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ABSTRACT 
 

This paper presents the development of a microcontroller system to replace a problematic 

mechanical system of a weaving machine. The developed retrofit consists of a graphical user 

interface (GUI) to allow pattern development in a personal computer. The patterns are then 

transferred to a serial electrically erasable programmable read only memory (SEEPROM) 

located on the main microcontroller system. The microcontrollers together with an external 
synchronizing signal allow smooth weaving of the pattern on the cloth material. The developed 

retrofit produced identical patterns as the original machine. The developed GUI contributes 

significant time saving to the process of pattern production. 
 

SIGNIFICANCE: The work developed a 

microcontroller-based control retrofit to replace 

an obsolete electromechanical system used in a 

weaving machine. 

KEYWORDS: Retrofit; Microcontroller; 

Graphical User Interface; Weft Control. 

 

1.0 INTRODUCTION 

 
1.1 Background 

Cloth weaving is an art which has been around 

from time immemorial. Throughout history a lot 

of progress was made in weaving technology 

which resulted in the present-day weaving 

machines (also called “looms” in the industry) 

with various sophisticated features in built. One 

of the most important sections of a weaving 

loom is the weft system, where the weft yarn is 

inserted across the warped beam of yarn to create 

the cloth. To facilitate the creation of multi-color 

materials all modern looms came equipped with 

weft yarn selector ranging from simple one weft 

yarn to eight (or more) multi-color weft system. 

The Vamatex
®
 model 201 weaving loom 

installed in Terytex Nig Ltd, Kano, Nigeria, is 

equipped with an 8-color weft selection system. 

The manufacturers’ data are given in Table 1. 

 

Table 1: Vamatex
®
 weaving loom data 

 

MANUFACTURER NOUVA 

VAMATEX SPA, 

ITALY 

Machine type C401 

Serial Number 841019011 

Year installed  1988 

 

Basically it uses an infrared (IR) transmitter and 

receiver linked through a paper punched with the 

pattern to be inserted from the weft. After many 

years of operation, the weft color selection 

system has been a cause of frequent downtime of 

the looms. A point was reached where it was felt 

to replace the present system with a 

microcontroller-based retrofit. The goal was to 

achieve the following objectives: 

1 To replace the IR transmitter-receiver 

system with a microcontroller based one; 

2 Develop a graphical user interface 

(GUI) program and store the patterns 

electronically to replace the mechanical paper 

punching type together with the punched paper; 

3 Store and retrieve the stored pattern at 

the last location following power outages. 

 

In this work, these three objectives were 

developed. The microcontroller used was a 

PIC16F84A from Microchip Corporation of 

USA. The GUI program was developed using 

Visual Basic 6.0. A serial EEPROM was 

programmed from the pattern created from the 

GUI using a programmer. The retrofit was 

developed and installed in a loom in the factory 

and it worked as designed.   

This work presents the detailed analysis, design 

and construction of the retrofit. In section one, 
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the details of the original weft system of the 

weaving is presented.  System design and 

analysis are presented in section two. Section 

three contains the results and discussions. 

Conclusions are presented in section four. 

 

1.2 The weft system of the Vamatex
®
 loom 

In this section, the process of weft selection of 

loom will be presented. A simplified block 

diagram of the weft system is shown in Figure 1. 

 

 

Figure 1: Schematic of Vamatex
®
 weft selection system 

 

The system consists of a panel which houses the 

punched paper mounted between the infrared 

(IR) transmitter and the receiver.  The IR 

transmitter is made using IR diodes and all are 

energized all the time. The receivers are IR 

phototransistors which respond only to the 

transmitted signal from the transmitters.  

However only the receiver in line with a “hole” 

punched on the paper will receive the IR beam.  

In fig.1 above, IR transmitters LED1, LED2 and 

LED3 are precisely aligned with the receivers 

T1, T2 and T3 respectively. Any receiver which 

receives the beam will send a signal to a 

processing electronics card which then operates 

the relevant yarn solenoid. That particular yarn 

will now be the one to be inserted as the weft. 

Note that only one solenoid is to be selected at 

any one time. 

The pattern on the punched paper is made in 

such a way that only one receiver may be 

energized at any one time. The paper is mounted 

in a rotating gear wheel which is rotating in 

synchronism with the machine speed. The 

requirements are that for every “beat’ (one 

weaving revolution), one pattern should be 

presented. Since the machine speed is 200 rpm, 

the fragile paper may not survive such speed of 

rotation. Therefore a gear box is provided 

between the machine’s main shaft and the wheel 

to reduce the speed at which the paper rotates. 

There is also a proximity sensor switch called the 

“gate switch” which provides a timing for the 

whole “beat” sequencing. 

1.2 The Retrofitted System 

In order to develop the retrofit, the various sub 

systems above have to be retrofitted with the 

various interfaces preserved.  This can best be 

achieved if the system is developed in modules.  

Fig 2 showed the proposed block diagram of the 

modules. 
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Figure 2: Block Diagram of Microcontroller retrofit 

 

2.0 MATERIALS AND METHODS 

2.1 Hardware Development 
The approach adopted here is to use the falling 

edge of the gate (beat) signal to generate an 

interrupt in the microcontroller. This approach 

ensures synchronization of the controller with 

the weaving system. The interrupt routine 

developed in the microcontroller then carry out 

the following actions: 

1. disables further interrupt; 

2. fetches the pattern stored from the 

SEEPROM pointed by pattern location 

register; 

3. increments the pattern location register 

to point to the next pattern location in 

the SEEPROM; 

4. stores the pattern location in the flash 

EEPROM in the PIC16F84A; 

5. enables further interrupts. 

 

The input interface circuitry converts the 12V 

DC gate signal to 5V DC interrupt signal.  The 

output interface circuitry converts the 5V DC 

pattern signal from the microcontroller to12V 

DC needed by the Vamatex
®
 card for further 

processing. The pattern memory is implemented 

using SEEPROM (93C56) which can store up to 

256 byte of data (Atmel Corporation, 2006).  The 

choice of SEEPROM is due to the following 

considerations: (i) low cost; (ii) small number of 

I/O lines and (iii) the relatively low speed of the 

loom  

2.2 System hardware design 
The overall schematic of the microcontroller 

retrofit is presented in Figure 3. Transistor Q2 

together with its surrounding components 

formed the input conditioning interface; while 

IC1 which is a 7407 (TTL open collector non-

inverting buffer), is used as the output 

conditioner. 
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Figure 3: Schematic diagram of the retrofit 

2.2.1 Design Considerations: The system was 

designed in modules. From fig. 3, the following 

modules can be identified: power supply, input 

interface, output interface and other supporting 

module. 

2.2.1.1 Power Supply: A low cost voltage 

regulator (78M05- IC3 in Figure 3), was chosen 

to provide the 5V DC power required by the 

microcontroller, SEEPROM and the interface 

circuits. C1 and C2 were used to ensure good 

dynamic performance of the regulator (Martson, 

1996). The maximum current in the PIC is 200 

mA, while a typical value of the current is 30mA 

(using high speed (HS) crystal oscillator.  The 

maximum current demands from the rest of the 

sub-systems are as follows: 

 

1 IC1 93C56  5mA 

2 Q2 BC 547  5mA 

 

2.2.1.2 Input Interface: In this module, diode 

D2 (1N4001) was incorporated to prevent any 

switching transients from getting to the loom 

electronics. The 12V signal from the gate system 

was scaled down to 2V using R1 and R6 to form 

a potential divider. A base current of 6 mA can 

fully turned ON transistor Q2 (Horowitz and Pill, 

1996; Protopapas, 1988).  Therefore the resistor 

R9 is given by 
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A value of 220Ω was selected for R9. 

 

The limiting current R7 was calculated by first 

considering the LED2 current and voltage 

requirements, which are 10 mA and 1.5 V 

respectively. 
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A value of 4.7 kΩ was used for R7.  Assuming 

no leakage current into the PIC input (typically ± 

5MΩ (Microchip, 1997), R2 is chosen to be 1 

kΩ. 

 
2.2.1.3 Output Interface: For the output 

components R3, R4 and R5 are “pull ups” the 

output from the interface circuitry goes into 

CMOS chip (actually 4076) on the loom card 

number 50H116. From (SGS-THOMPSON, 

1994), the suggested value is 2.7 kΩ.  The values 

of the limiting resistors R10, R11 and R12 were 

found using the minimum output voltage from 

the PIC, VOH = 5 - 0.7 = 4.3 V (Microchip, 

1997). Then 
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A value of 270Ω was used for R10, R11 and R12.  

 

2.2.1.4 Other Modules:  Resistor R8 was used to 

pull-up the MCLR  pin of the PIC. The 

manufacturer’s datasheet for the device 
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recommends a value of less than 40kΩ in order 

to make the voltage drop across this resistor not 

more than 0.2V (Microchip, 1997).  The “pull-

down resistor” R13 was chosen to be 10 kΩ. It is 

used to prevent a floating input pin which may 

be susceptible to noise. Resistor R4 has a value 

of 10 kΩ as recommended by the SEEPROM 

datasheet. It is to prevent spurious chip enabling 

at start-up (Atmel Corporation, 2006). 

2.3 System Software Design 

The software for the PIC16F84A was developed 

using Microchip MPLAB IDE program running 

a MPASM (an assembler) and MPSIM (a 

simulator).  The flowchart is presented in Figure 

4. 

 

 

 

Figure 4: Flowchart for the retrofitted system 

 

One serious problem which was encountered was 

that the serial EEPROM (93C56) available in 

market was the 16-bit version type, while the 

initial design called for an 8-bit one.  This 

problem was solved by modifying the software 

to read the pattern at every other interrupt 

occurrence. The pseudo codes for the complete 

program for the PIC can be accessed in (Adamu, 

2008). 

2.4 The GUI Program for the pattern 

generation 
This system was developed to replace the 

mechanical punching machine and the punched 

paper system for the pattern generation, using 

Microsoft Visual Basic 6.0 and has the following 

features: 

1 Allow generation of virtual patterns to  a 

maximum of 1500 

2 Create a binary file from the generated 

patterns 

3 Saving the patterns as a text file on disk 

4 Retrieving the saved patterns for 

possible editing 

 

The generated binary file is then imported into a 

Serial device programmer (TOP838C V18E
©
), 

which is then used to program the 93C56 with 

the required patterns. In the loom there are 160 

patterns. The sequence of the pattern generation 

is given in Figure 5. 
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Figure 5: Sequence of pattern generation 

 

The program was developed in modules.  The 

structure chart of the GUI is shown in fig. 6.  A 

significant contribution was the provision of the 

ability to store and retrieve the pattern data into 

the MSH flexgrid
®
 control. This is advantageous 

in cases where the number of patterns to be 

inputted is large.  The detailed pseudo codes of 

the GUI program can be accessed in (Adamu, 

2008). 

 

 

 

Figure 6: Structure chart of the GUI program 

 
 

2.5 Construction and Testing 
In this section, the details of the construction and 

tests carried out are presented. The circuit 

construction was carried out using a printed 

circuit board program. 

2.5.1 Testing the GUI system: After developing 

the GUI program, it was subjected to series of 

tests where errors and bugs were removed with 

the help of the Visual Basic 6.0 debugger. Figure 

7 shows the GUI as it appears to a user with 

some of the pattern in place. A simple clicking 

will put a pattern (actually a dot character 

enlarged) and another click removes it. The 

program also detects empty lines as well as 

double or more entries. 

 

137 Adamu, S.S. (2011) 

 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.6 NO.1&2, pp.132-139. 

 

 

 

 

Figure 7: GUI in action 

 

2.5.2 The Microcontroller System Tests: The 

microcontroller schematic was drawn using a 

CAD software called DipTrace
®
 from Novarm 

Limited, and then converted to PCB layout. 

After placing the various components, an auto 

router was used to create the PCB tracks.  The 

PCB tracks layout was then transferred on a 

single side PCB and then etched using ferric 

chloride. After inspection and minor corrections, 

component holes were drilled and the component 

inserted. 

 

3.0 RESULTS AND DISCUSSION 

 
3.1 Results 

The system was tested first on the bench by 

pulsing 12 V DC signal at the gate signal input. 

The system worked satisfactorily. It was then 

mounted on one of the looms and wired. The 

weft pattern weaved by the retrofit was identical 

to the punched paper one. 

 

3.2 Discussions  

The low cost retrofit was developed to allow the 

continued use of a problematic feature on a 

textile loom.  It also simplified the process of the 

pattern generation.  This work demonstrates the 

power of retrofitting as a way of solving many of 

our technological problems which lead to many 

industries and research centers non-functional. 

One drawback of the microcontroller retrofit was 

the issue of reliability due to the frequent writes 

to the flash EEPROM in the 16F84A whenever 

an interrupt is received.  The microchip datasheet 

for the 16F84A indicated that the erase/writes 

can be up to 10,000,000 cycles (Atmel 

Corporation, 2006).  This problem will be solved 

in real working conditions by modifying the 

retrofit software and the hardware in such a way 

that the EEPROM writing should only occur 

following a power failure.  Many approaches are 

possible, but the simplest may be to provide a 

backup battery and provide a power failure 

interrupt, since the 16F84A has two (or more) 

interrupt sources. To reduce consumption of 

excess power from the battery, the 

microcontroller can then be put in “sleep” mode. 
The works, further, highlighted the use of 

microcontrollers in developing industrial retrofits, 

where in all the developed retrofits, low cost and 

added functionality are very much evident.  In fact, 

digital retrofit technology is now very well 

entrenched in areas which are limited only by the 

developer’s imagination; digitized car dashboards, 

electronic fuel control of automobiles and 

generators, digitized hi-fi systems, etc (Bollinger 

and Duffie, 1989; Yacobucci, 1991).   

138 Adamu, S.S. (2011) 

 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.6 NO.1&2, pp.132-139. 

 

 

 

A particularly appealing area of application for the 

developing world is “e-billings”.  In this country, 

the issue of billing for some utilities is in shambles.  

A micro-retrofit with access to the GSM, in 

customer premises can be used to monitor product 

consumption, which is sent to a central office.  It is 

then a simple matter to send the bill to the 

customer’s handset.  Another area worth 

mentioning is the many and diverse laboratory 

equipment scattered throughout this country, which 

are considered “obsolete” or “un-repairable” 

 

4.0 CONCLUSION 
 
This paper presents the development of GUI 

program and control system for an 8 color weft 

selection system of a textile weaving machinery. A 

weft yarn color selector was used to present 

different color threads in a weaving process.  Age 

and mechanical wear had made the system to be 

unreliable and difficult to operate and maintain. 

The proposed retrofit was used to replace the 

mechanical contact type with a non contact rotary 

sensor. The GUI also eliminated the present 

“punched paper” patterns. A PC running the 

developed user programming interface was used 

for programming of required patterns on screen, 

which are subsequently transmitted to a 

microcontroller–based control module, where the 

patterns are stored in a serial EEPROM. The 

EEPROM was then inserted in another module on 

the machine. This module, in synchronism with the 

machine speed, sends the color selection pattern to 

an existing control card which controls the color 

solenoids. 
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