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Abstract— This paper deals with object and edge detection using infrared (IR) sensors. The SayIt module was also used to allow a user to verbally send an array of commands to the robot for execution. The BASIC Stamp Editor was used to write the code for the described tasks, which are later outlined in greater detail within this report. The SayIt graphical user interface (GUI) was used to program the SayIt module with speaker dependent (SD) commands. The BOE-Bot mobile robot is the simplest, low-cost platform and the most suitable for the light, small sized, battery-driven autonomous vehicle. It has two wheels, which are independently controlled by a pair of servo motors and a castor wheel in the rear for stability.
Index Terms—robot, basic stamp microcontroller, infrared detector, SayIt module.
I. INTRODUCTION

T
HIS paper explains the control of a mobile robots motion in an unknown environment, and voice recognition for an array of different commands in navigating the Parallax BOE-Bot. 

In order to achieve the tasks stated above, four (4) 5mm IR sensors, and a Sayit module by Parallax Inc. were utilized using the breadboard installed on the BOE-Bot. Fig. 1 below shows the BOE-Bot used for demonstrating the commands that are later outlined in the SayIt module section of this report.
Motion control of mobile robots is an important research field today. Mobile robots are very popular and can be used for many practical applications.
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Fig. 1 - Parallax BOE-Bot with IR sensors and SayIt module
II. BACKGROUND
A. BOE-Bot
The BOE-Bot mobile robot is the simplest, low-cost platform and the most suitable for the light, small sized, battery-driven autonomous vehicle. It has two wheels, which are independently controlled by a pair of servo motors and a castor wheel in the rear for stability.
BOE-Bot is short for Board of Education robot. It consists of a main circuit board (the Board of Education), a plug-in microcontroller, two servo motors to drive the wheels, a bread board and a small aluminum chassis that all the parts are bolted onto.

 
The Board of Education and breadboard provide the conduit for connectivity between the beginner’s all-purpose symbolic instruction code (BASIC) Stamp microcontroller, the Parallax SayIt Module, and the infrared detector sensors. See Fig. 1 for the assembled BOE-Bot.

In order to make the BOE-Bot go forward, the BOE-Bot’s left wheel has to turn counterclockwise, but its right wheel has to turn clockwise. To achieve this function, a PULSOUT command is sent to the corresponding servo to turn the wheel for a specified amount of time. See Table 1 to see the list of PULSOUT commands used to achieve and direction of travel.
A. BASIC Stamp 2 Microcontroller
The BASIC stamp microcontroller (see Fig. 2) has the form of a dual in-line package (DIP) chip but is in fact a small printed circuit board that houses the essential elements of a microprocessor system. The microcontroller, which contains the central processing unit (CPU), has a small BASIC interpreter (PBASIC) built into the read-only memory (ROM). The microcontroller is programmed using PBASIC language through Parallax software, BASIC Stamp Editor.

The BASIC Stamp 2 microcontroller is essentially the brain of the BOE-Bot. It makes decisions and operates the pair of servo motors according to the information received from the IR receiver modules.
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Fig. 2 – BASIC Stamp 2 microcontroller

PBASIC is a microcontroller based version of BASIC created by Parallax, Inc. It was created to bring ease of use to the microcontroller and the embedded processor. It is used for writing code on the BASIC Stamp microcontrollers. Once the code is written, a USB to Serial adapter is used to transfer the code from the computer to the microcontroller and allows for a debug terminal to be utilized in runtime communication. It is then tokenized and loaded into an electrically erasable programmable read-only memory (EEPROM). These tokens are then fetched by the microcontroller and used to generate instructions for the processor.

EEPROM is a type of non-volatile memory used in computers and other electronic devices to store small amounts of data that must be saved when power is removed. It is a user-modifiable read-only memory (ROM) that can be reprogrammed or erased repeatedly.

B. SayIt Module
The SayIt Module (see Fig. 3) provides voice recognition functions for up to 32 speaker dependent keywords. Included in this project are commands to autonomously navigate a room by avoiding obstacles in its path, navigating a surface while avoiding its edges, following an object and basic navigation instructions such as: forward, backwards, left, and right.
This module uses a standard UART interface compatible with 3.3-5V TTL logical levels. For the purposes of this project, the configuration was left at 9600 baud, 8 bit data, no parity, 1bit stop, and the delay before each byte is sent out from the module to the receiver line is 10ms. 
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Fig. 3 – SayIt Module, SIP voice recognition chip. Front (left) and rear (right) views of the module.
C. Infrared Detector Sensors
The IR sensor object detection system acts like a car’s headlights in several respects. When the light from a headlight reflects off obstacles, your eyes can detect the object and your brain processes the information and makes your body guide the car accordingly. The BOE-Bot uses IR LEDs for headlights. They emit an IR signal at a wavelength of 940 nanometers (nm), and in some cases, the IR signal is reflected off objects and bounces back in the direction of the BOE-Bot. The eyes of the robot are the IR receiver modules. The IR receivers send a signal indicating whether or not they detect an IR signal reflected off an object.

The IR detectors have built in optical filters that allow very little light except the 940 nm IR that we want to detect with its internal photodiode sensor. They also have an electronic filter that only allows signals around 38.5 kHz to pass through. This prevents IR interference from common sources such as sunlight and indoor lighting.

[image: image5.png]LED




Fig. 4 – IR detector circuit used

Below (see Fig. 5) is the actual circuit used for the IR detector circuit. It consists of four (4) 5mm IR LEDs in series with a 1k ohm resistor to reduce the amount of current applied to the LED and four (4) IR receiver modules to capture reflected IR signals sent from the LEDs. 
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Fig. 5 – IR detector sensor circuit
D. TABLES AND FIGURES
The table below (Table 1) shows the PULSOUT commands for each wheel to achieve the desired behavior. P13 is used to control the left wheel and P12 is used to control the right wheel. A PULSOUT of 750 for both wheels make the robot come to a stop, with 850 and 650 being the maximum values for the clockwise and counterclockwise direction of either wheel.
The BOE-Bot requires minor adjustments to the PULSOUT commands in order for the robot to travel in a straight path. For our purposes, the PULSOUT command had to be set to 815 for the left wheel and 650 for the right wheel for the forward command.. The same concept was applied for the reverse command.
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850 650 Full Speed Forward
P13 CCW, P12 CW.

650 850 Full Speed Backward
P13 CW, P12 CCW.

850 850 Full Speed Right rotate.
P13 CCW, P12 CCW.

650 EY Full Speed Leftrotate
P13 CW, P12CW

750 850 P13 Stopped Pivot back left
P12 CCW Full speed

650 750 P13 CW Full Speed Pivot back right
P12 Stopped

750 750 P13 Stopped Stopped
P12 Stopped

760 740 P13 CCW Slow. Forward siow
P12 CW Slow

770 730 P13 CCW Med Forward medium
P12 CW Med

850 700 P13 CCW Full Speed Veer right
P12 CW Medium

800 650 P13 CCW Medium Veerleft

P12 CW Full Speed





Table 1 - P13 and P12 are output ports for left and right wheel, respectively
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IV. Conclusion

In this paper the object of the IR detectors and SayIt module is to control a mobile robots motion in an unknown environment, and voice recognition for an array of different commands in navigating the Parallax BOE-Bot. 

The BOE-Bot mobile robot is the simplest, low-cost platform and the most suitable for the light, small sized, battery-driven autonomous vehicle. It has two wheels, which are independently controlled by a pair of servo motors and a castor wheel in the rear for stability.
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