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ABSTRACT 

 

DEVELOPMENT OF A MINIATURIZED AUTOMATED PRODUCTION  

CONTROL SYSTEM 

 

 

Korkmaz, ¥zg¿r 

M.Sc., Department of Mechanical Engineering 

Supervisor      : Prof. Dr. S. Engin Kēlē­    

 

January 2012, 90 pages 

 

 

 

In this thesis a custom embedded system and control software developed for an 

Automated Storage and Retrieval System (AS/RS) which is based on the Computer 

Integrated Manufacturing Laboratory (CIMLAB) located in the Department of 

Mechanical Engineering, Middle East Technical University. Primary objective of this 

study is AS/RSs related control rules can be applicable to the current physical 

system. The secondary objective is determined as developing the control system in 

a flexible way that allows adding new equipments to the system and configuring 

parts of the system.   

 

Two types of control board are manufactured and also boardsô firmware and 

computer software are developed. These two boards communicate with computer 

one at a time. Some AS/RS related control rules are implemented at the control 

software. According to these rules the control software assigns tasks to the related 

board. Also the control software records necessary information in order to measure 

the performance of the AS/RS. 

 

Several control rules as storage assignment, dwell point and sequencing of storage 

and retrieval order rules are applicable to the AS/RS without need for low level 

programming. Because of the physical limitation, batching rules cannot be applied to 

the current system. Also a graphical user interface is developed for using the system 

easily and observing the real time status of the system equipments. 
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Two experiments are designed and run in order to show flexibility of the control 

system. Different control rules applied to each of the experiment. Experiment results 

put forth the control system was quite successful in meeting the objectives. 

 

Keywords: Automated Storage and Retrieval Systems, Control Software for AS/RS, 

Physical Simulation in Production Management  
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¥Z 

 

MĶNYATURĶZE EDĶLMĶķ OTOMATĶK ¦RETĶM KONTROL  

SĶSTEMĶNĶN GELĶķTĶRĶLMESĶ 

 

 

Korkmaz, ¥zg¿r 

Y¿ksek Lisans, Makina M¿hendisliĵi Bºl¿m¿ 

Tez Yºneticisi          : Prof. Dr. S. Engin Kēlē­ 

 

Ocak 2012, 90 sayfa 

 

 

 

Bu tezde Orta Doĵu Teknik ¦niversitesi, Makina M¿hendisliĵi Bºl¿m¿nde bulunan 

Bilgisayar T¿mleĸik ¦retim laboratuarēndaki otomatik depolama sistemi i­in ºzel bir 

gºm¿l¿ sistem ve kontrol yazēlēmē geliĸtirilmiĸtir. Bu ­alēĸmanēn birincil hedefi 

otomatik depolama sistemleri ile ilgili kontrol kurallarēnēn mevcut fiziksel sisteme 

uygulanabilmesidir. Ķkincil hedef yeni ekipmanlarē sisteme eklemeye ve sistemin 

par­alarēnē yapēlandērmaya izin veren bir kontrol sistemi geliĸtirmek olarak 

belirlenmiĸtir.  

 

Ķki ­eĸit kontrol kartē ¿retilmiĸtir ve kartlarēn aygēt yazēlēmē ile bilgisayar yazēlēmē 

geliĸtirilmiĸtir. Bu iki karttan her seferde bir tanesi bilgisayar ile haberleĸir. AS/RS ile 

ilgili bazē kontrol kurallarē kontrol yazēlēmēnda uygulanmēĸtēr. Bu kurallara gºre  

bilgisayar ilgili kartlara gºrevlere atamaktadēr. Ayrēca kontrol yazēlēmē otomatik 

depolama sisteminin performansēnē ºl­mek amacēyla gerekli bilgileri kaydeder. 

 

Depolama konumu atamasē, durma noktasē ve depolama ve geri alma taleplerinin 

sēralanmasē gibi ­eĸitli kontrol kurallarē d¿ĸ¿k seviye programlamaya gerek olmadan 

otomatik depolama sistemine uygulanabilmektedir. Fiziksel kēsētlama nedeniyle 

gruplama kurallarē mevcut sisteme uygulanamamaktadēr. Ayrēca sistemin kolay 

kullanēmē ve sistem ekipmanlarēnēn ger­ek zamanlē durumunu gºzlemlemek i­in bir 

kullanēcē aray¿z¿ geliĸtirilmiĸtir. 
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Kontrol sisteminin esnekliĵini gºstermek amacēyla iki deney tasarlanmēĸ ve 

koĸturulmuĸtur. Her bir deneyde farklē kontrol kuralllarē uygulanmēĸtēr. Deney 

sonu­larē kontrol sisteminin hedefleri karĸēlamada olduk­a baĸarēlē olduĵunu ortaya 

koymuĸtur. 

 

Anahtar Kelimeler: Otomatik Depolama Sistemleri, Otomatik depolama sistemi i­in 

kontrol yazēlēmē, Ķmalat Yºnetiminde Fiziksel Benzetim 
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CHAPTER 1 
 

 

INTRODUCTION 

 

 

 

Todayôs competitive business environment gives importance to the efficient 

management of warehouse. Automated Storage and Retrieval System (AS/RS) is 

important part of the warehouse. After the introduction of AS/RS in the 1950s, they 

have been widely used in distribution and production environments. There are 

several benefits of AS/RS such as savings in labor costs, improved safety, improved 

throughput and utilized more floor space. The main disadvantage of AS/RS is high 

investment cost. Applications of AS/RS exist in clean room manufacturing 

environment in order to reduce contamination of product from manual handling, in 

healthcare environment, in cold environments as frozen food distribution centers, in 

manufacturing and distribution of electronic products and so forth. Generally, an 

AS/RS consists of racks, stackers, aisles and I/O points. Stackers, which run 

through aisles, serve racks. Pallets are used to store products to the racks and 

retrieve products from racks. At the I/O points, products enter the system or exit 

from it.  

 

Effective management of AS/RS contributes to faster response times to customers 

and decreases overall costs in a warehouse. The efficient operation of AS/RS 

requires physical design and control design. Physical design of AS/RS consists of 

size of storage locations, length of aisles, location of I/O points, number of stackers 

and so forth. Control design is examined from four aspects as storage assignment, 

batching, dwell point and sequencing of storage and retrieval orders. 

 

In METU-ME-Computer Integrated Manufacturing Laboratory (CIMLAB), scaled 

down module of an AS/RS is used for physical simulation purposes. This system 

has computer controllable miniature modules of the real AS/RSs used in production 

environment.  The general view of the system is shown in Figure 1.1. 



2 
 

 

 
Figure 1. 1: General view of the physical system in CIMLAB 

 

Kayalēgil et al. (1996) indicated that physical simulation has some advantages over 

analyses implemented on real production environment: 

 

¶ Layout of the system can be changed easily. 

¶ Extreme arrangements can be applied. 

¶ All effects of the modifications on the system can be watched at the same 

time. 

 

However, physical simulation also has some benefits when compared to computer-

based simulation. 

 

¶ Stochastic events are important part of the physical systems. 

¶ Analyses made on the physical systems are realized with much ease. 

¶ Results provided by physical simulation can be transferred to real systems 

with much ease. 
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1.1. Motivation and Scope 

 

The main objective for this thesis to develop an experimental AS/RS test bed which 

can be used by researchers and students to formulate, validate and evaluate new 

strategies in AS/RS control. In order to build flexible test bed allowing to add new 

machines to the system and configuring parts of the system, a robust and flexible 

control system is needed. The control system comprised hardware control and 

software control. The hardware and its firmware provide low level control for the 

physical system which consists of actuators and sensors. The control software is the 

brain of the overall system so it must be designed considering flexibility. Following 

criteria are the requirements for the development of the AS/RS control system: 

 

¶ System should be robust in terms of adding new equipments and configuring 

parts of the physical system. 

¶ It should be possible to develop various experimental settings without 

changing the main code of the software. 

¶ Parts of the system should work simultaneously and safely. 

¶ In order to measure the performance of experiments necessary data must be 

calculated and recorded. 

¶ A graphical user interface should be developed that enables using the system 

with ease. 

 

For developing the control system of the AS/RS following steps are tracked: 

 

¶ A survey on AS/RS related laboratories and determination of objectives 

¶ Literature survey and determination of control rules related AS/RS 

¶ Determination of controller architecture, development of hardware and 

firmware 

¶ Development of AS/RS control software 

¶ Integration and system tests 
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1.2. AS/RS Related Laboratory Facilities  

 

AS/RSs are within the research interests of mechanical and industrial engineering 

so these systems are widely used in the computer integrated manufacturing 

systems and flexible manufacturing systems laboratories of universities for 

educational and test purposes. The information with respect to AS/RS related 

laboratory facilities around the world and Turkey will be presented. 

 

 

1.2.1. Flexible Automation and Intelligent Manufacturing Systems Laboratory 

- BUFAIM (Boĵazi­i University) 

 

AS/RS used in this laboratory is a part of the flexible model factory. System has 

single rack with 36 storage cells arranged in 6X6 array, a Cartesian robot and a 

controller unit.(BUFAIM) Features of the system are aisle captive, single shuttle, unit 

load and stationary single deep rack.  The AS/RS is a product of Intelitek and 

depicted in Figure 1.2. 

 

 

 

Figure 1. 2: Intelitek AS/RS: Physical System and Controller Unit 
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Material transfer between AS/RS and other parts of the model factory performed by 

an Automated Guided Vehicle (AGV) with multiple load capacity and products are 

transferred via pallets. Cartesian robot loads pallets to storage cells and AGV and 

unloads pallets from storage cells and AGV. 

 

Controller unit has a NEC V853 RISC 32-bit microcontroller and communicates with 

PC by a USB type cable. It has 2 integrated RS-232 channels for a teach pendant 

and an I/O card. Controller allows PID and PWM type of control and also has 10 

speed settings. With 8 digital inputs, 4 analog inputs, 8 digital outputs and 2 analog 

outputs, the system can be extended if necessary. Position can be defined in 

(X,Y,Z) coordinates, joint coordinates, encoder counts and absolute and relative 

positions. (Intelitek) 

 

Some universities around the world and Turkey use this experimental set-up. This 

Experimental set-up may have different configurations and features. Generally, 

closed loop conveyors are used for material transfer between AS/RS and other parts 

instead of the AGV. If AS/RS has barcode scanning system, real time control is 

applicable. For controlling the system, controller unit and AS/RS software module in 

the OpenCIM software are used by some universities as Southern Illinois University 

Edwardsville, Utah Valley University, Morgan State University and so forth. But in 

this laboratory software that controls the AS/RS is developed by researcher teams. 

In Turkey, Galatasaray University, Bah­eĸehir University and Kērēkkale University 

use Intelitek AS/RS. 

 

 

1.2.2. Advanced Manufacturing Technology Laboratory ï AMT (Waterford 

Institute of Technology) 

 

According to OôShea (2007), AS/RS used in this laboratory is a part of the flexible 

model factory and its physical model, control hardware and software developed by 

AMT research groups. The system consists of single rack with 68 storage cells, a 

stacker, two conveyors and a controller unit. Features of the system are aisle 

captive, single shuttle, unit load and stationary single deep rack. Components of the 

system are shown in Figure 1.3.  
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Figure 1. 3: Components of AS/RS at the AMT: Storage cells, Stacker, Input and 
Output Conveyors and Controller Unit 

 

 

Material transfer between AS/RS and other parts of the model factory performed by 

input and output conveyors and products are transferred via pallets.  

 

Siemens S7-412-2 PLC is selected as controller unit and Siemens Step 7 is used for 

programming the PLC. Communication between PLC and PC is provided by 

Profibus DP. Profibus is a standard for industrial computer network communication 

for automation technology. For visualization and controlling the AS/RS, WinCC 

software is used. Graphical User Interface (GUI) that is developed by WinCC is 

presented in Figure 1.4. 
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Figure 1. 4: GUI of AS/RS at the AMT 
 

 

As shown in Figure 1.4, AS/RS can be controlled as automated and semi-

automated. Also many of control rules regarding AS/RS (Dwell Point selection, 

Storage assignment and Command strategy) are set via GUI. For the purpose of 

recording operation of the AS/RS, MS Access database which communicates with 

WinCC software is used for this system. 

 

 

1.2.3.  University of Engineering & Technology Lahore 

 

Farrukh et al. (2009) developed an aisle captive, single shuttle, unit load AS/RS with 

stationary single deep rack. Also they developed control hardware and control 

software of the AS/RS. General view of the AS/RS is shown in Figure 1.5. 
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Figure 1. 5: General view of the AS/RS 
 

 

System can be controlled by microcontroller and PC. In the first type control, there is 

a key pad for entering number that sends stacker to the storage cells and a 5X5 

matrix for displaying status of the storage cells. These input and output modules and 

the AS/RS controlled with a microcontroller. In the second type control, software that 

developed in MATLAB is used and microcontroller interfaces with MATLAB and the 

AS/RS. Microcontroller and PC communicate via parallel port. The GUI of the 

control software is depicted in Figure 1.6.      
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Figure 1. 6: GUI of the AS/RS 
 

 

As seen in Figure 1.6, system can be used only in semi automated way. An operator 

enters the number that sends stacker to the storage cells for storing and retrieving 

purposes. Also it can display status of the storage cells. 

 

 

1.2.4. Results of the Survey 

 

Although there is in-house developed controller unit and software for AS/RS, many 

of the university laboratories and research centers use a product from market. Using 

a product from market has some disadvantages such as low flexibility, cost, limited 

firmware accessibility and maintainability.  Typically, these products are imported so 

this increases the cost. Modifications on the system could be needed so it is 

necessary to access the firmware. But firms usually do not allow users to access the 

firmware.  Eventually, developing boards, its firmware and software according to 

your requirements is suggested instead of buying a controller unit and the software 

for an AS/RS from the market. 

 

 


































































































































































