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ABSTRACT

Blood supply chain has primary objective of ensuring availability of human blood to patients in a safe manner as and when it is required. Although
medical science has seen many advancements but there is no substitute of blood has been produced so far. Any shortage in blood supply leads to
human death. The purpose of this paper is to implement Taguchi method in blood supply chain to increase velocity of supply chain. Maharaja
Yeshwantrao (M. Y.) Hospital, blood center Madhya Pradesh (India) has been selected as the case of study. In this paper, four controllable factors
“arrival rate of donors”, “maximum inventory level”, “minimum inventory level” and “blood delivery policy” and one noise factor “demand
variability” have been chosen. To achieve robust blood supply chain, optimization of all factors is done by ANOVA software. The optimum level of
arrival rate of donors should be low i.e., 50 and minimum inventory, maximum inventory and blood delivery policy level should be high i.e., 120, 800
and LIF O respectively. Optimum level is defined for maximizing the efficiency of patient safety in blood supply chain.
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1. INTRODUCTION

The blood supply chain commences with the blood donor and
ends with the patient, but ultimately it is the requisite for blood
by the patient that drives the chain, therefore, the number of
blood donations required. Different factors affect the blood
supply chain; the number of donors who are donated
customarily, seasonal factors affecting blood donation e.g.,
national holidays, the blood services facility to adequately
predict the number of units of blood required throughout the
year and to make sure that they do not overstock, consequently,
increase wastage, the clinicians' vigilance of opportune blood
authoritatively and transfusion and the hospital laboratories
faculty to ascertain ample stock yet have minimal wastage. It is
mandatory for all staff working in each area of the blood supply
chain aware of their responsibilities to ascertain minimal
wastage of this freely given resource. Hence, education,
training, and data accumulation are significant elements of the
blood supply chain.

Despite consequential advancements in medicine, human blood
is still a scarce resource. Only human produce it and there is
currently no other chemical process that can be used to generate
blood; Therefore, blood is an essential item in healthcare
systems. Since blood is additionally a perishable product, its
inventory management is arduous. The challenge is in holding
enough stock to ascertain a high caliber of supply while keeping
losses from expiration at a minimum. This research will explore
blood inventory management in a hospital and develop a
mathematical model to control blood ordering and issuing. This
study will responsible for the fact that blood demand and supply
are uncertain. The proposed model accepts the substitution
relations among various blood types in the blood transfusion
process to reduced blood shortage and wastage [1].

A productive compatibility of blood supply and demand is not
straightforward; aside from this, any deficiencies and
impediments in blood supply prompt people's demise [2]. As for
these troubles, blood supply chain management is of a
challenge for regimes' healthcare systems. In addition, it will be

more entangled thinking about the perishability of blood items,
other than the way that blood outdates imposes high wastage
cost since blood donors are scarce precious resources.

The blood supply chain is sequential processes of accumulating,
testing, processing and distributing blood and blood products,
from donor to recipient. Blood products are transfused to
patients as a part of routine medical treatments or surgical
operations and additionally in emergency situations. This
denotes that availability of the right blood products is critical,
since lives can be lost if no stock is available when it is needed;
concurrently, blood is accumulated from human beings, and the
blood donation rate varies across different countries [3].
According to the American Red Cross (2014) in the US, only
10% of all eligible people authentically donate blood, and the
World Health Organization states that the figures for middle and
low-income countries are considerably lower (WHO 2014).

Simulation modeling evaluates the procedures and outcomes of
such supply chains and defines alternatives which can lead to
improved performance. This method offers a reliable approach
to study [4].

The objective of this paper is optimization of blood supply chain
using Taguchi orthogonal method and to design a robust blood
supply chain system. Optimum level is defined for maximizing
the efficiency of patient safety in blood supply chain. Maharaja
Yeshwantrao hospital (Madhya Pradesh, India) has been
selected for carrying out this study.

2. LITERATURE REVIEW

In the last ten years, many projects on supply chain were done to
analyze how firms increased processes, technology, and
information for a supplier and customers. Most projects were
done on strategy of supply chain design, planning, and their
operations [5]. Anna Nagurney, Amir H. Masoumi, and Min Yu
(2012) developed generalized network optimization model for
the complex supply chain of human blood and determine the
optimal allocations. They also fulfill uncertain demand as
possible [6]. Yi-Chang Li and Hung-Chang Liao (2012) design a
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robust blood supply chain system considering the total cost
(TC) and the safety of patients. A neural network (NN) and
genetic algorithm (GA) techniques are used to determine the
results [7]. Applications of operational research in healthcare
are fully discussed by Papageorgiou (1978) and Rais and Viana
(2010) [8-9]. Syam and Coété (2010) proposed a model for
location-allocation of specialized healthcare systems [10].

A lot of research work is done on Taguchi method for process
optimization but application of Taguchi method in blood supply
chain is limited. Sachin Ashok Sonawane and M.L. Kulkarni
(2018) was used Taguchi method for optimization of machining
parameters of Wire Electrical Discharge Machining (WEDM)
for Nimonic-75 alloy. Analysis of principal component is used
to optimize the machining parameters [11]. Nesredin Chekole
and Vivek Deshpande (2018) selected the optimum parameters
for cylindrical grinding process optimization. They used the
Taguchi method for optimization [12]. Mohamed Aslam Patel
and D P Tambuskar (2017) has been applied the Taguchi method
to optimize the machining parameters during end milling of
Ti6Al4V. According to them, this method was quite successful
to identifying the most dominating factors like cutting speed
and feed rate [13].
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3. MATERIAL AND METHODOLOGY

The Taguchi method for experimental design is easy to apply to
many engineering problems as it allows the analysis of many
parameters without high amount of experimentation. It helps in
identification of key parameters that affect the performance and
the parameters that have little effect are neglected. Taguchi
method is mainly used to minimize the effect of noise factors and
to achieve optimal result of controllable factors [14]. Taguchi
technique creates a standard orthogonal array to evaluate the
effects of design parameters on the response value [ 15]. Number
of experimental runs can be minimized by the orthogonal arrays,
so that the entire experiment will be reduced [16]. Using
Minitab Software, we find the optimum level of all controllable
factors. The signal to noise ratio (SNR) is the response (output)
of the experiment. To obtain the result of simulation data,
following two steps are used in Taguchi method.

3.1. Design Parameters with Their Levels

The control factors in this research are 'arrival rate of donors'
(A), 'minimum inventory level' (B), 'maximum inventory level'
(C), 'blood delivery policy' (D) each having 2 levels, high and
low, as per the range of values they are most significant within as
shown in Table 1. The noise factor is demand variability and
efficiency parameter is patient safety.

Tablel. Factors sampling range

Factors
Level Arrival rate of Minimum Maximum Blood delivery
donors inventory level inventory level policy
A) (B) © (D)
Low level (1) 50 45 500 FIFO
High level (2) 150 120 800 LIFO

FIFO=firstin first out
LIFO=lastin first out
3.2. Choosing the Taguchi orthogonal array

An L8 orthogonal array is utilized to study the effects of control
factors on the response. The whole design is replicated twice to
minimize the experimental error and a total of 8 runs were
obtained.

4.RESULT AND DISCUSSION
4.1. Performing Simulation Experiments and Data analysis:

The signal to noise ratio can be basically understood as the ratio
of signal factor to the noise factor in the experiment. As per the
goal of the optimization, signal to ratio can be decided to be

maximized, minimized or kept at nominal value. It helps in
choosing the control levels that can compensate the effects of
noise to the maximum [17]. Here, signal to noise ratio is chosen
to be kept the maximum, as the goal of the design is to maximize
the efficiency. The aim is to maximize the effect of noise factors
on the response. The calculation of signal to noise ratio is based
on the situation “Larger is better” [18]. In this case, we use the
formula given in Equation (1) for calculating the SNR. Table 2
shows the results of simulation experiments.

e
=132

Z = ~10 Log——

Where, n=number of values in each experimental conditions
and Yi =each observed value.

Table2: Analysis of the data produced by MINITAB software

No. of A B C D Response SNRA
experiment

1 1 1 1 1 70 36.9020

2 1 1 2 2 85 38.5884

3 1 2 1 2 103 40.2567

4 1 2 2 1 117 41.3637

5 2 1 1 2 90 39.0849

6 2 1 2 1 91 39.1808

7 2 2 1 1 72 37.1466

8 2 2 2 2 94 39.4626
Average 90.25 38.9982




4.2. Main Effects Plot

Main effect is a value which shows the extent of influence of a
factor on the response. Main effect plot represents the variation
in the response variable with the variation in control factors and
is used to examine differences between level means for factors.
In a main effect plot, if the line plotted is horizontal, the factor is
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said to be insignificant since there is no change in response with
the factor but if a line has high slope, it shows that the factor is
significantly affecting the response [19]. Figure 1 show the
effect of arrival rate of donors, minimum inventory level,
maximum inventory level, blood delivery policy on signal to
noiseratio.
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Figurel: Main effect plot for SN ratio

4.3.Determining the optimum condition

By evaluating the figures, it is easy to determine the favorable
levels of control factors which should be chosen to get a robust
design. We decide which factor level is selected to maximize the
efficiency in blood supply chain. The signal to noise ratio
(SNR) values at the both levels of each factor is compared.
Figure 1 shows the Main effect plots for SNR; it shows that
when factor arrival rate of donors placed on low level and
factors minimum inventory level, maximum inventory level
and blood delivery policy placed on the high level then
optimum results of the controllable factor achieved.

4.4 Discussion

In this study, design of robust blood supply chain system is
proposed. On the basis of the highest signal to noise ratio,

identified optimal control factors of M. Y. hospital blood supply
chain. Rank of all factors is obtained by using Minitab software
based on their effect value. Compare signal to noise ratio values
at both levels of all factor for deciding optimum level. Based on
Taguchi experiment optimum level of arrival rate of donors is
low i.e., 50 and minimum inventory, maximum inventory and
blood delivery policy level is high i.e., 120, 800 and LIFO
respectively. Optimum level is defined for maximizing the
efficiency of patient safety in blood supply chain. Effect and
ranking of signal to noise ratio for each controllable factor are
shown in Table 3.

Table 3: Effect and ranking of signal to noise ratio for each controllable factor

Arrival rate of Minimum Maximum Blood delivery
Levels donors inventory level inventory level policy
A) B) © D)
1 39.28 38.44 38.35 38.65
2 38.72 39.56 39.65 39.35
Delta 0.56 1.12 1.30 0.70
Rank 4 2 1 3
Optimum level 1 2 2 2
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5. CONCLUSION

Given its major impact on patients' safety, developing an
effective management of the blood supply chain appears to be
the most important challenge for the future of transfusion
medicine. Blood is a limited resource, so we need to efficient
utilization of such perishable products in health care. Blood
supply chain system is complex in nature; many uncertainties
are in this system. Blood is essential substance for human life,
without blood human cannot live; hence, we cannot use trial and
error approaches to evaluate the significant effect of different
factors. The purpose of this paper is to design a robust blood
supply chain using Taguchi orthogonal method. To achieve a
robust blood supply chain we decided the optimum level of
factors. The final result shows that optimum level of arrival rate
of donors should be low i.e., 50 and minimum inventory,
maximum inventory and blood delivery policy level should be
high i.e., 120, 800 and LIFO respectively. Optimum level is
defined for maximizing the efficiency of patient safety in blood
supply chain. Finally, blood supply chain is optimized using
optimal parameters.
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