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Abstract. This paper show a field programmable gate array (FPGA) based control
of a robotic arm able to play TIC-ТАС-ТОЕ. The architecture of the control scheme

is simple, and thus facilitates realization of the proposed digital controller. The de-

signed controller has been implemented using the SPARTAN-3 STARTER KIT
from Xilinx, Inc. Our "IC" can be used as a microprocessor in applications of ro-

botic arm control. Due to the high-speed nature of FPGAs, the sampling frequency
of the IC can be raised to values that cannot be reached using a conventional digital
controller based on a microcontroller. The strength of this paper is the implementa-
tion of a 9-choice algorithm that makes the robotic arm win the game. "VHDL" lan-

guage and Synthesis tool (view logic) was used to provide the FPGA with the in-

formation of the moves and the algorithm to select the most appropriate move.

Keywords: VHDL, digital design, Robotic Arm, FPGA

1 Introduction

Robots have become important due a wide range of applications from manufacturing
and surgery to the handling of hazardous materials. One of our robotic arm's functions is

to move to a specific location or along a determined path. Moves can be performed in
nine different ways thanks to the algorithm specially design to play wisely (intelli-

gently?). A FPGA is used as control of the robotic arm with five motors and five joints to

allow flexibility, five Axes of motion: Right / Left 350 degrees; Shoulder 120 degrees;
Elbow 135 degrees; Wrist rotate CW & CCW 340 degrees; Gripper Open & Close 50

mm. Its dimensions are: Max Length Outwards = 360 mm Max Height Upwards = 510
mm Max Lifting Capability = 130g.
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Field-Programmable Gate Arrays FPGAs are a special type of Application Specific In-

tegrated Circuits ASICs which can be configured or reconfigured by the user instead of

the manufacturer. One of the most important characteristics of FPGAs is fast circuit pro-

totyping. A digital device of up to thousands of logic gates can be implemented and/or

revised in days or even hours. In addition, FPGAs have a low cost of manufacturing, and

have the property of being fully testable. FPGAs are gate-array-like devices, and they are

typically used to implement multi-level logic functions.
 This paper shows that a FPGA

can control directly a chopper driven brush DC motor and in addition generate a sequence

of robotic arm commands.

The paper is organized as follows: Section 2 present
s an overview of how and where

programmable logic devices are used, including both "
CPLD" & “FPGA" devices, and

discusses the synthesis and implementation process for FPGAs. The design targets a Spar-

tan-3 “FPGA". Section 3 takes the "VHDL" language through to a working physical

device, Section 4 shows the sensor used in the board. Section 5 pre
sents the implementa-

tion of our control "IC", finally, section 6 is dedicated to conclusions.

2 Overview of PLDs

By the late 70's, standard logic device were the rage and printed circuit
, boards were

loaded with them. Then someone asked the question: "What if we gave the designer the

ability to implement different interconnections in a bigger device?" This would allow th
e

designer to integrate many standard logic devices into one part. The two programmable

planes provided any combination of AND and OR gates and sharing of AND terms across

multiple OR's. This architecture was very flexible, but at the time due to wafer geome-

try's of 10um the input to output delay or propagation delay (Tpd) was high w
hich made

the devices relatively slow. Complex Programmable Logic Devices CP
LD is the way to

extend the density of the simple PLDs. The concept is to have a few PLD blocks or mac-

rocells on aa single device with general purpose interconnect in between. Simple logic

paths can be implemented within a single block. More sophisticated logic will r
equire

multiple blocks and the use of the general purpose interconnect in between to make these

connections. Field Programmable Gate Array FPGA is a regular structure of logic cells or

modules and interconnect, which can be controlled completely. This means that changes

to the circuit, its design and program can be done freely as required. There are two basic

types of FPGAS: SRAM-based reprogrammable and OTP. These two types of FPGAS

differ in the implementation of the logic cell and the mechanism used to make connec-

tions in the device. The dominant type of FPGA is SRAM-based and can be repro-

grammed as often as you choose. In fact, an SRAM-FPGA is reprogrammed every time

it's powered up, because the FPGA is really a fancy memory chip. That's why you need a

serial PROM or system memory with every SRAM-FPGA.
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Fig. 5 The arm reaching for a ball to throw Fig. 6 The arm making the first move in

the game.
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