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ABSTRACT 

 This research is a case study of the Atlanta Medicare Company Limited, a company with 
business operations in the form of a distribution center for pharmaceuticals. The distribution center has 
significant limitations in areas of shelf life, storage area, and employee work rate. Moreover, the 
business is in a sector that enjoys rapid growth caused by increasing consumer demand. Consequently, 
efforts are aimed at the improvement of working methods to eliminate the various problematic 
limitations and to capably and efficiently support increased work volumes in the areas of time and 
capital. The data in this research is obtained from observation of work practices. This includes the 
application of general problem-solving skills to identify bottlenecks in work operations, which links to 
industrial work study techniques, forecasting techniques, and inventory management techniques to 
analyze solutions for problems encountered in work methods at the bottleneck point. Timing data was 
recorded and mapped onto work process charts and workflow diagrams. The analyzed results is 
obtained by means of industrial study techniques, assisted in a comparative visualization prior to, and 
following, the improvement of work practices. Additional forecasting techniques are applied to assess 
consumer needs of certain items from a list of 47 pharmaceutical products, for Numerical Scoring 
combined with ABC Analysis principles. Monthly sales volume data is gathered from the past 18 
months to analyze via the Minitab 15 program. Moreover, data obtained from forecasting is used to 
conduct an analysis of sales order volume with further inventory management techniques. The 
aforesaid methods reveals current problems in the pharmaceutical distribution center, particularly in 
the product categorization, sorted by items ordered. Moreover, the results from this analysis shows an 
solutions and improvements rendered to the working methods by means of industrial work study 
techniques include increase of 422 orders per month (24.10%), with a working time reduction of 1.74 
min per order (19.42%) and an operating cost reduction of  489,032.02 baht per year (0.58%). The 
results from forecasting and product inventory management techniques also help minimize losses 
incurred in the inventory. 
 
1. Introduction 

 From the past until present, the 4  factors 
fundamental to human existence are food, 
housing, clothing, and medicine. Business 
operators within these various sectors, who are 
capable of meeting consumer demand, currently 
enjoy a high business growth rate – especially in 
businesses relevant to medicine. According to 
[3 ] , data from the Office of Policy and Strategy 
at the Ministry of Public Health indicates that 
the number of patients is likely to increase 
substantially every year. 

To optimize the response to consumer 
demand and enhance potential competitiveness 
pharmaceutical distribution enterprises must 
have management systems that prevents against 
losses that may incur as a result from both 
internal and external factors. This could include 
lack of volume due to exceeding consumer 
demand, poor order process management, 
storage and distribution processes, as well as 
medicine shelf-life, etc. These various factors 
rely on industrial work operation research 
principles and inventory system design, which 
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involves volume forecasting with uncertain 
demand.  

This research work originates from the 
aforesaid overview and is a case study of 
Atlanta Medicare Company Limited. The 
company has pharmaceutical distribution 
centers, handling pharmaceuticals that have 
significant limitations on storage life. Thus, to 
capably and efficiently respond to consumer 
demand while creating maximum benefits to the 
organization, efforts are aimed at improving 
work practices. These practices must support the 
increasing work volume while increasing the 
speed of work operations, at minimum 
operational cost and minimizing losses.  

To create efficient consumer demand 
response capabilities and maximize benefits to 
the organization, various techniques have been 
applied. These include Industrial Work Study 
Techniques, Forecasting Techniques, and Inventory 
Management Techniques. The Industrial Work 
Study Techniques assist in generating results of 
maximum response capabilities for increasing 
consumer demand, through the implementation 
of new work systems that further reduce 
operational costs, [2]. The Forecasting 
Techniques are applied to assess consumer 
needs in advance, using a selection of certain 
items from the list of 47 pharmaceutical 
products. This will assist in predicting consumer 
demand and enable us to set the ideal order 
volume to meet consumer demand. Finally, 
Inventory Management Techniques in this 
research are focused on order forms that are 
consistent with pharmaceutical products. The 
results include order amounts or quantities 
obtained from Forecasting Techniques as a 
value for appropriate order calculation. This will 
enhance delivery certainty of pharmaceuticals to 
clients and reduce the total annual inventory 
costs, [12]. Ultimately, this increases opportunities 
to utilize saved funds for profit generation 
elsewhere.  
 
2. Research Methodology 

This research applies 3 methods i.e. 
Industrial Work Study, Forecasting, and 
Inventory Management. 
2.1 Industrial Work Study 

1. Specify and analyze the problem for the 
applicable management approach in the case 
study of Atlanta Medicare Company Limited, 

using general problem-solving procedures, [6] 
comprised of the following. 

 1.1 Define the problem. 
 1.2 Specify the criteria for decision. 
 1.3 Analyze the problem. 
 1.3.1 Specify which work division has a 

bottleneck in the overall work process. The 
overall work process is categorized in 3 portions 
and 6 main jobs. Main job number one is order 
receiving. Main job number two is drug 
returning that two sections are within portion 1 
(defined below). Main job number three is drug 
receiving. Main job number four is box 
receiving. Main job number five is organize 
customer orders which three sections are within 
portion 2. Main job number six is transportation 
of drug that within portion 3 as follows: 

- Portion 1: receive orders from customers. 
- Portion 2: organize customer orders. 
- Portion 3: deliver customer orders. 
This research takes into account bottlenecks 

that arise, during work operations, from 
minimum work volume obtained within one 
hour. Time and work volume in each main job is 
randomly analyzed which consists of 5 random 
samples obtained per section as illustrated in 
Figure 1. 

 

 
 

Figure 1 comparison of quantity per hour of 
work in each division 

 
1.3.2 From section 1.3.1, bottlenecks in 

work operation are identified during portion 2: 
organize customer orders, when products are 
arranged to fulfill orders. The aforesaid work 
operation has problematic limitations i.e. 
pharmaceutical storage life, employee work rate, 
and product storage area capacity. 

Boxreceiving 
(317.14 Qty./hr.) 
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1.3.2 From section 1.3.1, bottlenecks in 

work operation are identified during portion 2: 
organize customer orders, when products are 
arranged to fulfill orders. The aforesaid work 
operation has problematic limitations i.e. 
pharmaceutical storage life, employee work rate, 
and product storage area capacity. 

Boxreceiving 
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1.3.3 Tools applied to analyze current work 
practices during portion 2: organize customer 
orders include the following in the Operation 
Process Charts and Flow Process Charts as 
shown in Figure 2 and Figure 3.  

• Operation Process Charts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                        

Figure 2 Operation Process Charts of work in 
portion 2 

 
 
 
 
 
 
 
 
 
 

• Flow Process Charts 
 

 
 

Figure 3 Flow Process Charts of work in 
portion 2 (before improving or present) 

 

 
 

Figure 4 Flow Process Charts of work in 
portion 2 (proposed method) 
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Before timing can take place, the number of 
rounds timed must be calculated. This research 
requires the number of rounds timed set at 95% 
level of trust and no more than 15% level of 
error, [8] calculated using at the following 
formula. 

     2 2 2(13.33 ( ) / )N n X X X           (1) 

1.3.4 Determine areas for improvement. 
 Improve the methodology. 

- Apply an ERP system to facilitate and 
increase speed in printing crate labels and 
packaging size analysis. [14] study the 
implementation of Enterprise Resource Planning 
(ERP) in the Peoples’ Republic of China which 
entails Triple Play installation of ERP or an 
integrated process among personnel, technology, 
and process. 

 Improve tools and facilitation equipment. 
- Apply box tying machines to assist in 

sealing instead of transparent tape. 
 Improve employees’ work environment. 

- Arrange pharmaceuticals on shelves 
for convenience in retrieval. 

- Improve the layout of shelves to make 
it easier to pick up pharmaceuticals. 

2. Consider and seek solutions by means of 
brainstorming techniques. 

3. Assess various comparisons to seek the 
optimal answer. 

3.1 Compare time results during work 
operations from the Flow Process Chart before 
and after improvement. 

3.2 Compare the increased or reduced costs 
incurred and further analyze the breakeven point 
in case of additional purchased equipment to 
replace original materials or equipment. 

3.3 Compare the original walking route to 
retrieve pharmaceuticals with the new shelf 
type. 

3.4 Compare the amount of returned 
pharmaceuticals prior to notification of return 
policy issued to clients with after the notification 
of return policy or conditions issued to clients. 

4. Provide suggestions and follow-up 
results. 
2.2 Forecasting 

Forecasting is the use of historic data to 
determine the direction of future trends, [10]. 
From the list of 47 pharmaceutical products 
certain items will be selected by Numerical 

Scoring method combining with ABC Analysis 
principles. 

1. Gather consumer demand data of 
pharmaceuticals and consider past data over a 
period of 18 months. 

2. Rank the importance of pharmaceuticals 
by 3 decision factors as follows. 

 - Profit per unit. 
 - Storage area utilized per unit. 
 - Sales volume over the period of 18 months. 
 The Numerical Scoring Model is applied 

with the following details. 
 2.1 Determine the weight values in each 

factor whereby Profit Per Unit carries a weight 
percentage value equal to 0.2; Storage Area Per 
Unit equal to 0.02; and Sales Volume equal to 
0.78, [11]. 

 2.2 Each pharmaceutical item is scored in 
each factor by a range divided into 5 equal 
periods whereby the scores in Period 1 to Period 
5 contain values equal to 20 40 60 80 and 100 
respectively. 

2.3 Each pharmaceutical item in each factor 
is considered to determine the factor’s score 
period, after which each pharmaceutical item in 
each factor is scored accordingly. 

2.4 The weight score value of each factor is 
calculated from the formula.  

  WS S W                               (2) 

2.5 Seek the total weight score of 3 factors 
from the formula.  

        1 1 2 2 3 3S WT S W S W S W                 (3) 

3. Rank the total weight score value of 
each product from highest to lowest then group 
according to importance by application of ABC 
Analysis and consider specific forecasting of 
products in Group A with the following 
grouping conditions, [5] 

- Group A consists of 10 percent of all 
product items. 

- Group B consists of 30 percent of all 
product items. 

- Group C consists of 60 percent of all 
product items. 

4. Select forecasting methods consistent 
with data characteristics measured from MAPE 
values lower than the forecasted values by 
contrasting techniques, [7]. This research 
compares MAPE results from two forecasting 
techniques i.e. Simple Exponential Smoothing 
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percentage value equal to 0.2; Storage Area Per 
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3. Rank the total weight score value of 
each product from highest to lowest then group 
according to importance by application of ABC 
Analysis and consider specific forecasting of 
products in Group A with the following 
grouping conditions, [5] 

- Group A consists of 10 percent of all 
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- Group B consists of 30 percent of all 
product items. 

- Group C consists of 60 percent of all 
product items. 

4. Select forecasting methods consistent 
with data characteristics measured from MAPE 
values lower than the forecasted values by 
contrasting techniques, [7]. This research 
compares MAPE results from two forecasting 
techniques i.e. Simple Exponential Smoothing 

and Double Exponential Smoothing. Use of 
these two techniques arises from the data 
characteristics of demand from the graph shown 
in Figure 5 to Figure 9. The result is shown in 
randomness form. However, some items of 
pharmaceuticals such as A1 A2 and A3 
pharmaceuticals are not clear to show in the 
trend characteristics. So, this is the reason for 
using two techniques that mentioned before. 

 

 
Figure 5 Characteristics of demand A1 

 
 

 
Figure 6 Characteristics of demand A2 

 
 

 
Figure 7 Characteristics of demand A3 

 
Figure 8 Characteristics of demand A4 

 

 
Figure 9 Characteristics of demand A5 

 
Using Minitab program version 15 for 

analyze MAPE value of two techniques that 
show the result in Figure 10 to Figure 14. 
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Figure 10 (a) data characteristics of demand 

from plotted graph by Minitab15 for 
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Figure 10 (b) data characteristics of demand 
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Figure 11 (a) data characteristics of demand 

from plotted graph by Minitab15 for                
A2 pharmaceutical 
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Figure 11 (b) data characteristics of demand 

from plotted graph by Minitab15 for                
A2 pharmaceutical 
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Figure 12 (a) data characteristics of demand 

from plotted graph by Minitab15 for                        
A3 pharmaceutical 
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Figure 12 (b) data characteristics of demand 

from plotted graph by Minitab15 for                        
A3 pharmaceutical 
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Figure 13 (a) data characteristics of demand 

from plotted graph by Minitab15 for                        
A4 pharmaceutical 
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Figure 13 (a) data characteristics of demand 

from plotted graph by Minitab15 for                        
A4 pharmaceutical 
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Figure 14 (a) data characteristics of demand 

from plotted graph by Minitab15 for                        
A5 pharmaceutical 
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2.3 Inventory Management 

The purpose of inventory management is to 
determine optimization. This model identifies 
the variables requiring attention. It includes 
calculations of cost and estimate of stock, [1]. 

1. Consider the specific data of product 
items in Group A. 

2. Examine the manufacturing sources of 
pharmaceuticals in Group A to determine if they 
originated from single manufacturer or not. 

3. Select the methods of considering sales 
order that are appropriate to the data. 

Since the pharmaceutical data under 
consideration is comprised of data with 
independent and constant demand within a 
constant lead times, consideration under 
assumption of constant demand can be 
explained by coefficient of variation (c.v.) value 
and is not over 0.2, [4]. Coefficient of variation 
is calculated from the formula.  

       2

estimate var Dc.v. = 
d

               (4) 

The value of c.v. in each pharmaceutical 
are as follows in Table1 

 
Table 1 Value of coefficient of variation (c.v.) 

Item Coefficient of variation value 
A1 0.05 
A2 0.02 
A3 0.06 
A4 0.11 
A5 0.14 

 
Considering the c.v. value of each 

pharmaceutical was found not to exceed 0 .2  on 
the terms described above. Therefore, a model 
inventory of the constant demand or deterministic 
model can be applied. So, there are two models 
to consider and compare, namely the Fixed 
Order Quantity System and the Fixed Order 
Period System, [13] as follows: 

3.1 Fixed Order Quantity (FOQ: EOQ), [9] 
 - Calculation of size of model ordered 

( *Q ) must be equal each time during each order 
period: 

  * 2 /Q SD H                       (5) 

 

- Calculation of order distance ( *T ): 

         * * / 2 /T Q D S HD                (6) 

- Calculation of order cost ( *( )TC Q ): 
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         *( ) 2TC Q SHD CD                (7) 

- Calculation of reorder point ( ROP ): 

    ROP D LT                        (8) 

- Calculation of safe stock level ( ss ): 

  dss Z LT                      (9) 

Where : 
-   is the value of chance of lack of 

goods obtained from: 

  1 P( )cSL M B          (10) 

when the company sets a customer service level 
policy at 95%. 

- d  is standard deviation in lead time 
3.2 Fixed Order Period System (FOP: EOI), 

[9] 
Cases with multiple pharmaceutical items 

ordered 
Five items of pharmaceuticals that ordered 

from two suppliers. A1, A3 and A4 are orders 
from supplier 1. A2 and A5 are orders from 
supplier 2. These two cases are calculated 
separately as follows below:  

Case 1: Ordered from Supplier 1 
- Calculation of distance between multiple 

orders ( *T ): 

     *

1 1 2 2 3 3

2ST
H D H D H D


 

       (11) 

- Calculation of size of model ordered ( *Q ): 
  * *Q D T                         (12) 
- Calculation of multiple order costs 

( *( )TC T ):
*

1 1 2 2 3 3

1 1 2 2 3 3

( ) ( )

               2 ( )

TC T C D C D C D

S H D H D H D

  

  
(13) 

 
- Calculation of reorder point ( ROP ): 

    ROP D LT                      (14) 

- Calculation of safe stock level ( ss ): 

  *
dss Z LT T        (15) 

Where : 
-   is the value of chance of lack of 

goods obtained from: 

  1 P( )cSL M B          (16) 

when the company sets a customer service level 
policy at 95%. 

- d  is standard deviation in lead time 
Case 2: Ordered from Supplier 2 
- Calculation of distance between multiple 

orders ( *T ): 

     *

1 1 2 2

2ST
H D H D




       (17) 

- Calculation of size of model ordered ( *Q ): 
  * *Q D T                         (18)      
- Calculation of multiple order costs 

( *( )TC T ): 

           
*

1 1 2 2

1 1 2 2

( ) ( )

               2 ( )

TC T C D C D

S H D H D

 

 
        (19) 

- Calculation of reorder point ( ROP ): 

    ROP D LT                      (20) 

- Calculation of safe stock level ( ss ): 

  *
dss Z LT T        (21) 

Where : 
-   is the value of chance of lack of 

goods obtained from: 

  1 P( )cSL M B          (22) 

when the company sets a customer service level 
policy at 95%. 

- d  is standard deviation in lead time 
3.3 Compare the total annual cost, by 

considering the two order forms against the 
actual selection of the form that incurs the 
lowest total annual costs (of which at present the 
Company applies EOQ to orders), [15]. 

 
3.  Results 

Not only the combined application of 
Industrial Work Study Techniques and 
Inventory Management Techniques solve 
problems encountered in the original work 
model and increase the competitiveness of the 
organization, but also the following results is 
obtained: 
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3.2 Fixed Order Period System (FOP: EOI), 

[9] 
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ordered 
Five items of pharmaceuticals that ordered 

from two suppliers. A1, A3 and A4 are orders 
from supplier 1. A2 and A5 are orders from 
supplier 2. These two cases are calculated 
separately as follows below:  

Case 1: Ordered from Supplier 1 
- Calculation of distance between multiple 

orders ( *T ): 

     *

1 1 2 2 3 3

2ST
H D H D H D


 

       (11) 
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- Calculation of reorder point ( ROP ): 
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- Calculation of safe stock level ( ss ): 

  *
dss Z LT T        (15) 

Where : 
-   is the value of chance of lack of 

goods obtained from: 

  1 P( )cSL M B          (16) 

when the company sets a customer service level 
policy at 95%. 

- d  is standard deviation in lead time 
Case 2: Ordered from Supplier 2 
- Calculation of distance between multiple 

orders ( *T ): 
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1 1 2 2

2ST
H D H D




       (17) 

- Calculation of size of model ordered ( *Q ): 
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- Calculation of multiple order costs 
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1 1 2 2
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( ) ( )
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TC T C D C D

S H D H D
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 
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- Calculation of reorder point ( ROP ): 
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- Calculation of safe stock level ( ss ): 

  *
dss Z LT T        (21) 
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-   is the value of chance of lack of 

goods obtained from: 

  1 P( )cSL M B          (22) 

when the company sets a customer service level 
policy at 95%. 

- d  is standard deviation in lead time 
3.3 Compare the total annual cost, by 

considering the two order forms against the 
actual selection of the form that incurs the 
lowest total annual costs (of which at present the 
Company applies EOQ to orders), [15]. 

 
3.  Results 

Not only the combined application of 
Industrial Work Study Techniques and 
Inventory Management Techniques solve 
problems encountered in the original work 
model and increase the competitiveness of the 
organization, but also the following results is 
obtained: 

 

3.1 Total reduced expenses: 
1. Changed box and sealing methods. 
2. Less overtime payments when work 

hours reduce, as a result of improvements. 
3. Changed order practices from the Fixed 

Order Quantity (EOQ) to a Fixed Order Period 
(EOI) system. 

Total savings of 489,032.02 baht/year 
(0.58%) 
3.2 Working hours reduced by (17.70% after) 
applying the techniques. This comparison is 
shown in Figure 3 and Figure 4. 

- From using ERP system and improving 
layout of shelves can adjust the third, fourth, 
fifth seventh eighth and thirteenth process that 
shown in the Figure 3 to become the new 
processes in the third, fifth, sixth, seventh, 
eleventh and twelfth processes which are shown 
in the Figure 4. The outcome can save 0.71 
min/order of the processing time and reduce 
stock card in the ninth process in the Figure 3 
that save 0.69 min/order of the processing time.  

- After adjusting pattern to seal from using 
only tape (process 18 in the Figure 3) for 0.7 
min/order using box tying machines (process 20 
in the Figure 4) and also using tape (process 17 
in the Figure4) in total time of 0.48 min/order. 
This way can save 0.22 min/order of the 
processing time. 
3.3 Increase order volume efficiency by 422 
order per month which is equal to 24.10%. 

  In areas forecasted by MAPE comparison, 
we choose to apply forecasting techniques that 
offer the lowest MAPE value, as shown in the 
comparison of MAPE value from Minitab 
program in Table2.  
 
Table 2 Comparison of MAPE value from 
Minitab program 

Item 

MAPE value 
Simple 
Exponential 
Smoothing 

Double 
Exponential 
Smoothing 

A1 24 29 
A2 18 16 
A3 88 70 
A4 19 22 
A5 31 40 

Simple Exponential Smoothing applies an 
advance demand volume forecast for A1, A4, 
and A5 pharmaceuticals, whereas Double 
Exponential Smoothing applies an advance 
demand volume forecast for A2 and A3 
pharmaceuticals.  

In the result of inventory management from 
two models to consider and compare, namely 
the Fixed Order Quantity System and the Fixed 
Order Period System as follows in Table 3 to 
Table 6: 
 
Table 3 Parameters of inventory management 
(EOQ) for each item 

Item 
EOQ 

Q* 
(boxes) 

T* 
(year) 

TC(Q*) 
(baht/year) 

ROP 
(boxes) 

SS 
(boxes) 

A1 3,341 0.016 15,160,562 1,180 2,222 
A2 810 0.011 27,598,868 773 2,352 
A3 3,470 0.019 10,496,324 1,019 2,596 
A4 2,676 0.029 4,346,551 505 1,290 
A5 586 0.012 25,669,982 539 3,541 

 
Table 4 Parameters of inventory management 
(EOI: Supplier 1) for each item 

Item 
EOI 

Q* 
(boxes) 

T* 
(year) 

TC(Q*) 
(baht/year) 

ROP 
(boxes) 

SS 
(boxes) 

A1 2,376 0.011 
29,929,319 

1,180 3,849 
A3 2,053 0.011 1,019 4,496 
A4 1,017 0.011 505 2,234 

 
Table 5 Parameters of inventory management 
(EOI: Supplier 2) for each item 

Item 
EOI 

Q* 
(boxes) 

T* 
(year) 

TC(Q*) 
(baht/year) 

ROP 
(boxes) 

SS 
(boxes) 

A2 538 0.008 53,208,889 773 3,111 
A5 407 0.008 539 4,684 

 
Table 6 Comparison of total annual cost 

Item Supplier 
TC(Q*) 

(baht/year) 
EOQ EOI 

A1 
Supplier 1 

15,160,562 
29,929,319 A3 10,496,324 

A4 4,346,551 
A2 Supplier 2 27,598,868 53,208,889 A5 25,669,982 

Total 83,272,287 83,138,208 

 
4.  Conclusion 

To summarize, after applies three 
techniques for eliminate the various problematic 
and optimize the response to consumer demand 
which enhance potential competitiveness. The 
research focus on topics of reducing cost and 
time. The following results have been obtained: 

1. Operation times saving with 1.62 
min/order (17.70%), as shown in Figure 3 and 
Figure 4. 

2. Cost saving with 
     - Cost of over time saving with 

16,826 baht/month (41.57%). 
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     - Cost of improving operation from 
create new box’s pattern that saving with 1,543 
baht/month (7.55%). 

In two cases of cost saving that show 
comparing in Figure 15. 

 

 
Figure 15 cost comparison from improving by 

using work study technique 
 
- Cost of inventory saving with 134,079 

baht/year (0.16%), that show comparing in 
Figure 16. 

 

 
Figure 16 EOQ and EOI comparison, improving 

by using the inventory technique. 

Therefore, this research has helped the 
organization to increase profit by decreasing 
cost and reducing the time of the working 
process. These are the methodologies used to 
improve and develop the organization and to 
enhance competitiveness. 
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