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QD�RKHGIHDST�FKE�UHFGCDHI�VICCS��EDFWE�CX�FKE�RKHG�YES��WCZZ��C[GEF\�GZ�WEZBCDZG]IE�XCW�
]ICCS�[CIIE[FGCD�HDS�SGZFWG]^FGCD�FC�KCZBGFHIZ�_GFKGD�FKE�DEF_CW`�DHFGCD_GSE7��VICCS�SGZFWG]^FGCD�GZ�
HD� GJBCWFHDF� H[FGaGF\�_GFKGD� FKGZ�]ICCS� Z^BBI\�[KHGD�_KG[K� GD[I^SEZ� FKE�YELGCDHI�VICCS��EDFWE�
HDS� DEF_CW`� KCZBGFHIZ7� UC_HSH\ZT� JHD\� YELGCDHI� VICCS� �EDFEWZ� GD� RKHGIHDS� [CDXWCDF� _GFK�
GDEXXE[FGaE�[CJJ^DG[HFGCD�[KHDDEI�HDS�GDZ^XXG[GEDF�GDXCWJHFGCD�FC�X^IXGII�GFZ�C]IGLHFGCD7�RK^ZT�FKGZ�
IEHSZ� FC�HD� GDH[[^WHFE�]ICCS�SGZFWG]^FGCD�HDS�H�_HZFE�CX� FGJET�_KG[K�[HD�]E�KHWJX^I� FC�BHFGEDFZ�
_GFK�[WGFG[HI�[CDSGFGCDZ7��RKE�JHGD�C]bE[FGaE�CX�FKGZ�WEZEHW[K�GZ�FC�SEaEICB�H�_E]c]HZES�Z\ZFEJ�FC�
JHDHLE�]ICCS�WEd^GZGFGCD�_GFKGD�FKE�]ICCS�Z^BBI\�[KHGD7��RKE�Z\ZFEJ�_HZ�SEZGLDES�FC�[CBE�_GFK�
FKGZ�BWC]IEJ7��QF�HGJZ�FC�GJBWCaE�FKE�EXXG[GED[\�CX�SHFH�[CJJ^DG[HFGCD�_GFKGD�FKE�Z^BBI\�[KHGD�FC�
WES^[E�WEZBCDZE�FGJE�XCW�EH[K�]ICCS�SEJHDS�WEd^EZF7!RKE�]ICCS�ZEHW[KGDL�C^FB^F�XWCJ�FKE�Z\ZFEJ�
GZ� ZKC_D� GDSG[HFGDL� FKE� IGZF� CX�KCZBGFHIZ� ZCWFES�]\� FKE�d^HDFGF\�CX�]ICCS�HaHGIH]IE� GD� ZFC[`Z�HDS�
SGZFHD[E� XWCJ� FKE�YELGCDHI� VICCS��EDFWE� XCW� ^ZE� HZ� H� SE[GZGCD�JH`GDL� FCCI� GD� X^IXGIIGDL� ]ICCS�
WEd^GZGFGCD� CX� FKE� ZFHXXZ7� � RKGZ� Z\ZFEJ� KHZ� HIZC� ]EED� EaHI^HFES� GD� FKE� WEZBCDZE� FGJE� GD� ]ICCS�
ZEHW[KGDL�HDS�FKE�WEZ^IF�ZKC_ES�FKHF�HD�HaEWHLE�S^WHFGCD�CX�CaEWHII�WEZBCDZE�FGJEZ�_HZ��7��effg�
ZE[CDSZ7�RKGZ�JEFKCS�[HD�]E�HBBIGES�GDFC�Ed^HFGCD�]\�^_`_^_ab�c]d�e`dfghh�g`dfgbd�^ifgc_ea�j_c]�
cecgh�aikldf�em�nonhdp� _a� c]d�p_kihgc_eaE�4efde`dfH� c]_p� fdpdgfn]�ghpe�]gp�dqrhefd^� c]d�^dkga^�
mefdngpc_ab�ke^dh�ce�mefdngpc�c]d�lhee^�^dkga^�_a�dgn]�keac]�c]gc�ennifp�gc�c]d�>db_eagh�9hee^�
@dacfd�0E�,]d�gaghop_p�]gp�ipd^�c]d�pikkgfo�em�^_pcf_lic_ea�em�lhee^�ga^�lhee^�nekreadacp� _a�
rgpc�U�odgfp�gheab�j_c]�c]d�c_kd�pdf_dp�ke^dhp�gaghop_p�ce�nekrgfd�_a�dgn]�ke^dhE�,]d�fdpihcp�]gp�
p]ejd^�c]gc� c]d�.qreadac_gh�;keec]_ab�kdc]e^�_p� c]d�kepc�pi_cglhd� ce�ld�ipd^� ce� mefdngpc�j_c]�
c]_p�pcgc_pc_ngh�^gcg�gnnef^_ab�ce�c]d�pcgc_pc_ngh�^gcgH�c]d�`ghid�em�4dga�7lpehicd�3dfndacgbd�.ffef�
em�IsEKtuIvH�ip_ab�ga�ghr]g�`ghid�dwighp�ce�XEK�
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Abstract—Blood bank has a major task to collect 
blood from donors, monitor blood quality and supply, 
and distribute blood and blood components to 
hospitals within the network. Blood distribution is an 
important activity within this blood supply chain. If 
the blood bank is able to deliver blood supply to its 
respective demand in a timely manner, patients’ lives 
will be saved.  Nowadays, many regional blood banks 
in Thailand confront with ineffective communication 
channel and insufficient information to fulfill its 
obligation. Thus, this leads to an inaccurate blood 
distribution and a waste of time, which can be 
harmful to patients with critical conditions.  It is our 
goal to develop a web-based system to manage blood 
requisition within the blood supply chain.  The 
system was designed to cope with this problem.  The 
main objective is to improve the efficiency of data 
communication within the supply chain to reduce 
response time for each blood demand request. We 
also focused on managing blood inventory at each 
blood bank effectively.  The results have shown that 
the proposed system helps enhancing the 
communication among blood partners within the 
supply chain network.  The blood bank staffs are able 
to fulfill blood demand request in a timely manner.

Keywords-blood bags; local hospitals; regional 
blood bank; requisition; web-based system 

I. INTRODUCTION

Blood is an important resource in the medical 
activities.  The need of blood usage is caused by 
various kinds of illness, which is uncontrollable.  
Blood supply is generally gathered from 
voluntarily donors.  Blood cannot be appraised in 
term of cost, has a limited shelf-life, which must be 
utilized in a relatively short period.  Consequently, 
blood is known to be an important medical supply 
which must be managed well to minimize loss.  
Typically, the unit that administers and manages 
the requisition and distribution of blood is called 
the “blood bank”. 

In Thailand, the National Blood Center of Thai 
Red Cross Society is responsible for blood 
collection and distribution to hospitals within the 
network nationwide.  Nowadays, the National 
Blood Center requires blood at approximately 
1,500 units per day, which consists of 400, 400, 
600, and 100 units of blood groups A, B, O, and 
AB, respectively. However, the National Blood 
Center cannot distribute enough blood to hospitals 
across the country because of inadequate blood 
supply.  Due to short-life of blood, the National 
Blood Center of Thai Red Cross Society had 
established the Regional Blood Center in major 
provinces of Thailand to decentralize blood 
acquisition and distribution services in order to 
meet the rising demand from various regions of the 
country. 

The Regional Blood Center was first 
established in 1996.  Currently, there are 12 
Regional Blood Centers nationwide.  Its duty is to 
audit blood quality, acquire blood from donors and 
distribute blood to hospitals in each center’s 
service area.  The other important task of each 
Regional Blood Center is to match patient demands 
for blood from hospitals in the area to blood supply 
in the regional blood bank.  Therefore, an efficient 
management of blood flow among the donors, 
blood bank center, hospitals, and patients are 
important to save patients’ lives.  This concept of 
this study is synonymous to the basic concept of 
blood supply chain management. 

Blood bank plays the most important role in the 
blood supply chain. Its major responsibility is to 
supply blood to meet the rising demand from 
hospitals effectively.  The distribution of blood in 
the right amount at the right time to the right 
destination is a key to an efficient management of 
blood supply chain.  Furthermore, information flow 
among partners in blood supply chain is an 
important activity that enhances an effective 
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operation of blood distribution.  Good 
communication can prevent errors in managing this 
supply chain.  Blood requisition is an activity in the 
blood distribution process that any hospital in the 
network places a blood demand request to the 
blood bank.  The appropriate communication 
channel as well as precise information can strongly 
help the blood bank to match supply in stock to 
each demand request.  Thus, it helps reducing wait 
time for supply-demand matching and patients are 
able to access to the needed blood faster.  
Currently, the task to match blood supply and 
demand in National Blood Centers depends solely 
on the decision of blood bank staffs without much 
help from information technology.  It is our 
objective to develop a model to represent blood 
requisition from the blood bank with a logical 
decision-making tool to manage blood supply and 
demand matching in order to minimize response 
time.  Therefore, the requisition within the blood 
bank network needs a system with an appropriate 
communication channel, essential information and 
effective decision-making tool that links all supply 
and demand within the blood supply chain. 

II. LITERATURE REVIEW AND RELATED WORKS

Information technology plays a critical role in 
the success of the organization.  The development 
of the ability to share information within the supply 
chain was very important [1][4][12].  Incorporating 
information technology in supply chain 
management can be categorized into 3 main 
activities; (i) to process transactions, (ii) to plan 
and collaborate within the supply chain, and (iii)  
to track orders and shipments [6]. The ability to 
manage information and demand that occur within 
the supply chain using information technology 
helps reducing the operating costs [9], increasing 
the level of customer service [13], and creating 
value added to the organization [2].  Internet and 
web-based information system are key factors to 
support information sharing within the supply 
chain, which caused the supply chain to be more 
dynamic [8].  They also allowed business to 
function at a faster pace with a moderate cost 
through electronic communications.  Moreover, the 
advantage of the internet and web-based system 
enables small and medium enterprises to gain 
benefit from communications and transactions in 
real time.  This enhances an accurate management 
information flow within the supply chain [3].  
However, the integration of information 
technology should be consistent with the context of 

operations as well as policies and limitations of 
each organization. 

Currently, there is further development of 
information systems for the medical and health 
benefits.   Despite the difference in the scope of the 
problem and the objectives, most communication 
channels, data tracking tools, information 
processing, as well as decision support system in 
medical operations are in the form of web-based 
systems.  The web-based system can support data 
communications to numerous medical centers in 
remote locations with reduced times [10], e.g., 
patient data transmission between departments in 
the hospital via web-based system, using web-
based system to manage blood donor database.  
Moreover, web-based system is used as tools in 
some specific activities, such as in the development 
of appropriate time and quality of laboratory report 
in the detection of tuberculosis in Peru [7], to store 
medical records in order to track patient 
information on HIV treatment in Haiti [5], and in 
providing, monitoring, filtering, and distribution of 
blood to prevent the spread of HIV infected blood 
bags, which was conducted in 14 countries in the 
Africa and the Caribbean [11]. 

In Thailand, there has been a development of 
information systems to support blood banks 
operations, particularly in the blood donation unit.  
There was a prototype development for managing 
the blood bank system on the internet.  However, 
the work in developing this prototype was focused 
mainly on blood procurement, blood monitoring 
and filtering, and donor data storing.  There is no 
evidence of system development to support blood 
requisition in Thailand.  It is our intention to study 
the framework on the issue of blood requisition and 
blood distribution between the regional blood bank 
and hospitals in the network.  This work took the 
advantage of internet technology, web-based 
system, and database, as well as an integration of 
the supply chain management concept in the 
development of web-based system for requisition 
within the blood supply chain of regional blood 
bank in Thailand. 

III. METHODOLOGY

A. Problem Study 
The Regional Blood Center V, Nakhon 

Ratchasima province, is one of 12 regional blood 
centers in Thailand.   It serves 6 lower northeastern 
provinces of Thailand, which are Nakhon 
Ratchasima, Buri Ram, Surin, Si Sa Ket, 
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Chaiyaphum, and Maha Sarakham.  Blood bank is 
the major department of this regional blood center, 
which is responsible for every blood service 
operation for all hospitals in the network.  We 
selected the requisition and distribution process of 
blood bags between this regional blood center and 
hospitals in the network in our study.  Historical 
data show that there has been a high volume of 
operations related to data communications and 
blood bags distribution in Muang District, Nakhon 
Ratchasima.  Therefore, we have focused this study 
mainly in Nakhon Ratchasima province. 

Problems in blood requisition and distribution 
caused from ineffective data communication 
between hospitals in the network and their 
respective blood bank.  In the current practice, 
blood bank staffs rely on document and phone calls 
to carry blood demand request tasks.  Once the 
request is submitted to the blood bank, staff checks 
for blood availability at the bank.  If there is no 
available blood supply at the blood bank to match 
demand, staff needs to make phone calls to each 
hospital in the network.  This process usually takes 
about 5 minutes for each call to each hospital.  
There is no system that put together all relevant 
blood information that blood bank staff can access 
and obtain essential information in timely manner.  
This may contribute to delays and mistakes that 
can strongly affect the flexibility of blood supply 
chain due to inefficient flow of data and blood bags 
information. 

The web-based system for blood bag 
requisition was designed and developed to reflect 
the real practice of the blood bank and hospitals in 
the blood supply chain network. It enhances 
information flow among all members within the 
supply chain and improves communication for 
making blood requisition more rapidly and 
accurately.  Blood bank staffs are able to obtain the 
precise information regarding blood requests from 
the hospitals and make appropriate distribution.  
The flow of information and material within blood 
supply chain is shown in Fig. 1. 

Figure 1. Blood supply chain. 

B. Initial Design 
The prototype system was designed by using 

techniques and technologies in building web 
applications. PHP language had been used to write 
the scripts of web-based and connected to database.  
MySQL was used to generate database to store data 
and stored procedures.  Its function was divided 
into 2 main sections; blood bank and hospitals, 
followed by each process requirements. 

Hospital network	can request blood to blood 
bank via web use.  In addition, hospitals are able to 
use this system to update the number of blood bags 
in their blood stocks and report online to blood 
banks.  Essential data to be recorded are blood 
group (ABO Rh) and quantity (units) in each blood 
group that each hospital receives and distributes to 
various locations within the blood supply chain. 
This information is stored in the database and it 
allows blood bank staffs to monitor all blood bag 
flow within its supply chain network. 

Blood bank is responsible for handling requests 
from hospitals. Staffs can retrieve each blood 
request via the web.  Then, they are able to verify 
blood availability in blood bank stock right away.  
If there is blood supply in stock that matches 
demand staff can approve the request and 
immediately notify hospital that places the request. 

The important step in the requisition is to search 
for blood in the correct group and quantity that 
matches demand requested.  If there is no blood 
availability at the blood bank, staffs can search for 
blood from other locations in the supply chain 
network using the web-based system.  All 
incoming and outgoing blood bags information will 
be updated in the system automatically and this 
system represents the real-time blood inventory 
information at each location.  The flow process in 
fulfilling blood demand request is illustrated in Fig. 
2. 

Input data in blood search is the blood group 
and the quantity of blood requested.  This flow 
process chart incorporates the concept of supply 
chain management to deliver right products at the 
right time.  Algorithm for processing demand 
requests was designed based on two important 
factors; (i) the quantity of blood stocks in each 
hospitals, and (ii) the distance between blood bank 
and each hospital.  In the first step, this system will 
search for requested blood group in the database.  
Then, it will sort a list of hospitals with that have 
blood availability in the group requested in 
ascending order. 
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Figure 2. The flow of process in web-based system. 

Next it searches for hospitals in the list that 
have adequate blood quantity and rearrange the list 
of hospitals according to the descending distance 
from each hospital to blood bank.  Finally, the 
output result from this algorithm is shown 
indicating the list of hospitals sorted by the 
quantity of blood available in stocks and distance 
from the blood bank for use as a decision making 
tool in fulfilling blood requisition of the staffs.  
The chart of input data, processing conditions, and 
output result is as shown in Fig. 3. 

We developed this web-based system as a 
decision support system for blood requisition 
within its blood supply chain.  The user interface 
was designed for ease of use.  Staff members who 
are familiar with using internet and web browser, 
such as submitting blood requisition request by 
email, are capable of using this system.  If there is 
a request for blood requisition, the system will 
process all relevant data using the algorithm as 
illustrated in the flowchart of Fig. 2.  An important 
factor to evaluate the performance of the system is 
system computation time to process and display 
result information.  It is essential that the system 
provide accurate blood search result with less 
computation time.  The output result shows a list of 
hospitals in the network that have available bloods 
to supply to the needed demand. 

Figure 3. Input, process and output for making of an decision 
support tool for fulfilling blood requisition. 

The output result can be shown in three 
different categories.  The first output category 
displays only a single hospital that has adequate 
blood to supply and is nearest to the blood bank.  
The second category displays a list of all hospitals 
that have more blood supply than the demand 
requested in each single location.  This list is sorted 
by the ascending order of distance from each 
hospital to the blood bank.  The last category 
displays a list of all hospitals in the network, 
including hospitals that have both adequate and 
inadequate blood supply for demand requested.  
Distances from each hospital to the blood bank are 
sorted in an ascending order as well.  All three 
output interfaces help blood bank staff members 
making decision more effectively.  The second and 
the third interfaces are beneficial to the blood bank 
staff members to make decisions especially in a 
situation where there is not any one particular 
hospital in the network that carries enough blood 
supply for each demand but blood accumulation 
from at least two hospitals in the network is 
possible.  Staffs are able to supervise blood supply 
throughout the network and make an accurate 
decision in a timely manner.  An example of output 
result interface of the web-based system in blood 
searching is illustrated in Fig. 4.  In this Figure, 
blood group A with Rh+ in the amount of 10 units 
is needed.  The output interface shows hospitals in 
the network that have either adequate or inadequate 
blood to supply for this demand. 

The output result shown in Fig. 4 can be 
explained as the following: the first row of the 
table indicated the result according to the first 
category; namely, the hospital that has more blood 
supply than the demand request and is nearest to 
the  blood  bank.   It is highlighted in the darkest 
shade.  The result shown in rows 2 to 7 are list of 
all hospitals in the network that have greater blood 
supply than the demand requested.   
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Figure 4. The output interface of blood searching result. 

The list is sorted in an ascending order of 
distance from each hospital to the blood bank.  
They are highlighted in a lighter shade.  The last 
group of result is shown in rows 8 to 10 are 
hospitals that have inadequate blood supply to 
fulfill the demand.  They are also listed in an 
ascending order of distance from each hospital to 
the blood bank.  They are highlighted in the 
lightest shade.  

IV. EVALUATION

A. Method Design 
The evaluation of the web-based system is to 

assess the system response time to process from a 
period of receiving a requested demand to 
displaying the output result.  A search criteria used 
in this study is based on the following four 
conditions. 

1) Display a single hospital that carries 
adequate blood supply and is located and nearest to 
the Regional Blood Center V.  

2) Display seven hospitals that have more 
blood supply than the requested demand. which is 
the total number of hospitals in Muang District. 

3) Display seven hospitals that have less 
blood supply than the requested demand. 

4) Display blood supply for all forty 
hospitals, which is the total number of hospitals in 
the network.   

We used sets of data to test the system.  For 
example, there is a demand submitted to request 10 

units of blood group A Rh+.  All four conditions 
were evaluated by the system and the result is 
shown in Table I.  

B. Result 
The web-based system conducted blood search 

within the blood supply chain network.  The 
systems computed according to four conditions 
mentioned above.  The result is shown in Table I.  
Computation times for each search condition are 
0.36, 0.96, 1.05, and 1.63. seconds, respectively.  
System computation times for all four conditions 
are a lot less than conducting the search manually, 
which usually take more minutes up to an hour to 
find the result.  Hence, it can be stated that 
conducting blood search using the web-based 
system is more efficient. 

TABLE I. THE BLOOD SEARCH RESULT ACCORDING TO 
FOUR SEARCHING CONDITIONS AND THEIR COMPUTATION 

TIMES USING A WEB-BASED SYSTEM

Conditions 
Quantity of 

hospitals  
as a result�

Show 
adequate 

and 
inadequate 
suppliers  �

Usage 
time 

(seconds) 

1 1 No 0.36 
2 7 No 0.96 
3 7 Yes 1.05 
4 40 Yes 1.63 

Moreover, the blood searching result follows 
the requirement of each searching condition.  This 
result can be used as a decision support tool for 
blood bank staff to make a decision to fulfill the 
blood demand.  

V. DISCUSSION

The result from this study suggests that the 
proposed web-based decision support system has 
an ability to fulfill blood at the faster pace 
compared to the current practice.  The web-based 
system has advantages in terms of easy to access 
via the internet, cost-effectiveness, and take less 
time to process results.  It allows blood bank to 
obtain the information accurately from within the 
blood supply chain.  Moreover, it is an essential 
decision making tool for staffs to fulfill any 
demand request.  The display of supply level and 
distance factors is also consistent to the policy of 
blood requisition in the regional blood bank.  So 
this web-based can deal with the realities of the 
blood requisition problem. 
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An appropriate flow of information and 
material enhances the blood supply chain to be 
more flexible.  Blood bank can handle the demand 
with the support of fast communication channel 
and accurate information processing.  The system 
is designed to handle high volume of blood 
requisition, searching, and distribution requests that 
prone to be changed frequently.  The design and 
development of user interface, algorithm, database 
and all system components are consistent to the 
actual operations of any regional blood bank, 
which runs under the same standard nationwide.  
Hence, it is our believe that the proposed system is 
capable to work for any other blood banks in the 
any Regional Blood Centers across Thailand. 
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