
The University of Dodoma

University of Dodoma Institutional Repository http://repository.udom.ac.tz

Information and Communication Technology Master Dissertations

2016

Exploring application of radio frequency

identification in log tracking and

monitoring systems: a case of Sao hill

forest plantation

Sheghembe, Bakari S.

The University of Dodoma

Sheghembe, B. S. (2016). Exploring application of radio frequency identification in log tracking

and monitoring systems: a case of Sao hill forest plantation. Dodoma: The University of Dodoma

http://hdl.handle.net/20.500.12661/1165

Downloaded from UDOM Institutional Repository at The University of Dodoma, an open access institutional repository.



i 

 

EXPLORING APPLICATION OF RADIO FREQUENCY 

IDENTIFICATION IN LOG TRACKING AND MONITORING 

SYSTEMS: A CASE OF SAO HILL FOREST PLANTATION 

 

 

 

 

 

 

By 

Bakari Said Sheghembe 

 

 

 

 

 

A Dissertation Submitted in Partial Fulfillment of the Requirement for the Degree of 

Master of Science in Computer Science of the University of Dodoma 

The University of Dodoma 

October, 2016

 



i 

 

CERTIFICATION 

The undersigned certifies that they have read and hereby recommend for acceptance by 

the University of Dodoma a dissertation entitled “Exploring application of radio 

frequency identification in log tracking and monitoring systems: Case of Sao Hill 

forest plantation” in partial fulfillment of the requirements of the degree of Masters of 

Science in Computer Science of the University of Dodoma, Tanzania. 

 

 

Signature…………………………………… 

Prof. Aloys N. Mvuma 

(SUPERVISOR) 

Date………………………………………… 

  

Signature…………………………………… 

Dr. Majuto C. Manyilizu 

(SUPERVISOR) 

Date……………………………………… 

 

 



ii 
 

DECLARATION 

 AND  

COPYRIGHT 

I, Sheghembe, Bakari S, declare that this dissertation is my own original work and that 

it has not been presented and it will not be presented to any other University for a 

similar or any other degree award. 

 

 

 

 

Signature……………………….…….. 

 

 

 

 

No part of this dissertation may be reproduced, stored in any retrieval system or 

transmitted in any form or by any means, be in electronic, mechanical, photocopied, 

recorded or otherwise without prior written permission of the author or the University of 

Dodoma. 



iii 
 

ACKNOWLEDGEMENT 

I extend my sincere gratitude to the supreme exalted almighty God for his guidance and 

blessings throughout my whole life. It is only through his grace and will that I have 

reached where I am today. 

Without forgetting my family for their unconditional love and unwavering support 

throughout my study, in form of both spiritual guidance and earthly support. 

Furthermore, I extend my sincere gratitude to my supervisors Prof. Aloys Mvuma and 

Dr. Majuto Manyilizu for their patience, understanding, support and guidance 

throughout the study. Their knowledge and wisdom are like pillars supporting the study 

since its inception to its completion. 

Further thanks to Sao Hill Forest Plantation management, for their permission to 

conduct the study, and for their support and cooperation during the study. Like a 

compass, they made sure the study steers towards the right direction in solving log 

tracking challenges. 

Finally, I extend my sincere gratitude to friends, colleagues and instructors from the 

College of Informatics and Virtual Education. Like a fountain, their knowledge provides 

a base for numerous springs of opportunity in my life.  

 

 

 

 

 



iv 
 

DEDICATION 

This dissertation is dedicated to my family for their unwavering support and 

unconditional love in every day of my life. Thank you for always being there. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

ABSTRACT 

Various methods throughout history have been used to identify objects. It was not until 

the Second World War that Radio Frequency use in identifying items was embraced. In 

2008 European foresters (Germany and Finland) Korten and Kaul researched on the 

prospects of RFID in forest industry. Countries like Malaysia, Sweden and Canada have 

used RFID in their forest supply chain management. This study aims to explore how 

RFID can be used in Tanzania log tracking and monitoring system, case of Sao Hill 

forest plantation. To achieve that the study investigated how the current system works 

by interviewing experts in the field of forestry and reviewing literatures concerned with 

harvesting rules and regulations. After studying the system, its challenges were 

identified, and the requirements for the development of an RFID based system were 

documented. Using prototyping model an RFID based log tracking system was 

developed. Thereafter a questionnaire was distributed to assess willingness of system 

users. From the interviews, the study discovered that the existing system lacked 

transparency, was susceptible to forgery and had a complex record management cycle. 

Most of these challenges arise from the hardships of paper based systems. A prototype 

was developed using a nailtag which had a read only and low frequency RFID 

transponder, and a handheld RFID reader capable to read 125 kHz radio frequencies. 

After presenting the prototype to the system users the results showed, though majority 

of the users had no prior experience with RFID however, they suggest that the system is 

helpful in record management and easy to use, and they are willing to adopt and begin 

using the new system. This knowledge is important for controlling forest harvest in 

Tanzania for individual and community benefits. 
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  CHAPTER ONE 

INTRODUCTION 

1.0 Overview 

Forest management relies on timely acquisition of information, reliable knowledge 

management, and capacity to process information(Castren & Pillai, 2011). The rapid 

advancement in Information and Communication Technology (ICT) in this era, open 

doors to fast dissemination of timely and reliable information. Proper use of ICT has 

allowed different industries around the world to automate and transform most of their 

business process, including inventory and supply chain management. One of the 

technology that has played a key role in this revolution is Radio Frequency 

Identification (RFID). The following study explores the application of RFID in log 

tracking and monitoring systems in Tanzanian forests, a case of Sao Hill forest 

plantation. 

1.1Background of the study 

RFID has been used since the invention of radio frequencies, and their usefulness in 

object identification began during the Second World War (WWII). Mario Cardullo in 

January 23, 1973 created the first true ancestor of the modern RFID, which was possible 

through the development of passive transponder with memory.  By 1983 Charles 

Walton was awarded ten patents for various RFID related devices and one of his device 

(Portable Radio Frequency Emitting Identifier) was the first to bear the acronym RFID 

(Kaur et al., 2011).  

RFID technology has proved to be a useful tool in the identification and management of 

products in the supply chain without manual data entry. This has been proved in 

different industries like automotive industries, e-commerce supply chain management, 
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and even in the army. Manufactured products such as automobiles or garments can be 

tracked from the factory until shipping to the customer. While different industries 

around the world have embraced RFID, the forest industry has not until recently begun 

to explore the use of RFID in forest supply chain management. 

One of the first studies to suggest the applicability of RFID systems in forestry 

management was that reported by European foresters (Germany and Finland) by Korten 

and Kaul (2008). In this study, passive RFID tags were used to track logs as they moved 

through the supply chain. Another study was that conducted by Forestry Department of 

Peninsular Malaysia (FDPM) in November 2
nd

, 2009, which involved a trial 

development of an RFID based timber tracking forest management system. The system 

was created so as to adhere with European Union (EU) rules and regulation regarding 

transparency in forest products monitoring and control techniques (Friedlos, 2009). 

In Tanzania, RFID technology has not yet been deployed in forestry. Thus, this study 

explores the prospects of RFID technology as an alternative to hammer stamping, in 

identifying tree logs in transit. The study began by exploring how the current system 

operate and providing a model of RFID log tracking system. Thereafter a prototype has 

been deployed based on the model to test its applicability. And finally using Sao Hill as 

a case study, different system users participated to evaluate the performance of the 

prototype and comment on its adaptability. 

1.2 Problem Statement 

Forest management requires timely dissemination of information to the right people at 

the right time. The client transporting forest produce must carry three key important 

documents at all times, these includes the certificate of registration, harvesting licence 

and transit pass. During log tracking and monitoring, this information is used to identify 
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and validate the authenticity of the transported products. However this is a challenge in 

the current system since the logs are identified using a hammer and most of the 

information is stored in books and papers. During validation of the authenticity of the 

documents carried by the clients and inspection of the transported tree logs the system 

has proved to be quite tedious to use and time consuming. 

The current system lacks transparency, and in case of any misconducts it becomes very 

hard to identify the source and entities involved. For instance it is not allowed to 

transport tree products later than 6:00 pm and before 6:00 am, but some business 

entities have been transporting tree products at night so as to avoid inspection.  

The documents issued as a control measure to prevent illegal activities can be forged. 

Forgery can be in the form of reusing an expired document, counterfeiting of the 

hammer marks, or creation of documents similar to the ones issued by the government. 

Since the records are written in books, identifying and differentiating forged document 

from real ones requires training, high observation capacity and experience.  

The study explores RFID technology as a means to uniquely identify logs in transit as 

an alternative to hammer stamping technique. And rather than using paper documents, 

the information are stored to an online server. This will allow timely retrieval of 

information pertaining to a particular tag and also in the automating of reporting tasks. 

1.3Objectives 

1.3.1 Main objective 

This research aims to explore application of RFID technology in tracking and 

monitoring of tree logs, as an alternative to log stamping. 
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1.3.2 Specific objectives 

i. To explore how the current system works and identify its strengths and 

weaknesses. 

ii. To develop an RFID-based prototype for log tracking and monitoring. 

iii. To assess users willingness to adopt to RFID-based log tracking and monitoring 

system. 

1.4 Research Questions 

To meet the above mentioned objective, the research will answer to the following 

questions: 

i. How the current system operates and what are its main challenges? 

ii. What is the appropriate RFID technology that can be used to develop a log 

tracking and monitoring system? 

iii. What is the willingness of system users to adopt to an RFID based log tracking 

system? 

1.5 Scope of the study 

The study was conducted at Sao Hill forest plantation. Being the largest plantation 

among eighteen plantations in Tanzania (TFS, 2014), it provides a typical case with 

regards to forest management activities.  

The type of data collected was mainly qualitative. This helped to understand the system 

work flow and thereafter facilitated to understand the key system requirements. After 

development of the prototype, a quantitative study was conducted to assess adoption of 

RFID technology. Furthermore, the study focused only in the development of an 

application and evaluating users’ willingness in its adoption. However, a financial 

assessment on the cost involved in the implementation of an RFID system versus the 
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cost of running the current manual system, was not fully performed due to limited time 

and resources. 

1.6 Significance of the study 

Being a contributor to the country’s economy and people’s wellbeing, management of 

forest resources is of great importance. Informed decision making is the key to the 

success of running any industry. Automating the current business processes in forestry, 

will allow the management to not only make the right decisions, but they will be able to 

make them at the right time. By using RFID technology to identify tree logs as they are 

being transported the government shall be able to keep track of logs in transit at real 

time. Moreover the technology will increase transparency and minimize forgery in 

monitoring and tracking of forest produce.  

To researchers in both forestry and computer science, the study has shown a need for 

collaboration and communication between the two disciplines. While forestry faces 

management challenges, computer science when properly applied provides the 

solutions. The solution is mainly in the form of automation of repetitive and time 

consuming tasks, while at the same time dissemination of the information gathered to 

the right people at the right time. Forestry in Tanzania to computer scientist is an 

unchartered territory and this study merely opens doors to other researchers. 

Being one of the major sources of government revenue, the automation of the log 

tracking system allows other government stakeholders like Tanzania Revenue Authority 

(TRA) and the local government authority to have a transparent system which they can 

interact with, so as to keep track of their revenue percentage. 

The study provides an in depth understanding towards system development. The most 

important part being identifying system functionalities from the users, and developing 
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an application that best fit their needs. Finally getting feedback from users, and 

rebuilding the system until it best fit their requirements. Furthermore the study has 

allowed the researcher to understand RFID technology, its application and how it can be 

used to transform different industries that would wish to keep track of their items. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Theoretical Literature Review 

2.1.1 Radio Frequency Identification 

RFID stands for Radio Frequency Identification, a term that describes any system of 

identification wherein an electronic device that uses radio frequency or magnetic field 

variations to communicate is attached to an item(Want, 2006). The two most important 

components of an RFID system are the tag (transponder), which is the identification 

device attached to the item we want to track, and the reader (interrogator), which is a 

device that can recognize the presence of RFID tags and read the information stored on 

them (Figure 1). 

 

Figure 1: Complete RFID system (Glover & Bhat, 2006) 

The reader can then inform another system about the presence of the tagged items. The 

system with which the reader communicates usually runs software that stands between 

readers and applications. This software is called RFID middleware(Kaur et al., 2011). 

There are many different versions of RFID that operate at different radio frequencies. 

The choice of frequency is dependent on the requirements of the application. FID can be 

categorized based on their frequency ranges. The first one is the Low Frequency 
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(125/134 KHz) most commonly used for access control and asset tracking. Followed by 

Mid Frequency (13.56 MHz) which are used where medium data rate and rearranges are 

required. And finally Ultra High-Frequency (850 MHz to 950 MHz and 2.4 GHz to 2.5 

GHz)which offer the longest read ranges and high reading speeds(Miodraget al., 2013).  

Applications for RFID within the supply chain can be found at multiple frequencies and 

different RFID solutions may be required to meet the varying needs of the 

marketplace.Many of today’s RFID technologies cannot reliably cover areas widerthan 

4 to 5 metres, making them unsuitable for wide openings that are the norm in 

manufacturing, distribution and store receiving dock environments. Since UHF can 

cover portals up to 10 metres wide it is gaining industry support as the choice 

bandwidth for inventory tracking applications. 

There are two basic types of chips available on RFID tags, Read-Only and Read-Write. 

Read only chips are programmed with unique information stored on them during the 

manufacturing process. The information on read-only chips can never be changed. With 

Read-Write chips, the user can add information to the tag or write over existing 

information when the tag is within range of the reader. Read-Write chips are more 

expensive than Read-Only chips. Another method used is something called a WORM 

chip (Write Once Read Many). It can be written once and then becomes Read-Only 

afterwards(Rey, 2014).  Based on their readability RFID tags can further be classified 

into the following categories: 

Passive tags and active readers: Passive tags have no power of their own but instead 

all the power needed to operate the tag is derived from the radio signals sent by the 

reader (Figure 2). Furthermore, passive tags have no conventional radio transmitter and, 

as such, cannot create their own signal. Instead, they vary the electrical load attached to 
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the antenna in order to vary thesignal reflected from the antenna, somewhat analogous 

to usinga movable mirror to send a signal by reflecting the light of the sun towards a 

watcher. 

 

Figure 2: Passive Tag/ Active Reader (Miodrag et al., 2013). 

 

This techniques known as backscatter communications. Backscatter communications 

also require that the tag and reader be in close proximity (within a few feet) of each 

other when the transmitted radio waves are low frequency (LF) or high frequency (HF). 

With the emerging technology that transmit ultra-high frequency (UHF) radio waves, 

longer read ranges are becoming possible. 

Passive tags often are extremely simple devices. The typical structure consists of a 

plastic substrate or inlay, a printed or etched metal antenna, and a single integrated 

circuit. As a consequence, passive tags can be much smaller and less expensive than 

other types of radio devices. A UHF passive tag with an antenna can be purchased in 

bulk for a few shillings per tag. 

A passive tag requires no maintenance, and has a long lifetime, limited by degradation 

of the tag materials rather than battery usage. It is reasonable to expect that in many 

environments passive tags will be readable for 10 to 20 years. 
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Active tags and passive reader system: This is the second type of RFID. In the Active 

Tag – Passive Reader system, the tag is powered and the reader has no power (Figure 

3). In essence, an active RFID tag is equipped with its own radio transmitter, such as a 

cell phone or Wi-Fi client. 

Active tags use conventional circuitry for transmission and reception with read range 

and reliability similar to the performance of other radios. As such, read ranges of 

hundreds of meters to kilometres (miles) are achievable, and tags can be read despite 

substantial obstructions between the tag and reader. With improved read range and 

reliability comes increased cost, size (circuit complexity), and maintenance 

requirements. Active tags cost more than TSH 50,000 each; some cost as much as TSH 

200,000 each and are designed for tracking high-value assets. 

Semi passive tags and active readers: This is the third classification. The system is 

intermediate between the two systems discussed above. In the Semi-Passive tag – 

Active Reader System, the reader is powered and the tag has a battery to power the tag’s 

circuitry; the tag, however, still employs backscattering or load modulation to 

communicate with the reader (Figure 4). 

Figure 3: Active Tag/Passive Reader (Miodrag et al., 2013) 
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Figure 4: Semi - Passive Tag/ Active Reader. (Miodrag et al., 2013) 

Semi-passive tags require that the reader signal be large enough to decipher but does not 

need to extra power to run the tag’s circuitry. Therefore, the read range is not limited to 

a few feet (as with a passive tag). The read range of semi-passive tags usually is limited 

by the rapid decrease in the reader signal; however, high-quality receivers can achieve 

read ranges on the order of 300 feet in unobstructed areas. 

In addition to longer range, semi-passive tags provide much better reliability at short 

ranges. A passive tag at several feet from a reader might not read the tag if the 

transmission path (of the radio waves) from tag to reader is blocked by an obstacle. A 

semi-passive tag at a similar distance is often better to decipher and reply to the reader’s 

signal. 

A downside of semi-passive tags is that they are more expensive than passive tags; 

furthermore, their applicability is limited by battery life. Manufacturers of semi-passive 

tags try to ensure that most of the circuitry is switched off except when the tag is being 

queried by a reader; battery life is still generally limited to only a few years. 

 

RFID technologies offer practical benefits to almost anyone who needs to keep track of 

physical assets. Manufacturers improve supply-chain planning and execution by 

incorporating RFID technologies. Retailers use RFID to control theft, increase 
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efficiency in their supply chains, and improve demand planning. Pharmaceutical 

manufacturers use RFID systems to combat the counterfeit drug trade and reduce errors 

in filling prescriptions (Glover & Bhat, 2006). Some countries like Sweden (Timpe, 

2006) have conducted feasibility studies in the implementation of RFID as an 

alternative to log stamping in the tree logs supply chain. Similar feasibility researches 

have been conducted in Spain (Carreno, 2013), to explore the applicability of RFID in 

tracking Spanish oranges. 

 

The bar code is probably the most familiar computer-readable tag, but the light used to 

scan a laser over a bar code imposes some limitations. Most importantly, it requires a 

direct “line of sight,” so the item has to be right side up and facing in the right direction, 

with nothing blocking the beam between the laser and the bar codes(Glover & Bhat, 

2006). Most other forms of ID, such as magnetic strips on credit cards, also must line up 

correctly with the card reader or be inserted into the card reader in a particular way. 

RFID tags provide a mechanism for identifying an item at a distance, with much less 

sensitivity to the orientation of the item and reader. A reader can “see” through the item 

to the tag even if the tag is facing away from the reader (Glover & Bhat, 2006). 

 

RFID has additional qualities that make it better suited than other technologies (such as 

bar codes or magnetic strips) for creating the predicted “Internet of Things”.For 

instance, it is not easy to add information to a bar code after it is printed, whereas some 

types of RFID tags can be written and rewritten many times. Also, because RFID 

eliminates the need to align objects for tracking, it is less obtrusive. 
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Using the government hammer, painting, written tags and name badges work fine for 

identifying a few items or a few people, but when it comes to the case of identifying and 

manages hundreds of packages an hour, some automation is required. 

 

2.1.2 Tanzania Forest Services (TFS) Agency 

Tanzania Forest Services (TFS) Agency is a semi-autonomous government Executive 

Agency under the Ministry of Natural Resources and Tourism. TFS was established 

under the Executive Agencies Act Cap 245 R.E 2009 and Government Notice No. 269 

of 30
th

July 2010; and became operational in the financial year2011/12.TFS  has  taken  

over  the  operational  roles  and  functions  of  Forestry  and Beekeeping Division and 

is responsible for the management of national forest reserves (natural and plantations), 

bee reserves and forest and bee resources on general lands(TFS, 2014). 

 
The history of TFS in relation to forest can be traced back to 1899 when forest 

administration started as a local forest bureau (Forstverwaltung) under the German 

administration. After the First World War of 1914–1918 it was taken over by the British 

Government. The forest administration under the British rule was re- established on 

18th December 1920 and continued up to 1961 when Tanganyika gained its 

independence. On the other hand, Beekeeping activities operated through a department 

under various Ministries from 1949 to 1984, when the Beekeeping Department was 

combined with the Forestry Department to form the Forestry and Beekeeping Division 

(FBD). Following Government reforms under Public Service Reform Program, TFS was 

established to take over some of the operational roles and functions of the Forestry and 

Beekeeping Division. All these transformation processes were geared towards 
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improving the efficiency and effectiveness on the management and administration of the 

Forestry and Beekeeping sectors (TFS, 2014). 

 

Also TFS has mandate for the management of forests on general land. In addition to the 

state plantations, the private sector such as the Tanganyika Wattle Company in Njombe 

District, Green Resources Ltd and Mufindi Paper Mills in Mufindi district, Kilombero 

Valley Teak Company in Kilombero District and the New Forest Company in Iringa 

district currently operates plantations including forest industries. Government 

plantations are the major suppliers of wood raw material and Sao Hill Forest Plantation 

(SHFP) alone is currently supplying over 85% of raw material consumed by industries 

(Fortune of Africa, 2008) 

 

The main challenge pertaining to forest management is that the demand for forest 

product is greater than the actual supply. The information on wood supply in the 

country shows that allowable cut in production forests in 2013 were estimated at 42.8 

million cubic meters per annum, while the annual wood demand stands at 62.3 million 

cubic meters per year thus making a deficit of about 19.5 million cubic meters per year. 

Illegal harvesting in protection and production forests is contributing to the national 

annual deforestation rate of 372,000ha that adds to this deficit of utilized wood (TFS, 

2014). 

 

TFS  has  been  established  for  the  overall  purpose  of  achieving  efficient  and 

effective management of forest and bee resources; promoting the potential for the 

continuous improvement of its services and improving the quality and value for money 

of the delivery of public services. Forest resources managed by TFS are approximately 

14.25 million hectares (ha) of national forest reserves; out of which1.4 million ha are 
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designated as catchment forests and 115,000 ha are mangrove forests. With the vision of 

becoming the centre of excellence in the conservation of forest and bee resources and 

sustainable supply of quality forest and bee products and services in Tanzania, the main 

mission of TFS is to sustainably manage the national forest and bee resources in order 

to contribute to the social, economic, ecological and cultural needs of present and future 

generations (TFS, 2014). 

 

The development and implementation of RFID log tracking and monitoring system will 

help the organization meet its objective of strengthening its institutional capacity by 

improving its monitoring and evaluation system. 

 

2.1.3 Sao Hill Forest Plantation 

Sao Hill Forest Plantation is located in Mufindi District, Iringa Region within the 

Southern Highlands of Tanzania. The plantation has a total area of 135,903 Ha that is 

divided into four Divisions named Divisions I, II, III and IV with different sizes and 

locations in the Mufindi district. For ease of management the divisions have farther 

subdivisions called Range and compartments. Division two is located at the Headquarters 

of Sao Hill Forest Plantation along Iringa to Mbeya road, Division one being 12km East 

while Division three and four are 50km to the South-East and 80km to the east of the 

Headquarters respectively (see Appendix I). 

 

Sao Hill Forest Plantation is mountainous and is characterized as being one of the coolest 

and rainiest climates in Tanzania. On average the mean annual rainfall recorded is 

950mm, with temperature variations from as high as 40°C to as low as 4°C degrees in 

some locations (World Weather Online, 2016).  
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2.2 Empirical Literature Review 

2.2.1 Log Tracking and Monitoring Systems World Wide 

The forest industry is vast, dynamic, and with a lot of parameters. Different countries 

whose economies depend on forestry have been trying to find a means to improve and 

simplify the management of forests and forestry related products. 

A study by Daniel Timpe from Mittuniversitetet (Mid Sweden University) shows us 

how they have tried to come up with best techniques to manage their forest supply chain 

(Timpe, 2006).Before their study the system that was used, involved stamping of the 

wood by their forwarders. Each forwarder used to carry a box, containing an ink-pad 

and a core to which different number plates can be attached. The forwarder looks up the 

site identification number, and copies it to the core by attaching the number plates 

accordingly. Then using the core and ink pad to stamp the logs and thereafter piling 

them. There are two rules that have to be complied with in doing so. First 20 percent of 

all the logs in the pile need to be stamped. Secondly, the distribution of the stamps must 

be done in such a way that there is one stamp per square meter of the pile's cross 

section. 

After replacing the stamping process with RFID, their study concluded that the major 

cost of implementing an RFID based log tracking system is mainly at the initial 

installation of the different components, but after they have been fully installed and 

configured, the system can run smoothly with low cost (Timpe, 2006). 

 

More over in their findings, they have concluded that no RFID based log tracking 

system has yet been commercially implemented by any other forestry company (in 

context of Sweden). However there are a number of businesses that have taken interest 

in the subject and have invested in creating such a system. 
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Malaysia is also one of the countries whose economy depends in the exportation of 

forest products, (especially timber) to European nations. To export their forest products, 

they need to meet EU regulations that want countries that export wood products to 

adhere to a set of rules providing guarantees that the trees used to make those products 

were harvested legally, and in an environmentally sustainable manner (Friedlos, 2009). 

In Nov 02, 2009 the Forestry Department of Peninsular Malaysia (FDPM) completed a 

trial of timber tracking and forest management using radio frequency identification. 

Malaysia in one of the largest exporters of wood resources in the world, with timber and 

timber products contributing RM22.5 billion (US$6.3 billion) of exports in 2008 

(Friedlos, 2009). 

 

Before the introduction of RFID in Peninsular Malaysia, the inventory of trees was 

performed manually, by reading identification numbers written on markers attached to 

the trees. It is difficult to trace individual pieces of sawn wood using the system, and 

practically impossible to go through the paperwork for the whole supply chain in order 

to guarantee all taxes have been paid, and that the original tree was legally harvested. 

An automated system, it was determined, would be able to meet such demands.  

 

After completing the project it was discovered, there are a number of benefits to using 

RFID compared with bar codes. These include read-write capabilities that enable a tag 

to contain the history of the goods being tagged, the ability to enable gantry systems (at 

high-throughput points, such as processing plants) to identify logs at high speed, and the 

ability to automatically issue RFID-based documents, such as inventory reports, log-

yard reports and removal passes, all of which included the RFID ID number for 

validation and cross- referencing. 
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2.2.2 Log Tracking and Monitoring Systems In Tanzania 

Log tracking and all forest related activities are under the management and governance 

of TFS. The log tracking process begins at the registration of individuals or business 

entities who meet the tree harvesting requirements. The registration document contains 

a reference number which is used as a client identifier in record management (see 

Appendix II). Later on the client is required to pay a bill, that is generated based on the 

number of trees and the total volume to be harvested, the bill also has a number for 

cross referencing purposes. After paying the bill, the client is issued a harvesting license 

(see Appendix III). The client is required to carry the harvesting license at all times, 

since it is the official certification that allows the client to harvest trees in government 

plantations. After harvesting the trees, a special forester administering the plot from 

which the trees where harvested, hammers the tree logs with the government hammer. 

The government hammer, also known as Forest Division (FD) hammer, has unique 

numbers engraved on its head. The numbers on the government hammer are used to 

uniquely identify the origin of the forest products as they are transported along the road. 

 

After harvesting and having the tree logs marked with FD Hammer, the clients are 

allowed to transport their logs from the forest plantations to their point of destination. 

Along the road in almost every district there are special forest inspectors who are 

conducting a thorough inspection on the transported logs and the documentation carried 

by the transporters. At all times the transporter must carry the Transit Pass and a copy of 

the harvesting license. These documents help the inspector to identify and validate the 

authenticity of the transported forest products. 

 

Though the system has been used for quite a long time, it still poses some challenges. 

Nowadays private individuals are also planting their own forest plantations that produce 
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similar forest products as those produced by the government, it becomes hard to fully 

differentiate between the two. The challenge of differentiating generally originates from 

the fact that, some people might have harvested illegally in government forest 

plantations, but as they pass at the checkpoints they might claim that they have 

harvested from private plantations. More over most of the official documentations can 

easily be forged, and there have also been reported cases on the forgery of the 

government hammers (Jamhuri ya Muungano wa Tanzania, 2015). 

 

2.2.3 Knowledge Gap of the Study 

Automated systems in Tanzania forest plantations have not yet been fully deployed, and 

therefore this study fills in that gap, by studying how other countries have been using 

RFID technology, and explore how the technology can be applied and adopted in 

Tanzanian forest plantations; taking Sao Hill forest plantation as the case study. 

2.3 Summary 

In this chapter, various literatures were in order to gain insight on not only RFID 

technology but also how different countries around the world have adopted RFID in 

monitoring and keeping track of their forest plantations. The study began by reviewing 

literature related to RFID technology in order to understand the best technology that can 

be adopted in the context of Sao Hill forest plantation. After gaining insight of the 

technology, the study continued to review the organization responsible for governing 

forest plantations in our country, and understand its main objectives and how RFID 

technology can be used to help it achieve them. Being the research’s case study, the 

location and climate of Sao Hill forest plantation also needed to be carefully studied, 

since the choice of the materials are highly dependent on the environment on which they 

are applied. 
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Furthermore the review studied how other countries have adopted RFID technology in 

management of their forest plantation. Also it reviewed how Tanzania is currently 

keeping track of logs in transit. From which, the knowledge that the study is filling was 

obtained. The next Chapter explore the research methodology adopted by the study in 

coming up with the answer for the research problem. 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Introduction 

This Chapter describes the methods applied in carrying out the study. The methodology 

applied by the study has been chosen in order to acquire information on the current 

system workflow, implementing a proposed RFID prototype and deduce users’ 

willingness to adapt to RFID technology. The chapter is organised under the following 

sub-topics:-research design, study area selection and criteria, sampling design,data 

collection approaches, data analysis and system development life cycle. It alsoincludes 

data validity and reliability. 

 

3.2 Research Design 

According to Kothari(2004) research design is the conceptual structure within which 

research is conducted; it constitutes the blueprint for the collection, measurement and 

analysis of data.  

 

An exploratory case study design was adopted for this particular research. Exploratory 

research studies are also termed as formulate research studies. The main purpose of such 

studies is that of formulating a problem for more precise investigation or of developing 

the working hypotheses from an operational point of view. The major emphasis in such 

studies is on the discovery of ideas and insights. As such the research design appropriate 

for such studies must be flexible enough to provide opportunity for considering different 

aspects of a problem under study. Generally, the following three methods in the context 

of research design for such studies are talked about: (a) the survey of concerning 

literature; (b) the experience survey and (c) the analysis of insight stimulating examples. 
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The broadness of RFID in terms of application, categorization and classification has led 

the researcher to conduct a thorough survey of the technology in order to assess the 

applicable solution. The survey involved review of various literature and conducting 

online interviews to RFID manufacturers. In this study one of china’s largest and 

leading smart card manufacturer’s ZDCARD Tech Corporation Limited(zdcardtech, 

2016) sales representative was interviewed. From the inputs of both the reviews and the 

interviews a prototype was developed. 

 

3.3 Study Setting 

In light of the exploration, Sao Hill forest plantation was chosen as a case of applying 

RFID technology. The plantation is located in Mufindi District, Iringa Region within the 

Southern Highlands of Tanzania. It is the largest among 18 forest plantations with a total 

area of 135,903 Ha(“Tanzania Forest Services Agency (TFS),” 2015). Moreover for ease 

of management the forest is divided into four divisions namely Divisions I, II, III and IV 

with different sizes and locations in the Mufindi district. These divisions are farther 

divided into subdivisions called Range and compartments (see Appendix I). 

 

The vastness and diversity of the forest plantation has provided a typical case for 

exploring how RFID can be applied in forest management. The climatic features of the 

plantation, can be used as a reference point to most plantations in Tanzania. The 

plantation is characterized with an average rainfall of 950mm and temperature ranges 

from as low as 4°C to as high as 30°C (World Weather Online, 2016). 

Sao Hill forest plantation alone is supplying over 85% of raw material consumed by 

industries(Fortune Of Africa, 2008). Being the busiest as compared to other plantations, 

makes the management of licensing, harvesting and log transportation activities more 

complecated. Solving challenges pertaining to log tracking and monitoring in this 
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particular plantation provides a typical blue print of the solution that can be adopted to 

other plantaions. 

 

3.4 Research Approach 

This study employs both qualitative and quantitative approaches. Being primarily 

exploratory, a qualitative approach is used to gain an understanding of underlying 

reasons, opinions, and motivations. It provides insights into the problem or helps to 

develop ideas or hypotheses for potential quantitative research(Yin, 2015). A qualitative 

approach was used to understandcurrent system and the most relevant technology to be 

adopted. 

 

Following Software Development Life Cycle (SDLC) a prototype was developed after 

analysing the qualitative information. Beginning with understanding the system’s 

functional requirements and later the technical requirements, a computerized log 

tracking and monitoring prototype was developed using RFID technology. However, to 

measure the willingness of users to adapt to the new technology a quantitative research 

was conducted. 

 

Quantitative research is used to quantify the problem by way of generating numerical 

data or data that can be transformed into useable statistics (Kasim, 2010). It is used to 

quantify attitudes, opinions, behaviors, and other defined variables and generalize 

results from a larger sample population. A quantitative research allowed the researcher 

to quantify willingness of the system users to adapt to the proposed solution. 
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3.5 Sampling Design 

Sampling can be defined as the selection of a suitable sample representative of the 

population from which it is taken, for the purpose of determining parameters or 

characteristics of the whole population(Kothari, 2004). Non probabilistic sampling 

method was employed to obtain the respondents for this research. This technique was 

chosen mainly because to collect the right insight of the system, expert officials had to 

be interviewed and questioned. This involved respondents who are not only experienced 

in forestry but also in tracking and monitoring of harvested tree logs. Also clients were 

also requested to fill the questionnaires so as to get their input on the system. 

Table 1: Sample Size 

Respondents Location Number of Respondents Percent of Sample 

(Source)  ( Individuals) (%) 

Head Quarters 7 14 

Division I 6 12 

Division II 10 20 

Division III 14 28 

Division IV 8 16 

Clients 5 10 

Total 50 100 

 

3.6 Data Collection Methods 

Being an explorative study, the sources of data were both primary and secondary. 

Primary data simply reffers to first hand data gathered by the researcher, while 

secondary data is the one obtained from existing sources of information (Golafshani, 

2003). 
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To understand how the current system operates personal interviews (see Appendix X) to 

key respondents was conducted. The interviews contained open ended questions which 

allowed the study to have a general understanding on how the system works and its 

challenges. Furthermore, the researcher observed how the system works. Through 

observation, the dynamics of harvesting and transportation situations in context to Sao 

Hill were analysed. Interviews and observation allowed the researcher to gather the key 

functional and technical requirements of an RFID based system. Finally data was 

collected from questionaires that were distributed to gain insight on the willingness of 

system users to adopt to the new technology. 

 

Secondary data played a key role in understanding the right technology to apply. A 

literature review of not only RFID technology but also of forestry management was 

conducted. The review assisted in understanding the technology that can be applied in 

forestry management. Furthermore, the literature provided insight on how other 

countries used RFID to solve similar challenges with regards to forest management. 

Also, the review allowed the researcher to understand the key stakeholders involved in 

provisioning of harvesting license and inspection of transported logs. 

 

3.7 Data Analysis 

The data collected from interviews were mainly qualitative in nature. Several 

researchers have pointed out that, qualitative data analysis has no one right way 

toproceed with analysis (Hesse-Biber and Leavy, 2004). Thus before interview data 

wereanalysed, the responses were categorized into various themes (Kombo and Tromp, 

2006). 
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The qualitative data provided the basis for the definition of the system requirements. 

After the requirements were outlined, various Unified Modeling Language (UML) 

designs were used to translate the information into programmable logic. UMLs 

simplified the design and development of the prototype, since the models allowed 

review of the system requirements before actual implementation of the system. 

 

The edited and coded data obtained through questionnaire was subjected to analysis 

usingstatistical package for social sciences (SPSS) version 20 and MS excel 2013. 

Responses weresummarized into a number of different categories for entry into SPSS, 

the categories were identified after looking through the range of responses received 

from the respondent, andthen each response categories were assigned number.Before 

entering the information from the questionnaires into SPSS it was necessary toprepare a 

code book. This was the summary of instruction that was used to convert theinformation 

obtained from each subject into a format that SPSS can understand. 

 

3.8 Prototype Development 

An iterative system development approach was followed in the development of the 

RFID system prototype. This approach has been chosen, since the area of study is quite 

un-explored, especially the technology used is new to the researcher. Hence the 

prototype developed shall be tested reviewed and developed until it meets users’ 

requirement and needs. 
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Figure 5: Iterative System Development (Miodrag et al., 2013) 

 

3.8.1 Requirement Gathering 

Most of the system functional requirements were gathered from literature review, 

interviews and observation. Also through browsing different online resources with 

regards to RFID, further technical requirements of the tags that best fit the environment 

and the nature of forest operations were identified. 

 

3.8.2 Analysis and Design 

The functional requirements were further analysed and modelled using UML diagrams. 

The models provided an understanding of the system since it embodies the knowledge 

regarding the study (Sinan & Alhir, 1999). The requirements were easily reviewed and 

recaptured since UMLs provided a visual depiction of the system. Above all, the UMLs 

provided the blueprint of the model used during the development of the prototype for 

the log tracking and monitoring system. 
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3.8.3 Implementation 

The prototype was developed based on the model designed from UMLs tools. The 

database management systems used were MySQL database and SQLite. While MySQL 

was used to manage data in a centralised online server, SQLite provided local storage on 

mobile and desktop computers which enabled the system to operate even when there is 

no internet connection.  

 

Furthermore, the scripting languages used for backend development were php and java. 

PHP was the main language used to develop the web services that received and 

transmitted information to and from the online database storage. Java on the other hand 

was used in the development of both the desktop and mobile application. Java was 

chosen mainly due to the fact that it is lightweight and platform independent 

programming language. Using java allowed the developed application to work in any 

operating system, making it portable to distribute and use. 

 

3.8.4 Deployment 

The developed prototype currently works in parallel with the existing system. This has 

allowed the researcher to analyse the necessary improvement of the prototype so as to 

enable it to adapt to users’ needs. 

 

3.8.5 Testing 

Different components of the system were tested individually during system 

development. After successfully deploying the prototype user’s acceptance testing was 

conducted using questionnaires (see Appendix XII: Questionnaire). User’s inputs helps 

to provide continued improvement on areas that the researcher have not fully considered 

in development.  
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3.9 Ethical Consideration 

The researcher got the permission from the University of Dodoma, and Sao Hill Forest 

Plantation management, to conduct the study (see Appendix VIII and IX). The 

plantation manager introduced the researcher to the licensing officer, divisional 

managers and accounting unit. 

 
The researcher also briefly introduced the respondents about the research objectives and 

how they are going to benefit from the research. The researcher asked permission before 

using the instruments such as camera during observation, recording during interview, 

photos, and narrations from respondents used for the purpose of this study. 

 

The researcher ensured the ethical principles that include: respect to the person, privacy, 

integrity and confidentiality. According to Berg (2008), ensuring confidentiality is 

critical if the researcher expects to get truthful and free-flowing discussions during 

interview. The researcher ensured that no ambiguities and fear arises during data 

collection. 

 

3.10 Reliability and Validity 

Saunder et al., (2000) suggest that, reliability and validity are the two most 

importantquality control objects in research design. Therefore, it is important the 

researcher resultsare reliable and valid. 

 

3.10.1 Reliability 

Reliability is a matter of whether a particular technique is applied repeatedly to 

someobjects would yield the same results each time(Babbie, 1990). Therefore reliability 

of datawas ensured by use of different methods and tools during data collection 
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including;expert interview, questionnaires, and review of secondary data. Pre-testing of 

the questionnairebefore actual data collection to determine their clarity and relevance to 

the objectives ofthe study also increases reliability.  

 

3.10.2Validity 

Validity refers to the degree to which study accurately reflect or assesses the 

specificconcept the researcher is attempting to measure (Krisnaswami, 2002).Validity is 

ameasure of accuracy and whether the instruments of measurement are actually 

measuringwhat they were intended to measure Kothari (2004). In this study, validity 

was attained invarious ways. First, interviewing experts in the field forestry provided 

actual challenges facing the current log tracking system. Online interviewing the sales 

representative of RFID manufacturers also provided valid insights on the relevant 

technology to be applied in the context of Sao Hill forest plantation.  

 

3.11 Summary 

The methodological techniques and procedures for this study were reviewed in this 

chapter. The chapter began by describing the research design chosen for this particular 

research. The research design laid the foundation for the approach followed, data 

collection methods, and data analysis techniques adopted in this study. Furthermore the 

chapter clearly elaborated how the prototype of the system was developed following the 

SDLC approach. 

The next chapter presents the finding of this particular research and discusses how RFID 

technology can be used as an alternative to hammer stamps. 
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CHAPTER FOUR 

RESEARCH FINDINGS AND DISCUSSION 

4.0 Overview 

This chapter presents the research findings and discussions. The chapter is organized 

into three main sections with sub sections. The first section explores how the current log 

tracking and monitoring system works and identifies the challenges of the current 

system. The second section is the development of the model, and a working prototype of 

an RFID based tracking system. The final section presents the results of user’s 

experience with the system and their willingness to adapt and begin to use the new 

system. 

 

4.1 Existing System 

4.1.0 Introduction 

The following section is arranged based on the results from interviews (see Appendix 

X) and observation of the existing system’s operations. It begins with a clear description 

of how the current system operates, later defining key system users (actors) who are 

directly interacting with the system, then identifies the key stakeholders involved in the 

log supply chain and finally the challenges facing the current system. 

 

4.1.1 System Overview 

After interviewing the plantation manager and the head of licensing unit, the current 

information system can be broken down into five key business processes. These 

business processes include the registration of users, bill generation, issuing of 

harvesting permit, harvesting and transportation of the forest produce. 
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Users who have met all the rules and regulations regarding forest harvesting as defined 

by the Forest Act of 2002 and related government publications, have to present 

themselves to the licensing department for registration. During registration, client 

details like client name, business name if any are recorded. Furthermore the registration 

date and expiration date are also recorded. To validate the authenticity of the certificate 

of registration the office seal, name and signature of the authorizing officer are written. 

Finally information regarding validity of the payment for the registration fees is also 

entered, which includes the amount paid, ERV (Ex-chequer Receipt Value) number and 

the date of payment as recorded at the ERV receipt. After obtaining the certificate of 

registration, a bill is generated for the client. 

 

The bill defines the amount of money that the user is required to pay, this amount 

includes the cost of the requested tree volume based on the tree species, royalty, 

Tanzania Forest Fund (TaFF), Logging Miscellaneous Deposit Account (LMDA), 

Value Added Tax (VAT), 
1
CESS, Transit Pass (TP), and data sheet cost. 

 

After the clients pay their bills, they return to the licensing department with government 

receipts ERV in order to obtain their harvesting license. The harvesting license has a 

unique identification serial number, the seal of the office for authentication, and the 

name and address of the client that the license is being issued to. Also it contains 

description of the forest produce, in terms of its location, quantity, and name of the 

trees’ specie that the client wishes to harvest. Furthermore it has the rate per Tanzanian 

shillings as defined under the GN (Government Notice), and the total royalty the client 

has paid. Moreover the harvesting license has a list of all approved routes that the 

                                               
1
Cess is a tax. The term is pronounced and is a shortened form of "assess"; the spelling is due to a 

mistaken connection with census. In context to forest revenue this is the local government levy, collected 

by the District Council (Chisholm, 1911). 
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clients will pass to reach their destination. Proof of payment including amount paid, 

ERV number and date of payment of both the generated bill and additional charges if 

any are also recorded. Finally the name of the licensing officer with his or her signature 

is entered as also a means to authenticate the validity of the document. 

 

In addition to the above, the license has its conditions. Some of which being that the 

license is valid only for 30 days after the date it has been issued, the license is only 

allowed to fell trees/poles specifically marked for the purpose, and also all forest 

produce pertaining to a particular license shall be removed from the felling site before 

expiration of the license, under cover of a proper transit pass for when the application 

shall be made. 

 

For the clients that can meet the requirements of the harvesting license, they are allowed 

to begin clear felling (harvesting of trees) at their authorized sites. These sites are under 

the management of a forest ranger, who oversees all the activities pertaining to a 

particular plot within his/her mandate. Forest rangers are the ones who must ensure that 

only those individuals who are authorized to harvest are the ones who are conducting 

the harvesting activities at a particular plot. Moreover the forest ranger is the person 

who validates the authenticity of the origin of the transported tree logs by marking them 

with the government hammer. 

 

The government hammer also known as the forest division hammer, contains a unique 

and a specific engraved number (see Appendix V: Government Hammer) which 

identifies the origin of tree logs as they are transported. The ranger is the person who is 

responsible to mark all the felled logs before they are allowed to be transported. The 
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hammer acts as a seal, since the number can be used as a means to reference the origin 

of a tree log from anywhere in Tanzania. 

 

As previously mentioned under the section of the conditions of harvesting license, the 

client is required to remove all forest produce under cover of a proper transit pass. A 

transit pass is a special document that is used as a means to control the volume of trees 

transported is the same as the certified and licensed volume. The document contains a 

unique serial number, the office seal, the date that the transit pass was issued, and the 

client name. Furthermore the document contains license information such as the type of 

license, the date the license was issued, and the forest produce as described under the 

license. In addition to that the document contains information regarding the origin of the 

forest produce; this includes the name of the origin location, the name, designation and 

station of the forest officer (ranger), and the details regarding the hammer. Moreover the 

transit pass has a list of all the checkpoints that the clients have to pass till they reach 

their destination; this includes also the means of transportation used to transport the tree 

logs. Registration number and the expiration date of the transit pass are also recorded, 

without forgetting the seal and signature of the issuing officer. Finally the transit pass 

contains the seal of the checkpoint officer and his signature, for every checkpoint that 

the client will pass as defined (see Appendix VIII: Business Process Diagram) for an 

illustration of the above processes. 

 

4.1.2 Main System Users 

The central focus of this system is the client, who is the one that is being registered, pay 

bills, obtain harvesting license, clear fell trees, whose logs are hammered and 

transported, and finally is the one that is being inspected. Keeping the client as the key 
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source of information, the main system users (feeding the information into the system), 

can be identified as follows. 

 

Beginning with the licensing department, the licensing officer (or person assigned for 

licensing task) has been identified as one of the system users for log tracking system. 

The licensing officer is the one that performs tasks such as registration, generation of 

the government bill, issuing of license and issuing of transit pass. 

 

Another key system user that can be identified is the accountant. The accounting 

department is the one that verifies that all the required payments have been made and 

they issue the ERV receipts as proof of payment to the client. 

 

The current system also involves the Ranger, who is the person responsible for ensuring 

that only those areas permitted for harvesting are harvested. Moreover the ranger is the 

person responsible for marking the tree logs with the government hammer (usually the 

ranger assigns this task to a trusted personnel) and ensures that each and every harvested 

log is marked before being transported. The ranger also maintains a clear inventory of a 

particular range within a forest plantation. 

 

Finally the checkpoint inspector ensures that the transported logs are legally harvested 

and that the client who is transporting the logs is abiding with the rules and regulation 

related to forest harvesting in Tanzania. The checkpoint inspector also acts as the final 

verifier of the documents carried by the individuals who are transporting the logs. 
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4.1.3 Key Stakeholders 

Forest industry in Tanzania plays a crucial role in both the livelihood of Tanzanian 

people and the nation’s economy. Forest acts as the key source of energy both directly 

in terms of wood and charcoal, and indirectly in terms of the rivers that produce 

hydroelectric power to our nation. Operations related to licensing and transportation of 

the tree logs is connected to the following key government stakeholders. 

 

TFS is the main government agency with the sole role of governing and sustainably 

managing both forest plantations and natural forests in Tanzania. 97% of the royalties 

collected from tree produce at the forest plantation is allocated to TFS. While the 

remaining 3% is allocated to Tanzania Forest Fund. TFF is a Conservation Trust Fund 

established by the Forest Act Cap. 323 [R.E. 2002] under Sections 79 – 83, as a 

mechanism to provide long term, reliable and sustainable financial support to Forest 

Conservation and Sustainable Forest Management (SFM) in the Country (TaFF, 2016). 

 

Another key government stakeholder is the Tanzania Revenue Authority (TRA), which 

is a government authority responsible for administering various taxes of the Central 

Government. Every client before being registered must have a tax identification number 

(TIN) and tax clearance from TRA (Tanzania Revenue Authority, 2016). Clients incur 

an addition of 18% to the royalties generated from the forest produce as VAT. Moreover 

an addition of 5% of the royalties goes to the local government authority as CESS. 

 

4.1.4 Challenges of the Existing System 

Like any information system, the current system needs to adapt, change and evolve with 

time. The present age of information and communication technology provides means of 
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computerizing and automation of information systems and enables them to disseminate 

timely information that can be used in organizational decision making. 

 

After interviewing the respondents (see Appendix), going through the literature and 

observing the business processes involved in log tracking and monitoring, the following 

challenges were observed. 

 

Counterfeiting and forgery: After interviewing the respondents, the study discovered 

that clients who are harvesting tree produce illegally have been known to have their own 

forged government hammer and official office stamps. Telling the difference between 

the original government hammer marks and the counterfeited hammer marks during 

inspection requires time and advanced observational skills, hence in most cases the 

illegal harvesters may get away without being caught. Moreover the documents that are 

used to validate the authenticity of the transported tree logs can also be manipulated and 

forged using the current technology. The researcher tried to use a simple tool (Nitro 

PDF convertor and Adobe Photoshop) to edit scanned documents and it was possible to 

begin to produce registration certificates, harvesting licenses and transit passes; which 

can be used during the transportation of illegally harvested forest produce. 

 

Multiple sources of forest produce: As awareness of people with regards to the 

importance of planting trees for business, most individuals along the southern highlands 

are planting their own small plantations. This was pointed as a challenge by one of the 

respondents, since some of the illegal harvesters during inspection at the checkpoints 

might claim to have harvested their tree logs from villages surrounding the plantation, 

and it takes time to cross check the validity of their claims in time. Since Transit Passes 

are issued against the harvesting licenses, records have shown that the number of 



38 
 

harvesting licenses issued to a particular client and the TP issued do not correlate. The 

respondent continued to elaborate that the harvesters, though they are harvesting at 

government plantations, registers their transit passes at the District Foresters Office 

(DFO) as though they have harvested from private plantations, so as to cover the 

additional illegally harvested volume. 

 
Transporting more than the licensed volume: One of the respondents also reported 

that, some of the harvesters have been known to find means to transport logs more than 

the authorized volume in their license. They have been doing this using different illegal 

techniques, some of which are; 

i. It has been reported that illegal harvesters transport tree logs illegally during 

non-official hours. The time allowed to transport tree logs as defined under the 

TP is from 6:00 am to 6:00 pm. Hence if they manage to transport illegal logs at 

night, illegal tree loggers can reuse the same TP during the day to transport their 

actual licensed volume. 

ii. The TP contains the holding capacity of the transporting truck, hence if the 

harvested volume is known, the number of trips that the truck will make is also 

known and the time to finish transporting the logs is the TP expiration date. 

Since the information is stored in books, it is quite hard to really keep track of 

the trips and the expiration date. Knowing this, illegal tree loggers take their 

chances in transporting more than the allocated number of trips and if they get 

caught they might sometimes bribe the checkpoint inspector and avoid paying 

the penalty. (See Appendix VII: Checkpoint Counter Book). 
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4.2 Proposed System 

From the literature, numerous countries around the world whose economy depend on 

forestry are facing or have faced similar challenges as those in log tracking and 

monitoring in our country. To overcome some of these challenges countries like 

Sweden, Canada and Malaysia have automated their log tracking system through the use 

of RFID system. 

 

After thoroughly reading different literatures and taking into consideration the nature 

and environment of forest plantations, the researcher has chosen RFID as the model to 

be used in log tracking and monitoring. The following section contains a discussion of 

an overview of the system, requirements, analysis, design and steps taken in its 

development. 

4.2.1 System Overview 

To automate the current log tracking and monitoring system into a system that is RFID 

powered, three key components had to be present. These components involved an RFID 

tag, its reader and a middleware system that will carry the log tracking logic. The model 

and its prototype were developed solely to fit the nature of the forest environment and 

the people who will be using the system. The system will adapt and continue to evolve 

based on user needs and requirements, rather than forcing the users to learn how to use 

the system. Hence the next section will go through the key system requirements which 

were gathered during the qualitative study. 

 

4.2.2 System Requirements 

During the development of the proposed model’s prototype the following key 

requirements were gathered and analyzed thoroughly. Requirements provided the 
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foundation in the development of the prototype. These requirements can be categorized 

as functional requirements, non-functional requirements, hardware requirements and 

software requirements. 

 

Functional Requirements: the functional requirements define the key functionalities 

that the system performs. The system is not going to change the rules and regulations 

pertaining with forest governance and management, but rather it is going to automate 

some of the processes into a computerized system. The following are the key functional 

requirements that the proposed model performs. 

i. The model through the administrative panel is capable of registering system 

users and assigning them different roles that ensure each person will perform 

ones operations. 

ii. The model allows registered users to login and perform activities based on their 

roles i.e. accountants, licensing officers, rangers, and checkpoint inspectors. 

iii. The proposed model allows the licensing officer to directly register new clients, 

and also retrieve records from old clients and perform other activities, like 

updating the client information or even deleting. 

iv. The model has also the functionality of generating harvesting licenses digitally 

and physically. The electronic version will remain installed in the database, 

while the physical print out will be given to the client in case of referencing. 

v. The model has the functionality of allowing the accountant to update client 

payment information at each stage after verification of the validity of payment. 

vi. The model allows the administrator to write the tags and assign a list of tags to a 

particular ranger. 
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vii. The model allows the licensing officer to generate the electronic transit passes 

which are used as a means to validate the authenticity of the transported tree 

logs. 

viii. The model allows the rangers to assign particular range of tags to a specific 

client. 

ix. At the checkpoints, the model allows the inspector to verify the validity of the 

transported logs. 

Hardware requirements: the hardware to be used in the implementation of the RFID 

model has both technical and material constraints. The key hardware that were required 

in the implementation of the model are the RFID tag and RFID writer and reader. For 

the hardware to be used it must be able to work well in a forest environment but also it 

must be capable to perform its desired task. 

 

The chosen RFID tag was a read only, passive tag active reader, ultrahigh frequency, 

nail tags. The chosen tag was read only so as to provide security, re-writable tags can be 

tampered with by anyone with a powerful RFID writing device. The choice for a passive 

tag and an active reader was due to two key factors, a passive tag is cheaper hence more 

cost effective than an active tag, and a passive tag does not require an electric source to 

operate, meaning passive tags can work in any environment.  

 

The materials used to create the nail tag include Acrylonitrile Butadiene Styrene (ABS) 

which is a thermoplastic polymer, and durable fiber glass housing protects embedded 

electronics during installation. These materials can operate under wide temperature 

range between -20° C to +80° C. Moreover the materials are water resistant and can 
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withstand high degree of shock. Finally the materials can be easily installed on the logs 

simply by hammering using any common hammer, hence no special skills required. 

 

The chosen reader is an active handheld device Caribe PL-40L, with android version 5.1 

and an additional RFID reading module. The device is capable to operate up to a 

frequency of 125kHz. Moreover the reading software module can easily interact with 

the online central server by using internet connection from either wireless or from any 

mobile operator (see Appendix VI: RFID Tag And Reader). 

Non-functional requirements: the developed system had to meet the following key 

non-functional requirements, so as to actually meet user’s needs. 

i. Usability: for any system to be usable it must be easy to understand and appear 

in a familiar interface that users can interact with. The system was made using 

Swahili language, a language that allows its system users to easily understand 

the key functionalities and operations of their systems as they are using the 

system. Moreover the system uses a GUI interface that allows individuals to 

easily interact without the need to know what is actually happening in the 

background. Moreover the fact that to install the tags you merely have to 

hammer it on the tree log, allows any one even without special skills to install 

the tags. 

ii. Security: in terms of security, the system is made secure through both hardware 

and software. The fact that the tags are read only, makes it impossible for 

anyone to change the values of the tags id. Moreover the middleware software is 

created with user access control mechanisms in mind, only those users registered 

by the system administrator are the ones who are able to use the system. Though 

it was not possible to implement in the prototype, the model requires secure 
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channels to be used during transmission of data from the server to the reader and 

from the desktop applications to the online server. 

iii. Fault tolerance: The system can operate even when there is a network failure, the 

system was designed in such a way that it can work in both conditions with or 

without an internet connection.  

iv. Inter-operability: The system was developed using java, which allows it to 

operate in a range of different operating systems (mac pc, windows pc or Linux). 

The mobile app was developed to operate from android version 4 and above, 

hence any android mobile phone with higher operating system and with the 

RFID reading module can be used by the checkpoint inspectors. 

4.2.3 System Analysis 

The system was developed to meet users’ requirements and needs; it was customized 

and tailored to meet the nature and the environment of the users. The following section 

is about the analysis of the users’ requirements based on Unified Modeling Language 

(UML).  

 

4.2.3.1 Use Case 

The following use case is designed based on the system requirements gathered from the 

interviews and observation. The use case clearly shows the key system users and the 

functionality that each user performs in the RFID based licensing system (see Figure) 

 
In its development the following key actors who will interact either directly or indirectly 

with the system were identified. The system administrator acts as the main operator of 

the system, with the role of managing other users and keeping record of the RFID tags 

that will be used to track the transported tree logs. Another key actor is the licensing 
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officer, who shall be conducting all the major licensing related activities (see Appendix 

VII: Use Case Description) for brief use case description. Furthermore the client has 

also been identified as an actor, since the client is the key focus of the system from 

registration, licensing, harvesting, inspection until reporting. 

The accountant and the ranger shall also play a key role in the system; the accountant 

shall be the one verifying the authenticity of the payment claims from the clients, while 

the ranger will be the one installing the RFID tags on the transported tree logs. When 

the logs are in transit, the truck carrying the logs, shall pass through different 

checkpoints whereby a checkpoint inspector shall be carrying a mobile RFID reader to 

check the authenticity and validity of the transported tree logs. These activities shall be 

recorded on a database, whereby the manager can view through a web portal the daily 

reports of the transported tree logs at a particular route. 

 

4.2.3.2 Activity Diagram 

The activity diagram is a diagram that shows activities and actions to describe 

workflows(Bennet, McRobb, & Farmer, 2016). The following activity diagram 

describes the flow of activities that different users are interacting with the system will 

go through. 

 

The system administrator is the main system controller. The activity diagram (see 

Figure 7: Administrator Activity Diagram)clearly shows that the administrator is 

allowed to use the system only after successfully logging into the system. The system 

was designed to allow the administrator to access the system only through a desktop 

application. The panel displays the system menu as tabs, through which the 
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administrator can select the activity to perform. Two main categories can be seen, one 

being managing the RFID tags, and the other being managing system users. 

Figure 6: Use Case Diagram 
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Figure 7: Administrator Activity Diagram 

 

Licensing Activity Diagram: The licensing activities involve more than one system 

users. It involves the licensing officer, the accounting unit, rangers and checkpoint 

inspectors (see Figure 8: Licensing Activity Diagram (Registration and Bill 

Payment).And Figure 9: Licensing Activity Diagram (Harvesting and 

Transportation).). The activity diagram assumes that all system users have been 

registered by the administrator. Also it assumes that the client has already been selected 

by the harvesting committee to harvest at the Sao Hill forest plantation. 

 

The activity diagram shows how the client initiates the activities after receiving the 

harvesting approval letter, and the registration fee that the client is required to pay in 

order to get the registration certificate. The licensing officer receives the ERV from the 

client and begins to register the client on the desktop application. The client is then 

issued the registration certificate and the bill which the client is required to pay in order 

to obtain the harvesting license. After bill payment has been approved by the accounting 

unit, the client can now get the harvesting license from the licensing officer. The license 



47 
 

will be printed out from the desktop system, and the client will carry it to the field at all 

times during the harvesting process. After the client has finished harvesting processes, 

the ranger will install the RFID tags on the tree logs by hammering them. The RFID 

tags shall be installed in one out of every four logs. Then the client will be allowed to 

carry the logs to the destination point. Thereafter the client shall pass at checkpoints for 

inspection. The following section shall provide a general overview regarding the 

activities involved during inspection. 

 

Checkpoint inspector activities: At every checkpoint, the checkpoint inspectors shall 

be provided with android powered smart phones with RFID reading capabilities. The 

RFID reading smart phone has a mobile app, which receives its information from the 

online database server. When the client passes a checkpoint, the checkpoint inspector 

will approach the car and begin the inspection processes (see Figure 10). 

  

First and foremost the mobile app will prompt the checkpoint inspector to enter the 

login credentials, and thereafter the checkpoint inspector will place the reader in range 

with the tags. The reader will read the tag ID’s and get all the information regarding a 

particular client. After the checkpoint inspector observes the information presented, the 

inspector will observe the truck transporting the tree logs so as to confirm on the 

validity of the information. If the information presented by the mobile app is not the 

same as the information the checkpoint inspector is observing, then the checkpoint 

inspector will simply stop the client from transporting the logs, until the client pays the 

penalty fee for a particular misconduct. If the information registered is the same as the 

information observed, then the checkpoint inspector can allow the client to proceed and 

the checkpoint inspector can logout and shut down the mobile app. 
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It should be remembered that, all the information gathered from these multiple points 

are submitted and recorded to an online database. This information shall enable the 

management to observe and view report at any point in time and get reliable information 

that they can use for decision making. The following section will go through the 

activities with which the management group shall be able to perform when they are 

using the system. 

 

Management activity: The management group of users will be accessing the system 

through the web portal. The system shall allow the managers to view different reports 

regarding different plantation activities (seeFigure 11). 
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Figure 8: Licensing Activity Diagram (Registration and Bill Payment). 

 



50 
 

 

Figure 9: Licensing Activity Diagram (Harvesting and Transportation).
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Figure 10: Checkpoint Inspector Activity Diagram 
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Figure 11: Management Activity Diagram 

 

The above analysis laid the foundation to the designing of the system until the 

realization of the system’s prototype. The following section contains description of the 

system designs. 

 

4.2.4 Model Design 

To realize the model, different designs were developed, evaluated, redeveloped and 

reevaluated until a point was reached that the model was stable for initial prototype 

developed. The main model designs that were consider during the development of the 

prototype were the model architectural design, Entity Relationship Diagrams, Class 

diagrams until finally the system interface designs. 
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4.2.4.1 Model Architecture 

The prototype was developed using distributed database systems. The main database 

was installed on an online cloud server, and different devices where communicating to 

the online database. This architecture was chosen mainly because most of the forest 

locations experiences poor internet connection, especially at the checkpoints. The 

checkpoint inspector using their mobile devices will be required to update their database 

only at particular instances instead of always being online to get the data. 

 

Figure 12: Architectural Diagram 

The manager can easily access the system from any device and be able to view the 

reports. The licensing and the accounting departments can also access the system using 

the desktop terminals and keep records of the clients, whether there is an internet 

connection or not, but they should make sure to update the online system whenever they 

get internet connection. 

4.2.4.2 Database Design 

During the prototype development, the database was designed following ANSI SPARC 

levels of Database Management System. The design involved the physical, conceptual 
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and later the logical schema with which different system users interact with. This 

separation of schema, acts as assurance users will interact with only the part of the 

system that they are allowed to interact with. Moreover the use of ANSI SPARCK 

architecture allows for room for separation of concern, in the sense that different 

devices that will be accessing the system can easily retrieve the information that they 

really need, this saves the execution and processing time and makes the system fast and 

highly responsive. 

 

Figure 13shows the main database Entity Relationship diagram. Combining use case 

descriptions and through observation of how the current system is operated, the 

following database was realized after a series of designing and redesigning. The entities 

identified normalized to minimize data redundancy and relations were created to ensure 

that the data contained can be easily referenced to provide the system users with the 

desired output. Finally views were created which provided the logical schema with 

which the system users will be interacting with. The views ensure that the key physical 

schema remains unaltered which ensures that different users accessing the system from 

different devices will have the same data. The android powered RFID reader has a 

different database. This helps to ensure that the system can continue to operate with the 

existing data even when there is no internet connection. The mobile app’s database has a 

database with only one table that mimics the existing transit pass view of the online 

database. 
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Figure 13: Online Database Design
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4.2.4.3 Class Diagrams 

After the database was operational different classes were created in order to simply the 

programming of the system. Figure 14shows some of the classes used in the 

development of this system and the logic used in their interaction. The class diagrams 

only provided the general architecture on how different classes will associate with one 

another, how data will be passed from one class to the next and finally how some classes 

will inherit their values from the main class. In the realization of the system, other 

classes were generated by the Integrated Development Environment (IDE), and other 

classes were created during the creation of the web services that enabled the 

communication of the database from the online database to other databases which exist 

on the user’s devices. 

 

The user class defined the foundation for the licensing officer, ranger, accounting 

officer, checkpoint inspector, manager and the system administrator since all of them 

inherits their key attributes and operations from the users’ class.  The client has an 

aggregate association with the client category, whereby a list of the created client 

categories will be populated to the client class. A similar aggregate association can also 

be observed between RFID tags and the transit passes, whereby a list of RFID will be 

assigned to a particular transit pass which will be carried saved online, and when the 

checkpoint inspector inspects the logs, the RFID tags allow the inspector to get all the 

information of a particular client. 
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Figure 14: System Class Diagram 
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4.2.5 Prototype Development 

A clear system design paves way for a clearer and faster system development. Using 

the right language and the right tool also simplifies the task of system development. 

The following section describes the language and the tools chosen to develop the RFID 

based log tracking and monitoring prototype. 

 

4.2.5.1 Language Choice 

The languages that were used in the development of this particular system were mainly 

Java programming language and PHP server scripting language. Other languages that 

were used involved javascript for the web system’s Document Object Model (DOM) 

manipulation and Cascading Style Sheets (CSS) for interface interactive and responsive 

interface designs. For the case of the desktop interface the swing widget was used to 

simplify interface designing and development. And finally java for android 

programming was used in the development of the mobile app. 

 

Since the mobile app had an addition module for reading the RFID tags using the tag 

reading hardware installed on the android phone, an addition java library for serial port 

was used so as to take control of the tag reading hardware. It is an Open Source 

package that provides Java applications with access to serial ports via a single, straight 

forward interface class. The serial port enables the mobile app to be able to start the 

RFID reader, get the value from the RFID tags which were further manipulated by java 

to retrieve the client information from the database. 

 

Java programming language was chosen for the development of the desktop application 

and the mobile app since it allows the application to work in any operating system and 

on any device. Whether it is linux based, windows based, or MAC OS powered device, 
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java will simply run on that system. PHP on the other hand was chosen for the server 

side due to the fact that it was the developer was familiar with the language, and it is 

compatible with most database management systems. The final fact is that the above 

languages are open source and free to use, hence minimized a lot of cost in the 

development of the system. 

 
The database on the other hand was developed using MySQL database management 

system for the online database, and SQLite database management system for the mobile 

application and the desktop application. MySQL was chosen due to the fact that it is 

also open source and free, hence it was a good candidate for the prototype 

development, but in its final realization Oracle Database Management System will be 

deployed due to its robustness, security, scalability and high storage capacity.  

 

On the other hand SQLite was chosen due to its ability to become an integral part of the 

application program. SQLite provides temporary storage for the data captured from the 

online server, which allows the clients to easily use their system even when there is no 

internet connection, and they can later synchronize their data to the online database 

once they have internet connection. Unlike client–server database management 

systems, the SQLite engine has no standalone processes with which the application 

program communicates(Owens, 2006).  

4.2.5.2 Tools Used 

To realize the prototype different tools were used. From designing to development, a 

clear system design simplified the software development part. During system design, 

Visual Paradigm and Dia modeling software where used in UML creation and the 

software architecture design respectively. In the development of the application 
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NetBeans IDE 8.0 was chosen to be the best programming development software. The 

reasons as to why NetBeans was chosen are as follows: 

 

NetBeans was chosen as the great candidate for developing the software mainly 

because it is an all in one solution. It allowed the system developer to focus on what 

needs to be developed rather than how it can be developed. NetBeans auto generates 

most of the key functions that were used during development. Using NetBeans as the 

IDE simplified the database creation process, entity class generation from the database, 

interface design using swing plugin, PHP server side scripting and even android 

development using android plugin. Hence NetBeans was one stop solution for all 

development challenges. Being open source and free, using NetBeans minimized most 

of the costs in the development and realization of the prototype 

Being light and requiring minimum hardware specification as compared to other IDEs  

Table 2: System Development Environment 

MINIMUM REQUIREMENTS SYSTEM USED 

Windows XP Profession SP3 Windows 7 Professional 64-bit 

Processor: 800MHz Intel Pentium III or 

equivalent 

Processor: Intel(R) Core(TM) i3-3217U 

CPU @ 1.80GHz (4 CPUs), ~1.8GHz 

Memory: 512 MB Memory: 4096MB  

Disk space: 750 MB of free disk space 

 

Disk space: greater than 50GB of free 

disk space 

 

XAMPP was chosen as the best tool to run the system locally before uploading it on the 

web server. XAMPP stands for Cross-Platform (X), Apache (A), MariaDB (M), PHP 

(P) and Perl (P)(Abbreviations.com., 2016). It is a simple, lightweight Apache which 
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made it easy to conduct system testing before actual deployment of the system on the 

web server. 

The online webserver used was paid for and it contained apache server and MySQL 

database which could be easily accessed through the web control panel cloud service 

interface. The domain name used was also paid for, and this allowed the database to be 

linked to other systems simply by referencing the server name on the mobile or desktop 

application.  

 

4.2.5.3 Interfaces 

In computing, an interface is a shared boundary across which two separate components 

of computer system exchange information. The exchange can be between software, 

computer hardware, peripheral devices, humans and combinations of these(Patterson & 

Hennessy, 2005). During the development of the prototype two major groups of 

interfaces were identified and these include the users’ interface and the system 

interfaces. The user interfaces is the point where system users were interacting with the 

system, while system interfaces are the major points where different component of the 

system were communicating. The following section provides an overview of the 

consideration on how the interfaces were implemented. 

 

User Interfaces: The user interfaces can mainly be categorized into three main groups 

based on the devices that are used to access the system. These system users include 

users who will be accessing the system from the desktop application, users who will be 

accessing the system from the web browser and users who will accessing the system 

using the android powered RFID reading device. 
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The desktop application was created using JavaSwing GUI builder. The interface was 

created to simplify data entry process, to be interactive and to be able to control 

important values are not missed during the data entry process (see Figure). The 

interface is implemented using Swahili language; so as to allow any user to easily 

understand what processes needs to be applying, to simplify the learning process and 

above all to make the system easily adaptable. 

 

Figure 15: Desktop Interface 

 

The checkpoint inspector will be viewing the system using the mobile application 

named RFID. The mobile app will allow the inspector to easily check all the relevant 

details regarding a particular client by only using a mobile application. The interface 

consists of the user login page, which ensures that only the intended inspect will be 

allow to inspect a particular truck in transit (seeFigure 16). 
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Figure 16: Mobile Login Page 

After successfully login, the checkpoint inspect will be provided with another interface 

whereby he will be required to place the tag in line with tag reading module and simply 

press the soma button (see Figure 17). 
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Figure 17: Reading Mobile Interface 

After all activities have been done, the manager can easily come and view daily reports, 

on the number of registered clients, number of harvesting licenses issued and even 

details about different trucks in transit based on the inputs from the users (seeFigure 

18). 
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Figure 18: Web Interface 

 

System Interfaces: the system interfaces can be categorized into mainly two groups. 

There is the hardware to software interface and the software to software web service 

interfaces. The hardware to software interface is the interface between the reading 

module and the mobile application. This interface is accomplished by the serialport.jar 

java library which enables the mobile application to manipulate and control the RFID 

tag reader (see Figure 19). More over the Webserver communicates with mobile 

application and the desktop application through the webservice.php class that enables 

the two classes to communicate with the web server. 
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Figure 19: Component Diagram 

 

4.2.6 System Testing 

The system was tested using local run time development environment, these includes 

the XAMPP server which provides an environment that mimics a web server, and 

hence enabled to capture errors which were generated from different system 

components. NetBeans also has a debugging interface which enables to capture error 

that were generated by the java programs as they were developed. 

 

4.3 System User’s Assessment 

As the final objective of this research a questionnaire was distributed to different 

system users, mainly to those who will be directly or indirectly interacting with the 

system. The aim of the questionnaire was to see on whether the prototype can be 

adopted or not. The questionnaire was analyzed using SPSS and Microsoft Office Excel 

2013. 

 

This section is further divided into four subsections, based on the information gathered 

from the questionnaire. These sections includes the social-economic characteristics of 

the respondents, assessment of prior experience of the respondents with RFID, reaction 
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of the system users after using the prototype, and finally overall system rating from the 

respondents. 

 

4.3.1 Social Economic Characteristics 

According to information in the Table 3, the majority of the respondents (about 66%) 

were males. This could be solely due to the harshness and dangers of forest 

environment. It shows that most of the male foresters are assigned tough tasks like 

those of rangers or checkpoint inspectors. As for age 42% of the respondents were 

between the age of 26 and 35, followed by 32% whowere between the age of 36 and 

45. On average 74% of the respondents are between the age of 26 and 45, this might be 

due to retiring of people who are older and also most of the experts are found between 

the ages of 26 and 45. 

 

Regarding education 74% of the respondents had college or university level education; 

this was due to the fact that the study was focused on expert users who will interact 

with the system. And to be a forester one must at least have a certificate from any 

recognized and accredited higher learning institution offering forestry courses. The 

level of education also shows that, most of them are literate in both Swahili and English 

language, and also it shows that they are familiar with ICT and have at some point in 

their lives interacted with computer systems. 

 

In case of marital status 64% of the respondents were married. This helps to identify the 

need of simplicity in relatively time consuming tasks, since most of the respondents 

have families who are also in need of their time and attention. The simplicity offered 

through automation of log tracking systems shall allow them to save time. The results 

also indicate that about 42% of the respondents were rangers; this is mainly because 
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they are the basic unit of forest management. Rangers are the ones that maintain and 

oversee the harvesting activities. Followed by 22% of Operational services (OS), who 

are temporary hired personnel that provides assistant to foresters, in either engraving 

the hammer marks on tree logs, assisting checkpoint inspector in keeping track of 

trucks in transit, and also in data entry and record management. 14% percent of the 

respondents were checkpoint inspectors; this was mainly because the forest plantation 

has only temporary checkpoints that are normally placed in areas with high volume 

harvesting activities.  
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Table 3: Social Economic Characteristics 

Variable Variable decription 
Location 

Total Percentage Head Quarters Division I Division II Division III Division IV Other 

Gender Male 3 4 6 10 8 2 33 66 

Female 4 2 4 4 0 3 17 34 

Total   7 6 10 14 8 5 50 100 

Age Group 18-25 1 0 1 0 0 0 2 4 

26-35 3 3 5 6 4 0 21 42 

36-45 2 2 2 3 2 5 16 32 

46-55 1 1 0 3 2 0 7 14 

>55 0 0 2 2 0 0 4 8 

Total   7 6 10 14 8 5 50 100 

Level Of Education No School 0 0 0 1 1 0 2 4 

Primary School 0 1 2 2 1 0 6 12 

Secondary School 1 0 0 2 1 2 6 12 

College/University 6 5 8 9 5 3 36 72 

Total   7 6 10 14 8 5 50 100 

Occupation Licensing Officer 3 0 0 0 0 0 3 6 

Accountant 3 0 0 0 0 0 3 6 

Checkpoint Inspector 0 0 2 5 0 0 7 14 

Ranger 0 5 6 5 5 0 21 42 

Operational Service 1 1 2 4 3 0 11 22 

Client 0 0 0 0 0 5 5 10 

Total   7 6 10 14 8 5 50 100 

Marital Status Single 3 2 5 4 3 0 17 34 

Married 4 4 4 10 5 5 32 64 

Widow/Widower 0 0 1 0 0 0 1 2 

Total   7 6 10 14 8 5 50 100 
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4.3.2 Prior Experience with RFID 

After getting their social economic characteristics, the study determined whether the 

respondents had prior experience with RFID technology. This experience was not 

necessarily in the form of nail tags, but it was either whether they had seen RFID based 

system before. Only 36% percent of the respondents had at least once, experienced or 

used RFID powered systems. This was either in the form of car key holders, hotels that 

used RFID cards to open doors or some of the respondents had to chance to attend a 

conference in Malaysia, were they had firsthand experience of RFID used in log 

tracking systems. After using the system, the remaining 64% percent had an experience 

of basically how RFID systems work. And the following section as a review based on 

their experience.  

 

Figure 20: Users with prior experience of RFID (Field data 2016) 

 

36%

64%

PRIOR EXPERIENCE WITH RFID

Yes No
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4.3.3 Users Views after Testing the System 

Users were first introduced to the system by a video demo, which was easily distributed 

using WhatsApp mobile messaging app to those connected to the service. At the time 

they were presented with the system, they had a general idea of how the system works. 

Basically the mobile app has only two interfaces, the first one being the login interface 

and the second one being the RFID reading results interface. Figure 21: User's response 

on the system's ease of use shows a histogram displaying different users’ responses 

based on their occupation.  

 

Figure 21: User's response on the system's ease of use 

 

Most of the rangers and the checkpoint inspectors found the system easy to use, since 

their view of the system is on a mobile application. The licensing department and the 

accounting department on the other hand, who shall be using the desktop application 

found the system hard to use at first. The desktop system will require more training to 

the system users, so that they can completely become familiar with the system and 

begin to use it more effectively. 
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The overall results (see Figure 22) shows that 62% of the users presented with the 

system found the system easy to use while 24% where un sure and 14% completely 

found the system hard to use. 

 

Figure 22: Overall ease of use results 

 

After gaining an insight on the users experience with the system, the questionnaire 

probed user’s willingness to adapt to the new system.Figure 24 shows that out of 50 

respondents, 33 of them were willing to adopt and begin using the new system. This 

was attributed mainly due to its simplicity and reliability when it comes to information 

retrieval. 

 
After reviewing users’ willingness to adapt to the new system, the research further 

inquired their response on whether or not the automated system simplifies record 

management. Record management in the current paper and document based system is 

quite challenging, especially when it comes to retrieval of key reports or information 

regarding a particular activity. 
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Figure 23: Users' willingness to adapt to the new system 

 

Being powered by an online database, the system allows storage of key client 

information to an online server which allows different users to obtain the information at 

any time and any place. The online database allows system users to view reports even 

when they are not at the office, as long as they have the relevant credentials. Figure 24 

shows that 36 out of 50 respondents agreed that the system will simplify record 

management. 

 

In general after users experienced how the system works 62% of the respondents, found 

the system easy to use, while 66% and 72% were ready to adapt to the new system and 

agreed that the system simplifies record management respectively. 

Finally after obtaining users’ inputs on their experience with the system, the research 

continued to obtain how their overall system rating in a scale of one to five. The 

following section is the overall result of users’ rating. 
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Figure 24: Simplify record management 

 

4.3.4 Overall System Rating 

Using a scale of one to five to rate the system (see Appendix XII: Questionnaire), with 

one being excellent and five being poor, the mean rating was 1.74.The value was 

obtained using SPSS (see  

Table 4: Mean System Rating). 

Table 4: Mean System Rating 

System Rating 
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N Valid 50 

Missing 0 

Mean 1.7400 
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This shows that the overall system rating was approximately 2 which lies in the range of 

Very Good. Figure shows the overall system rating chart, 52% of the respondents rated 

the system as excellent, 26% rated the system as Very Good, followed by 18% that rated 

the system as Good. 

 

Figure 25: System Rating 

 

4.4 Chapter Summary 

The chapter begins by studying how the current system works, and highlighting the 

challenges facing the current system. From there, the chapter continues to explain how 

the system requirements were gathered and how a working prototype was developed 

using RFID as a means to identify the tree logs. Furthermore the study conducts a 

system users’ acceptance test using questionnaire as its research tool, to obtain an 

insight on how users perceive the new system and their willingness to adopt to it. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Identification is one of the best means of keeping track of any item or record. Using 

proper means of identification helps in the authentication and validation of various 

resources and information. Forestry as an industry has been facing challenges in the 

identification of their products. Numerous techniques have been invented and used to 

tackle the challenges that arise from identifying forest produce. The main objective of 

this study was to explore application of RFID technology in tracking and monitoring of 

tree logs, as an alternative to log stamping. To achieve it, the study had to understand 

how the current system works, and assess its challenges. Furthermore the study 

reviewed numerous RFID technologies so as to obtain the best technology that can be 

applied at Sao Hill forest plantation. Finally the study performed a users’ acceptance 

test so as to assess their willingness to adopt to an RFID based system.  The following is 

a brief summary of the questions answered by this study. 

 

Through interviewing experts in the field of forestry and reviewing various literatures 

with regards to rules and regulations pertaining to forest management, the study 

discovered how the current is operated. Furthermore using similar methods the 

challenges pertaining to the current system were identified. After understanding the 

current challenges, and reviewing how other countries have solved similar challenges. 

The research explored how RFID technology can be applied as an alternative to log 

stamping technique. This involved the automation of the current system, which was 

only possible after gathering relevant system requirements. 
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The appropriate RFID technology that can be used in the context of Sao Hill forest 

plantation was obtained after gathering the system requirements. These requirements 

were gathered based on the system users and the environmental condition. After 

studying how other countries like Sweden, Malaysia and German have applied the 

technology, and inquiring to RFID tag manufacturers Tableshows the features of the 

tags used to develop the RFID prototype. 

 

Table 5: Features Of RFID tag 

Feature Selected 

Form Factor Nail Tag 

Material 

  

ABS 

Fibre Glass 

Frequency Low Frequency 

Price 0.38 USD 

 

Furthermore, the middleware system with which the RFID reader queries information 

pertaining to a specific tag was developed using Swahili language, making it 

understandable. The system also took into consideration internet connection challenges, 

hence it was developed to operate even when the user if offline once the user has 

synchronized the latest data from the central online server. 

 

Finally after users were presented with a working prototype their willingness to adapt to 

an RFID based system was analyzed. This was conducted using a questionnaire, 

whereby users were requested to fill after experiencing/using the prototype. The results 

shows that 64% of the respondents had no prior experience with RFID, but even so 62% 

found the system easy to use, while 72% agreed that it simplifies record management 

and 66% were ready to begin using the new system. The overall system rating was 
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approximately 2, which is translated as Very Good according in respect to the 

questionnaire. 

 

The research shows that RFID systems in the context of Tanzania forests can be used 

and applied in forestry management. Though there is a high cost in the initial 

configuration and installation of RFID based log tracking systems, but once the system 

are up and running the research has shown that they can be easily applied and used. 

 

5.2 Recommendations 

As a recommendation of the researcher, further studies still need to be conducted to 

understand the risks related with the RFID based log tracking system and those related 

to the current system. The risks should also take into consideration matters concerning 

the security challenges that can be posed by RFID based log tracking system, whether 

they are hackable, and what will happen if other people will begin to manufacture their 

own tags with their own IDs that are a direct replica of the IDs used in the prototype. 

 
During the study, it was recommended by one of the respondents, that rather than using 

RFID to identify tree logs, the system could be developed to identify clients instead. 

The respondent continued to argue further on the importance of identifying the clients, 

by stressing that if the registered clients could be identified using special RFID cards, 

then the system would not only be limited to checkpoint inspection but even to other 

activities like verification of the harvesting license, keeping track of the harvesting 

license expiration date and even in imposing rules and fees. The card could be used as a 

passkey to only authorized tree dealers, which could help to minimize the challenge of 

differentiating illegal harvesters from authorized ones within the forest plantation. Most 

of these illegal harvesters (known by the name Vikafu) claim that they are only 
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scavenging on the tree remains left by harvesters, while in reality it has been reported 

that they are also stealing stacked private or government logs. 

 

Finally, there is a need to conduct multidisciplinary studies that links computer science 

to other industries in Tanzania. Learning computer science without putting it in 

application to solve real life challenges is the same as not learning computer science at 

all. Technology is a tool and it needs to be used so as to actually impact people’s lives. 

Doors should be opened that will allow computer scientist graduates to easily perform 

their research in other disciplines. 

 

5.3 Further Studies 

The developed prototype needs to be further improved so as to accommodate other 

forest activities such as harvesting license and forest road reserve permit. Furthermore, 

the system has to provide an interface and be able to communicate with other systems. 

These systems include TRA and Local government business licensing systems. On its 

successful operation, TRA and the local government would be able to keep track of 

revenues generated from forest industry. 

 

Further research also needs to be conducted on application of special RFID tags that can 

be used as means to identify clients rather than tree logs. These special cards would be 

used in every step of the harvesting cycle.  
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Appendix I: Map of Sao Hill Forest Plantation 
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Appendix II: Registration Form 
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Appendix III: Harvesting License 
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Appendix IV: Transit Pass 
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Appendix V: Government Hammer 

 

Front Side Of The Hammer 

 

Back Of The Government Hammer 

 

 

 

 

 



87 
 

Appendix VI: RFID Tag And Reader 
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Appendix VII: Use Case Description 

ACTOR USE CASES DESCRIPTION 

Administrator Register system users  The system allows the administrator to 

register new system users, and providing them 

with a username and password. 

 Manage user's accounts The administrator manages user’s accounts by 

helping them to recover their password in case 

they forget them, or changing their roles and 

location if it occurs they have been shifted 

from one position to another. 

 Assigning roles  The administrator is also the one that assigns 

roles to different system user groups. 

 Recording the range of RFID 

tags to a TP 

Moreover the administrator records the range 

of tags that have been issued to a particular TP. 

 Records range of tangs to a 

particular ranger 

The administrator also keeps records of the 

range of tags that have been issued to a 

particular ranger. 

Licensing Officer Login  Login is the first use case of any system user. 

Since it is the main means of authenticating 

and ensuring that only those authorized to a 

particular task are the ones that are 

performing it. 

 Register new client The licensing officer is the one that registers 

new clients in the system. 

 

 Calculate bill The system also allows the licensing officer to 

calculate the bill based on the amount of 

volume the client will harvest.  

 Issue harvesting license The licensing officer can also issue harvesting 

license to the client. 

 Issue tp  Finally once the client is ready to transport 

the logs, the system allows the licensing 
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ACTOR USE CASES DESCRIPTION 

officer to issue Transit Pass to the client. 

 Manage client details  The system also allows the licensing officer to 

manage client details. 

Client Registered  The client is registered by the licensing officer 

 Pay bill The client pays the bill generated by the 

licensing officer 

 Acquire harvesting license The client is issued a harvesting licensing from 

the licensing officer 

 Clear fell The client goes to the allocated plot and begin 

to harvest trees as instructed by the ranger 

 Transport tagged logs The client begins to transport the tree logs, and 

passes the inspection checkpoints. 

Ranger Install RFID tags on logs  The ranger shall hammer the nail tags on one 

log out of every four logs in the stack 

 Oversees the harvesting 

activities 

The ranger shall oversee the harvesting 

activities and ensure that only those 

individuals with the harvesting license are the 

ones allowed to harvest 

Accountant Records payment details  Ensures that the clients pays the amount that 

is required to be paid. And is the one that 

maintains a record of all the payment made. 

Checkpoint Inspection of logs in transit The checkpoint inspector is the one that will 

carry the tag reader, and ensure that the 

transported tree logs have been legally 

harvested and transported. 

 Reads the RFID tags with the 

reader 

 The checkpoint inspector shall be carrying the 

mobile tag reader at all times, and after 

logging in into the system can get the value of 

tags installed on the logs, and from them can 
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ACTOR USE CASES DESCRIPTION 

get the information regarding a particular 

client. 

Management View reports  The management group, views daily reports 

through a web portal that will allow them to 

get daily updates of the track in transit, 

registered clients, and the total volume 

harvested. 
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Appendix VII: Checkpoint Counter Book 
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Appendix VIII: Business Process Diagram 
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Appendix IX: UDOM Letter 
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Appendix X: Permission Letter 
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Appendix XI: Interview Questions 

SEMI STRUCTURED INTERVIEW QUESTIONS: 

1. How is the current system operating? 

2. Who are the key stakeholders of the system? 

3. Who are the key actors / users who directly interact with the system? 

4. What are the key challenges of the current system? 

5. Is there a need to change the system? 
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Appendix XII: Questionnaire 

Questionnaire 

Sao Hill Forest Plantation 

INTRODUCTION 

 

 

My name is SHEGHEMBE, BAKARI from College of Informatics and Virtual 

Education in The University of Dodoma. am doing research on the feasibility 

assessment on the applicability of Radio Frequency Identification in log tracking 

and monitoring. I choose Sao Hill Forest Plantation as my case study. 

The study aims to assess whether it is possible to apply RFID technology in tracking 

and monitoring of tree logs, instead of using the procedure of stamping logs for 

identification. To achieve this objective; 1) the existing system was explored, to 

understand how it works and identify its challenges. 2) A model was later developed 

based on applying RFID in the log tracking and monitoring chain 3) A prototype has 

been developed based on the defined model and users’ will need to be assessed on 

whether the system is adoptable or not. 

The findings of this research will help the government to capture real time data of 

forest in produce. It will automate the inspection activities conducted at the 

checkpoints, and hence minimizing the tedious task of inspecting and recording. 

Apart from that, since the study is multi-disciplinary study, it will open door to other 

Computer Scientist who might wish to conduct studies in the forest industry. 
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I humbly request your opinion on your experience when using this particular system. 

Name of 

Researcher:…………………………………………………… 

Signature:……………………………………………………… 

Date:…………………………………………………………… 

A: PERSONALDETAILSOFRESPONDENT 

1. Location a) Head Quarters… 

b) Division I……… 

c) Division II…….. 

d) Division III…… 

e) Division IV….. 

f) Other………… 

 2. Gender of respondent: 

(Not asked only observed) 

a) Male… 

b) Fe-male…... 

3. Age of the respondent: a)  18-25………… b) 26-

35………… c) 36-

45…………. d) 46-

55…………. e)  

Above55…….. 

4. Level of Education: a) No School ………………. 

b) Primary School …………. c) 

Secondary School ……… d) College/ 

University…….. e) Other 

(Specify)………… 

…………………………… 

5. Occupation: a) Licensing Officer……… 

b) Checkpoint Inspector….. 

c) Ranger…………………. 

d) Office Assistant……….. 

e) Client …………………. 

 

 

6. Marital Status: a) Married………………… 

b) Divorcee/Divorced…….. 

c) Widow/Widower………. 

d) Single………………….. 

e) Other (Specify)………… 



98 
 

B:   USER’S EXPERIENCE WITH RFID TECHNOLOGY 

 

6. Have you ever used RFID tags? 

Example. 

-Tags used to open doors. 

-Tags to track parcels at the 

airport 

 

a)  No ………………………….. 

 

b)   Yes………………………… 

7. Is the system easy to use? a) Yes……………… 

b) No……………… 

c) I don’t know….. 

8. Will you be willing to adopt to 

the new system? 

a) Yes………………. 

b) No……………… 

c) I don’t know….. 

9. In your opinion will the system 

simplify data recording and 

management? 

a) Yes………………. 

b) No……………… 

c) I don’t know….. 

10. In a scale of 1-5 how will you 

rate the system? 

a) Excellent 

b) Very good 

c) Good 

d) Not so good 

 

e) Poor 

 

 

 

“THANK YOU  FOR  SPENDING  YOUR  TIME  PARTICIPATING  IN  THIS 

RESEARCH’’ 


