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ABSTRACT

The research team of the Center for Engineering Systems Advanced

Research (CESAR) uses the mobile robot HERMIES-II (Hostile Environment

Robotic Machine Intelligence Experiment, Series II) for experiments in auton

omous obstacle avoidance, path planning and navigation. Sensor feedback

from the robot comes from several sources, including sonar and a binary

vision system. It is this vision system with which this work will primarily be

concerned.

The vision system implemented on the robot is based on the Micron-

Eye OpticRam camera from Micron Technology Inc. The camera was inter

faced to the robot and several image processing routines were written in the

language FORTH. The general purpose assembly language routines provided

with the MicronEye were rewritten and condensed for this specific application.

"Primitives" were written to allow external computers such as CESAR'S LISP

computer to access information provided by the camera. Routines were writ

ten to do basic tasks such as calculating the angle from the center of the

robot to the edge of an obstacle. These routines were used to develop naviga

tion routines. The LISP computer previously had used only sonar feedback to

determine the locations of obstacles and controlled the robot by passing

commands over an RS-232 serial link. The new routines allowed more pro

cessing to be done in the robot and decreased the time needed to accomplish

an overall task.
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CHAPTER I

INTRODUCTION

The Center for Engineering Systems Advanced Research (CESAR)

was established in 1983 at the Oak Ridge National Laboratory (ORNL) to

address long-range, energy-related research in intelligent control systems

[1]. The Center was established by the U.S. Department of Energy (DOE),

Office of Basic Energy Sciences, Division of Engineering and Geosciences to

study and develop intelligent machines that will operate in unstructured hos

tile environments. In addition to intelligent machines, the CESAR team is

studying areas that include mathematical modeling, real-time control, sensor

integration and strategy planning. The aim of this research is to develop an

autonomous machine that can make intelligent decisions based on its per

ception of its environment which will be unknown and possibly changing.

The first step toward this long-range goal was the construction of the mobile

robot HERMIES-I in early 1984.

HERMIES-I stands for Hostile Environment Robotic Machine Intelli

gence Experiment, Series-1. As described in [2] and shown in Figure 1.1,

HERMIES is a self-contained mobile robot with manipulators. It is driven by

two independently controlled D.C. motors which are powered, along with the

rest of the robot, by two 12-volt, 15-amp-hour, rechargeable batteries. Con

nections are provided for external power which can run the robot or recharge

the batteries when the robot is off. The robot is controlled by an on-board

distributed processor architecture. The main computer is an IBM-XT with a

single floppy disk drive. One satellite processor is a Z8 microcontroller which

is programmed in assembly language and is dedicated to controlling the
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Figure 1.1. The author with the mobile robot HERMiES-ll in the Center for
Engineering Systems Advanced Research (CESAR) Laboratory.



arms. The other processor is a dedicated stepper motor controller produced

by Cybernetic Micro Systems and directs the stepper motors that move the

pan-tilt sensor platform. A block diagram of the robot is given in Figure 1.2.

The sensor platform is located on top of the robot and is able to pan

through 350 degrees and tilt plus or minus 45 degrees from horizontal. Lo

cated on this platform are the sonar sensor and the OpticRAM binary camera.

These two sensors were used heavily in the research for this thesis. The

sensor platform steering allows a side area of the environment to be examined

without moving the entire robot.

HERMIES was constructed for CESAR in the first half of 1984 by Prism

Robotics Inc. The robot was designed as a low-cost testbed for ideas and

algorithms developed by the CESAR team. Although its capabilities are

somewhat limited (i.e., the Heathkit arms used as manipulators can only lift

about 16 oz.), the mobility and sensors on the robot allow the CESAR team to

test algorithms such as a path planning algorithm in a real world, albeit

controlled, situation. HERMIES gives researchers a better idea of the limita

tions of hardware interacting with its environment than can be achieved

through computer simulation. In this role as a learning tool, the robot has

been very useful to the CESAR team.

HERMIES-I is the first step in a series of increasingly complex and

capable machines planned for CESAR. Many modifications have been made

to HERMIES to increase its capabilities and reliability including a new sensor

platform mounted in late October. This platform is driven by servo motors and

contains five sonar units rather than one. The modifications made to HER

MIES have been extensive enough that the robot has been designated

HERMIES-II, which is the designation to be used throughout this thesis. Fu-
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ture versions of HERMIES will be much larger and will have much more

powerful computers on board as well as arms capable of lifting up to 35

pounds.

All on-board programming for the robot is done in the language

FORTH. FORTH is a flexible, extensible, programming language that was

designed especially for control purposes. It is a high-level language that

operates at speeds approaching that of assembly language. FORTH is an

interactive environment and allows the user to define new commands, called

"words," based on previously defied words. The version of FORTH used on

the robot is polyFORTH'" by FORTH Inc. [3]. FORTH is a stack-oriented

language and operates in Reverse Polish Notation (RPN). This is one of the

factors that leads to FORTH's speed. FORTH also allows time-critical tasks to

be written in assembly language through the definition of CODE words. De

fining a CODE word calls up FORTH's simple one-pass assembler. Assembly

language mnemonics are joined in a manner similar to the way high-level

words are joined to define a new word. The routine is then executed the same

way high-level routines are executed. The text by Brodie [4] is a very good

introduction to the language for anyone not familiar with FORTH.

The polyFORTH system for the IBM-PC/XT has several nice features,

including a color graphics package, full-screen editor and 8087 numeric co

processor support. The numeric co-processor package was used extensively

in this work. Especially useful were the trigonometric functions and floating

point arithmetic.

The majority of the programs written for this thesis were written in

FORTH. It should be noted that whenever FORTH commands or programs

are referred to in this text they will be written in all upper-case (i.e., PCALC,



GO, or DUP). The program listings, which are given in Appendix A, are also in

a format peculiar to FORTH. Programs are saved on "screens" which are 16

lines of 64 characters in size. Documentation for the programs is saved on

"shadowblocks" which are the corresponding screens on the next disk drive

in the system. In a two-drive system it is possible to change from the program

listing to the shadowblock by typing "Q." In Appendix A the shadowblocks

are listed to the left of the program blocks.

One goal of CESAR research is to develop a robot that can intelligently

react to its environment. Obtaining this goal depends heavily on the amount

and quality of sensor data that the robot can obtain. This thesis research

moves toward this goal by providing the robot with more advanced sensor

data. Previously, only sonar data had been used to determine where obstacles

were located. It soon became apparent that this presented some drawbacks.

The cone-shaped beam path of the sonar created some ambiguity as to ex

actly where edges and corners were located. This problem was partially re

lieved by using four sonar transducers hooked together as an array. This

reduced the beam path from 32 degrees to 12 degrees. However, a need for

more accurate data was still noted. This need prompted the attempt to use the

simple camera provided with the robot. The idea was to use the camera to

determine as closely as possible where the edge of an obstacle was located.

By knowing more accurately where the edge is, it is possible to plan a better

path around the obstacle. What was needed was a set of primitives that would

access and manipulate visual data, pick out prominant features, and make

decisions based on the information obtained.

The work undertaken to develop these primitives can be broken down

into two main phases. Phase one involved interfacing the camera and its



software to the FORTH environment, and developing some basic routines to

manipulate the data. Chapter II describes the hardware and software of the

MicronEye System. The phase one work is covered in Chapters III and IV.

Chapter V covers phase two of the work. This involved developing and coding

the image processing and navigation routines that make up the primitives.

These primitives can be used stand-alone or in conjunction with another

computer. Chapter VI discusses plans for the future with the MicronEye and

with the new vision system that CESAR has recently acquired. Finally, VI I

covers the conclusions.



CHAPTER II

THE MICRONEYE SYSTEM

2.1 Hardware

The MicronEye is based on the IS32 OpticRam developed by Micron

Technology, Inc. It is a 64k dynamic RAM in a 16-pin ceramic DIP package

with a clear glass lid to allow light to fall on the elements of the RAM. The IS32

is composed of 65,536 individual light sensitive elements that are arranged

into two arrays of 128 rows and 256 columns. Each element or pixel is a light

sensitive capacitor that is charged to five volts and then allowed to discharge

toward zero. The rate of discharge is proportional to the intensity of the light

falling on the array and to the length of time the array is exposed. The time of

exposure is controlled from software allowing greater flexibility in controlling

the system while eliminating the need for a mechanical shutter. After an

image is obtained, the OpticRAM is refreshed, charging the capacitors back

to their initial voltage level. The two arrays are separated by a non-light

sensitive zone that is approximately 25 elements in width.

In a typical application, the OpticRAM would be exposed or "soaked"

for a specific amount of time and then read. A particular pixel would be read

by addressing the appropriate row and column for that pixel. The IS32 would

then compare the voltage of the capacitor with a fixed threshold voltage. If

the capacitor voltage is higher than the threshold voltage, a "1" is output for

that pixel. If the capacitor voltage is lower, a "0" is output. Due to the fact that

the capacitor discharge rate is proportional to light intensity, a logic level of

"0" is associated with a white pixel and a logic level of "1" is associated with a

black pixel. The MicronEye Operator's Manual [5] describes a method by

8



which grey scale images can be achieved. Multiple images taken with different

length exposure times can be averaged together to determine the relative

greyness of the pixels. This method was not needed, however, since the

binary image was adequate for the low resolution, high contrast scenes used

in the work described in this thesis. Full technical specifications of the IS32

OpticRAM are given in Appendix D of the MicronEye Operator's Manual.

Electronics are provided as an interface between the computer and the

OpticRam. A board that plugs into a standard slot on an IBM-PC or PC-

compatible computer is provided with the system. This board contains all of

the circuitry necessary to drive the IS32. The circuits include a timing genera

tion circuit for baud rate, read/write, and refresh signals; address descramble

to provide proper addressing to the IS32; command receiver and transmitter

circuits to interpret commands from the computer and receive data from the

CpticRAM; and a soak/refresh circuit that acts as an electronic shutter. A full

description of these circuits is given in Appendix G of reference [5].

2.2 Software

The software provided with the MicronEye system consists of a dem

onstration BASIC program named MEYE.BAS, a source listing of the assembly

language subroutines that are called from BASIC, and the assembled code of

the subroutines. The MEYE program is menu driven and allows the user to

display pictures taken by the MicronEye camera, select different picture

modes, change the exposure parameters, and display the current status of

the camera. This program introduces the new user to the MicronEye and

demonstrates the features of the system.

The real heart of the system, however, is the set of assembly language



subroutines that are called by the MEYE program. These do the work of

sending the proper commands to the camera hardware, receiving the image

from the camera and storing it in memory, and moving the image to the

screen buffer for display. The routines take care of all details necessary to

properly display the images in the various sizes and modes which include 128

X 64, 512 X 64, 512 x 128 and 640 x 128 with binary and limited grey scale

images available in the last three sizes. Like the BASIC program MEYE, the

subroutines are general purpose and serve to demonstrate the features of the

system. This complexity was not needed for this project and the subroutines

were eventually reduced to one-third of their original length. As described in

the next chapter, only three basic routines were needed. They were POALC

which obtains the image, MOVESOR which displays the image, and CLEARW

which initializes the image buffer with known values.

10



CHAPTER II I

MODIFICATION OF ASSEMBLY LANGUAGE ROUTINES

3.1 Routines Size Reduction

The assembly language routines provided with the MicronEye system

are about 1500 bytes long. They were written to be general purpose and

demonstrate the features of the camera. The demonstration program provided

with the camera is written in BASIC. It calls the assembly language routines

to set up the camera and display the picture in various modes. As can be seen

on page 4-5 of the MicronEye Operator's Manual, there are six different modes

in which pictures can be obtained and displayed, with one or two pictures

being displayed on the screen at once. It was apparent at the onset of the

project that the complexity and flexibility of these routines were not necessary.

Since the user is encouraged to customize the system to his needs by the

inclusion of the source listings for the routines, one of the first tasks was to

study the listings to learn exactly how the routines functioned.

The first decision to be made was which picture mode to use. The 128

X 64 mode was chosen for several reasons, the first and foremost of which

was speed of execution. For an intelligent mobile robot to react effectively to

its environment, it is necessary to process sensor data as quickly as possible.

The 128 X 64 mode of the camera produces a picture of the smallest size and

therefore with the least amount of data to be processed. This mode also

produces the lowest resolution, which is an acceptable trade-off since the

objects to be recognized are large and contrast sharply with the background.

The 1024-byte binary image provided can be processed faster and with simpler

11



algorithms than the larger, more complex modes available. The smaller size is

also the quickest to update with a new image.

Other modifications made to the routines included deleting routines,

such as the print screen routine, which were not relevant to the planned robot

navigation routines. Along with all parts of the routines dealing with different

size pictures, all parts dealing with images taken from the lower array were

deleted. The presence of the lower array, coupled with the gap of several

pixels between the arrays, only served to make processing more cumbersome

without adding more information. The final version of the assembly language

routines is about 500 bytes, or one-third the length of the original routines.

3.2 Interfacing Routines to FORTH Environment

The condensed versions of the assembly language routines were still

too long and complex to be rewritten as FORTH code words. It was simpler to

edit and reassemble the routines using the IBM Macro Assembler. The poly-

FORTH DOS routines were then used to locate the file containing the as

sembled opcodes on the DOS diskette. The data from this file was transferred

to a FORTH screen buffer and saved on the FORTH diskette as a screen. A

FORTH word (see DOWNCODE in listing) was then written to move the op

code from the screen buffer to normal memory for execution. Appendix B

contains the listing generated by the Macro Assembler.

As new FORTH words were defined, the pointer to free memory moves

toward high memory. It was necessary to place the assembly language rou

tines, which are relocatable, in memory at a place where they would not be

affected by changes in FORTH routines. It was first decided to place the

assembly language routines below the FORTH applications code in memory.

12



This proved inefficient since occasional changes in the basic FORTH system

would change the starting address of the routines. It was then decided to

locate the routines high in memory where FORTH seldom operates. The

polyFORTH operating system for the IBM PC is designed to operate only in

the first 64k segment of memory. Because of this, it was decided to locate the

assembly language at the start of the second 64k segment of memory. This

allowed the starting addresses of the routines and buffers to always remain

constant. Another advantage of placing the routines in a separate segment

stems from the size of the buffers used to manipulate images. A Ik-byte

buffer is used to hold the original image and two Sk-byte buffers are used for

manipulation. These buffers would have taken too much memory away from

FORTH applications in the lower 64k-byte segment of memory.

The utilities provided with the polyFORTH system include interseg

ment operators that allow manipulation of data in segments other than the

first 64k-byte. The starting addresses of the image buffers and key variables

used by the assembly language routines were assigned as constants in the

FORTH applications. The basic mechanism for calling an assembly language

routine from FORTH consists of defining a CODE word which executes a

subroutine CALL. This FORTH system, however, does not support interseg

ment calls (far calls). Therefore the opcodes for a far call were obtained from

reference [6] and the calls to the subroutines were hand assembled. FORTH

words were written to execute these subroutine calls. Three routines are

called from FORTH in this manner. POALC is a FORTH word which calls the

routine that actually obtains the image from the camera and stores it in the

Ik-byte buffer labeled WORKMAP. MOVESCR is a FORTH word which calls

the routine that moves the image from WORKMAP to the screen buffer for

13



display. Finally CLEARW sets all bytes in WORKMAP to a specific value. This

routine aids in debugging image manipulaton routines by providing a test

pattern of known characteristics.

14



CHAPTER IV

IMAGE PREPROCESSING ROUTINES

4.1 The Routines

The image produced by the MicronEye camera is a binary image and

is assembled in the WORKMAP buffer by the assembly language routines.

The image is 128 x 64 pixels and therefore contains 8192 bits of information.

The WORKMAP buffer is arranged in memory as a 16 x 64 array of bytes

where each byte contains eight pixels. When processing an image it is fre

quently easier to operate on each pixel individually. The 8192-byte buffers

TEMPBUFF and BIGBUFF were set up to contain an expanded version of the

image where each pixel is assigned a separate byte. A convenient method

was needed to transfer an image from buffer to buffer. FORTH words were

written to handle this transfer. The words are described here and the code is

given in Appendix A.

The word IMAGEXPAND is the most frequently used image manipula

tion word. It expands the contents of the WORKMAP buffer so that each bit in

WORKMAP (or each pixel in the image) is assigned a separate byte in the

buffer TEMPBUFF. This allows pixels to be manipulated with byte instructions.

IMAGE-CONTRACT is the antithesis of IMAGEXPAND. Either BIG-

BUFF or TEMPBUFF can be specified as the buffer containing the data to be

compressed into WORKMAP. This word is used when it is desired to see the

results of processing on an image. The modified image is compressed into

WORKMAP from which it can be displayed using the word MOVESCR.

Sometimes it is necessary to move an image from one of the large

buffers to another. For this, the words TEMP>BIG and BIG>TEMP were

15



written. They move the contents of TEMPBUFF to BIGBUFF and the contents

of BIGBUFF to TEMPBUFF respectively.

A word used frequently when working with objects on a light table Is

OBJLOCATE. This word tries to establish a rectangle around an object to

measure Its location. This word scans first from left to right on Increasing

rows of the Image to establish the upper left-hand corner of the object. It then

scans from top to bottom on decreasing columns starting at the right edge.

This establishes the upper right corner of the object. The lower right corner Is

established by scanning from right to left and from the bottom row to the top.

Finally, the lower left corner Is found by scanning from bottom to top starting

at the left edge of the Image. Once the rectangle containing the object has

been defined, processing can be limited to this rectangle and the rest of the

Image Ignored. OBJLOCATE has disadvantages, however. In that It Is only

suited for "Ideal" situations, such as a single object on a light table. In this

situation, the object Is backllt and there Is no background clutter or "noise."

The presence of background clutter would nullify the effectiveness of

OBJLOCATE by making the area of Interest artlflcally large.

4.2 Optimizing Routines as CODE Words

The words IMAGEXPAND, IMAGE-CONTRACT and OBJLOCATE are

used frequently In applications that Involve Image processing routines such

as edge detection or smoothing. It was soon apparent that the amount of time

needed to execute these three words added an unacceptable amount of over

head time to the execution of a given Image processing routine. The word

IMAGEXPAND took approximately 17 seconds to execute, IMAGE-

CONTRACT took approximately 8 seconds and OBJLOCATE took about 21

16



seconds to execute. With the long-range goal of real-time reaction on the part

of the robot to a given situation and the frequency with which these words are

used, it was decided that the effort involved in rewriting these words in as

sembly language was justified.

To achieve the increase in speed but retain the flexibility and ease of

understanding of high level FORTH, only parts of these words were written as

CODE words. The most time consuming parts of the routines were those that

did the actual bit manipulation. For example, in the word IMAGEXPAND the

CODE word IMAGEXP takes a byte from WORKMAP, masks off each individ

ual bit and stores it in TEMPBUFF. The byte from WORKMAP and the address

in TEMPBUFF, however, are generated in the high level IMAGEXPAND. A

similar situation occurs in IMAGE-CONTRACT. Here, the CODE word IMAG-

CONT takes an address in TEMPBUFF or BIGBUFF and generates a byte

using the lowest bit of the next eight bytes. This byte is then stored in

WORKMAP by the higher level word. In OBJLOCATE, the CODE words ULC,

URC, LRC and LLC scan the rows and columns of the image in TEMPBUFF

until a pixel of the object in question is found. The numbers returned by these

CODE words represent the byte offset into the TEMPBUFF buffer. These

numbers are then converted into the coordinates of the corners of the rectan

gle containing the object. As can be seen in the listing for OBJLOCATE in

Appendix A, the coordinates are stored as variables. The listing in the appen

dix contains both the strictly high level and the mixed high- and low-level

versions of these words.

The optimization of these words greatly improved the performance of

the image processing routines. Each of the three words ran in less than a

17



second after being optimized. This enhanced the viability of using image

processing with the MicronEye system on the robot HERMIES-II.

18



CHAPTER V

NAVIGATION ROUTINES

5.1 The Robot's World

The robot's world consists of a 12 x 24 foot navigation area in the

CESAR Laboratory at ORNL. A grid of 2 x 2 foot squares is laid out on the

floor with black paint. Numbers for each foot of the axes are marked along the

right and front walls. A diagram of the navigation area is shown in Figure 5.1.

A coordinate system was adopted such that the 270 degree direction is along

the main length of the room. This coordinate system is also shown in Figure

5.1. Within this area are four boxes on wheels that can be moved about to

form various obstacles. Two of the boxes are 2x2x4 feet high, one box is 1 x

1 X 4 feet high and the last is 2 x 2 x 2 feet high. These are the only obstacles

that are allowed to obstruct the robot. While this is not a "real world" situation,

it provides valuable information on the performance of the robot and its

sensors.

A typical application currently being carried out in the laboratory has

the robot simply executing commands being sent to it by an external compu

ter. The external computer is a Lambda model produced by LISP Machines

Inc. (LMI). This computer is based on a LISP processor developed at the

Massachusetts Institute of Technology and is used by the CESAR team to

implement algorithms for path planning, obstacle avoidance, and other artifi

cial intelligence projects. A program has been written to select a path through

a set of known obstacles and direct the robot to follow this path. Another

program uses the robot's sonar to detect where unknown obstacles are and

then attempts to plan a path to the given goal. In both programs, little or no
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information processing is done on board the robot. The robot simply executes

the commands passed to it by the Lambda computer. The Lambda does all of

the work of processing the sonar data from the robot, keeping up with the

robot's current position and orientation, and deciding which direction the

robot should move next.

In order to develop vision routines that would provide useful informa

tion to the Lambda, it was decided to implement some navigation routines on

board the robot that would test the effectiveness of the camera. The first step

toward this was to implement routines that would allow the robot to constantly

update its current position. To maintain as much accuracy as possible, poly-

FORTH's math package with its floating point arithmetic routines was inte

grated with the robot routines. The words SFMOVE, SBMOVE, SLTURN, AND

SRTURN (see screens 250 and 251 of the listing in Appendix A) were deve

loped as floating point analogues of FMOVE, BMOVE, LTURN, and RTURN.

These words constantly update the floating point variables X-POS, Y-POS

and ORIANG. X-POS and Y-POS contain the current x and y coordinates of

the robot relative to the room coordinate system shown in Figure 5.1. ORIANG

contains the robot's angular orientation. These variables must be initially set

with the word CURRENT-POSITION and the values of the robot's position.

After the variables are set, they will be constantly updated if the floating point

movement words are used.

When HERMIES is being directed to move to a given position or goal,

the most direct method is to turn the robot to face the goal and then move

straight to it. To accomplish this the word ORIENT was written (see screen

252 of the listings). ORIENT assumes that the robot's current position is

contained in the variables X-POS, Y-POS, and ORIANG and that the x and y
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coordinates of the goal position are on the stack. It first calculates the x and y

offsets and uses the Pythagorean theorem to calculate the hypotenuse of that

triangle which is the straight line distance to the goal and stores this value in

the variable LENGTH. ORIENT then calculates the magnitude and direction

of the angle to turn to face the goal. The magnitude is determined with the

ATAN function and the direction is determined from which value of the x and

y offsets are negative. The robot then turns the necessary amount and direc

tion to face the goal. Another variable, DIRECTION, is set to indicate which

direction the robot turned. DIRECTION is set to one if the robot turns left and

zero if the robot turns right. This variable is used by other words that need to

determine which direction the robot last turned.

Once the robot is prepared to move, it is necessary to determine

whether it is possible to move to the goal or if there is some obstacle in the

way. This can be accomplished with the sonar. In early experiments with

HERMIES, the situation occasionally arose where the sonar sensor, when

pointed straight ahead, would not detect an obstacle that was within the

robot's path but outside of the sonar beam. This led to collisions between the

robot and the obstacle. To avoid this, it was necessary to check for a clear

path or corridor down which the robot could travel. This was done on the

Lambda computer by testing the sonar data obtained from an AUTOSCAN

which performs a sonar sweep through 180 degrees at three degree incre

ments. This same feature is incorporated into on-board programming by the

word CORRIDOR. CORRIDOR takes sonar readings at five degree increments

from the center to 70 degrees to the left and then 70 degrees to the right. As

each sonar reading is taken, the value is compared to the value in the variable

LENGTH and to a value calculated from the angle of the head and the width
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of the robot (see Figure 5.2). If at any point the value of the sonar falls within

the rectangle shown in Figure 5.2, the scan is stopped and the pan angle of

the head is stored in the variable LTHETA or RTHETA. The head then returns

to the center position and a value of zero, one, two or three is left on the stack.

The binary representations of these values represent physically the orientation

of an obstacle in front of the robot. A value of zero (binary 00) indicates that

no obstacle is within the path of the robot and it is safe to move forward. A

value of one (binary 01) indicates that an obstacle is to the right of the robot

and the robot should move to the left to avoid it. A value of two (binary 10)

indicates that an obstacle is to the left of the robot and it should be avoided by

moving to the right. Finally, a value of three (binary 11) indicates that an

obstacle is directly in front of HERMIES and a further decision must be made

to decide how to move around the obstacle. The algorithms that make use of

this data to avoid obstacles are described later in this chapter.

The word CORRIDOR executes faster than the similar algorithm that

runs on the LISP computer. There are three main reasons for this. First, a

smaller area is scanned and larger increments are used, therefore fewer sonar

readings are needed. This takes advantage of the "blocks world" nature of the

robot's environment and the few large obstacles. Second, data is processed

as the word is executed, and scanning is stopped once an obstacle is detected,

whereas in the LISP algorithm, a full 180 degree scan is always taken. Finally,

the data is processed on board the robot and not shipped across the serial

link to the external computer which slows execution. The disadvantage of the

word CORRIDOR, however, is that it is not effective in the building of a world

model where it is useful to have as much data as possible. CORRIDOR only

gives information on an obstacle immediately in the robot's path. Used in
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conjunction with the vision algorithms described next, however, it can improve

the robot's ability to maneuver around an obstacle.

5.2 Incorporating Vision with Navigation

Sonar data is adequate for roughly determining the distances to ob

stacles and walls but leaves some ambiguity as to the position of edges. In

contrast, the MicronEye camera can be used to detect the edge of an obstacle

but cannot give distance information. The combination of the two devices,

however, can provide more useful information about the robot's world than

either can alone. This type of sensor integration is one area of study in which

CESAR personnel are interested.

To integrate the vision system into navigation routines, it was decided

to use the camera to detect the edge of an obstacle that is in the robot's path.

From the work done with the camera in a light-table situation, it was clear that

the camera derived the most useful information from a high contrast, low

noise image. Initial tests with the camera on board the robot demonstrated

that this situation could be approximated in the laboratory. The walls of the

laboratory were already painted a light color and when the boxes were as

sembled, they had been painted dark colors. By opening the aperture of the

camera to a wide setting, any light shadows or irregularities in the walls were

washed out while the dark obstacles would still show up. This provided the

high contrast, backlit situation that was desired. Variations in lighting and

objects in the background occasionally caused problems, but, in general, this

method worked acceptably well. These problems are discussed later in this

chapter.

The first edge-detection algorithm developed for the MicronEye sys-
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tern was based on an assumption of a noise-free background and a sharp

distinction between obstacle and background. This method scanned each

column from the object side toward the edge in question, searching for the

first column that was completely white or "empty." Experiments with this

algorithm quickly exposed its weaknesses. First, the background was seldom

completely white or noise free. Even though most of the background was

washed out, there were scattered black specks and dark patches from shad

ows and objects such as electrical outlets. These patches were small but they

were enough to disrupt the algorithm. Second, the algorithm located edges

wherever an empty column was located, regardless of which side of the ob

stacle was in view. If the right edge was being sought, the algorithm scanned

from left to right. If the left edge was in view, however, the algorithm would

place the right edge at the far left side of the image. It was quickly obvious

that a more sophisticated algorithm was needed.

The word HISTOGRAM (block 247 of listing) was written in response

to this need. HISTOGRAM first obtains an image and expands it into

TEMPBUFF. It then sums the number of black or "object" pixels in each

column of the image. The sum from each column was stored in the corres

ponding column in the buffer BIGBUFF. This word provides a simple but

effective means to detect the transistion from an area of mostly black (object)

to mostly white (background). The words 7LEFTEDGE and 7RIGHTEDGE

accomplish the task of determining in which column the transistion occurs.

For example, 7RIGHTEDGE initially set the variable RCOL to 127. It then

scans the bytes of the first row of BIGBUFF comparing the sums in each byte

to the threshold value (normally 32). If the byte represents a background

column, the next byte is checked for an object column. If the next byte is an
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object column, that column number is stored in the variable RCOL. This

method insures that only the transistions from background to object are

recorded. 7LEFTEDGE works in the same manner except it scans from left to

right in search of the transition.

7LEFTEDGE and 7RiGHTEDGE are used in the words LEFTEDGE

and RiGHTEDGE respectively (blocks 253 and 254). LEFTEDGE and

RIGHTEDGE are used to search for their respective edges and calculate the

angle from the center to that edge. RIGHTEDGE uses 7RIGHTEDGE to de

termine if there is an edge present in the current field of view. If there is not,

the head is moved five degrees to the right and another image is obtained.

This process is continued until an edge is found or until the head has moved

90 degrees. If an edge is found, the angle to that edge is calculated using the

head angle and the word RRHO. RRHO calculates the angle from the center

of the field of view to the edge. If the head has moved 90 degrees, the exposure

time is increased, the head is centered and the entire process is repeated.

This algorithm will not accept the possibility of the robot being surrounded

on three sides by obstacles. It assumes that the edges can be located within

the 180 degree plane in front of the robot. LEFTEDGE is the left analogue of

RIGHTEDGE. Figure 5.3 shows a robot's eye view of the right edge of one of

the boxes in the lab, and Figure 5.4 shows the terminal screen which displays

the MicronEye camera's view of the same scene.

The navigation routines discussed so far in this chapter are all brought

together in the routine named GO (block 259 in the listings). This routine

attempts to move the robot from an initial position to a final goal position.

Nothing is known beforehand about the position of any obstacles, and all that

is input to the program is the robot's initial position and orientation and the
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coordinates of the goal. GO assumes that the robot's initial position has been

set by CURRENT-POSITION and that the floating point coordinates of the

goal are currently on the stack. It then sets the goal position and uses ORIENT

to orient the robot toward the goal. GO then attempts to move the robot to the

goal using the vision system to maneuver around obstacles in the robot's

path. The flowchart for the GO routine is given in Figure 5.5, and the com

ponents of this flowchart will be discussed in detail.

The routine first sets the coordinates of the goal using the word

SETGOAL. Variables are assigned for the goal coordinates because they could

be called for several times during the course of moving to the goal. The robot

is then oriented toward the goal with ORIENT as described earlier in this

chapter. The word CORRIDOR is then used to determine the placement of

any obstacles which might be in the robot's path. If no obstacles are between

the robot and the goal, the robot moves straight to the goal and the word is

finished. If, however, an obstacle is obstructing the robot's path, GO must

determine how to maneuver around it. If CORRIDOR returns a value of "1,"

there is an object to the right of center of the robot and it should pass to the

left of the obstacle. This is done by the routine D0DGE2LEFT. If CORRIDOR

returns a "2," the object is to the left of the robot and the routine

D0DGE2RIGHT is used. Finally, if CORRIDOR returns a value of "3," the

obstacle is directly in front of the robot and the routine ENDAROUND is used

to decide which side of the obstacle the robot should maneuver around.

D0DGE2LEFT (block 258) turns the head to the point that the

CORRIDOR routine detected the obstacle and then uses LEFTEDGE to find

the angle to the left edge of the obstacle. The head of the robot is then

centered on the edge and a sonar reading is taken to determine the distance
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to the edge. The geometry of Figure 5.6 is used to determine the angle to turn

and distance to move to reach the next point. A direction flag is set and the

robot is turned this angle by GETTURN. Another sonar reading is taken to

insure that the robot can move this distance. If not, an ABORT is called and

all execution stops. If nothing is in the way, the robot moves forward to the

next position, reverses the last turn made, and then reorients toward the goal.

D0DGE2RIGHT is the right analogue of D0DGE2LEFT.

The routine ENDAROUND (block 257) is executed if there is an ob

stacle directly in front of the robot. In this situation, the robot must make a

decision about which direction to go to attempt to move around the obstacle.

The first step in making this decision is to locate the edges. ENDAROUND

does this with LEFTEDGE and then RIGHTEDGE. The routine MAXSONAR

then takes a sonar reading at 10 degrees beyond each edge and compares the

two readings. Based on this comparison, a direction flag is set to indicate

which side has more open space and therefore which direction to turn. The

angle to the edge is stored in the variable THETA. The direction flag and

THETA are used by GETTURN to orient the robot directly at the edge. Another

sonar reading is then taken to determine the distance to the edge. The dis

tance and angle to the next point are calculated as described for

D0DGE2LEFT and the robot is moved to this point. Then, again as described

above, the robot is reoriented toward the goal in preparation for another

CORRIDOR scan.

In a broad sense, the goal of CESAR research is to develop a robot

that can autonomously and intelligently accomplish some task. This involves

more than navigating through an unknown and possibly hostile environment.

Once the robot reaches a given location, it will have to perform some
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function—such as turning a valve, moving a load, or flipping a switch. As a

first step toward this, HERMIES was equipped with two Heathkit Hero arms

for manipulation. These arms are limited in the amount of weight they can

pick up and have been used only for simulation purposes to date.

The FLIPSWITCH routine (block 265) was written to explore the pos

sibility of using the MicronEye camera to recognize a marked location at

which some task is to be accomplished. A typical scenario would have the

robot navigate to some location using a routine such as the GO routine. At

this point, the robot may not be at the exact location expected due to posi

tioning error or may be oriented oddly. The robot would then search for a

marker of some kind and upon finding it, would reposition itself to a known

location. Assured of being at the right place, the robot would use its manipula

tors to accomplish the assigned task. The FLIPSWITCH routine is the imple

mentation of one algorithm for finding and repositioning on a marked location.

The marker that the FLIPSWITCH routine searches for takes the form

of two vertical, black lines, % inch wide, and eight inches apart, drawn on a

sheet of white paper. The choice of two lines was made originally to take

advantage of the parallax principle. Theoretically, the apparent angle between

the two lines should become less as the viewer moves away from the perpen

dicular to the plane of the lines, keeping a constant distance. It was expected

that, by obtaining the distance to the lines from a sonar reading, this principle

could be used to determine the robot's angle from the plane of the wall when

oriented directly toward the lines. Experimentally, however, this algorithm did

not work was well as expected. Tests with the MicronEye camera and the lines

showed that the difference in apparent angles between extremes of orientation

was typically only a few degrees. The resolution of the overall robotic system
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was not fine enough to allow accurate positioning of the robot based on this

information. Another limiting factor was the narrow field of view of the Micron-

Eye camera itself. The field of view of the camera was experimentally deter

mined to be 9.5 degrees wide by 1.8 degrees high. This field of view was

adequate for selectively viewing the edges of boxes but prevented the viewing

of widely separated lines.

The two lines were useful, however, as a unique marker. If only one

line were used, other features in the lab, such as a conduit running up the

wall, could be confused for the line. With two lines, when one was found, the

other could be searched for and the position correctly identified. This was the

approach taken in the FLIPSWITCH routine.

The first step that FLIPSWITCH takes is to face the end wall. This

would have the robot directly facing the lines if it were in the correct position.

The routine FINDLINES (block 263) is then called to search for the lines. An

integral part of FINDLINES is the routine COUNTLINES (block 249). COUNT-

LINES obtains an image, takes a histogram of it and counts the number of

light to dark transistions. This number, representing the number of lines, is

left on the stack. FINDLINES first scans to the left for 45 degrees. If no lines

are found, the head is returned to the center and a 45-degree scan to the right

is performed. If at any time a line is detected, the scanning process stops and

the head is left at that position. Once a line has been found, FLIPSWITCH

positions the head so that both lines are in the field of view. If there are not

two lines, the FLIPSWITCH routine is aborted with the message "NOT GOAL."

If both lines are present, however, the angle from the center of the robot to the

center of the lines is calculated, and the robot is turned to face the lines.
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Figure 5.7 shows a robot's eye view of the line and 5.8 shows the MicronEye

image of the lines.

In order to accomplish a repeatable task, it was necessary to position

the robot at the same location and orientation each time the task was exe

cuted. The location and orientation chosen was directly in front of the lines

and as close as possible to perpendicular to the wall. The routine GETPERP

(block 264) was written to accomplish this. GETPERP first takes three sonar

readings along the wall to set up the triangles shown in Figure 5.9. The first

reading is taken at 20 degrees to the left of center, the second at center

position, and the third at 20 degrees to the right of center. The small triangle

in Figure 5.9 represents the robot facing the wall at some unknown angle. The

line segments, S1, S2, and S3, represent the three sonar readings. After the

sonar readings have been obtained, GETPERP uses simple geometry, includ

ing the laws of sines and cosines (see LOGOS and LAWOSIN in the listings),

to compute successively 03, 04, 05 and S4. The angles 01 and 02 are given

and are equal to 20 degrees. The key calculations for GETPERP are the angle

05 and the distance S4. Once these calculations are made, the robot is turned

the angle 05, moved the distance S4, and turned back 90 degrees. This series

of movements puts the robot directly in front of the lines and perpendicular to

the wall.

The robot is now in a known location with a known orientation. This

method could be used to reinitialize the robot if positional error occurred

while the robot was moving. With the lines at a previously known location, the

robot's current position could be updated to prevent a collective buildup of

error. In the FLIPSWITCH word, the robot is moved forward until it is a point

two feet from the wall and the word WAVEARM is called. WAVEARM is a
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simple routine that moves the arm out and then back in, but it simulates the

execution of a manipulation task once the robot has reached its destination. It

is expected that in the future a mock control panel will be used to experiment

with manipulation tasks for HERMIES.

All of the routines described in this thesis have been executed only in

the CESAR Laboratory. In this situation the walls are light in color and the

obstacles are dark in order to simulate a backlit situation. Only a few obstacles

are allowed and they are of a regular shape. Even in this controlled situation,

some problems have been experienced which affect the performance of the

MicronEye system. One end of the laboratory is used for navigation experi

ments with the robot, but the the other end contains computers, desks, work

benches and people working on various projects. When the robot is facing

away from this end, as is usually the case, there is no problem. However,

when the robot is facing this end, the cluttered background sometimes con

fuses the vision algorithms and prevents the accurate determination of ob

stacle edges. There are also features in the navigation area which add

background clutter, such as the door to the laboratory, which is darker than

the walls. The obstacles normally can be set up in such a manner that the

view of the door is obscured.

Another problem arises from the use of "bubble wrap" packaging

material to cover the surfaces of the obstacles. The obstacles were covered

with this packing material to produce better sonar reflections. Previously, the

sonar pulses would, at certain angles, glace off of the obstacles instead of

being reflected back to the transducer, rendering part of the obstacles invisible

to the sonar. The rough texture of the packing material eliminated this problem

but created new problems for the vision system. The "bubbles" would reflect
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the overhead lights toward the camera, producing white dots in the black

obstacles. When the majority of the surface being viewed was still black, the

vision routines were not affected. Sometimes, however, certain combinations

of obstacle orientation and overhead lighting produced a large amount of

reflected light which was interpreted as a false edge. The position of the

boxes in the room also produced different amounts of reflectance. Despite

these problems, successful navigation experiments were executed in the lab

oratory and much was learned about the possibilities of using vision for

mobile robots. These experiments demonstrated that vision is a viable sensor

for navigation, but also that much more sophisticated algorithms are needed

for real world situations.

5.3 Other Vision Primitives

The navigation routines described above have immediate applications

in the experiments being carried out with the robot, HERMIES-II. Other primi

tives have been written which may have applications in experiments such as

manipulation algorithms. The first of these routines, BOX-ORIENT (block

261), tries to determine the orientation of one of the large boxes in the robot's

world. Figure 5.10 shows the two extremes of orientation that a box can have.

As a box is rotated through 90 degrees, the angle of orientation will appear to

increase to 45 degrees and then decrease to zero. For this reason, BOX-

ORIENT will always return a value between zero and 45 degrees. BOX-

ORIENT first moves the robot to a set distance of two feet from the box and

then searches for the right edge. A sonar reading is taken at the right edge

and this is line segment "C." Line segment "B" is given and equals two feet.

The angle to the edge is designated as "a." The law of sines is used to calculate
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"A" and then the law of cosines is used to calculate the angle "c." The absolute

value of this angle subtracted from 90 degrees gives the angle of orientation.

This routine has been tested and found to have an accuracy of plus or minus

five degrees. The error results in part from the shape of the sonar beam. The

routine assumes the sonar reading is a line drawn from the sensor to the

exact edge of the box. In reality, the sonar beam is conical in shape and,

therefore, it is not possible to determine the precise point of contact. Another

cause of error is in the positioning of the head. Due to the integer nature of

FORTH routines, angular accuracy is limited to plus or minus one degree.

The other vision primitives were developed for use with a light table.

When the initial work to interface the MicronEye system to FORTH was fin

ished, the system was being used with an IBM XT computer and a light table.

The camera was mounted on a ring stand and directed down toward the light

table. The first high-level image-processing words, therefore, were written for

a situation such as using the robot's manipulators to pick up an object from

the light table. These routines were a smoothing routine to decrease spurious

effects such as noise, an edge detection routine, and a routine to determine

the size and centroid of an object. This is not an exhaustive list of image

processing routines, and has no immediate applications to the work done in

this thesis other than to explore possible uses for the MicronEye system.

These routines would be useful, however, to manipulation experiments carried

out at some point in the future.

The smoothing routine was based on the neighborhood averaging

technique described in section 4.3 of Gonzalez and Wintz [7]. This is a simple

and straightforward method which averages the grey level values of a 3 x 3

image region centered on a pixel. The grey level of the center pixel is then
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replaced with the average value. This method was adapted for a binary image

in the word NEIGHBOR (block 242). In NEIGHBOR, the number of black or

object pixels is summed and this value is compared to a given threshold

value. If the number of object pixels is greater than or equal to the threshold

value, the center pixel is set as an object pixel. The threshold value can be set

to a value between five and nine.

The edge detection routine also comes from reference [7] and is based

on the use of Sobel operators for edge detection. As described in section 7.1

of [7] for a given 3x3 image region

a b c

d e f

g h i

with Gx and Gy defined as

Gx = (g + 2h + i) - (a + 2b + c)

Gy = (c + 2f + i) - (a + 2d + g)

the gradient at point e is defined as

G = (Gx' + Gy')'^'

or alternately as

G = |Gx| + |Gy|

5.1

5.2

5.3

5.4

This algorithm can be implemented on a computer using the templates

shown in Figure 5.11 which are often referred to as Sobel operators. Using
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these templates, the gradient can then be written and computed in vector

notation by the following equations.

Gx = Wi'x 5.5

Gy = W2X 5.6

where x is the image region and Wi and W2 are the Sobel templates. The

gradient formula is then given by

G = Wi'x + W2X 5.7

The gradient at each point of the binary image of the MicronEye system is

computed in this manner by the FORTH word SOBEL (block 246). The result

is scaled back to a binary image and stored in the buffer BIGBUFF. The word

GETEDGE obtains an image, displays it, performs the edge detection and

then redisplays it. Figures 5.12 and 5.13 show an image before and after edge

detection.

The last primitives are to determine the size and centroid of an object

in the image and are based on the 0-th and 1-st order moments of an image.

As described in reference [8], the 0-th order moment of an image represents

the "weight" or area of the object in question and is simply a summation of

the object pixels. The 0-th moment is given by the equation

63 127

MO = I I f(x,y) 5.8
x=0y=0

This equation is implemented is the word OMOM (block 266) in which the final

area is contained in the variable MO.

The first-order moment produces the coordinates of the centroid of

44



•-tC

•fr^ -$>• /■.*
-W

m% ■nm t'KM
aJ'C

Figure 5.12. MIcronEye Image of Block on Light Table.

■'7- ■■ ;' .% ■■■" iit

/.V.5
■-. . ■

■f.-t
■;-.« .,. .rs

>■'.■ •>

=

;-r^.t.ti-vv'l&0I€ ;a r •-

: -i- '■

■ ■ ■ ■ ry' •■•>' ■-^- . " - V i •■ ■;•.:.
;: '^v

Figure 5.13. Image of Block After Sobel Edge Detection.



the object in question. The equations for the coordinates are

63 127

MX1 =11 xf(x,y)/MO 5.9
x=0y=0

and

63 127

MY1 = I Z yf(x,y)/MO 5.10
x=0y=0

These equations are implemented in the word 1 MOM and the coordinates are

left in the variables MX1 and MY1. Both 0-th and 1-st order moment algorithms

are designed for use on binary images, which made them easy to implement

for the MicronEye system. These two primitives, together with GETEDGE and

NEIGHBOR, would be useful in manipulation routines where it is important to

know the size, shape and position of an object so that a manipulator can be

directed to pick it up.
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CHAPTER VI

FUTURE VISION SYSTEMS

In September, 1985, CESAR received shipment of an IRI P256 vision

system from International Robomation/lntelligence. This is an advanced vi

sion system that provides images with a resolution of 256 x 256 pixels and 256

grey levels. This system is intended for use with future versions of HERMIES

and is presently being used in a stand-alone mode.

The hardware of the IRI system consists of the host computer (SPC),

video digitizer (VDG), camera interface (CIF), co-processor (COP), two disk

drives, and a floppy disk controller (FDI) that formats diskettes in quad density

(640k-byte per disk) [9]. The host computer is based on a 12 MHz MC68000

microprocessor, with 64k-bytes of static RAM and 32k-bytes of EPROM, that

contains the monitor and system programs. This computer controls all peri

pheral devices, executes system and I/O routines, executes applications pro

grams and co-processor functions if the co-processor is not present in the

system. The video digitizer acquires and digitizes an image from the camera

and stores the image in one of the frame buffers. There are four frame buffers,

each capable of holding an image of 256 x 256 bytes. Images can be moved

from buffer to buffer and it is on these areas of memory that most processing

routines work. Preprocessing hardware is provided with the IRI system to do

point transformations and histogram calculations. This allows the user to

perform functions such as contrast enhancement, range expansion, thresh

olding, and grey level inversion. All operations performed by the preproces

sing hardware are performed in a maximum of 20 milliseconds. The

co-processor is a systolic array processor operating on the pixels of a frame
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in the Single Instruction-Multiple Data (SIMD) mode. The internal clock rate

is 20 MHz which results in a performance of up to 40 million operations per

second (MOPS). Many functions such as convolutions and gradients are

microprogrammed into the co-processor and can be executed at a rate of 30

or more frames per second [9].

The operating system of the IRI host computer is based on the poly-

FORTH operating system and handles functions such as I/O and editing of

applications programs. IRI has extended the basic polyFORTH system into

what they refer to as the Vision Command Language of VOL. This includes

commands that handle functions specific to the vision system. VOL commands

can be executed interactively and include commands to input and digitize

images, move images among buffers, perform preprocessing functions and

array processor functions. The list of commands is extensive and covers the

features of the vision system very well. A full description of the commands

can be found in the IRI P256 Programmer's Manual [10].

The IRI vision system is so much more advanced in features and

capabilities than the MicronEye vision system that it is difficult to compare

the two. The most impressive difference is the speed of execution of the IRI

system. The IRI system provides functions similar to the SMOOTH and GET-

EDGE routines described in the last chapter. The SMOOTH routine for the

MicronEye system took 29.45 seconds to execute on the 128 x 64 pixel image.

The most similar routine in the IRI system to the neighborhood averaging

algorithm of SMOOTH was the MED filter. This filter selected the median grey

scale value for each 3x3 neighborhood and replaced the center pixel with

this value. This routine executed in 20 seconds, which is 1/3 less time, while

operating on an image that is eight times the size of the MicronEye image.
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The Sobel edge detection routine, GETEDGE, took 12.5 seconds to execute.

The Sobel edge detection routine in the IRI system is microcoded into the

co-processor and executes in 1/30 of a second. The co-processor also con

tains a convolution function that can execute a low-pass filter which achieves

the same smoothing effect as neighborhood averaging. This routine executes

in 38 milliseconds. The time estimates were obtained from reference [11].

These two vision systems are radically different in features and capa

bilities but each serves its unique purpose well. While the IRI system is a

flexible, advanced vision system for serious image processing applications,

the MicronEye system serves well as a low-cost system for users just entering

the field of vision processing. It was provided with the original HERMIES

robot as just such an introductory system. The decision by CESAR personnel

to purchase the IRI system was based on an understanding of the importance

that vision will play in the sensor systems of future robotic systems. In the

short term, the IRI system will be used to explore the possibilities connected

with using vision as part of an overall sensor system. It is expected that the IRI

camera will be mounted on HERMIES-II part of the time to experiment with

vision in a controlled but real world situation. This will necessitate the tether

ing of the robot to the IRI system to transmit pictures and receive commands

but should provide valuable information for the integration of vision into

future versions of HERMIES.
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CHAPTER VII

CONCLUSIONS

A MicronEye OpticRAM vision system was interfaced to the mobile

robot HERMIES-II. The integration of the MicronEye software to the robot's

software involved rewriting and condensing the general purpose assembly

language subroutines to meet the specific needs of the proposed application.

The final subroutines were 1/3 of their original size. These subroutines were

interfaced to the FORTH programming environment to be called by high level

FORTH programs. Once the basics of the system were in place, high level

FORTH routines, called "words," were written to perform preprocessing on

images, explore the robot's world with sonar, and detect features of objects

using the vision system. Words were written to detect the edges of obstacles

in the robot's path and to detect a pair of vertical black lines used to mark a

location on the wall of the laboratory. The navigation routine GO was written

to demonstrate the effectiveness of using the MicronEye vision system to

maneuver around obstacles to a preselected goal. Another routine, FLIP-

SWITCH, was written to seek out the marked location on the wall and move

the robot directly in front of the lines and perpendicular to the wall.

One area of CESAR research is sensor fusion for mobile robots. This

is the integration of data from many sensors to provide relevant information

about the robot's environment. The object of this thesis research was to use

existing hardware to provide the HERMIES-II robot with more information as

a first step toward sensor fusion. Previously, only sonar, which provides dis

tance feedback, was used as a sensor for the robot. There were disadvantages

to using sonar only in that it left ambiguity as to the exact position of edges
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due to the conical shape of the sonar beam. The vision system was used in an

attempt to locate the edges of the obstacle more accurately.

This research demonstrated that the low cost MicronEye system could

be used to locate edges and, when used in conjunction with sonar, lead to

successful navigation routines. Also demonstrated was the ability to identify

a location designated by a unique marker.

Limitations of the MicronEye system were brought out by this re

search. The OpticRam camera responds best to backlit situations and is sus

ceptible to variations in available lighting. The low resolution of the camera

prevents the processing of detailed images. Finally, the length of time neces

sary to execute processing routines detracts from its viability as a real time

system.

Despite its limitations, the MicronEye vision system, coupled with the

sonar sensor, has been shown to provide better quality information than the

sonar alone. It has also been shown that this information can be provided in a

comparable and sometimes shorter length of time. In general, the addition of

the vision system has improved the sensor capabilities of the HERMIES robot.

This will, in turn, lead to more effective navigation algorithms such as those

running on the LISP computer which should be able to plan a more efficient

path if the edges of obstacles are more clearly defined. Finally, this work

demonstrated that the potential exists to process more data on board the

robot than has been attempted in the past.

It is suggested that the next research step be to integrate the vision

primitives described in this thesis into presently running path planning algo

rithms to further test the effectiveness of using vision as a sensor. Preliminary

work with the IRI system has shown it to be a powerful and flexible vision tool.
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It Is suggested that more sophisticated algorithms be developed to make use

of this system in anticipation of its integration onto future versions of

HERMIES.
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55a £37

Tr.is screen certains the coce for the asseebly language 0
reu'.iries that drive the Kicroneye caeera. They are 1
accroxiBateiy WO bytes long. They are loaded directly 2
frM this bloc* tc neeory at location 1,4W0 he* by the 3
if-ro MUNCODE. The first MOO he* bytes are buffers for 4
tie storage and earipulation of ieages taken in by the 5
carera. 6

7

9

10

11

12

13

14

15

559 £38

i«icro'i€ye utilities load screen

HID^- 15 set to 31

MORhhPP, BISBtFF, flW) TEKPBIF^ are buffers for the storage and
Baripuiation of inages. EBftSE is the beginning of asseebly
language coce and EXPOSETIKE contains the tiee is esec. that an
leage is exposed for,

KhWCSDE load the asseebly routines froe block 243 to eeeory.

initalires the graphics screen

PCO.C takes a picture and loads it into HDRkkiflP.
NOVESOB eoves the image 'roe UORHhOC to the screen, of the PC.
CwtSB* initialires reT-'Ifd to a soecific value.

DECIWL GRfldHICS LOAD

0  ( mcRONEYE utilities )

1  : HELP 239 ICLPS ; HaP
2 HATH LOAD HEX IFIF WIDTH

3 HERE U. f€X

4 1,4400 2C0NSTR(ff EBASE 1,0400 2C0NSTAfP B16BUFB
5 1,0000 2C0NSTRMT W0RK.4A3 1,2400 2C0NSTAHT TEtlPBUFF
6 I,441« 2C0NSTRNT EXOOSTIHE
7

e ; DOUNCODE OED BLOCK 0 EBASE 400 ECMOVE ;

9 DOWNCODE

10 : BRAFINIT

11 CODE PCALC

12 CODE HCVESCfi 9A C, 4450
13 CODE WC.F[;r 9fl c, mF5

BINIT HR DARK ^ADAPTER OA tLIHES

9R C, 442C , 1000 , »€XT
1000 , NEXT

1000 , NEXf

: FO PCALC KNESCR ;

DECINAL 2W 265 THRU ( NICRONEYE APP. )

5eo £39
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561 SAO

INRBEXF takes a byte and a double-length address free the
stack and expands the byte so that each bit is placed in
a consecutive address starting at the double address.

I>«KXP(iND takes a byte froa UORKWP and calculates the
necessary address in TEXPBUFF for the expanded bits,
fill of Ik lORKNflP is expanded to 8k TEKPBUFF.

INflBCOKT is the opposite of IWSEXP. It takes B consecutive

bytes beginning at double-address and coapresses thee into
one byte left on the stack.

0  ( INAK-aPANSlOl ) )€X

1

£ CODE IMRGEXP I n da - ) 0 POP £ POP )SE6 CALL 1 OS SSG

£DSLSB OPOP IPUSH SflMOV 80t£N}V
BEEIK OPUSH £OAND IRISH IDEC OSHRV

£ SHR 0 U ) MOV B W INC 0 POP LOOP

1 POP 1 DS LS8 NEXT

DECINAL

:  INflSEXPfWD 16 0DG 640D0 1 16»J + lORKNflP RC N+

TENPBUFF I 16 * J + 8 • N+ INflSEXP LOOP

3

4

5

6

7

8

9

10

11 CODE IMASCONT ( da

1£

13

1 POP

ECB

LXP

14

15

n ) 0 POP £ POP )SE6 CALL 1 DS SSS

£DELS8 IRISH Ot£MOV BtlMOV BEGIN £ SH.

U ) 0 MOV B 01 t 0 AND 0 £ OR U INC LOOP

1 POP 1 DS LS8 £ PUSH CXT

56£

IMAGt-CONTRCC' coepresses the data in the 8 kbytes TEMPBiFF or
BIBBUF into the 1 Kbytes HORkWP for display.

TEMP/BIS and BIS)TEMP trarrfer an ieage froa one buffer to
anotner.

SAl

0 ( IMAGE CONTRRaiON' I DECIMAL

1

£ ! IMAGE-CONTRACT ( TEMPBlfF or BIffiUFP - ) 16 0 DO 64 0 DO
3  £DUP I 16 t J f 8 t M+ IMAGCONT

4  HORKMAP 1 16 * J + M+ EC! LOOP LOOP £DROP i

5

6 UARIAKi TEMP

7 : TEMP)BIG TEMPBUFF BIfflUFF 819£ ECMDVE ;

8 : BIGITEMP BI6BUFF TEMPBUFF B13£ ECMOVE ;
9

10

11

1£

13

14

15

563

GETTEMP gets the nth byte froa TEMPBiFF ard adds it to TEMP.

SUMPIXElS sues the J-l, J, and J+1 bytes of the Ith roa of
TEMPBUFF and stores the value in the variable TEMP.

NEIBHBC'R is a routine that perforas laage saoothing ori an iaage
by using the technique of neighborhood averaging. A 3x3 array
of pixels surrouKJing each pixel is considered. If the
aajority of these are I's the pixel in question is set to 1.
If net, it is set to 0. The aajority threshold can be changed
by dividing by a different value, (froa 5 to 9)

SMOO'''-' does everything necessary to get an iaage, saooth it
aith NEIGHBCT and redisplay it .

eAe

0 ( IMAGE MANIPULATION CONT. ) DECIMAL

1

£ i GETTEMP ( n - ) TEMPbUFP ROT M+ ECB TEMP +! ;

3

4 ! SUMPIXELS ( I,J - ) £DUP 1- + GETTEMP £DUP ♦ GETTEMP
5  1+ ♦ GETTEMP i

6

7 1 NEIGHBOR TEMPIBIS 1£7 1 DO 63 1 DO 0 TEMP I I 1£8 # DUP

8  128 - J SUMPIXELS

9  DUP J SUMPIXELS

10 1£8 + J SUMPIXELS

n  TEMP 8 6 / I 1£B t J + BIGBUFF ROT Mf EC! LOOP LOOP i

12

13 : SMOOTH PCALC MDVESCR IMABEXPAND NEIGHBOR

14 BIGBUFF IMAGE-CONTRACT MOVESCR i

15
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56A £A3

These nords are the code eords used to optiewe the object
location routines. XC finds the upper :eft corner and
LRC finds the upper right comer. Both itords start with
the buffer address 1 TEMPBIF" or BISBlFr ) and leave the
offset into the buffer of the Iwated comer on the stack.

LLC searches frott left to right and froe top to bottoe.
-RC searches fro* top to bottoe and fro* right to left.

( FItffiING CORNERS IN BSSENBLY- ) DEClNfiL

CODE XC ( TEMPBUFF - n) 0 POP 2 POP >SEB CflU. 1 DS BS6
2 DS LSG 1 PUSH B132 I 1 NDV BE61N « ) 0 NOV B
U INC 0 «B 0 CNP -LOOP W DEC 1 POP 1 DS LS8
H PUSH ICXT

CODE URC ( TENPBUFF - n) 0 POP 2 POP >SE6 CflLL 1 DS SS6
2 DS lSG 1 PUSH 127 t 2 NOV 128 ♦ 1 NOV BEGIN
1 PUSH 6A i 1 NOV BEBIN 64 # 0 NOV 1 0 SuB 1 PUSH
128 ♦ 1 NOV 1 NX B 1 POP 2 0 ODD 0 M NDV
WIONDVE OIBOCNP -LOOP 2 DEC 1 POP 0 #B 0 CNP
-LOOP 0 PQF 0 DS LS6 W PUSH ICXT

565

LRC finds the lower right comer anc searches froe right to
left and fro* bottoe to top,

LLC finds tne lower left comer and searches fro* botto* to
to? anc froe left to right.

S!(I,J) returns the byte fro* TENPBIFF correnponding to the
I J indexes left on the stack. The NOT is to reverse the
logic for an backlit i*age.

0 ( CORNERS COP. ) DEClNftL

1

2 Ct®£ LRC t TENPBLiF' - n) 0 POP 2 POP >SEB CflLL 1 DS SS6
3  2 DS LSG 1 PUSH 8192 t 1 NOV BEGIN 1 U NOV
4  NDEC NIONOVBOIBOCNP -LOOP 1 POP 1 DS LS8
5  H PUSH CXT

6

7 CODE XC I TENPBUFF - n) 0 POP 2 POP >SES CflX 1 DS SS8
8  2DSLS6 1PUSH O#2N0V 12BtlNOV BEGIN

1 PUSH 64 I 1 NOV BEGIN 1 0 NOV 0 DEC 1 PUSH
128 81N0V1NXB IPOP 20fiDD OMNDV
« ! 0 NDV B 0 IB 0 CNP -LOOP 2 INC 1 POP 0 « 0 CNP
-LfflP 0 POP 0 DS LSG M PUSH NEXT

SlU.J) ( I,J-n) SHflP 128 *♦ TENPBUFF ROT N+ EC8 NOT

566

These variables give the corners of a viewed object.

CXINITS and ROHLlNrS give the n*its of a located object in
the proper for* for X LffiPs.

OBJLOCflTE uses XC URC LRC and XC to locate the comers of
a viewed object and stores the proper row and colu*n
coordinates in the proper variable.

SDX is used in the word SOBEL . It is an appro*i«atiori of the
X derivative of the iBage.

2A5

0 ( LDCflTE OBJECT AND SOBa OPERATORS) DECINfll
1 VARIABLE UPROh VARIABLE UPCX VARIABLE RRON VARIABLE RCOL
2 VARIABLE DOHNROH VARIfffiLE DOUNCOl VARIABLE LROH VARIABLE LCX
3

ROXINITS DOUNRON 8 I* UPROU 8 ;CXINITS RCX 8 1+ LCX 8

OBJLOCflTE INAGEXPPND
TENPBUFF ULC
TENPBUFF
TENPBUFF
TENPRJFF

URC
LRC
XC

128 /NOD
128 /NOD
128 /NOD
126 /NOD

UPROU ! UPCX '
RROU ! RCX !

DOUNROU ! DOUNCOl
LROU I LCX '

SDX (  I,J - n) 2DUD 1+ S1(I,J) 2« IN 2DUP 1- S1(I,J) 2* >N
F- aUP 1+ SHflP 1- SUflP 51 (I,.T) )N F+ 2DUP 1- SWAP 1-
SUAP SIC.J) >N F- 2DUP 1+ SHflP 1+ SUflP S1(I,J) )N f+
1- SHflP 1+ SUflP S1(I,J) >N F- FABS N> ;
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567 aA6

SDY is used in the Mord SOBEl.

derivative of the iaage.
Tt is an approxieation of the Y

SOBEL coeputes the SOBEl gradient of the iiage in TEMPBUFF for

edge detectiori. It coeputes the X-derivative and the Y

derivative and sues thee. Dividing by A scales the iiage
bac< to a bina'-y ieage.

GETED6E coebines all mrds necessary to get an ieage, perfore
edge edtection and display the nee ieage.

( MOMENTS OF IMREES CONT. ) DECIMRL

; SDY ( I,J - n) 2DUP SWAP 1- SNAP S1(I,J) S* )N 2DUP SWAP H
SNAP S1(I,J) 2t )N F- 2DUP 1- SWAP 1- SNAP S1(I,J) )N F+

2DUP 1- SNAP 1+ SNAP S1(I,J) )N F- ZBUP 1+ SNAP 1-
S1(I,J) )NF^ 1+SNAP It SNAP SKI, J) )N F- FABS N) ;

: SOBEL ( QBiLQCA-^ IMAGEXPAND) COLIMITS DO ROM.IMITS DO

I J SD* I J SDY + A / NOT I 128 s J + BIBBUFF ROT

M+ EC! LOOP LOOP ;

: GETEDSE (ffiJuOCATE IMASEXPAND TEMPIBIO SOBEL BIGBUFF

IMAGE-CONTRACT MOVESCR ;

566 £A7

0 ( HISTOGRAM THRESHOLDING FDR EDGE DETECTION ) DECIMAL

HISTDGRA" gets an ieage, displays and expands it into TEMPBUFF.
Tpen the pixels in each coiunr c' TEMPBUFF are added and
storec in that coluen's position in the Ist roe of BIGBlfT.

TLEFTESGE takes a HISTOGRAM and then scans the 1st roe of BIGBIF

free left to right locking for transistions froe iMiitB to

dark. The last transistion is storec in LCOL.

TRieTEPSE takes a HISTOGRAM; and scans the Ist roe of BIGBUFF

fror right to left looking for transistion froe ehite to
dark. The last transistion is stored in RCOL.

HISTOGRAM PCALC MOVESCR IMAGEXPAND

128 0 X 0 GA 0 X

TEMPBUFF I 128 « J + M+ ECB +

LXP BIGBUFF I Mf EC' LXP

7LEFTEDGE HISTOGRAM 0 LCO.

127 0 X

BIGBUFF I Mf EC8 )  IF BIGBUFF I 1+ M+ EC« 32 (

IF I 1+ LCa ! T)CN TICN LXP

7RIGHTEDGE HISTXRAM 127 RCa

1  127 X

BIGBUFF I M+ EC8 32 > IF B

IF

IGBUFF 1 1- M+ ECB 32 (

I 1- RCOL I THEN DCN -1 HJMP

569 2Aa

These words are used in navigation.
RHO calculates the angle froe the center of the ieage to the

edge of a visible object.

HYP and QPP calculate the sides of a triangle given by the angle
to the edge and the distance to an object.

2ETA ane TAU claculate angles necessary to reorient the robot
toward the goai.

SRHO AND SRRHC calculate the left and right angle froe center
of the edges giver in lCX and RCCL and leave thee on the
nueeric staCK.

LCONVER^ takes a real nuiber t converts it to feet and inches

foreat for FMOVE. UNlCONVER" goes the other way.

0

1

2

3

A

5

8

7

8

9

10

11

12

13

lA

15

( MICRONEYE APPLICATIONS CONT. ) DECIMft.

( TRIANGULAR CALCULATIONS ) VARIABLE LENGTH VARIABU DIRECTION

VARIIffiLE LTHETA VARIABLE RTICTA VARIIffiLE TICTA

1 RHO ( - a ) GA LCOl 8 - MS >N .336 F* 128.0 F/ ATAN N) ;
: RRHO ( - a) GA RCX 8 - ABS )N .336 Ft 128.0 F/ ATAN N) ;
: HYP ( - ) ( adj - hyp ) THETR 8 >N COS F/ •,
: OPP ( - ) (hyp - opp) TtCTA 8 )N SIN F« ;
; ZETR ( - a) ( opp,d - ) FSURP F/ ATAN N) ;

: TAU ( zeta - tau) 90 THETA 8 -f SNAP - ;

: SRHO ( ) ( - a ) GA LCOl 8 - >N .336 F* 128.0 F/ ATAN ;

: BRRHO I ) ( - a) RCX 8 6* - >N .336 Ft 128.0 F/ ATAN ;
! LCONVER- ( - feet,inches) ( r - ) 10.0 F» N) 10 /MOD

SNAP 12 10 «/ ;
: UNLCONVERT ( ft,in - ) ( - r) >N 12.0 F/ )N F+ ;
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570 S49

COUNTlINES takes a histograe are scans it looking for trinsis-
tions fr<* light to dark leaving the nueber on the stack.

PNGTES* assuies both lines are in viee and calculates the
apparent angle betneen thea.

ISTQUflD takes a vector pointing into the 1st quadrant,
calculates the X and Y offsets, and updates X-POS and Y-

ENDiXJffl does the saae for a vector into the 2nd quadrant.

all ancles are assuiec froa the X-avis.

0 ( CONSTIWT POSITION NRVIBBTION ROUTINES ) DEClNfil

1

2 : COUNTLINES ( - n ) HISTOBRflN 0 127 0 DO
3  BIBBUFF I Nv ECB 32 1 IF BIGBUFF 1 1+ N+ EC« 32 (
a  IF 1+ THEN THEN LOOP ;

5

6 I PNBTEST ( ) ( - a) 7LEFTEII6E 7RIBHTED6E SRHO SRRHD F+ FOBS \
7

8 SYflRllfflLE X-POS SVflRIflBLE Y-POS SVORIRBLE ORIflNB
9 SVflRIflBLE X-GOflL SVflRIflBuE Y-60flL

10

11 : ISTQUflD ( )( n a - ) F2DUP SIN F» Y-POS S+

12 COS F» FICSflTE X-POS S+

13

14 : EMXUflD I )( n a - ) F2DliP SIN Ft Y-POS S+

15 COS Ft X-POS S+

571

3DR3L'PD and tTHQUflD update X-POS and Y-POS fo' vectors into
the 3rd and 4th quadrants.

SFHDVE performs an FHOSt but updates the X and Y positions as
it does so.

CURRET-POSITION sets the variables X-POS, Y-POS and DRlflNB to
the values on the stack.

SETBOflu sets the variables X-BOflL and Y-50flL to the values
on the stack.

S50

0  ( COHSTflNT POSITION NflVlBflTON COKT. ) DECINflL
1

2 : 3RDQUflD ( ) ( n a - ) F2DUP COS F# X-POS S+l
3  SIN Ft FItGfiTE Y-POS S+! i

4 : 4TH0UflD ( ) ( n a - ) F2DUP COS Ft FNESflTE X-POS
5  St' SIN Ft FICSflTE Y-POS S+l ;

6

7 : SFNOVE ( ) ( n - ) FDUP LCONVERT 180.0 ORIflNB SB F- FDUP
8  F0( IF FflBS FDUP 90.0 F>
9  IF 180.0 FSUAP F- 2NDQUflO aSE ISTOUflD THEN
10 ELSE FDUP 90.0 F>
11 IF 180.0 FSHflP F- 3RDQUflD ELSE 4THQUflD THEN
12 TICN FNOVE :

13

14 ! CURRENT-POSITION ( ) ( *,y,a -) ORIflNB S! Y-POS SI X-POS SI ;
15 ! SETBOflL ( ) ( * y - ) Y-60flL SI X-BOflL SI ;
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SBHOVE enecutes a BHOVE and update the current position
of the robot.

SLTURN and SRTURN execute left and right turns mhile updating
the variable ORIflNB. They also check for turning past 360
decrees or 0 degrees.

NOTE: all of these mords assuae an origin in the lomer right
hand comer of the room as looking toward the bookshelves.
Pointing toward the bookshelves is the angle 270 degrees.

XHECk checks to see if the X or Y offset are jero and if they
are adds a very saa'.l amount. This prevents division by zero.
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CONSTANT POSITION NflVlBflTION CONT. ) DECINflL

: SBHOVE ( ) ( n - ) FDUP LCONVERT 180.0 ORIflNB SB F- FDUP
F0( IF FflBS FDUP 90.0 F>

IF 180.0 FSUflP F- 4THDUflD aSE 3RDQUflD THEN

aSE FDUP 90.0 F>

IF 180.0 FSMflP F- ISTDUflD aSE 2NDQUflD THEN
THEN BHOVE ;

! aniRN ( ) ( a-) FDUP ORIflNB S+l N> LTURN ORIflNB SB 360.0
F> IF -360.0 ORIflNB S+' TtCN ;

! SRTURN ( ) ( a - ) FDUP FNESflTE ORIflNB S+l N> RTURN
ORIflNB SB F0( IF 360.0 DRlflNB S+l TICN )

: OOCCK ( ) ( x,r) raUP IP P+ ™EN FSHflP FDUP FC^
IF .001 F+ THEN FSHflP ;
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ORIENT takes the real X and Y coordinates of a point in the
rooe and turns the robot to face that point. The X and Y

offsets are first calculated and checked for zero. Then

the direction and angle to turn are calculated. The
straight line distance to the point is calculated and
saved in the variable LENGTH.

0  ( CONSTMIT NPVIGATION CONT. ) DECINRL

1
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7

S
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15

ORIENT I ) I > y - ) Y-PQS S» E- FSURP X-POS S» F- ODCCK
F2DUP FDUP F# FSHflP FDUP Ft F+ FSORT LENGTH S! FDUP F0(

IF F9MP FDUP F0(

IF FSKIP F/ (ITflK 90.0 F+ 270.0 FSHfiP F-

ELSE FSHflP F/ BTRN 90.0 F+ 270.0 FSHflP F- HCN

ELSE FSUAP FDUP F0<

IF FAGS FSURP F/ RTRN

ELSE FSHflP F/ flTflN 90.0 FSUftP F- 270.0 F+

DCN THEN

ORlflNB SS F- FDUP FO) IF 1 DIRECTION !

ELSE 0 DIRECTION I T>CN FflBS FDUP IBl.O H IF 360.0

FSUflP F- DlREaiON t WT DIRECTION ! THEN

DIRECTION « IF SLTURN ELSE SRTURN DCN ;
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LEFTEDGE uses the Microneye to find the left edge of an object
in the field of viee. If a left edge is not found, the head

is turned 10 degrees to the left and another picture taken.
If an edge is not found eithin 90 degrees, a longer expose-
tiie is specified and the process is repeated.

0 ( NlCROfEYE NRVIGflTlGN ) DEClNflL

1

2

3

4 ! LEFTEDGE

5  IF

6

7  ELSE

e

9

10

11 Tt€N

12

13

14

15

BEGIN 7LEFTEDGE LCOL B 0 )

ICRDLOOK 270 - DUP LCOL B 64 )

IF RHC - ELSE RHO + THEN LTHETfl I 1

S UCflD 1 STEPPER-HRIT HEflDLOOK 270 - DUP 90 >

IF EXPOSETIME EB 100 EXPOSETINE E!

RHEAD 1 STEPPER-UflIT

ELSE DROP TICN 0

UNTIL RHEflD 1 STEPPER-HRIT :
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RIGHTEDGE is the right analogue of leftedge.

GETSONRR takes a sonar reading and leaves it on the nuaeric
stack as a real nuiber.

0 ( NICROEYE NflVlGRTlON CONT. ) DEClNflL

1

2 : RIGHTEDGE

IF3

BEGIN TRIGHTEDGE

4

5

6

7

8

9

10

11

12

13

14

15

RCOL B 127 (

270 ICflDLOOK - DUP RCOL B 64 )

IF RRHO + ELSE RRHO - TICN RTHETfl ! 1

aSE S IbCflD 1 STEPPER-HRIT 270 fCADLOOK - DUP 90 )

IF EXPOSETINE EB 100 + EXPOSETINE El

UCflD 1 STEPPER-HfllT

aSE DROP THEN 0

THEN until UCflD 1 STEPPER-HfllT ;

GETSONRR ( - ) ( - rSONftR ) 0 SONftR.B >N 10.0 F/
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MXSONRR Kves the head to the angles found by Lti-ituGE and

R16HT06E and takes a sonar reading. R direction flag is
set according to ehich sonar value is higher,

GETSONRR takes a sonar reading and converts is to floating
point.

GETTURN turns the robot in the direction of the flag set by

RflXSONflfi. TURNBRCk reverses the actions of GETTURN.

MOVEDBST'' expects a sonar reading on the stack and eoves the

robot to Mithin 4 feet of an obsticle if not already.

RXISCOR eoves the robot bark 4 inches so that the center of

rot. of the eheels is tne saae as the head.

( KICRONEYE NRVIGRTICN CQNT. ) DECINRL

: MRXSCNRR LTHETR G 10 DUR LNERD 1 STEPPER-WRIT 500 MS

0 SONRR.B SWRP RICRD 1 STEPPER-WRIT RTHETR G 10 ̂  DUP

RHERD 1 STEPPER-WRIT 500 MS 0 SaNRR.B SWRP L)£RD

1 STEPPER-WRIT

> IF 1 DIRECTION ' LTHETR G TtCTR !

aSE 0 DIRECTION ! RTIETR G TICTR ! TICN j

! GETTURN TtCTfl G >N DIRECTION G IF SLTURN aSE SRTURN TI£N ;
; TURNBRCK THETR G )N DIRECTION G IF SRTURN ELSE aTURN THEN ;

: MDVEOBST? ( ) ( threshold - ) FDUP GETSONRR FDUP FROT F)

IF FSWRP F- SFMOVE ELSE FDROP FDROP THEN :

RXISCOR 0.33 SBtOVE : UNCOMP 0.33 SFMOVE
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13

CORRIDOR uses LSMRLLSCRN and RSMRLLSCRN to sake sure that there 14

is a safe passage for the robot to eove down. 15

LSMRLLSCRN scans froe the center point to 70 degrees to the
left at 5 deg. increeents taking sonar readings. It takes
into account the eidth of the robot and the distance in

LENGTH and checks to see if anything is within that rectangle
If it is the scan stops there and the head angle is stored
in LTHETR.

RSMfLlSCRN is the right analog of LSMRUSCRN.

DETECT CORRIDOR ) DECIMRL

LSMRLLSCRN BEGIN 5 LHERD 1 STEPPER-WRIT 1.0 90

ICRDLOOK 270 - - IN COS F/ FDUP LENGTH SG F(

IF GETSOMR F) ELSE FDROP LENGTH SG GETSONRR F) T)€N

HERDLOOK 270 - 69 ) OR IMTIL

(CRDLOOK 270 - LTHETR ! CENTER ;

RSMRLLSCRN BEGIN 5 RHERD 1 STEPPER-WRIT 1.0 90

270 tCRDLOOK - - IN COS F/ FDUP LEWTH SG F(

IF GETSONRR F) aSE FDROP LENGTH SG GETSONRR F> TIEN

270 tCRDLOOK - 69 ) OR UNTIL

270 (CRDLOOK - RTHETR ! CENTER i

CORRIDOR ( - 00,01,10 or 11) LSMRLLSCRN LTHETR G 70 ( 2t
RSMRLLSCRN RTHETR G 70 ( + :
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BLOCKED' takes a sonar reading and coepares it to the distance
on the stack. If the sonar reading is less it aborts. The
distance is increased by 1.4 feet to account for the ares.

GETCORDS leaves the X and Y coordinates of the goal on the
nueenc stack. Used with ORIENT.

ENDRROUND is an algorithe used when an obsticle is directly in
in front of the robot. It uses the caaera to detect the

left and right edges then takes a sonar reading beyond each
edge and turns toward the largest. The distance and angle
to a point clear of the edge is calculated and the robot
■oves there. It then reverses the turns wade and ORIENT'S
toward the goal again.

( MICRQNEYE NRVIGRTIQN CONT. ) DECIMRL

: BLOCKED? ( ) ( hyp - ) 1.4 F+ GETSONRR F>
RfiORT- Blocked.' ■ ,■

: GETCORDS ( ) ( - x,y ) X-GORL SG Y-GORL SG ;

: ENDRROUND LEFTEDGE RIGKTEDGE MRXSONRR RXISCOR 500 MS
GETTURN 2.0 GETSONRR F/ RTRN FDUP DIRECTION G
IF SLTURN ELSE SRTURN T)€N
FDUP N> THETR +' SIN 2.0 FSWRP F/
FDUP BLOCKED? SFMOVE
TURfSflCK UNCOMP GETCORDS ORIENT
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DODGESRIGHT assuaes that an obsticle has been Iwatcd and is in

front of the robot to the left of center. The head is turned

to face the box and the right edge is found. A sonar
reading is taken at the edge and an angle and distance is
calculated so that the robot can eove beyond the edge. The
robot Boves to a point beyond the edge, reverses the turns
■ade and re-ORIENT's toward the goal.

DGDGESLErr is the saee as dodge to right except the obsticle is
to the right of center and the robot needs to dodge to the
left. Both of these words assuae that the obsticle has been 11

Both of these words assuae that the obsticle has been Iwated 12
Both of these words assuae that the obsticle has been located 13
and that the location has been saved in LTtCTfl or RTtCTfl . U

1-5

( MICROEYE NRVIGRTIDN CWT. ) DECIMAL

: 0QD6E2RIEHT LTICTR B S + UCAD 1 5TEPPER-MAIT RIBHTEDEE
RTICTA 9 DUP 0( IF ABS UCAD ELSE RHEAO TICN
I STEPPER-UAIT l.S GETSONAR F/ ATRN FDUP

N) THETA I 0 DIRECTION ! AXISCOR GETTURN CENTER

SIN l.S FSNAP F/ FDUP BLOCKED? SFMOiC
TURNBACK UNCOHP GETCORDS ORIENT ;

: D0DGE2LEFT RTICTR B 5 + RHEAD 1 STEPPER-MAIT LEFTEDGE
LTICTA B DUP 0( IF ABS KCAD ELSE UCAD TICN
1 STEPPER-UAIT l.S GETSONAR F/ ATRN FDUP
N> THETP ! 1 DIRECTION I AXISCOR GETTURN CENTER
SIN l.S FSURP F/ FDUP BLOCKED? SFMOVE
TURNBACK UNCOHP GETCORDS ORIENT ;
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GO takes floating point X and Y coordinates of a goal
relative to the robot's center and causes the robot
to aove to the goal. If any obsticles are in the
way the robot uses vision to find to edges and then
aoves around the obsticle.

0 (
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G
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MICROCYE NAVIGATION CQNT. ) DECIMAL

GO ( - ) ( Xreal .Yreal - )
SETGQRL GETCORDS ORIENT
BEGIN CORRIDOR DUP

IF DUP 1 «
IF D0DGE2L£n

aSE 2 <
IF D0DGE2RIGHT

ELSE EMIAROUM) TICN
THEN 0

ELSE DROP LENGTH SB SFMOVE 1
TICN

UNTIL :
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LOCOS iapleaents the law of cosines to find the side oppsite of
a known angle. It expects 2 sides and the angle between.

LAUOSIN iapleaents the law of sines to find an angle. It expects
a known side , the side opposite the unknown angle and the
angle opposite the known side.

LOCOS ( ) ( B,C,a - A) COS FOiCR Ft FROT FDUP FRDT Ft
2.0 Ft RCGRTE FSURP FDUP Ft Ft F5UAP FDUP Ft
Ft FSQRT i

LAUOSIN ( ) ( A B a - b) SIN Ft FSURP F/ A5IN ;

0  ( LRU OF SIICS AND COSItCS ) DECIMAL
1
2
3
4

5

6
7
8

9
10

11

12
13
14

15
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nxORIENT wves the robot to i predeterained distance froa the
boK. It then uses the vision to find the angles to the edge
and the sonar to find the distance to the edges and center,
^rca this inforeation it calculates the orientation of the

box.

BOX-ORIENT ( ) ( - angle) 2.0 MOVEOBST? PCALC
RIEHTEDOE RTICTft t RHERD 1 STEPPER-WRIT

2.0 EETSQNRR RTHETA B >N LOCOS ( fl)

EETSONRR RTHETR B )N LRWDSIN ( c)

90.0 F- FRBS CENTER ;

0 ( VISION NRVISRTION PRIMITIVES ) OECINRL

1
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S
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SB3

POSINIT is for starting at an often used position.

FflCEMRLL causes the robot to turn and face the 270 degree point

HEXTEST wves the robot thru a hexagon to test the positional

accuracy of the SFNGVC cowand.

URtCRRK sieulates the flipping of a SMitch by wveing the are
out and then back in.

POSINIT S.0 S.0 270.0 CURRENT-POSITION ;
FACEURLL CENTER 270.0 ORIRNE SB F- FOJP

IF FRBS SRTURN aSE SLTURN THEN

0  ( NRVISRTION PRIMITIVES CONT. ) DECINRL
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S
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)CXTEST POSINIT 2.0 12.0 ORIENT LENETN

HRVERRM 40 UPIVOT 4000 MS 40 RLPIVO

F0(

 SB SFMOVE

2.0 16.0 ORIENT LENETH SB SFMOVE 6.0 20.0 ORIENT LENETH SB

SFMOVE 10.0 16.0 ORIENT LENETH SB SFMOVE 10.0 12.0 ORIENT

LENETH SB SFMOVE 6.0 6.0 ORIENT LENSTH SB SFMOVE FRCEURLL :

T HRVERRM
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LRHOSIN iipleeents the Ian of sines to find an angle. It expects 11
a knoMr side , the side opposite the unknown angle and the 12
angle opposite the known side. 13

14

15

FINDLICS searches for the lines with the caeera and COUNTLINES

The word scans froe center to 4S degrees left in 9 degree
increwents and if no lines are found, it scan frow center to
4S degrees right. The head is left pointing at the lines.

LOCOS iaplewents the law of cosines to find the side oppsite of

a known angle. It expects 2 sides and the angle between.

( NRVI6RTI0N ROLTIICS CONT. ) DECIMAL

: FIWLIICS I - n) 0 S 0 DO DROP COUNTLIICS DUP 0) IF LEAVE

aSE 9 LHERD 1 STEPPER-WRIT TICN LOOP

DUP IF CENTER S 0 DO DROP COUNTLIICS DUP 0)

IF LEAVE aSE 9 RHERD 1 STEPPER-WRIT TICN

LOOP THEN :
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SCNARSET takes a sonar reading at £0 degrees to the left and
stores it in SI; at the center position and stores it in S£
and at 20 degrees right and stores it in S2.

GETPERP uses SONftRSET then the Ian of sines and Ian of cosines

Kith the knoNn angle to calculate the robot's angle relative

to the Hall. The robot then turns the angle calculated to be
parallel to the Hall, loves to a point directly in front of
the place in question and then turns 90 degrees to face the
Hall.

NOTE: SIN and COS only return angles froa 0 to 90 degrees so
LAUOSIN Hill return an angle rftich should be subtracted froa
ISO.

( NAVIGATION ROUTINES CONT. ) DECINAL

SVARIABLE SI SVARIABLE S2 SVARIABLE S3

: SONARSET 20 UCffi) 1 STEPPER-WAIT 300 IE GETSQNAR SI SI

CENTER 300 NS GETSONAR S2 S! 20 RHEAD 1 STEPPER-WAIT

300 NS GETSONAR S3 SI CENTER ;

: GTPERP SONARSET SI S» S3 S» F) IF SI SO aSE S3 S8

THEN S2 SO 20.0 LOCOS ( C) SI SO 20.0 LAWOSIN

( T3A) 90.0 FSWAP F- ( TA) FSUP SIN S2 5« Fa ( SA)

FSWAP 90.0 FSWAP F- ( T5) SI GG S3 SO F)

IF aiURN SFNOVE 90.0 SRTURN

aSE SRTURN SFNOVE 90.0 aTURN TIEN ;
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R.IPSkTTCH is a task that causes the robot to seek out and aove

to a place on the Hall aarked Hitn tao lines and siaulate
flipping a snitch there. It first faces the nail and finds
the lines. It turns the robot to face the lines and then

uses SETPER? to aove the robot till it is perpendicular to
the Hall in front of the lines. The robot then aoves foraard

till it is 2 feet froa the aall and aaves its ares.
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< NAVIGATION ROUTINES CONT. ) DECINAL

aiPSWITCH FACEWALl FINDLIICS 1 °

IF 7LEFTEIIGE SRHO FOUP N) AGS

IF RHEAD aSE UEAD TIEN

TIEN COUNTIINES 2 <= NOT ASORT*

lEADLOOK 270 - IN

ANGTEST SRHO FSWAP 2.0 F/ F+ F+

IF WS SRTURN ELSE aTURN TIEN

GETPERP 2.0 NOVEQGST? WAVEARH

F0(

1 STEPPER-WRIT

NOT GOAL I ■

FDUP F0(

CENTER FO
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0 I NOENTS OF TIE INAGS ) DECINA.

1

2 VARIABLE NO SVARIABU NXl SVARIABLE NYl SVARIABLE NXY

3  SVARIABLE NX2 SVARIABLE HY2

A

5

ONON deteraines the 0th aoaent of the iaage ahich gives the area G : ONON ( - I OBJLOCATE INAGEXPAND 0 NO I CaiNITS DO
by suaiing the pixels that are on. ROWLINITS DO IJ S1II,J) NO el LOOP LOOP;

INON calculates the centroid of the laage, leaving then in the 9 : INON ONON 0.0 NXl SI 0.0 NYl SI CaiNITS DO ROWLINITS DO
variables NXl NYl. 10 I J SIII.J) DUP I * IN NO 9 IN F/ NXl S+l

J t IN NO G IN F/ NYl S+l LOOP LOOP ;
10

11

12

13

lA

15
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This is the high level version of DBJLKATE.

0 ( HIGH LE\«. OBJLXRTE ) SECIMM.

1

Z VRRIflEU UPROU VMIABLE DOUNROU VRRIRELE tXCl VARIABLE RCOL

3

4 ; 6ETBYTE ( I J - n ) UORKHAP 4R0U16t4RaLL8/v||fEC»;
5

6:HRSK( I-n)lSHRP6/WDDR0PBSUAP-0K2t UOPB/;

7

8 : iXJLOCRTE 83 UPROU ' 0 DOUNROU ! 1E7 LCOL ! 0 RCOL !

9  128 0 ra 64 0 DO

10 I J GETBYTE J MASK AM) 0=

11 IF UPROU 1 I ) IF I UPROU ! DEN

12 DOUNROU I I ( IF I DOUNROU ! DEN

13 LCQL • J ) IF J LCOL I DEN

14 RCOL 1 J I IF J RCOL I DEN

15 LOOP LOOP ;

589

These are the high level versions of IMAGEXPAND and
INAGE-OINTRACT.

268

( HIGH LEVa IMAGE EXPAND AND CQNTRAa ) DECIMAL

IMAGEXPAM) 128 0 DO 64 0 DO

I J GETBYTE JMASK AND 0=IF0 ELSEl TICN

TEMPBUF J I 128 t ♦ M+ EC!

LOOP LOOP i

7 VARIABLE TEMP

8

IMAGE-ONTRACT ( tcqibuff or bigbuff - )

1024 0 ra 0 TEMP !

80n 2DUP 71- J8* i-XH EC8 -lAND

I )N 2« N) » TEMP +1

LOOP TEMP 8 UORKMAP 1 M+ EC!

LOOP EOROP :

590 269
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The IW Personal Coaouter NftCRC Asseabler 06-19-85 PflGE 1-1

MICRONEYE ASSEMBLER ROUTINES (HEYEDRVR)

TITLE MICRONEYE ASSEMBLER ROUTINES (MEYEDRVR)

PAK 66,132
.SALL

COMMENT ;

PCYEDRVR - MODULE DESCRIPTION

This driver aodule takes care of all the necessary arranoeeents
for getting an ieage froe the MicronEye to the graphics page in eeeory
of the IBM PC. The routine is asseebled to be relocatable.

There are 2 asseebly routines available to the usei—
POVESCR and GETPIC. BETPIC takes the setup paraeeters

selected at the eain eenu and calculates the cownds that GETCALC Hill send

the MicronEye and the nueber of bytes the MicronEye Hill return.
MDVESCR eoves the picture in the UORKNAP area to the screen.

All variables in the argueent list are assuaed to be of type
INTEGER. The variables are defined as folloHs:

PIC_TYPE — oetersines the fonat of the ieage transaitted froa
the MicronEye. The folloning are valid cowands:

0 - 128 X 64 picture (black t nhite)

The coaaand byte sent this routine is not the saae as the
control byte sent to the MicronEye. For a coapiete
descriptiori of the MicronEye control byte refer to the
Operator's aanual.

EXPOSE_TIME — the nuaber of ailliseconds for nhich the iaage should
be exposes.

WHITE_PCT — A value betneen 0 and 100 that indicates the

approxiaate percent of the current picture that is nhite.

BIFFER SIZE REOUIREMESTS FOR EACH PICTURE TYPE

BYTES (»ei USING

PICTURE TYfl BUFFER N(«E I ARWIY 2 ARRAYS

128 X 64 (B/U; UORKMAP 1024 2046

«

SUFTTl main SUBROUTIICS and data DECJIRATKKS
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The IBf! PersoMl Coiputer MftCRO flssenliler 06-19-85 PflGE 1-2

KICRCNtYE BSSEHBLER ROJTINES (HEYEDRVS)

MAIN SUBROUTIICS AND DATA DECLARATIONS

0000

PA6E

OSES SE6MENT BYTE

ASSUME CS:CSE6,DS:CSE6,ES:CSEe

OOOCi Afl

owe

UORKMAP

0R6

OAAH

400H

;use 128 X 64 only

0400 AB BIGBUFF DB OABri ;buffer for display
2400 0R6 2400K

2400 AC TEMPKJFF DB OACH ;teip buffer for eanipulation

4400 ORG 4400H

4400 0400

5

MAPBYTES DU 1024

4402 0000 KEY.VALUE DW 0

4404 0000 PIC^PE DW 0

4406 0000 SCREEK.START IM 0

4408 0040 SCR.ROWCT DU 64

440A 0010 SCR.COLCT OU 16

440C 0001 ARRAYCT DU 1

440£ 0000 DU 0

4410 0318 CONTRO. DU 318H ;cawra control port

4412 0318 STATUS DU 318H ;caKra status port
4414 0319 DATAIN DU 319H ;c»ra data-froa port
4416 0319 DATAOl-^ DU 319H ;caiera data^o port
4418 0000 EXITEOF DU 0

441A 012C EXPOSEJIME DU 300

441C 0000 HHITE.rcT DU 0

441E IB COMMAND IBH

441F ??''? ROWCTR DU ?

4421 ???? COLCTR DU ?

4423 00 BITCf DB 0

442& 0000 UORDCT DU 0

4426 ???? HHITECT DU ?

4428 0400 TOTBYTES DU 1024

442A ???? MAPADR DU ?

SUBTTL PARMCALC — Detemine picture characteristics
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The IW Personal Coaputer MflCRO ftsseabler 06-19-85 PPBE 1-3
MICROCYE ASSENBLER ROUTINES (PCYEDRVR)

PflRNCflLC — Detemine picture characteristics

PAGE

442C PCALC PRDC FAR

442C IE PUSH DS

442D 06 PUSH ES

442E 53 PUSH BX ;SAVE CALLING ENVIROMCNT

M2F 56 PUSH SI

4430 ec C6 NOV AX,CS ;set up ES to be saw as routines

443E BE CO NOV ES,AX ;  code segwnt

4434 6C C6 WV AX,CS ;set up DS to be the saw as this

4436 6E 06 NOV DS,AX ;  code segwnt

4436 0000 NOV BX,0 ;PICTYPE offset

443B 69 IE 4404 R NOV PICTYPE,BX ;126 X 64

443F C7 06 4400 R 0001 NOV ARRAYCT,1 ;use only loner array

4445 E6 4550 R CALL ACIACLR ;initialize cow link

4446 E6 449£ R CALL FRAIC6RAB ;get picture froe NicronEye

4446 5E POP SI

444C 56 POP BX

444D 07 POP ES ;restore environwnt

444E !F POP DS

444F CB RET ;RETURN TO FORTH

4450 PCALC
•

ENDP

•

«

SUBTTL NOVESCR - Nove picture to graphics screen
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The IBK Pe>"5r>i^l Coepuler UPCRC Psseabler 06-19-85 PflK 2-1
WICRONEYE ASS£ffiL£ft J«)LTINES (MF.YEDOVf!!

MDVESCR — Pteve picture to graphics screen

Pft6£ +

4450 HtlVESCR PRIX FOR

4450 IE PlSft DS save calling environnent

-^45; 06 PUSH E3

445t 53 PUSH 6X

4453 56 PUSH SI

4*54 65 C0 WOV flX,CS

4456 PE D6 KOV DS,ftX set up proper data segnent ptr

4458 6-: Co frCv ES,fiX set extra segwnt pointer

Vi5fl Ee 4511 R CflL:. HOVEBUF subroutine to expand iiage

Ajcr
*Tnwj»/ EE 0*00 ft ¥£N SI,OFFSET BIGBUF6

448-- rc CCD ■ake sure direction flag is forward
44:1 68 3E 440-6 R HP/ DI,SCR£EN_STftRT point destination register
4465' 88 EoOO MOV flX.OBeOOH at desired offset on the

446?- OE CO MQY ES,flX graphics screen

446ft 80 0040 «0V DX,64 DX is set to the nueber of rows/2

446D' D! Eft Sft'ft D*,l because we handle two rows at a tiee

446F 88 0040 !CY BX,64 BX is set to the number of bytes/row
4472 88 CE nxtrow: K)V CX.B* CX 15 the nuePer of words per row

4474 P; E9 SHft CX.l

4475 62/ ft5 REP KIVS* {■ove the entire even row
4478 28 ?8 SUB DI,8Y iset up for ode row whicn is 2000H away
447ft 81 C7 2000 ffiP DI,2000H
44?£ BB CB W3V CX,BX
4460 n E9 SH-0 CX,1
4453 =^3/ ftS NOVS»i ;Kve the entire odd row
4464 81 £■ IFPO SUP Dl.lFBOH ;set UD for next even row
4486 £B FB SUP DI,BX
/ 4 nr. 4ft DEC DX ;continue until we've done every row
4461- 75 E5 JNZ NXTROW

4480 5£ POP SI

44t.E rt KIP BX ;restore environment
446- C" POP ES

4490 16 POP DS

4491 CB PET

4451 HOVESCR ENDS

SUBTTL FRflMESRftBKR ROUTINES — gets iiao? froe Nict-wfiye
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The m Personal Coeputer NflCRO flsseebler 06-19-65 PflGE 3-1
WCRONEYE fiSSEIffiLER ROUTINES (HEYEDRVR)

FRfiHEGRftBBER ROUTINES — gets iuge fro* MicronEye

4492

4492 C7 06 4402 R 0000

4496 F 0000 R

449E 8fl 26 441E R

449!^ 89 3E 442fl R

44fi3 80 CC CO

44fl6 E8 455B R

44P9 E8 4572 R

44flC 8B DF

44fl£ E8 4589 R

44B: 8A 26 441E R

44B5 E8 455B R

4488 86 16 4412 R

44BC flC D8

44BE 8E CO

44C0 C7 06 4426 R 0000

44C6 FC

44C7 B-3 OOOF

44Cfl EC

44CB DO EO

44CD 73 OD

44C' 42

44D0 EC

44D1 4fl

44D2 AP

44D3 DO EO

44D5 83 16 4426 R 00

44DP EB EB

44DC EE EC

44DE 83 C7

44tO EB C3

44E2 3D 0014

44E5 7F 00

44E7 E8 4582 R

44Efl 8fl 26 441E R

44EE 80 CC 80

44F1 E8 455B R

44r4 C3

PAGE

ASSURE

FRAMEGRA6 PRCE

NOV

MOV

MOV

MOV

OR

CALL

CALL

MOV

CALL

MOV

CALL

MOV

MOV

MOV

MOV

CLD

nfbyt: MOV

rechk: IN

SHi.

JNC

INC

IN

DEC

STOSB

ADC

JRP

dnchk: LOOP

MOV

SUB

CMP

JG

Cft.L

MOV

OR

CALL

RET

nto:

nta:

+

ES:CSEG

NEAR

KEY_VALUE,0 ;zero keyvalue
DI,OFFSET UORKMAP
AH,COMMAND

MAPADR,DI
AH,0C0«

SENDCMD

SOAK

BX,DI
INTFF

AH,COMMAND
SENDCMD

DX, STATUS
AX,DS

ES,AX
HHITECT, 0

CX,15

AL,DX

«.,!

DNCW

DX

AL,DX
DX

f>L,l
HHITECT, 0
FBYT

RECHK

AX,DI

AX,BX
AX, 20

NTO

INTOK'

AH,COmAND
AH,60H

SENDCMD

;tell MicronEye to soak m/o send

;soak for sDecifled expose tiee

jsave start address of buffer for coepare
{disable interrupts during grab
;tell MicronEye to send picture (m/o soak)

{equate extra segeent and data segnent

zero Mhitect

set direction reg to forward eoveeent
set up tineout register for byte receipt

if byte not available after 15

checks theri we assuae the MicronEye is
done sending

Hhen byte has coee Me point DX to

DATAIN and get the byte and then
repoint DX at the status register

put the byte xn the buffer

increeent Mhitect if high bit of byte

Mas Mhite

go back anc try and get another byte

this IS the tieeout decreeenter

if we have tieed out then we checK and

see if Me got as aany bytes as Me had
hoped to get

if not enough bytes received then we
reenable interruots

tell MicronEye to refresh m/o send

44F5 FRAMEGRAB ENDP
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The IBM Personal Coaputer MftCRO ftssetbler 06-19-85
MICRCWEYE ASSEMBLER ROUTINES (NEYEDRVR)

FRflMEERABBER ROUTIfCS

PAGE 4-1

gets ieage froa MicronEye

PAGE

44F5 CLEARU PROC

44F5 IE PUSH

44Fb 06 PU&J

44P7 eC C8 MOV

44F9 8E DB MOV

44FB BF 0000 R MOV

4*^ FC ca: OLD

44FC SB (£ 4400 R MOV

4503 D1 E9 SHR

4505 BC De MOV

4507 BE CO MOV

4509 BB OOAA MOV

450C F3/ AB REP

45(e 07 POP

450F IF POP

4510 CB RET

4511 CLEARW END?

+

FAR

DS

ES

AX,CS

DS,AX

DI,OFFSET HORKMAP

;the CLEARW routine zeroes the UORKMAP buffer

get the code segaent

DS the sane as code segaent

CX,MAPBYTES
CX,1

AX,DS
ES,AX

AX,OAAH

STOSH

ES

DS

note that only an area corresponding
in size to the current picture type
is cleared

set up the ES register to point to the
data segaent

select the value to be replicated thru aeaory
this coaaand singlehandedly zeroes the desire

aeaory area

4511 MOVEBUF PROC NEAR

4511 B9 0400 MOV CX,1024 ;1024 bytes in iaage
4514 FC CLD {direction bit forward
4515 BE 0000 R MOV SI,CFFSET HORKMAP {present iaage
4516 BF 0400 R MOV DI,OFSET BIGBUF {expanded iaage Mill be here
451B BB 0000 HERE: MOv AX, 00 {dear ax
451E AC LODSB {get byte froa present iaage
451F 6A D6 MO-V BL,PX. {save byte in bl
4521 Bfl 0003 MOV DX,03 {shift and aask counter
4524 56 push: SI

4525 51 PU»i CX

4526 BB F2 HERE2: MOV S1,DX {setup index reg.
4526 BA 84 4546 R MOV AL,CB1TMASK+S13 {get aask value
452C 22 C3 AND AL,6L {Bask extra bits
452E BB CA MOV CX,DX {get present count
4530 Dl El SHL CX,1 {Bultiply by 2
4532 D2 E6 SHR AL,CL {Shift bits to low 2 bits
4534 BB FO MOV SI, AX {setup index register
4536 BA 6C 454C R MOV CL, [TABLE+Sn {get value for new byte
453A BA CT MOV AL,CL
453C AA STOSB {put byte in bigbuff
453D 4A DEC DX {increaent count
453E 83 FA F CMP DX,-1 {check for last two bits
4541 75 E3 JNE HERE2

4543 59 POP CX {get large counts
4544 5£ POP SI

4545 E2 D4 LOOP HERE {decreaents cx
4547 C3 RET

4546 MOVEBUF ENDP

4546 03 OC 30 CO
!

61THASK DB 003H,00CH,030H,0C0H
454C 00 OF FO F TABLE DB 000H,00FH,0F0H,0FFH
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The IBM Personal Coaputer MACRO Asseibler 06-19-BS PAGE 4-2
MICRCWEYE ASSEMBLER ROUTINES (MEYEDRVR)

FRAME6RABBER ROUTICS — gets iuge free MicronEye

4550

4550

4554

4556

4557

4559

455A

45®

SB 16 4410 R

BO CO

EE

BO 28

e

C3

PAGE

ACIACLR PiOC

NOV

HOV

OUT

NOV

OIT

RET

ACIAD.R ENDP

(CAR

DX,CONTROL

AL,OCOH

DX,AL
flL,2BH
DX,AL

;send uster reset to caiera

;send cawra protocol of
;  1 start, 8 data, 1 stop bits

435B SENDCMD PROC NEAR

455B B9 03E8 MOV CX,1000

455E 8B 16 4412 R seed: MOV DX,STATUS
4562 EC IN AL,DX ;get status of caiera
4563 A6 40 TEST AL,40H ;see if coaiand can be sent
4565 75 03 JNZ sok

4K7 E2 F5 LOOP seed ;loop until ready or tieeout
4®9 C3 RET

456A 8A C4 sok: MOV AL,AH ;set up coaand
456C 8B 16 4416 R MOV OX,DATAOUT
4570 EE OUT DX,AL ;send caiera coaand
4571 C3 RET

4572 SENDCMD ENDP

4572 SOAK PROC NEAR

4572 SB OE 441A R MOV CX,EXPOSE_TI«C
4576 E3 09 JCXZ NOSOAK

4C78 51 SI: PUSH CX

4579 P9 0106 MOV CX,262
457C E2 FE S2: LOOP S2

457E 59 POP CX

457? E2R LOOP SI

4®1 C3 NOSOAK: RET

4582 SOAK ENDP

4582 INTON PROC ICAR

4582 E4 21 IN AL,21H

4584 24 FC AND AL,0FCH
4586 E6 21 OUT 21H,AL

4588 C3 RET

4589 INTON ENDP

4589

5

INTOFF PRtC l€AR

4589 E4 21 IN AL,21H

458B OC 03 OR AL,3

458D E6 21 OUT 21H,AL
458? C3 RET

4590 INTOFF ENDP

4590 ^6 ENDS

END

= mortKr Hec delay

;set up loop for 1 isec

;enable kbd/tiier interrupts

;disable kbd/tieer interrupts
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The IBn Personal Coaputer MACRO flsseibler 06-19-85
MICROnEYE fiSSEICLER RtXiTllCS (MEYEDRVR)

PAGE Syibols-l

Seginents and groups;

N a ■ e

CSES

Syabols:

Size align coebine class

4590 BYTE NONE

N a ■ e Type Value Attr

ACIftCLR 4550 CSEG

ARRAYCT 440C CSEG

BIGRJFF 0400 CSEG

BITCT 4423 CSEG

BITWBK 4548 CSEG

CLEARW 44F5 CKG

COLCTR 4421 CSEG

COMMAND 441E C^G

CONTRD. 4410 CSES

cw 44FE CSES

DATfllN 4414 CSEG

DATAOUT 4416 CSEG

DNCHK 44DC CSEG

EXITECF 4418 CSEG

EXPOK TIME 441R CSEG

FRAMEGRAB 4492 CSES

HERE 451B CSES

HEREE 4526 CSEG

INTOFF 4589 CSEG

INTON 4582 CSEG

KEY VALLE 4402 CSEG

MAPADR H2A CSEG

MAPBYTES 4400 CSEG

MOSEBUF 4511 CSEG

MOVESCR 4450 CSEG

NFBYT 44C7 CSEG

NOSOAX 4581 CSEG

NTA 44F4 CSES

NTO 44E7 CSEG

NXTROW 4472 CSEG

PCALC 442C CSEG

PICTYPE 4404 CSEG

RECW 44CA CSEG

ROWCTR . . . ,• 441F CSEG

SI 4578 CSEG

S2 457C CSEG

SCMD 455E CSEG

SCREEN START 4406 CSEG

Length =0006

Length =O01C

Length =0063

Length =0007

Length =0007

Length =0037

Length =0042

Length =0024
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SCR COLCT 440A CSEG

SCR ROWCT 4406 CSES

SENDCKD 455B CSES

SOAK 4572 CSEG

SOK 4S6A CSEG

STATUS 4412 CSEG

TABLE .... L BYTE 454C CSEG

TEMPBUFF .... L BYTE 2400 CSEG

TOTBVTES 4426 CSEG

NnlTtCT 442b CSEG

WHITE PCT 441C CSEG

UORDCT 4424 CSEG

UORKMAP .  . . . L BYTE 0000 CSEG

Length ̂ 17
Length ̂ 10

The IW Personal Coiputer tWCRO flsseebler 06-19-fi5 PflGE Syibols-2

MICRONEYE ASSEMBLER ROUTINES OCYEDRVR)

Naming Severe

Errors Errors

0  0
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