklift.  
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2.4.1 Integrating RFID tags with sensor 
In this RFID systems, the RFID tags sensor capability is enabled. The RFID tags with sensor 
capability uses RFID protocols and reading tags ID mechanisms. The sensor inside RFID tags 
are used only for sensing purposes and this protocol rely on single-hop communication (Liu et 
al, 2008). There are three classification of sensor tags depending on the way they are powered 
up. 

x Passive 
x Semi passive 
x Active 

The passive tags do not make use of batteries for communication and sensing and are 
maintenance free. This RFID tag is not expensive and requires little maintenance. The 
disadvantage is that this tag is that is of lower quality sensing. 
The semi-passive tags use power generating circuits to generate power for radio frequency  
components on the chip and battery to power the rest of the chip. 
Active sensor tags rely solely on battery. There are different ways the RFID tags are sensed, 
some continuously monitor (Deng et al, 2006). While another sensing is only at specific time 
period (Yang and Yang, 2007). The explaination below describes the different ways RFID 
and Wireless Sensor Network can be implemented. 
 
Passive Tags with Integrated Sensors  
Integrated sensors and passive tags can be operated without batteries. They gather their power 
through Radio Frequency signal of the readers. In Passive tags, the sensing occurs at a 
specific time instant. The sensing is performed when sensor tags is in the readable range of 
the reader, the sensing triggers the reader. This application is fascinating because the power 
used by both RFID communications and sensor application is harvested from the reader. 
 
Semi‐Passive Tags with Integrated sensors 
Semi-passive sensor tags perform measurements when interrogated by the readers. They can 
also perform independent measurements when not in proximity of readers. This application 
requires higher memory capacity to store measured values.  
 
Active Tags with Integrated Sensors 
The sensor tags in this group possesses more memory and better improved range functionality 
unlike Semi-Passive Tags. There are two different architecture that can be implemented, 
depending on the complexity of the sensor tag. These are 

x Intelligent tags with multiple sensors attached 
x Simple tags with only one sensor 

Active tags and existing RFID standards may be complaints or rely on existing wireless 
protocols such as wireless local area network(WLAN) or ZigBee.  
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3.  Methodology 
The methodology chapter includes the choice of subject, study approach, data collection 
method and tools, study process, method for data analysis, reliability and validity and ethical 
considerations. 
 

3.1   Choice of subject 
The choice of this study is to make contribution to effective and profitable warehousing. 
Every organizations’ goal  is to increase productivity and reduce operational cost, 
unfortunately this is usually not the case with the multinational freight company. This study 
involves analysis of coordination, communication and collaboration of information in the 
multinational freight company warehouse. According to Meredith (1998) if the aim of the 
research is to develop and extend theory then the author must ask the question “why” and 
understand the problem.  
 
3.2   Study approach 
The approach used for this study is inductive, which starts with specific observation through 
use of ethnographic method. This approach is to get understanding of how multinational 
freight company warehouse operations are carried out and for which purpose in other to 
gather useful data (Patel and Davidson 2003:12). Most studies are based on how much one 
knows about the particular problem area. This research gives opportunity to acquire as much 
knowledge as possible in this area. Using inductive approach is appropriate for small samples 
that produces qualitative data. The disadvantage of this approach is that generalized data is 
produced with conclusion based on small number of observations, which could raise the 
validity of the research results (Denzin and Lincoln, 2011). 
 
 
3.3   Data Collection method and tools 
The data collection method used in this study is the survey questionnaire. The survey 
questionnaire identifies the respondents’ opinion concerning the area of the research study. 
The participants in the survey are randomly selected to avoid bias in the results in reference to 
Silverman (2013) the advantage of personal interview through questionnaire is that it is 
personal and gives direct contact between the interviewer and the interviewees. The questions 
for the questionnaire is carefully prepared to reflect all areas of warehouse operations.  
 
3.4 Study process 
The ethnographic material used in this study is based on observation of the work pattern of 
forklift drivers between different sections of the warehouse. A careful observation of  how 
they do their job and the way they do it. The observed process involves pallet exchange 
between different part of the warehouse. The ethnographic method used also entails 
examining the behaviour of the forklift drivers in a specific situation in connection to their 
assigned work and understanding their interpretation of such  
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 situation. When the observation is finished, a task analysis is prepared, and survey questions 
is prepared and handed out to the workers at the studied warehouse. 
 
3.5 Method for data analysis 
The number of survey participants are twenty-seven respondents. The following method is 
used in analysing the data from the survey. 
 
A frequency distribution is a table showing the various outcomes in a sample. Each entry of 
the table gives a summary of the number of occurrence of values within a group. The data 
analysis method used in analysing the respondents’ response is univariate analysis.  
This type of analysis is the simplest form of analysing data, since each variable is analyze 
separately. The data is collected for sole purpose of answering a research question. The 
analysis is not out to look at the causes or relationships between the collected data but just to 
take data, summarize it and find the patterns in the data. The graphical illustration of each 
variable result is through pie charts.  
 
A pie charts is a circle of data divided into different portions that represent the relative 
frequencies or percentages of respondents’ response. 
 
3.6 Reliability and Validity 
Boesch et al. (2013) presented number of concept used in evaluating the survey quality, such 
as construct validity, internal validity, external validity and reliability. Patel and Davidsson 
(2003) stated that measurement should not be affected by other elements than the one being 
researched.  
To make sure that the study result is reliable, the author was present at the warehouse to 
observe how warehouse operations is implemented. The knowledge gotten from the 
warehouse is used in task analysis 
This research result is valid because the operations observed under this study is applicable to 
other types of warehousing. This research is qualified to be generalized irrespective of the 
type of warehousing in as much as the organization undertakes same warehouse operations. 
For the project to be qualified as reliable the research result has to be replicable. The lesser 
the research error the more possibility of successful replication of the earlier research result. 
This study is specific about analysis of collaboration, cooperation and coordination of 
information in the multinational freight company warehouse (Patel and Davidsson, 2011:102). 
The literature review for this study is conducted in a methodological and structural manner, 
with detailed information of research area. The research method used in this study is 
independent of the researcher and the warehouse involved in the research. The questionnaire 
is formulated with reference to the research background, what has been analyzed and how this 
is intended to be analyzed.  
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4   Empirical Results 
Here is the presentation of the empirical results from the study of coordination, 
communication and collaboration of information in the warehouse. The empirical result is 
divided into three parts. The first part consists of the task analysis for the empirical study, the 
second part consist of respondents’ profile and the third part consist of respondent response to 
warehouse operations. 
 
4.1 Result: Task Analysis 
The task analysis for this study is in line with the goals of this study which is an analysis of 
coordination, communication and collaboration of information in the warehouse. The task 
analysis covers all task and processes of warehouse operations. 
 

 
Figure 2. Warehouse diagram  
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The figure above (figure two) shows different zones in the warehouse. These zones serve 
different purposes, they can be interchange with one another depending on the number of 
packets or pallets coming in and going out of the warehouse. The zones and their descriptions 
are explained in the table four below. The warehouse is divided into different zones with the 
purpose of maximizing the usage of all the space in the warehouse without one interfering 
with the other. 
 
Table 4.Description of different warehouse zone as seen in figure 4 

Different warehouse operation zones Description 

Station one to five Designated for receiving packets or 
pallets. 

Station seventeen to twenty Designated for receiving packets or 
pallets. 

 

Storage area Long time and short time storage area. 

Sorting area Sorting of packets or pallets and packing 
on to pallet. 

Temporary packets or pallets placement Designated for packets or pallets meant 
for local distribution. 

Station twelve to sixteen  Designated for shipments of packets or 
pallets. 

Station twenty-one to ten Designated for shipment of packets or 
pallets. 

Station eleven, twenty-one and twenty-
seven 

Designated for handling of tires for both 
shipment and receiving. 

Light truck stations. Area designated for loading of packet 
packets or pallets. 

Outside warehouse building station This zone is for offloading packets or 
pallets that are too big or heavy to offload 
directly into the warehouse. 

 
Each of these warehouse zones make use of  a number of forklifts to facilitates their 
operations as described in table five. Each forklift is free to move around to other zones of the 
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warehouse, but their primary purpose is to serve the zone in which they are assigned to. The 
forklift drivers assigned to the light truck stations zone works primary in this zone and they 
don’t have to work in other zones of the warehouse. The forklifts assigned to station eleven, 
twenty-one and twenty-seven are expected to work with anything that’s related to handling 
and shipping of tires at the warehouse, it is not expected of them to be called to another zone 
of the warehouse except in situation whereby there are no other forklifts available. 
The forklift drivers assigned to station one to five,  twenty-one to ten , twelve to sixteen  and 
seventeen to twenty are expected to help each other when it is required. The forklifts are also 
expected to handle packets or pallets handling for temporary packets or pallets zone, sorting 
zone and storage zone.  
The forklift drivers can be reassigned by the supervisor to other zones in the warehouse.  The 
heavy-duty forklift drivers are expected to work outside the warehouse building and need not 
come in to the warehouse building. Below is the number of assigned forklifts to different 
warehouse operation. These numbers are not permanent and can be reduced or increase 
depending on number of receiving and dispatch to be handled. The table five below gives a 
description of forklift drivers assigned to different sections of the warehouse. 
 
Table 5.Numbers of assigned forklift drivers to different warehouse zones 

Different warehouse operation zones Number of assigned forklifts 

Station one to five three forklift drivers 

Station seventeen to twenty three forklift drivers 

Storage area Same twenty-one forklift drivers assigned 
to station one to five and seventeen to 
twenty  

Sorting area three forklift drivers 

Temporary packets or pallets placement Same twenty-one forklift drivers assigned 
to station one to five and seventeen to 
twenty  

Station twelve to sixteen  four forklift drivers 

Station twenty-one to ten four forklift drivers 

Station eleven, twenty-one and twenty-
seven 

three forklift drivers 

Light truck stations. two forklift drivers 

Outside warehouse building station four heavy duty forklift drivers 
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The task analysis for this study covers the observed warehouse operations, listed in table four 
except station eleven, twenty-one and twenty-seven as well as the light truck stations and 
outside warehouse building station. The reason for the exclusion of these zones is that their 
operations are independent of other warehouse operations and is not included in this study. 

 
Figure 3. Movement of forklifts and pallets between different warehouse zones  
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Task 1a: Receiving packets or pallets to the warehouse. 
Each driver is expected to carry out these procedures when they deliver packet or pallet to the 
warehouse. The procedures are as follows. 

x Each of the receiving station between one to five and seventeen to twenty is 
designated for receiving packets or pallets into the warehouse.  

x There are three rows for each station, two rows are for packets or pallets and a row for 
packets or pallets. Each are to be placed near each other beginning from the front row. 

x Each trailer drivers place its packets or pallets, packet or pallet on same row as seen in 
figure three of station one to five and seventeen to twenty.  

 
Table 6. Numbers of assigned packets or pallets receivers 

 

Different warehouse 
operation zones 

Number of packet or pallet 
packets or pallets receivers 

Station one to five two receivers 

Station seventeen to twenty two receivers 

Storage area No receiver 

Sorting zone No receivers 

Temporary packets or pallets 
placement 

No receivers 

Station twelve to sixteen  No receivers 

Station twenty-one to ten No receivers 

Station eleven, twenty-one and 
twenty-seven 

No receivers 

Light truck stations. No receivers 

Outside warehouse building 
station 

one receiver 

        
 
Task 1b: The objectives of the packets or pallets receivers 

x The packet or pallet receivers are responsible for data entry for each received 
packet or pallet at the warehouse as seen in table twenty-one. 

x The packet or pallet receiver decides where the forklift drivers are to drop the 
packet or pallet after data entry has been done. The zone for each packet or pallet 
is written clearly on the packet or pallet.  
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Task 1c: The objectives of forklift shipment drivers 
x The designated warehouse area for loading trucks is between station twenty-one to 

ten and twelve to sixteen as seen in the figure three. Each of this station has its 
own forklift drivers and each works on just their designated truck until its fully 
loaded. 

x The forklift drivers can support other zones in the warehouse 
 
Task 1d: The objectives of the fork lift drivers for receiving stations 

x The three forklift drivers assigned to station one to five are to primarily serve 
these stations and the three forklift drivers assigned to station seventeen to twenty 
are to primarily serve these stations. These two differently stationed forklift 
drivers can help each other should the need arises. 

x The primarily objective of the twenty-one forklift drivers assigned to station one 
to five and seventeen to twenty is to pick up packet or pallet from these stations 
and drop it at any of the destinations listed below. 

1. Station twelve to sixteen 
2. Station six to ten 
3. Temporary packet or pallet placement 
4. Sorting zone 
5. Storage areas 

x The primary objective of the eight forklift drivers assigned to station six to ten and 
twelve to sixteen is to primarily load truck meant for further transportation to other 
warehouses across the country as well as outside Sweden. The forklift drivers can 
leave their position to temporarily help other part of the warehouse if need arises. 

x The two assigned forklift drivers to the light truck stations are to help in moving 
packet or pallet within this zone. They are to carry out their assignment at the light 
truck zone of the warehouse. 

x The three forklift drivers assigned to station eleven, twenty-one and twenty-seven 
are to primarily help in receiving and shipment of tires. 

x The four forklift drivers assigned to outside warehouse building station works 
primarily for receiving and shipment of packet or pallet outside the main building 
of the warehouse. Their objective is limited to packet or pallet that are to be placed 
outside the main warehouse. 

 
Process one: Moving registered packet or pallet from station one to five and seventeen to 
twenty.  

x Registered packet or pallet are to be moved to other stations such as station twelve 
to sixteen, station six to ten, temporary packet or pallet placement, sorting zone 
and storage zone.  

x The packet or pallet destination is written on the packet or pallet after registration. 
x The packet or pallet moved to station twelve to sixteen and station six to ten are 

for further shipment to other warehouses within Sweden and sometimes outside 
Sweden.  



 23 

x The packet or pallet moved to temporary packet or pallet placement zone are for 
local distribution and to be distributed as soon as possible or within a short period 
of time. 

x The packet or pallet moved to storage are meant for later dispatch. They are not 
urgent packet or pallet and usually does not occupy so much space. The damage 
packet or pallet are kept in this area as well. 

x The packet or pallet moved to the sorting zone are usually packet or pallet. These 
packet or pallet are sorted and registered using the automatic machine that separate 
the packet or pallet into different destination. The packet or pallet are sorted and 
arrange on a pallet for further placement to station twelve to sixteen, station six to 
ten and temporary packet or pallet placement zone. 

 
Process three: Moving sorted good from sorting station 

x three forklift drivers are assigned to the sorting zone to facilitate movement of 
sorted pallet to station six to ten and twelve to sixteen as well as temporarily 
packet or pallet placement zone.  

x The forklift drivers are expected to help other zones in the warehouse if required. 
 
Process three: Placement of packet or pallet at storage area and temporary packet or pallet 
placement 

of the warehouse 
x The forklift drivers from both station one to five and seventeen to twenty are 

expected to drop their packet or pallet packet or pallet at this destination if the 
packages are marked for this zone. The packet or pallet placed in this zone are for 
storage area for later distribution.  

x The packet or pallet are to be placed on a metal rail, on top on one another. 
x Other packet or pallet or packets are placed on the floor or pallets. 
x The forklift driver put pallet on top of one another at temporary packet or pallet 

placement. This temporary packet or pallet is expected to be redistributed to 
different stations when night shift takes over. 

 
The task analysis done for this study involves observing the way warehouse operations is 
carried out at different zones in the warehouse which includes, station one to five, station six 
to ten, station twelve to sixteen, station seventeen to twenty, temporary packet or pallet 
placement, sorting zone, storage areas, station eleven, twenty-one and twenty-seven and 
outside warehouse building station. These different zones were carefully studied to 
understand the role of coordination, communication and collaboration of information in the 
warehouse. The role of coordination, communication and collaboration is explained in 
analysis of chapter six.  
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4.2 Result: Respondents profile 
The respondents for this survey as seen in table seven works in different section of the 
warehouse of a multinational XYZ warehouse. The number of respondents that participated in 
this survey are twenty seven of the forty contacted respondents. The number of respondents 
that are male are 20 (74 %) while the remaining are female 7 (26 %).  
 
Table 7. Respondents gender profile 

   Male (%)  Female (%)        Others      Total 
GENDER      20 (74 %)       7 (26 %)           0         27 (100 %) 

 
 
4.3 Result: Respondent response to warehouse operations 
This zone gives a description of the findings from the survey with regards to the current state 
of warehouse operations. The survey questions are designed to collect data about information 
sharing in the warehouse from the respondents. The result is divided into different topics, 
each representing the survey question. 

 

Different areas of warehouse operation 
The Figure below (figure four) shows the percentage of respondents that took part in the 
survey based on the sections of the warehouse in which they work.  
  
 

 
Figure 4. Respondents area of warehouse operations 

The largest group of respondents that took part in the survey works in put-away section i.e 
warehouse workers that drive forklifts. This group are assigned to station one to five and 
seventeen to twenty as seen in the warehouse diagram (figure four). The number of 
respondents for this group stands at 13 (48 %) in number. The next respondents’, storage 
section consists of forklift drivers assigned to station one to five and seventeen to twenty. The 

Receiving
19%

Put‐away
48%

Storage
22%

Sorting
7%

Shipping
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respondents for this group are 6 (22 %) in number. The next respondents group are receiving 
group which is also connected to station one to five and seventeen to twenty. The respondents 
for this group are 5 (19 %) in number. The sorting group consist of  2 (7%) respondents. The 
last group of respondents includes those working in shipping which is about 1 (4 %) 
respondents. 
 
Challenges faced in undertaking warehouse operation 
The figure below (figure five) shows respondents result about the challenges they faced daily 
in carrying out their daily warehouse operations.  The purpose of this question is to see if the 
warehouse workers experience one challenge or the other in carrying out their duty at the 
warehouse.  
 

Figure 5. Warehouse operation challenges 

The number of respondents that experience one challenge or other others are 22 (81 %) while 
5 (19 %) respondents do not experience challenges in undertaking their warehouse operation 
assignment. The comments from the respondents is listed in the table eight. 
 
Table 8. Comments for warehouse operation challenges 

Comments from respondents on warehouse challenges  

Changes of assignment without prior notification 
Lack of enough warehouse workers 
Shortage of forklift drivers 
Stress and lack of empathy 
Bad management 

Yes
81%

No
19%
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Overcoming warehouse operation if done differently  
As a follow up to warehouse operation challenges, the respondents are asked if these 
challenges can be overcome if things are done differently than the way it’s been done now. 
The result is shown in figure six.  
 

 
 
Figure 6. Overcoming obstacles in warehouse operation 

The respondents have different opinion concerning the challenges encountered at the 
warehouse. The number of respondents that agree that the challenges experience at the 
warehouse can be overcome are eleven (41 %) respondents. The number of respondents that 
disagree that the challenges facing the warehouse can be overcome are 7 (26 %). The number 
of respondents that strongly disagree that the challenges facing the warehouse can be 
overcome are 7 (26 %).The number of respondents that abstain from making comments are 2 
(7 %) respondents. The respondents’ comments are listed in table nine. 
 
Table 9. Comments about overcoming warehouse challenges 

Comments about overcoming warehouse challenges  

Stop changing a system that works 

At least tell us why we must do it this way 

Terrible to introduce system used in a small warehouse in a larger warehouse without 
understanding that they are different 
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Disagree
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Agree
41%

Strongly agree
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Receiving packet or pallet and placement 
Figure seven is the results of receiving and placement of packet or pallet in the warehouse. 
Respondents results about receiving and handling of packet or pallet in the warehouse is 
display in the figure below. 
 

 
 
Figure 7. Receiving of packet or pallet and placement 

Based on the reply of the respondents, there is a great dissatisfaction among the warehouse 
workers concerning receiving and handling of packet or pallet at the warehouse. The number 
of respondents that believes that the present method of receiving and handling of packet or 
pallet is very poor are 8 (30 %) while 7 (26 %) respondents believes the method of receiving 
is poor. The number of respondents that believe the method of receiving is good are 6 (22 %) 
while 2 (7 %) respondents believe it’s very good. 4 (15 %) of the respondents were neither for 
good or poor for handling of packet or pallet. Comments from respondents is shown in the 
table ten. 
 
Table 10. Comments for receiving and processing of incomming packets or pallets 

Comments from respondents concerning receiving and processing of incomming 
packets or pallets 

Confusion among forklift drivers on choice of port. 

Worker that scan has to go in-between different pallets in order to scan them, this is 
dangerous. 

Commotion which could lead to accidents between two forklift drivers. 

Risk for packet or pallet damage. 

  

Very good
7%

Good
22%

Poor
26%

Very Poor
30%

No opinion
15%
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Time‐consuming Warehouse operation  
This chapter covers the respondents reply to the part of the warehouse operation that’s time 
consuming. The respondents are to make a choice among four choices and if possible 
motivate their answer. Figure eight shows the respondents reply about time consuming 
warehouse operation. 
 

 
 

Figure 8. Time consuming operation 

 
When respondents were asked about the time-consuming operation encountered at the 
warehouse, 18 (67 %) respondents choosed packet or pallet placement, 5 (18 %) choosed 
packet or pallet scanning and registration while 4 (15 %) choose the dispatch. Comments 
from respondents is shown in the table eleven. 
 
Table 11. Comments on time consuming operation 

Comments on time consuming operation 
It’s difficult to know where to place the packet or pallet sometimes, if intended 
warehouse location are full. 
That it is difficult to know which receiving port to prioritize since they have no 
information on how the scanners does their job.  

No communication between the scanner and the forklift drivers 

 
Measuring tools for Warehouse operation 
The respondents are asked if they are aware of any type of work related measurement method 
has been used or in use at the warehouse.   

Goods 
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Figure 9. Measuring tools for warehouse operation 

The result from the survey as seen in figure nine shows that 18 (67 %) of the respondents are 
not aware of any work-related measuring tools while 9 (33 %) respondents are aware of work 
related measuring tools. The respondents that are aware of work related measuring tools are 
asked if their working environment has been better due to work related measuring tools. 
 

 
 
Figure 10. Improvement to warehouse operations 

The result from figure nine shows that 9 ( 33 %) respondents that are aware of measuring 
tools, 6 (67 %) agree that the measuring tools brought improvement to the way they work at 
the warehouse while 2 (22 %) disagree and 1 (11 %) strongly agree as seen in figure ten.  
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Wireless sensor network and RFID for warehouse operations 
The result from the survey of introduction of Wireless sensor network and RFID can 
contribute to efficient warehouse operations as seen in figure eleven. The purpose of this 
question is to understand and analyze respondents result. 
 

 

 
Figure 11. Use of Wireless sensor network and RFID in warehouse operations 

Of the twenty-seven respondents asked about the contribution of WSN and RFID to 
warehouse operations efficiency, 18 (67 %) respondents agree and strongly agree that it will 
improve the way their warehouse operations is carried out, 9 (33 %) respondents disagree and 
strongly disagree that it might have a positive effect on their warehouse operations. The 
comments from the respondent is listed in table twelve. 
  
Table 12. Comments on introduction of Wireless sensor network and RFID.  

 

Comment on introduction of Wireless sensor network and RFID 

Improve coordination and reduce time wastage 

Good for stress 

Saves wastage time 

 
 
Forklift drivers and use of wireless sensor network 
The result from the survey how the forklift drivers will react to introduction of new 
technology in the warehouse as seen in figure twelve. Of the twenty-seven respondents’ that 
answered the questionnaire 14 (52 %) of the respondents believe that the forklift drivers will 
apply this technology appropriately while 13 (48 %) of the respondents are not sure of  the 
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willingness of the forklift drivers responding positively to this technology. Comments from 
respondents is listed in Table thirteen. 
 

 
 
Figure 12. Forklift drivers use of wireless sensor network and RFID 

Table 13. Comments from respondents on usage of wireless sensor and RFID 

Comments from respondents on usage of wireless sensor and RFID 

Usage will reduce stress among forklift drivers 

Reduces damages to packet or pallet 

Better communication 

Can be used to spy on workers 

The management will stop hiring 

 
 
Improving warehouse operations 
Respondents are asked if they would you like to make suggestion on how to improve 
warehouse operations. The reply from the respondents are listed in Table fourteen.  

Yes
52%

No
48%
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Table 14. Comments from respondents on improving warehouse operations 

Comments from respondents on how to improve warehouse operations 

Implement human friendly method 

Long term operational planning 

Easy to understand work method 

Improvement to packet or pallet intake 

Increase in workforce 

Improvement to packet or pallet dispatch 

Easy data sharing between different areas of warehouse operations 

 
The respondents are also asked about the area of warehouse operations their suggestion could 
be applied. These areas of warehouse operations are receiving, put-away, storage, picking and 
dispatch.  
 
Data collection and sharing with forklift drivers 
The result from the survey about if data sharing with forklift drivers will enhance warehouse 
operations as seen in figure thirteen.  

 
 
Figure 13. Data collection and sharing 

According to the result 21 (78 %) of the respondents agree and strongly agree that data 
collection and sharing with forklift drivers will improve warehouse operations while 6 (22 %) 
strongly disagree and disagree that warehouse operations can be improved if   
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Strongly 
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forklift drivers can be directed to location for pick-ups instead of them looking for the next 
assignment. The respondents’ comments are listed are table fifteen. 
 
Table 15. Sharing data with forklift drivers 

Respondents comments on data sharing with forklift drivers 

It will make them not drive around looking for pallets 

Can be used to spy on the workers 

 
The result from the survey about the use of RFID and WSN to determine the next assignment 
for forklift drivers will improve warehouse operations as shown in figure fourteen.  

 
    
 Figure 14. Use of RFID and WSN to determine forklift next assignment 

 
The result shows that 13 (48 %) respondents agree and strongly agree that use of RFID and 
WSN to determine next assignment for forklift drivers could improve their performance, 
while 14 (52 %) disagree and strongly disagree that the use of RFID and WSN to determine 
forklift drivers next assignment will improve warehouse operations. The respondent’s 
comments are listed in Table sixteen.  
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Table 16. Use of RFID and WSN to improve warehouse operations 

Comments on uses of RFID and WSN to improve forklifts warehouse operations 

Not sure. 

It can cause accident. 

Maybe it will work, you never know. 

Management will monitor workers with this technology 

 
Effect of receiving and registration of packet or pallet by the receiver 
The surveys’ result on how packet or pallet are received and registered at the warehouse as 
seen in figure fifteen. The survey is to analyze the connection between receiving and 
registration of packet or pallet and its effect on the rest of warehouse operations.  
 

 
Figure 15. Effects of receiving and registration of packet or pallet.  

The result show that most respondent disagree with the theory that the problem experienced in 
the receiving and registration of packet or pallet is as a result of inefficiency of workers 
responsible for receiving packet or pallet into the warehouse. 20 (74 %) of the respondents 
disagree and strongly disagree that the warehouse workers responsible for packet or pallet 
receiving are the cause of warehouse operation inefficiency, while 7 (26 %) of respondents 
agree and strongly agree with this theory.  
 
Effect of different methods on warehouse operations 
The result from the survey about improvement in warehouse operations over the years due to 
application of different method of handling of packet or pallet as well as different ways to 
execute warehouse operations as seen in figure sixteen. 
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Figure 16. Effect of different methods over the years on warehouse operations 

 
The result shows that majority of the respondents has not seen the impact of different methods 
applied over the years on warehouse operations. 22 (82 %) respondents disagree and strongly 
disagree that different method has had impact on warehouse operations, while 4 (18 %) 
respondents agree and strongly agree of any impact of different ways to organize work in the 
warehouse. 
 
Contributions from respondents 
The following comment came from respondent that took part in this project. The respondents 
believe that it is still possible to have effective warehouse operations. The comments are 
listed in table seventeen. 
 
Table 17. General comments from respondents  

Respondent general contribution 
The chief should not just change working process but take part in the way is done 

Good to follow up newly introduced method in the warehouse 

Listen to workers not just giving commands 
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5 Analysis 
This chapter connects the ethnographic task analysis and the surveys interpretations. The 
result from task analysis and the survey is analysed in this chapter with data from both task 
analysis and the survey. The result supports a case for wireless sensor network and RFID and 
its potential contribution to warehouse efficiency.   
 
5.1 Analysis: Task analysis 
The task analysis carried out at XYZ freight company depicts how warehouse operations is 
carried out at the warehouse. According to the task analysis, the warehouse is divided into 
different sections, each of the section execute a specific function and each of this section is 
independent of other. Each section is expected to execute their assignment without 
interference from the other sections, but in reality, each of this section still depend on the 
other sections in other to successfully carry out their assignment.  
Table five shows that a number of forklift drivers designated for different sections of the 
warehouse (table four). The purpose of this is to clearly define the assignment of each forklift 
driver and what is expected of each. As seen in table five, instead of having three forklift 
drivers assigned to station one to five and three forklift drivers assigned to station seventeen 
to twenty, five forklift drivers are assigned to station one to five and seventeen to twenty. If 
data is shared in the right way there won’t be the need for two extra forklift drivers for 
receiving packets and pallets stations. 
The task analysis also shows that three forklift drivers are assigned to sorting section, this can 
be reduced to one forklift driver and forklift drivers from station one to five and seventeen to 
twenty should be available to offer their assistance when required. 
The task analysis explained that the objective of the packet and pallets receivers is to 
facilitates the transfer of received packets and pallets to other sections of the warehouse for 
further processing. For this objective to be successfully executed, the forklift drivers are 
expected to cooperate with the receiver by moving the packet and packages on time to other 
sections of the warehouse without any delay. This is not the case as observed in the task 
analysis, the forklift drivers are not as effective as expected and most time their 
ineffectiveness affects the receiving section. The forklift drivers’ ineffectiveness also affects 
sorting of packets and pallets on time as well as loading of packet and pallets on to trucks 
scheduled for departure. 
As observed in the task analysis, the forklift drivers are expected to help in other sections of 
the warehouse, this is not the case as the kind of help needed is not appropriately stated and 
the forklift drivers are not always notified on time when required due to multiple request often 
at the same time.  
 
5.2 Analysis: Respondents profile 
The respondents profile is not analyzed in this thesis because the participants are minimum in 
number, age and sex does not have impact on the way their duty is carried out. Each worker is 
expected to execute their duty irrespective of their age and sex. 
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5.3 Analysis: Respondent response to warehouse operations 
The respondents to the survey conducted at XYZ freight company comprises of workers from 
different sections of warehouse operations. The largest group comprises of respondents from 
put away which are 13 (48 %), respondents working with warehouse operations that involves 
storage of packet and pallet which are 6 (22 %), respondents working with warehouse 
operations that involves receiving of packets and pallets in the warehouse which are 5 (19 %), 
respondents working with warehouse operations that involve sorting of packets and pallets 
which are 2 (7 % ) and respondents working with warehouse operations that involves shipping 
of packets and pallets which are 1 (4 %). The data uses in this survey is collected from all 
sections of warehouse operations as seen in figure four (Respondents area of warehouse 
operations). 
 
The survey result shows that 22 (81 %) of the respondent’s experience challenges in the 
warehouse, while only 5 (19 %) are satisfied the way the job is done in the warehouse as seen 
in figure five. This above-mentioned statistic shows a disorientation and dissatisfaction 
among workers in the warehouse. The respondents’ comments to support the 22 (81 %) that 
experience challenges in warehouse operations can be seen in table eight. 
The reason for the above statistics is not far-fetched, the task analysis (figure three) shows 
that each operational section is assigned forklift drivers with no obligation to cooperate with 
other section of warehouse operations. Both task analysis and the survey result of figure five 
shows fewer communication between different sections of warehouse operations since each 
section is independent of the other. The respondents are also asked of their opinion 
concerning overcoming obstacles faced in the warehouse. The result as seen in figure six 
shows that the respondents believe this could be achieved if the workers is carried along in 
decision making as seen in respondents’ comments of Table nine.  
 
Each packet and pallets go through different processes within the warehouse before they are 
shipped to the customers. One of this process is the receiving . Packet and pallets has to be 
received the right way and marked correctly. The receivers of this packet and pallets decides 
where they are temporarily moved to within the warehouse. After this it is up to the forklift 
drivers to execute the moving and placement. When asked the respondents about the way 
receiving of packets and pallets in the warehouse, 8 (30 %) said the process is very poor, 7 
(26 %) is very poor. The very poor and poor result of figure seven shows that nearly half the 
respondents are not satisfied with this process. The task analysis shows that the 
communication between the packet and pallet receiver and forklift drivers is limited because 
the forklift drivers determines which station they pick up pallets or packets. The respondents 
experience ranges from confusion among forklift drivers, risk for packet and pallet damage 
and more as seen in table ten. The receiver cannot totally influence the way the forklift drivers 
execute their assignment. It would have been better if the forklift drivers can prioritize their 
picking up with the data from the receiver. That is not the case for now. 
 
Time is very crucial in packet and pallets handling; the movement of  packet and pallets from 
one warehouse operation to another  has to be a continous process in order for the company to 
save cost and increase profit. The result from task analysis shows that communication and 
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coordination is going to make movement of packet and pallets between warehouse operations 
very fast and reliable. The respondents answer to time consuming operation in the warehouse 
shows that packets or pallets placement is ranked 18 (67 %), packet or pallet scanning 5 (18 
%) and dispatch 4 (15 %). As earlier explained a good coordination between the packet and 
pallets receivers and forklift drivers is crucial for time saving on each packet and pallets. This 
is so because each time forklift drivers misses the right packet or pallet, time is wasted. If this 
wasted time is added together under a days’ pass it becomes very significant. 
 
The purpose of  measurement of the number of pallets or packets handled under a day’s pass 
is to help the warehouse manager plan for the future warehouse operations and improve on 
the present method of warehouse operations. The response from the survey shows that 18 (67 
% ) are not aware of any work-related measuring tools while 9 (33 %) are aware of work 
related measuring tools. The response shows that most of the respondents are not aware of the 
input of the company to improve the way warehouse operation is executed. When asked the 9 
(33 %) that are aware of measuring tools 6 (67 %) of them agree, 2 (22 %) disagree and only 
1( 11% ) strongly agree to experiencing improvement in their work. 
 
The waste that occur daily in the warehouse represents a huge saving potential, this can be 
minimized through the use of shared information between different warehouse operations. 
The areas in the warehouse where this type of wastage occurs as seen in task analysis and the 
survey, is the unnecessary internal transport of forklift drivers. Shared information could help 
reduce the unnecessary internal transport of forklift drivers. 
Another area in the warehouse operations that shared information could be useful is the 
receiving of packets or pallets into the warehouse. Because of lack of shared data, the 
receiving is not coordinated with the forklift drivers which leads to wasteful process. Both 
packets or pallets receiving sections and forklift drivers will benefit through information 
sharing. 
 
The forklift drivers are very important for movement of packet or pallet within the warehouse. 
It is very important to coordinate their movement in the warehouse. The number of 
respondents that believe that the forklift drivers will be able to make better use of WSN and 
RFID are 14 (52 %). The response from the respondents shows that there is a probability that 
the forklift drivers will be positive to the introduction of the technology to warehouse 
operations. Through the use of technology in directing the forklift drivers’ activities will be 
better coordinated and directed.  
 
As seen in task analysis of figure three, each warehouse operation is assigned a forklift driver 
or a number of forklift drivers. Assigning forklift drivers to different warehouse operations 
limits total use of the resources in the warehouse, it is better to share work among all forklift 
drivers than assigning them to operational section. The warehouse operations assigned to 
forklift drivers as seen in table four could be better organized as a temporary assignment with 
possibility of reassignment when the demands occur.     
The result from the survey (figure seven) shows that zoning of forklift drivers hampers 
resource utilization, lack of flow of packets or pallets leads to slow packets and pallets 
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processing at station seventeen to twenty as seen in table four. Instead of permanent zoning of 
forklift drivers it is preferable to temporary reassigned extra truck that is available to the 
needed section. With this method workload will be reduced at the receiving section and time 
and space will be adequately utilized in a more effective way. The data use in coordinating 
movement of forklift drivers is collected from all sections of the warehouse operations as seen 
in figure seventeen.                                                                                                                                                
 

 
Figure 17. Data collection and distribution 

 
The technology with a potential for warehouse efficiency is combination of WSN and RFID 
as described in sub chapter 2.4. The following is a suggestion on the technology 
implementation. The worker registers received packets or pallets and its location in the 
database. The wireless sensor will be placed at different location in the warehouse and RFID 
placed on each forklift. The movement of forklift drivers is easily monitored through 
communication of RFID and WSN. The location is sent to the database and assignment is 
giving to the forklift drivers through a large android powered tablet placed inside the truck. 
The information from each section is sent to the database and assignment could be shared 
among forklift drivers instead of the forklift drivers been assigned to different section. Each 
forklift driver gets assignment that’s close to their current location. 
Wireless sensor network and RFID has the potential of improving the way warehouse 
operations is carried out in a way that WMS or RFID can. This technology is in no way 
alternate to WMS or RFID but rather an added value to improve warehouse efficiency. This 
technology deals with the coordination of movement within the warehouse, this movement is 
vital for efficiency of other available technologies. This technology will make information 
available and visible to all forklift drivers in the warehouse. The benefit of this technology is 
that it will reduce the number of hours truck drivers waste every week in waiting to offload 
their packets or pallets to the warehouse, it will help improve the work environment of 
packets or pallets receiving and registration, reduce the inefficiency of the forklift drivers and 
helps generally in the warehouse. 
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According to Kanda and Deshmukh (2009) lack of coordination between warehouse sections 
affects other zones of the warehouse which result in unnecessary delay, poor customer service 
and habitual expedite deliveries (Lee and Billington ,1992).  
The result from the survey shows that coordination, cooperation and collaboration is very 
essential for effective warehousing. This three is achievable through effective use of gathered 
information. 
 
Going by the information from task analysis and the result from the survey, it is clear that 
warehouse operations lack coordination, cooperation and communication. RFID and WSN 
has the potential to make things better. 
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6 Discussion 
The combination of both task analysis and survey in analysing coordination, collaboration and 
cooperation in the warehouse shows that the percentage of workers that experience difficulty 
in carrying out their job are 22 (81 %) compared to 5 (19 %) that don’t. The number of 
unsatisfied workers is proportional high. The task analysis done in this study shows that 
cooperation is lacking except through direct intervention from the supervisor. This is not 
good, work has to be assigned and reassigned for effective warehousing. The study objectives 
are as follows 

x Identifying the operational areas of the warehouse and how they are executed. The 
operational areas in this study is clearly stated in Figure one. These are receiving, put-
away, storage, picking and dispatch. These operational areas are interconnected and 
failure in one part could affect the other part of warehouse operation. The operational 
areas are explained in figure three. 

x To evaluate current operational practice in the warehouse. The current operational 
practice is investigated using the task analysis as well as through the survey. The 
major cause of ineffectiveness in how warehouse operation is executed is due to lack 
of information sharing. 

x To recommend technology that could make it better, faster and cheaper. As discussed 
in chapter 2.4, the use of WSN and RFID will help in coordination of forklift drivers, 
which will not only increase effectiveness but also add quality to the way the job is 
executed. 

 
6.1 Reflection 
This survey is done through the use of questionnaire which is distributed to the warehouse 
workers. The survey contains twenty questions covering all aspect of the warehouse and 
proposed technology with respect to coordination, cooperation and collaboration in the 
warehouse. The question is designed to understand the relationship between different zones of 
the warehouse, the behaviour of truck drivers and their response to the new technology. Forty 
respondents were contacted but only twenty-seven returned the questionnaire. Gathering data 
is difficult especially when most respondent are suspicious of the management of their current 
employer. 
As a result of low participants, the age group was left out of the analysis. 
 
6.2 Suggestion for future research 
This study involves analysis of the way warehouse operations is performed in a multinational 
company under a short period of time with a limited number of respondents. Future study 
could be carried out over a long period of time. The evaluation of warehouse efficiency can 
be done before and after WSN and RFID has been implemented. When this test is carried out, 
it is important to take note of the installation and operational cost in order for the company to 
evaluate the financial commitment before investing. This could not be done in this study due 
to time limitations and financial constraints. 
The success of this study is that it has successfully identify the need for WSN and RFID in 
warehousing for better collaboration, cooperation and coordination of warehouse operations. 
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However more study is required to understand the implication on the technology on the user 
and the technicality involved for itch free execution. 
 
7 Conclusion 
There is a great opportunity in coordination, communication and cooperation within the 
warehouse. In today’s competitive market companies are continuously forced to improve their 
warehousing operations. The studied XYZ freight company handles over 15 000 packets and 
pallets per day at one of the companys warehouse. Every day valuable time is lost due to poor 
coordination of resources between warehouse operations. These lost resources could be 
gained if warehouse operations are better coordinated and organized. Today’s warehouses and 
terminals are becoming the key to ensuring that customer expectations of on-time, in-full, 
damage-free deliveries are met.  
 A Global e-commerce logistics report from 2017 reported that the global commerce market 
grew by 18.1% in 2016 and a forecast of 15.6 % compound annual growth rate over the next 
five years. The report also stated that the warehouse is expected to continue to play a major 
role within supply chains for a foreseeable future, because the finished stock needs to be held 
close to the point of consumption as possible to reduce ever increasing transportation cost and 
to meet increasingly demanding customer delivery.  
Figure three shows the different warehouse operation and how they are connected to one 
another. The task analysis carried out on the studied warehouse shows lack of communication 
as the cause of inefficient warehouse operations. The survey shows that majority of the 
respondent are not satisfied with the way work is done at the warehouse and would rather see 
a more coordinated approach and good method of sharing important data. Going by the result 
gotten from this study it is important for warehouse manager to coordinate warehouse 
operations through use of technology for effective communication in other to have a 
sustainable result.  
 
The methods and documentation that form the basis for the result in this thesis is the use of 
ethnographic and qualitative research method. The ethnography method allows a first-hand 
observation of activities at the studied warehouse and the qualitative method allows interview 
to be conducted among employed workers at the warehouse. Combination of these two 
methods gives a complete answer to the problem faced at the warehouse. Efficiency observed 
in this study does not show good utilization of economic resources within a given service 
level. 
The result from the study shows that effectiveness in warehouse operations is achievable if 
information collected through warehouse operations is shared with all areas of the warehouse 
operations. 
The technology that has the potential of organizing usage of data in executing warehouse 
operations is a combination of RFID and WSN as described in chapter 2.4 
 
  



 43 

8 Acknowledgement 
This report is a bachelor thesis in the subject Information Systems (“Informatik”) at Karlstad 
University. 
 
Great appreciation for the workers of XYZ freight company who gave me their time through 
participation in my survey. Thanks to everyone that has made it possible for me to quietly and 
patiently gather information for this report.  
 
I would like to thank my supervisor Bridget Kane for advices, my family and every other 
person who gave me the help needed along the way 
 
Thank you. 
Joshua Scott 
  



 44 

List of references 
 
Bartholdi, J.J. & Hackman, S.T., 2010. Warehouse & Distribution Science, 0.93 ed, Atlanta 
(GA): Georgia Institute of Technology  
https://www.scl.gatech.edu/research/warehousing-and-distribution [Accessed 4 April 2018] 

Boesch, I., Schwaninger, M., Weber, M., & Scholz, R. W. (2013). Enhancing validity and 
reliability through feedback-driven exploration: A study in the context of conjoint 
analysis. Systemic practice and action research, 26(3), 217-238. 
 
Chen, J.C., Cheng, C.H. and Huang, P.B., 2013. Supply chain management with lean 
production and RFID application: A case study. Expert Systems with Applications, 40(9), 
pp.3389-3397. 
 
Danielsson, V. and Smajli, G., 2015. Improving warehousing operations with video 
technology. 
 
Denzin, N. K., & Lincoln, Y. S. (Eds.). (2011). The Sage handbook of qualitative research. 
Sage. 
 
Deng, H., Varanasi, M., Swigger, K., Garcia, O., Ogan, R., & Kougianos, E. (2006, June). 
Design of sensor-embedded radio frequency identification (SE-RFID) systems. 
In Mechatronics and Automation, Proceedings of the 2006 IEEE International Conference 
on (pp. 792-796). IEEE. 
 
Frazelle, E. and Frazelle, E., 2002. World-class warehousing and material handling (Vol. 1). 
New York: McGraw-Hill. 
 
Frazelle, E. (2002). Supply chain strategy: the logistics of supply chain management. 
McGrraw Hill. 
 
Global e-commerce logistics 2017 -Report Sample https://theloadstar.co.uk/wp-
content/uploads/Global-e-commerce-Logistics-2017-Report-Sample.pdf  [accessed: 12 -3-
2018]  (refer to TI) 
 
Kanda, A. and Deshmukh, S.G., 2009. A coordination theoretic model for three level supply 
chains using contracts. Sadhana, 34(5), p.767. 
 
Komarova, I. (2016). Improvement of warehousing operations: Case: “CKBM” Ltd, Russia. 
Lee, H. L., & Billington, C. (1992). Managing supply chain inventory: pitfalls and 
opportunities. Sloan management review, 33(3), 65. 
 
Lim, M.K., Bahr, W. and Leung, S.C., 2013. RFID in the warehouse: A literature analysis 
(1995–2010) of its applications, benefits, challenges and future trends. International Journal 
of Production Economics, 145(1), pp.409-430. 
 
Meredith, J., 1998. Building operations management theory through case and field research. 
Journal of operations management, 16(4), p.441–454.  
 



 45 

Nicole, P., 2018 Warehouse Operations best practices: 55 awesome tips and tactics to 
improve warehouse management, organization and operations. 
https://www.camcode.com/asset-tags/warehouse-operations-best-practices/ [Accessed: 1 
April 2018] 

Patel, R. and Davidson, B., 2003. Forskningsmetodikens grunder. Att planera, genomföra och 
rapportera en undersökning. Studentlitteratur. 
  
Patel, R. and Davidson, B., 2011. Forskningsmetodikens grunder. Att planera, genomföra och 
rapportera en undersökning. Studentlitteratur. 
 
Richards, G. (2017). Warehouse management: a complete guide to improving efficiency and 
minimizing costs in the modern warehouse. Kogan Page Publishers. 
 
Rouwenhorst, B., Reuter, B., Stockrahm, V., van Houtum, G. J., Mantel, R. J., & Zijm, W. H. 
(2000). Warehouse design and control: Framework and literature review. European Journal 
of Operational Research, 122(3), 515-533. 
 
Silverman, D., 2013. Doing qualitative research: A practical handbook. SAGE Publications 
Limited. 
 
Takakuwa, S., Takizawa, H., Ito, K., & Hiraoka, S. (2000, December). Simulation of 
distribution systems: simulation and analysis of non-automated distribution warehouses. 
In Proceedings of the 32nd conference on Winter simulation (pp. 1177-1184). Society for 
Computer Simulation International. 
 
van den Berg, J.P. and Zijm, W.H., 1999. Models for warehouse management: Classification 
and examples. International journal of production economics, 59(1-3), pp.519-528. 
 
Walker, M. (2018). Spotlight on the 7 key warehouse processes. MHD Supply Chain 
Solutions, 48(1), 20. 
 
Yang, H. and Yang, S.H., 2007. RFID sensor network architectures to integrate RFID, sensor 
and WSN. Measurement and Control, 40(2), pp.56-59. 
 
Images: 
 
Flat Icon: packet, truck and pallet   https://www.flaticon.com  [accessed 20 4 2018] 
 
  



 46 

Appendices 
This chapter gives a description of  the XYZ freight company’s profile and the survey 
questions. 
 
Appendix A – Activity profile for the survey company 
  
Interview guide for the first meeting with the warehouse manager (Danielsson and Smajli, 
2015). The approach helped to understand the problem and identify the need for improvement 
in warehousing. This is seen in  
 
Table 18. Information formular 

Metric XYZ Company 
Company information  
Industry Logistics 
Global turnover Over 63 billion Euro 
Number of employees global Over 300 000 
Globalization Operate all over the world 
Warehouse information  
Kind of warehouse Warehouse and Distribution 

 
Area of warehouse 20 000 m2  
seasonality All year round 
Value adding activities performed 
in warehouse 

Warehouse and Distribution 

Number of employees in 
warehouse 

96 

Operators per shift 34 during daytime, 56 evening shifts 
Number of shifts per day 2 
Vehicle equipment, type and 
amount 

Narrow aisle trucks + man-up truck, 15 
in total  

Automated operations Limited to packet sorting 
Information system(WMS) Own system and customer specific 
Number of scanning points Max: 15, min: 10 
Using RFID in warehouse None 
Incoming packets or pallets  
SKU Definition at receiving Pallets and packets 
Storing  
Type of storing system Floor stacking and single-deep racks  
Number of storage locations 18 500 pallet locations 
Dedicated or shared storage Both dedicated and shared storage 
Outgoing packets or pallets  
Value of units shipped per year Confidential but many billion Euro 
Number of order-lines per day Over 15000 
SKU Definition at shipping Pallets of different sizes and cartons  
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Appendix B – Structured interview guide for the survey interview 
 
The questions here concern warehouse operations 
 
Warehouse critical operations  
                      Inbound                                           Process                                             
Outbound 
                       Activities                                       Activities 
                     
Sincerely appreciate your effort taking part in this analysis. We would like to know your 
opinion concerning introduction of wireless sensor in the warehouse to improve workflow 
efficiency. 
 
The purpose of his analysis is to gather information about the operations in the warehouse and 
your views on how it could be done better and more effective. 
 
This is a voluntary survey and your feedback is anonym. At no point will we refer to your 
participation in this analysis. 
 
This survey requires between three – five minutes and will appreciate if your reply is anonym 
and only reflect your opinion. 
 
1.Do you experience challenges in undertaking your warehouse operations assignment? If yes 
could you describe the most challenging part of the warehouse operations? 
 
*** YES 
*** NO 
COMMENTS 
 
2.Do you believe this difficult could be overcome if the warehouse operations are done 
differently?  
**** Strongly disagree 
**** Disagree 
**** Agree 
**** Strongly agree 
**** No comment 
COMMENTS 
 
3.How would you rate the way incomming packets or pallets and placement are handled in the 
warehouse? 
*** Very good 
*** Good 
*** Poor 
*** Very Poor 
*** No opinion 
COMMENTS 
 
4.Which of these warehouse operations requires more time to execute and why? 
***** Scanning of incomming packets or pallets. 
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***** Placement of scanned packets or pallets to different location in the warehouse with 
forklift. 
***** Sorting. 
***** loading unto different trucks. 
COMMENTS 
 
5.Has any of the most difficult part of the warehouse operations been measured? If yes, could 
you please explain the type of measurement done so far? 
**** YES 
**** NO 
COMMENTS  
 
6.If your answer in question five is YES. Do you believe this has brought any improvement to 
your warehouse operations? How? 
*** Strongly agree 
*** Agree 
*** Neutral 
*** Disagree 
*** Strongly disagree 
COMMENTS 
 
7.Which work related measuring tools is used for the most demanding and time-consuming 
operation in the warehouse?  
COMMENTS 
 
8.Do you believe Wireless sensor network and RFID can contribute to efficient warehouse 
operations?  
*** Strongly agree 
*** Agree 
*** Neutral 
*** Disagree 
*** Strongly disagree 
COMMENTS 
 
9.Do you believe the forklift drivers will wisely make use of wireless sensor network in your 
warehouse? if YES / NO why?  
**** YES 
**** NO 
 
COMMENTS  
 
 10.Would you like to suggest a method you believe might help improve warehouse 
operation? 
COMMENTS 
 
11.Which area of the warehouse operations do you believe this method might be best 
applicable?  if you answer question ten?  
****  Receiving 
****  Put-away 
****  Storage 
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****  Sorting 
****  Shipping 
 
COMMENTS 
 
 12.Do you think data collection and sharing with forklift drivers will enhance warehouse 
operations?  
*** Strongly agree 
*** Agree 
*** Neutral 
*** Disagree 
*** Strongly disagree 
COMMENTS 
 
 13.Do you believe using RFID and wireless sensor to connect forklift drivers and next 
assignment will improve warehouse operations?  
*** Strongly agree 
*** Agree 
*** Neutral 
*** Disagree 
*** Strongly disagree 
COMMENTS 
14.Do you believe if the workers that scans the incomming packets or pallets handle their task 
efficiently and avoid procrastination would improve warehouse operations? (Nicole, 2018) 
*** Strongly agree 
*** Agree 
*** Neutral 
*** Disagree 
*** Strongly disagree 
COMMENTS 
 
15.Over the last five years, do you believe that different methods of warehouse operations 
have improved warehouse operations efficiency? 
*** Strongly agree 
*** Agree 
*** Neutral 
*** Disagree 
*** Strongly disagree 
COMMENTS 
 
16.What is your gender? 
*** Male 
*** Female 
*** Other 
 
 
17.What is your age? 
*** 18 – 30 years 
*** 30 – 40 years 
*** 40 – 50 years  
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*** 50 years or older 
*** prefer not to say 
COMMENTS 
 
 
18.Which part of the warehouse operations do you take part in? 
****  Receiving 
****  Put-away 
****  Storage 
****  Sorting 
****  Shipping 
COMMENTS 
 
19.Are there any additional comments you would like to make in respect to increasing 
warehouse operational efficiency? 
 COMMENTS 
 

 
 
 


