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Development of a General Purpose Motion Controller
Using a Field Programmable Gate Array
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Abstract : We have developed a general purpose motion controller using an FPGA(Field Programmable Gate Array). The multi-PID
controllers and GUI are implemented as a system-on-chip for multi-axis motion control. Comparing with the commercial motion
controller LM 629, since it has multi-independent PID controllers, we have several advantages such as space effectiveness, low cost
and lower power consumption. In order to test the performance of the proposed controller, motion of the robot hand is controlled.
The robot hand has three fingers with 2 joints each. Finger movements show that tracking was very effective. Another experiment of
balancing an inverted pendulum on a cart has been conducted to show the generality of the proposed FPGA PID controller. The

controller has well maintained the balance of the pendulum.

Keywords : motion controller, FPGA, VHDL, robot hand, inverted pendulum
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Fig. 1. Overall system block diagram.
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Fig. 3. The design of motion controller on Quartus [12.0.
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Table 1. The pin name and its function.

wEY o olF 7
M1 CHA Motor 1 encoder phase A
Ml CHB Motor 1 encoder phase B
M2 CHA Motor 2 encoder phase A
M2 CHB Motor 2 encoder phase B
A4 main_clk FPGA system clock
Cs Chip select
Rd Read
Wr Write
cd Command, data -~ A&
Gt L | A9, 5191 HolE 7% A
S(16H|E tlole))
M1 _motor_inl | Motor 1 output 1
M1 _motor_in2 | Motor 1 output 2
=9 M2 motor int | Motor 2 output 1
M2_motor_in2 | Motor 2 output 2
enablel Motor 1 enable
enable2 Motor 2 enable
okvkak data{7.0] 8bits data bus
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Fig. 4. The operation of command/data write.
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Table 2. The pin name and its function.

Command Data Command Data
Motor 1 Kp 0x01 Motor 2 Kp 0x11
Motor 1 Ki 0x02 Motor 2 Ki 0x12
Motor 1 Kd 0x03 Motor 2 Kd 0x13
Motor 1 Yd 0x04 Motor2 Yd 0x14

Motor 1 enable 0x05 Motor 2 enable 0x15

Motor 1 disable 0x06 Motor 2 disable 0x16

Read encoder 0x07 Read encoder 0x17
Motor 1 Motor 2
FPGA reset 0x08
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LIBRARY ieee;
USE ieee.std_logic _1164.all;
ENTITY pum generator IS
PORT
{ wain _clk : IN 3TD_LOGIC;
pwm mag : IN integer range 0 to 255;
pum_signal : OUT STD_LOGIC );
END pum_generator;
ARCHITECTURE pum_generator_architecture OF pum generator I3

signal pim_count integer range 0 to 256%3-1:
signal pim_buff std_logic;
BEGIN
process main_clk)
varizsble mag integer range 0 to 256%§-1;:
hegin
if main c¢lk = '1' and wain clk'event then

mag = pum mwag * 8;
if pum _count »= wag then
pumn buff <= '0';
else
pwma buff <= '1';
end if:;
pum_count <= pwm count + 1
puw_signal <= pum_buff;
end if:
end process;
END pum_generator_architecture:

213 10.PWMLAE7]¢] VHDLALE.
Fig. 10. VHDL code of PWM generator block.

|Processing status

|Fitting Successful

|Chip name lmotion_controller
{Device name |EPZ0K300EQC240-2
|Total logic elements | 2236 / 11520 ( 19 %}
|Total ping | 24 /7157 (1 15%)

|Total E5B bits | 0/ 14745% {0 %)
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Fig. 11. Whole resource amount used in FPGA.
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Table 4. DH parameter of finger robot.

Joint 6.c)| dam| a,C)| am
1 0 375 90 62
Fingerl 2 25 0 0 55
3 25 0 0 55
1 120 375 90 62
Finger2 2 -25 0 0 55
3 25 0 0 55
1 240 375 90 62
Finger3 2 25 0 0 55
3 25 0 0 55
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Fig. 28. The trajectory lower joint, 1.000Hz.
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Fig. 29. Inverted pendulum system.
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Fig. 30. The angle of inverted pendulum.

o.025 s S

coz| -
c.o1s

a.01 4

-
7 AV
oo NaVAVS ]
J/\A ﬂs’ \ ) ]

o025

i}

o

El EE] a2 &
timais]

19 31. 7FES] 9)A]
Fig. 31. The position of a cart.
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