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Chapter 1
System Overview

These 18 servo motors are controlled by PWM signals generated from Altera

DEO-Nano-SoC board embedded inside the Terasic Spider. The Terasic Spider itself
can be remotely controlled by a Bluetooth-enabled Android device through Bluetooth. The
app developed by Terasic can control the Terasic Spider to move in four directions and
swing based on the G-sensor on the mobile. It can even complete a dance with pre-defined
movement.

The Terasic Spider is a six-legged walking robot which is driven with 18 servo motors.

All the source code for the Terasic Spider is available with the kit. Users can modify the
code to improve or change the functions according to their specific applications. The source
code includes Android project, Linux application project, and Quartus project.

There is also a 2x20 GPIO expansion header available on the DEO-Nano-SoC board.
Users can connect GPIO based daughter cards to it such as camera module.

1.1 System Architecture

Figure 1-1 shows the system block diagram of the Spider Robot. The system consists of
three parts:
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FPGA Bitstream: soc_system.rbf
Linux Spider Program: spider
Android Application: terasic_spider.apk
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The major function of the FPGA bitstream file is to provide PWM controller to control the -
rotation of the 18 servo motors. The rotation angle of each servo motor is controlled by the
PWM signal. The FPGA controls the 18 servo motors from the 18 PWM controllers.

The Linux Spider program is running on Linux on Altera SoC. The main function of this
program is to perform spider movement by the 18 PWM controller on the FPGA side to
control the 18 servo motors. The other mainfunction of this program is to provide remote
control accessibility based on Bluetooth SPP (Serial Port Profile). It can receive spider
control command from a Bluetooth enabled Android device and perform corresponding
actions such as moving forward and backward. The Linux should be built with Bluetooth
stack enabled to support Bluetooth and an external USB Bluetooth dongle is required.

The main function of the Android Spider Program is to let users remotely control the spider
through Bluetooth. The Spider program on the Android devicer ecei ves user
its control GUI and it will send corresponding commands to the Linux Application Program
on DEO-Nanos-SoC. The command set is proprietary and it is defined by Terasic.
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Figure 1-1 System block diagram of the Spider Robot
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1.2 Spider Boot

The spider system is configured to boot from the

MicroSD card on DEO-Nano-SoC. The Linux system,

Linux Spider program, and the FPGA bitsream file are

all stored in the MicroSD card. The FPGA bitstream file
named soc_system.rbg is located in the first partition of the
MicroSD card, which is expected to be in FAT partition. The
spider execution program named spider is located in the /home/root

directory under the Linux file system.

When Linux boots with MSEL[4:0] = 00000, the bootloader will configure the FPGA with the
FPGA bitstream file named soc_system.rbf. The spider launch script is added into the
Linux init scripts /etc/initab to start the spider execution file automatically when Linux starts

to load the application process after the kernel is loaded.

1.3 Source Code

The project source codes for these three demos are all included in the Spider System CD,
which is available on http://cd-spider.terasic.com. The corresponding folder locations of the

project source codes are shown in Table 1-1.

FPGA Spider Project

Table 1-1 Project Location

Program\DEO_NANO_SOC_SPIDER

Verilog

Linux Spider Project

C++

Program\DEO_NANO_SOC_SPIDER_LINUX_APP

Android Spider Project

Java
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Chapter 2
Control Background

and the proprietary command set used for remote communication between the

This chapter gives the background for controlling the serve motor, spider movement,
Android Spider Program and Linux Spider Program.

2.1 Spider Movement

The spider movement is based on the Tripod Gain i the spider always has three foots in
contact with the ground at all times. This will keep the spider balanced on the ground.

The six legs of the spider are grouped into Red and Blue, as shown in Figure 2-2. When
the spider moves, it moves legs from B group first, as shown in Figure 2-3. It will then move
legs in R group, as shown in Figure 2-4. The spider can move forward or backward by
moving legs of group R and B interchangeably.

Figure 2-2 Spider legs are grouped into R and B
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Figure 2-3 Spider moves legs in group B

Figure 2-4 Spider moves legs in group R
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2.2 Servo Motor

The servo motor MG996R, as shown in Figure 2-5, is used on the spider. MG996 has three
pins, as shown in Figure 2-6. The Red and Brown pins are power pins. The Orange pin is
the PWM pin, which is used to control the rotation angle. The rotation angle of this servo
motor is specified by the pulse width of PWM (Pulse Width Modulation) signal, as shown in
Figure 2-7. The servo controllers send PWM signals continuously to the servo motors and
alter the pulse with to change the rotation angle of servo motors. Note that it takes time for
the servo motor to rotate to the desired angel, so users need to make sure the rotation is
complete before sending the next rotating signals.

Figure 2-5 Servo motor with model MG996R

PWM=0range (I1I") —
Vcc=Red (+) | ©/
Ground=Brown (=) —

Figure 2-6 Pinout of servo motor MG996R
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Figure 2-7 Pulse width determines the rotation angle

2.3 Command Set for Remote Control

Android Spider program can remote control the spider based on pre-defined command set,
as shown in Table 2-1. The Command is sent from Android device to DEO-Nano-SoC.

Table 2-1 Command Set

ATFW Forward

ATBW Backward

ATTR Turn Right 90 degree

ATTL Turn Left 90 degree

ATTR= Turn Right with specified angle
ATTL= Turn Left with specified angle
ATSP= Set movement speed

ATTTL Body tilt left

ATTTR Body tilt right

ATTTF Body tilt forward

ATTTB Body tilt backward

ATTTN Body tilt recovery

ATALL Demo mode
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