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ABSRACT 

A low-cost XYZ Table has been developed based on 
Computer Numerical Control (CNC) technique. It will 
be able to assist workers in precision works, as it is 
user-friendly and able to reduce errors when 
performing the job. Although a low-budget machine, it 
can function like an expensive machine. 

The table is designed to working Cartesian coordinate 
and the motion in the X-, Y- and Z-axis are by using 
the stepper motor. Stepper motor will give accurate 
measurement compared with human measurement. 
The usually employed three units of stepper motor 
controller IC (L297/L297D) with six ICs were 
replaced by a single peripheral interface controller 
(PIC).  

The program in PIC will read the signals from 
commands in a personal computer via a parallel port. 
Then, PIC will process the input signals and transmit 
outputs to the stepper motor’s (or DC motor’s) driver 
circuit to run (forward and reverse) and stop the 
motor.   
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1. INTRODUCTION 

A XYZ Table is a small machine that would 
come in handy in obtaining a precision job. It 
can do more duty for example drawing, cutting, 
welding and more. It can do the duty by just 
changing the head. All the respectively routing 
could be assigned to the XYZ Table and it will 
all at once remove the human error from the 
equation.  

This XYZ Table can be interfaced to a personal 
computer by means of an interface card of either 
parallel or GPIB protocol. The block diagram for 
the system of XYZ Table is shown in Figure 1.  
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Figure 1: Block diagram of the system XYZ Table 
  
 
2. METHODOLOGY 

The processes involved in the realisation of this 
work are described in the followings. Most of 
these steps can only be taken after the preceding 
step has been performed. Basically, the processes 
involved are 
i. the design and construction the XYZ Table, 

including the mechanism, 
ii. the design, fabrication and test of the 

controller circuits, including motor driver 
circuits. 

 

2.1 Construction of the structure 
(mechanical) of machine 

The structure of the design was drawn using 
Rhinoceroses software, in which the structure 
can be constructed in modules and can be viewed 
in 2D and 3D. The drawing is shown in Figure 
2.  For X- and Z-axis, 2’x 3/4’ rectangular 
hollow steel are used and for Y-axis, 2’x 3/4’ 
rectangular aluminium. For the Z-axis, slight 
modification was made to the steel so as to have 
a sliding mechanism. 
  



 
Figure 2: Drawing of the XYZ Table (3D viewer)  

 
The advantage of using this software is that its 
files (drawings) can easily be   
 
2.2 X-axis movement  

The X-axis bearing is made of solid aluminium 
housing and hollow rod. The size of the rod is 5 
feet. The ball screw (shown in Figure 3) was 
coupled to the stepper motor (or DC motor), 
which is used to move the X-axis. 

 
Figure 3: Ball screw, couple ling and stepper motor   

An interface board is placed in between the 
parallel port of a personal computer (PC) and a 
motor driver circuit. The board processes the 
signal from the parallel port and then send it to 
the driver circuit. The function of the signal from 
pin 2 is to ON and OFF motor movement. When 
the signal from pin 2 is HIGH, the stepper motor 
or DC motor will function. The function of the 
signal from pin 3 is to FORWARD and 
REVERSE motor movement. When the signal 
from pin 3 is LOW, the stepper motor or DC 
motor will move in REVERSE rotation while a 
HIGH signal will move the motor in 
FORWARD rotation.    
 
2.3 Y-axis movement  

Aluminium is chosen as the material for the Y-
axis because of its lightness over steel and also it 
can have a smooth translational moving and 
reduce the strength for the bearing of Y-axis. 

The signal received was processed in the same 
manner as that explained in Section 2.2 but from 
different pin. The function of the signal from pin 

4 is to ON and OFF motor movement. When the 
signal from pin 4 is HIGH, the stepper motor or 
DC motor will function. The function of the 
signal from pin 5 is to FORWARD and 
REVERSE motor movement. When the signal 
from pin 5 is LOW, the stepper motor or DC 
motor will move in REVERSE rotation while a 
HIGH signal will move the motor in 
FORWARD rotation. 

 
2.4 Z-axis movement    

As the Z-axis operates in sliding movement, the 
placing of the slider in relation to the stepper 
motor is important.  

The signal received was processed in the same 
manner as that explained in Section 2.2 but from 
different pin. The function of the signal from pin 
6 is to ON and OFF motor movement. When the 
signal from pin 6 is HIGH, the stepper motor or 
DC motor will function. The function of the 
signal from pin 7 is to FORWARD and 
REVERSE motor movement. When the signal 
from pin 7 is LOW, the stepper motor or DC 
motor will move in REVERSE rotation while a 
HIGH signal will move the motor in 
FORWARD rotation. 

 
2.5 Construction of the removable head 

holder 

The object of doing work, for e.g. laser cutter, 
drill, marker pen, or welding head, is placed on 
removable head holder (shown in Figure 4) on 
the Z-axis. The object is attached to the head by 
means of a clipper. The head is made of 
aluminium. 

 
Figure 4: Removable head holder  

 
 

2.7 X and Y-axis Bearings 
 

Suitable bearings and material must be chosen to 
ensure smooth movements for X-axis and Y-
axis. Linear bearing, of 18mm inner and 25mm 
outer diameters, was found to be very suitable 
for the task. The bearing housing is made from 
solid aluminium material. The bearing system is 
shown in Figure 5.  

 



 
Figure 5: X and Y-axis bearing 

 
 
2.8 Modification of the stepper motor driver 

circuit  

Each stepper motor has its own controller IC 
(L297/L297D), which means that there must be 3 
controllers (6 ICs). In this work, a simplification 
had been made and it is by replacing the 
controller with a single peripheral interface 
controller (PIC). The PIC receives direction and 
step signal from the computer, translates the 
information into higher voltage and current 
signal levels, and sends then to the stepper 
motors (or DC motor) driver circuit. 

The stepper motor driver circuit will send current 
to the stepper motor coils, in alternating 
sequence. In this way there will always be 
current flowing in one of the coils at any time. 
This in turn, will move the shaft in the desired 
direction as many steps as are needed to traverse 
the distance required on that axis. The DC motor 
driver circuit will ON when the signal is received 
and speed of the motor will be controlled. For 
this project, three driver boards are needed; one 
for each of travel (X, Y and Z).  

 
2.9 Fabrication of the interface board and 

driver motor circuit  

This board is actually only a gateway that allows 
the computer to send and receive signals to the 
drivers and limit switches. On it there is a 
connector for the straight-through parallel port 
cable and some connections for the wires coming 
from each of the driver motor circuit boards and 
limit switches.  
 
2.10 Test on the parallel port 

The signals were received from pin 2 to pin 7 of 
the parallel port. The computer will receive input 
signals from pin 10, pin 12 and pin 13 of the 
parallel port. Pin 2 and pin 3 are connected to the 
X-axis motor, pin 4 and pin 5 are connected to 
the Y-axis motor, and pin 6 and pin 7 are 
connected to the Z-axis motor. Pin 2, 4 and 6 
will give the signal for ON or OFF motor. The 

pin 3, 5 and 7 will give signal for FORWARD 
and REVERS motor. The signals will be 
transmitted to the microcontroller (PIC) in the 
interface board where it is processed and then 
input to the driver. 

Pin 10, 12 and 13 are connected to limit switches 
mounted on the XYZ Table. The function of 
these switches is to detect the maximum and 
minimum travel along the X, Y and Z-axis.          

 
2.11 Test on the interface board circuit   

The test on the interface board circuit (shown in 
Figure 6) was made at the output of the parallel 
port where the signals were measured. The 
signals from parallel port were studied and 
employed in the construction of the 
programming in the microcontroller (PIC). The 
programming from microcontroller (PIC) will 
transmit signal output to the driver circuit of 
stepper motor (or DC motor). If the driver motor 
receives a HIGH signal, the motor will rotate. 
The motor is mounted by means of ball screw 
(shaft) of X, Y Z-axis. 

 

 
Figure 6: Interface board circuit  

 
2.12 The stepper motor and DC motor 

driver circuits  

This XYZ Table can be driven by either a 
stepper motor or DC motor at any one time. The 
stepper motor driver (shown in Figure 7(a)) and 
DC motor driver circuit (show in figure 7(b)) are 
connected to the interface board.  

 

 
 

Figure 7(a): Stepper motor driver circuit  
 

The distance of the X-axis, Y-axis and Z-axis 
will be compared against the distance input in 
the KCam4 programming. The number of pulse 



output in the KCam4 programming will be tuned 
in order to obtain the same distance in actual 
case.  

 

 
 

Figure 7(b): DC motor driver circuit  
 
2.13 Interfacing to the Personal Computer 

to XYZ Table and programming of the 
KCam4 software  

KCam4 software is used to control the XYZ 
Table. The KCam4 software gives signal to 
parallel port and the interface board will process 
the signal, which is then used to move the X-
axis, Y-axis and Z-axis. The movement of the 
XYZ Table was tuning to get the same distance 
between programming and actual. The object or 
product was draw in the Rhinoceros software. 
The drawing will export to DFX file then the file 
will import to KCam4 to get the XYZ Table 
movement.  
 
 
3.  RESULTS  

 
Several tests had been conducted on the 
components and circuits of the XYZ Table, e.g. 
parallel port, motor turning, and PIC. They are 
tested individually before assembled. The reason 
for this is to verify and troubleshoot, if needed, 
should there be adverse component’s 
performance. 
  
3.1 Parallel port 
• Channel 1 is connected to pin 2, pin 4 and 

pin 6. 
• Channel 2 is connected to pin 3, pin 5 and 

pin 7. 
 
3.1.1 Motor OFF 

The signal output for X-axis (pin 2 and pin 3), 
Y-axis (pin 4 and pin 5) and Z-axis (pin 6 and 
pin 7) are obtained from parallel port. Figure 8a 
shows the output for motor OFF. When the 
Channel 1 is LOW then all motors will OFF. 
 

 
 Figure 8a. Motor OFF for X-axis or Y-axis or Z-axis   
 Channel 1- OFF Motor 
 Channel 2- REVERSE Motor 

 
3.1.2 Reverse motor (X, Y and Z-axis) 

The signal output for X-axis (pin 2 and pin 3), 
Y-axis (pin 4 and pin 5) and Z-axis (pin 6 and 
pin 7) are obtained from parallel port. Figure 8b 
shows the output for reverse motor. When 
Channel 1 is HIGH then motor will ON and 
when Channel 2 is LOW then motor will 
REVERSE movement. 

 

 
Figure 8b. Motor REVERSE for X-axis or Y-axis or Z-axis 

 Channel 1- ON Motor 
 Channel 2- REVERSE Motor 

 
3.1.3 Forward motor (X, Y and Z-axis)  

The signal output for X-axis (pin 2 and pin 3), 
Y-axis (pin 4 and pin 5) and Z-axis (pin 6 and 
pin 7) are obtained from parallel port. Figure 2c 
shows the output for forward motor. When 
Channel 1 and Channel 2 are HIGH then motor 
will ON and will be in FORWARD movement. 
 



 
Figure 8c. Motor FORWARD for X-axis or Y-axis or Z-axis   
 Channel 1- ON Motor 
 Channel 2- FORWARD Motor 
 
3.2 Peripheral Interface Controller (PIC 

16F877A) 

Mentioned in the followings are tests conducted 
for confirm the performance of the programming 
made in the PIC. The tests are conducted on both 
the stepper motor and DC motor circuits. 
 
3.2.1 Stepper Motor Output 

The pulse width modulation (PWM) from PIC 
for input to the stepper motor driver circuit is 0.2 
sec.  
  

 
Figure 9a. Signal for forward stepper motor  
 Channel 1- Step 1 (BLUE wire) 
 Channel 2- Step 2 (RED wire)   
 

 
Figure 9b. Signal for Reverse stepper motor  
 Channel 1- Step 1 (BLACK wire) 
 Channel 2- Step 2 (GREEN wire)   
 

The signal input for the FORWARD of stepper 
motor shown in Figure 9a and the REVERSE of 
stepper motor shown in Figure 9b.   
 
 
3.2.2 Dc Motor Output 

The signal input for FORWARD of the DC 
motor is shown in the Figure 9c. When Channel 
1 is HIGH, motors of X, Y and Z-axis will be 
ON. The signal input for REVERSE of the DC 
motor is shown in the Figure 9d. When Channel 
1 is HIGH, motors of X, Y and Z-axis will be 
ON. 
 

 
Figure 9b. Signal for FORWARD with speed control DC    

motor.  
 Channel 1- FORWARD DC motor  
 Channel 2- Speed Control DC motor (PWM)   
 



 
Figure 9b. Signal for REVERSE with speed control DC    

motor.  
 Channel 1- REVERSE DC motor  
 Channel 2- Speed Control DC motor (PWM)   
 
Channel 2 gives signals in form of pulse width 
modulation (PWM) for the speed control motor 
for all X, Y and Z-axis DC motors. The speed 
control for DC motor is obtained by using a 
single quadrant chopper circuit.    
 
 
4. DISSCUSSION AND CONCLUSION 

This project has achieved its objectives of having 
a low-cost general-purpose XYZ Table. The tests 
conducted pointed to a conclusion that this 
project has to be further improved if a stable and 
smooth operation is to be achieved. It has not 
reach the level of commercial products. This is 
evidence through some minor problem in the 
mechanical part to get the smoothing movement. 
Nevertheless, the controller and circuits are able 
to control the X, Y and Z-axis movement and 
interface with computer. To summarize, the X, Y 
and Z movement and the interface were correctly 
linked and the result was achieved for this XYZ 
Table. 

Further, this XYZ Table is user friendly and easy 
to use, which is what the robotic laboratory 
requires and needed to be provided with. In 
additional, this XYZ Table saves time and 
energy, more efficient, lower error and more cost 
effective. With this friendly machine, it will 
assure that in robotic laboratory at UiTM will 
receive the benefit.         
 
 
5. FUTURE DEVELOPMENT 

In the future, this XYZ Table can be further 
developed into having more functions and as 
teaching aid for the students in building robots 

for competition. With the drill, cutting device, or 
welding tool placed at the removable head 
holder, this XYZ Table would be able to 
simplify the jobs. Time and energy can be 
reduced because this machine can be operated in 
either automatic or manual mode.  

To further improve the designed system, it is 
recommended the stepper motor, ball screw and 
hollow stainless steel rod to be changed to better 
types.  

A higher torque and power stepper motor is very 
much welcomed. The ball screw is to be changed 
to a stainless steel type with a wider groove so as 
to reduce travel time and have a smooth travel 
for XYZ Table. The hollow stainless steel rod at 
the X-axis should be changed to a solid stainless 
steel rod. This will strengthened the X-axis track 
and strengthened the machine.          
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