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Autonomous Interoffice Delivery Robot (AIDeR) 

Software Development of the Control Task 

by 
Ludovic Roger Hilde 

Computer Science Program 
California State University Channel Islands 

Abstract 

Autonomous robots are able to perform desired tasks within a predefined 
environment for a substantial amount of time without human support. 
These types of robots may be used in various domains such as indoor or 
outdoor cleaning, intrusion detection, space research, law enforcement, 
homeland security, healthcare, etc. They have become the topic of many 
research projects. 
This thesis presents details about the control task, which is a software 
component of an application that uses an autonomous robot for indoor 
delivery. The task executes several main pieces, namely, identifying the 
defined landmarks, detecting obstacles, controlling movements, and 
communicating with peripheral devices and other tasks in the system. 
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1 Introduction 
1.1 Purpose of the project 
The control task is part of the development process of the AIDeR project. It provides a 
high level interface to higher level tasks for controlling movements of the robot and 
relaying events or alarms occurring during normal operation. The purpose of the overall 
project is to create an autonomous robot capable of delivering a load between two 
locations in an indoor environment. This is accomplished by allowing users to schedule 
jobs from a web or local interface in order to deliver packages from their offices to other 
places in the building. The robot is capable of prioritizing and reordering pending jobs in 
its queue based on its current location, so as to deliver packages throughout the building 
quickly and efficiently. 

This project has been developed for Advanced Motion Control (A M C). It allows the 
company to showcase to potential customers one of its main products - the servo drives -
used in a real application. 

1.2 Development phases 
This project contains two major development phases: 

The first phase, which had been completed in March 2006 by students at California 
Polytechnic State University, pertained to the construction of the hardware 
platform. 

The second phase, which is being completed by students at California State 
University Channel Islands, pertains to the development of the software modules. 

1.3 Software modules 
The team has chosen a layered approach to the development of the application. These 
layers are (in ascending order): the hardware layer, the O S layer, the control layer, the 
command layer, the interface layer. 
With the exception of the hardware layer, each layer resulted to the development of five 
tasks: Controller task, Web interface task, G U I task, Command task, and the OS task. 
The Web interface and G U I tasks are both part of the interface layer. 

The Web Interface task allows a user to interact with AIDeR via a web browser. Users 
may add new jobs to the queue or delete existing ones from it, query for the status of 
existing jobs, and be informed about alarm or event conditions. 
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The G U I task allows a user to interact with AIDeR via the touch screen mounted on the 
robot. Users may add new jobs to the queue or delete existing ones from it, query for the 
status of existing jobs, be informed about alarm or event conditions, and issue commands 
controlling the movement of the robot. 

The command task is an intermediate layer between the Web interface-G U I tasks and the 
controller task. It calculates the shortest path of a new job, maintains the job queue, and 
relays any alarm condition received from the control task to the Web Interface. This task 
is presented in great details in [10]. 

The controller task is an intermediate layer between the command-G U I tasks and the 
operating system. It provides a set of APIs for controlling the movement of the robot (i.e. 
move forward by 100 cm, rotate left by 80 degrees). It generates any alarm condition or 
event that may have occurred during the execution of a command. 

The O S task is a layer between the hardware and the controller task. It communicates 
with the peripheral devices such as the servo drives, sensors, and etcetera. It assigns 
priority levels to the running tasks. The O S has to execute in real time. Additional 
details about the O S task are presented in the Technology section of this document. 

Figure 1 depicts the software components of the entire system and the interaction 
between the various tasks and the external components. 

1.4 Remaining Chapters 
In the second chapter, we present an overview of the list of functions supported by the 
control task. The functionality is divided into two main categories: 

The functions pertaining to controlling the movement of the robot 
The functions pertaining to reporting the status during normal operation 

In the third chapter, we will discuss the design details pertaining to the control task. This 
section focuses on the major topic of this research, which is identification of the various 
landmarks. It also describes the functions controlling the movement of the robot. 

The fourth chapter presents some of the implementation details. This section focuses on 
explaining the communication interface used between the control and command-G U I 
tasks. 

The fifth chapter shows the results obtained during the debugging phase. 

The conclusion and future work about the project are presented in chapters six and seven. 
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Figure 1 - Task Running on AIDeR 
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2 Overview 
The control task provides a set of functions for controlling the movements of the robot. 
These functions are called indirectly via message passing by either the command task or 
the G U I task. 
The control task first processes all control messages received from the G U I task and then 
those received from the command task. This allows a user to manually control the robot 
from the local interface without worrying about remote activities generated on the web 
interface by remote users. Multiple control messages sent by a single task are processed 
in first in first out manner. 
The control task enters the busy state once it starts processing a control command, and it 
returns to the idle state after completing it. This is shown in Figure 2. 

The list of functions controlling the movements of the robot is: 

Move forward by linear distance x at speed y 
Rotate by x degrees 
Travel along the right wall to a specified landmark 
Stop 
Enter the right hallway 
Enter the front hallway 
Enter the left hallway 
Move tray into specified position 
Make u-turn 

As shown in Figure 2, the status of each control command is formatted as event or alarm 
messages that are sent asynchronously to the task that originated the request. There could 
be up to three messages generated for each control command: 

An event message reporting the change of status from idle to busy prior to the 
execution of a control command. 
An alarm message reporting an error condition that occurred during the execution 
of a control command. 
An event message reporting the change of status from busy to idle prior to the 
execution of a control command. Note that this message is sent whether or not 
the command has executed successfully. 
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Figure 2 - Processing Control Command State Machine 

The following table shows the list of alarms that may occur during the execution of a 
control command. 
Alarm Condition Control Command(s) Details 
Timeout Move forward 

Rotate 
Travel against the Wall 
Enter left hallway 
Enter right hallway 
Enter front hallway 

The execution time of the 
control command has 
exceeded the timeout value 
specified in the parameter 
of that command. 

Detected Obstacle Move forward 
Rotate 
Travel against the Wall 
Enter left hallway 
Enter right hallway 
Enter front hallway 
Make U-turn 

The pathway of the robot is 
blocked by an unidentified 
object or person. As a 
result, the robot cannot 
proceed with the execution 
of the control command. 

Communication failure with Move forward The control task is not able 
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the servo drives Rotate 
Travel against the Wall 
Enter left hallway 
Enter right hallway 
Enter front hallway 
Make U-turn 
Move tray 

to communicate with the 
servo drives via the serial 
interface. 

Wall not found Travel against the Wall The control task failed to 
place AIDeR against the 
right wall. 

Landmark not found Travel against the Wall The control task failed to 
identify the landmark I D 
specified in the parameter 
of the control command. 

The control task monitors the power level of the battery pack; if the level falls below the 
normal level then a "Batteries Low" alarm gets reported to the command and G U I tasks. 
The battery low alarm has been further divided into three alarm levels: 
Battery Voltage Level Details 
less than 46 Volts Level 1, shutdown and prevent all further 

movements. Immediate attention is 
required. 

greater than equal to 46 Volts and less than 
48 Volts 

Level 2, hold all pending control 
commands, redirect robot to the charging 
station. 

equals 48 Volts Level 3, continue operation, but annunciate 
that charging may soon be required. 

greater than 48 Volts and less than 59 Volts Normal operation, no alarm is reported. 
greater than equal to 59 Volts Level 1, shutdown and prevent all further 

movements. Immediate attention is 
required. 

The control task sends event information that occurs during the execution of a control 
command, or at its completion. These events are: 
Event Control Command(s) Details 
Current State all The current state is busy 

before the execution of the 
control command, or it is 
idle at its completion. 

Platform Status Move Tray The platform is reported as 
either raised or lowered at 
the completion of the move 
tray command. 

Detected landmark Travel against the Wall The landmark specified by 
its I D value in the 
parameter of the control 
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command has been 
detected. 

The communication protocol between the control task and command-G U I tasks is 
defined in the implementation detail section. 



14 

3 Design Details 
The robot has a map on its file system containing information about the environment in 
which it is going to operate. All navigation commands sent by the command or G U I 
tasks are derived from the information in the map file. 

As explained in [10], the map is a directed graph that consists of a set of nodes connected 
by directed edges. The nodes are defined as landmarks and the directed edges are either 
right walls or intersections. Two Landmarks, say A and B, are connected by a directed 
edge on the map only if the robot is capable to travel from A against the right wall or 
through an intersection to B. Disconnected landmarks on the map may be reached by 
control commands that do not require landmark identification. These commands are U-
turn, move forward, or rotate. 

Landmarks other than doors are defined in the database as a set of cues, which are 
themselves corners, planes, or hallways. The door landmark is defined by its type (i.e. 
right, left, or front door), and its width. The map file can be constructed only after 
defining all landmarks. The process for building a map file is detailed in [11]. 
The control task is responsible for parsing properly cues and landmarks defined in 
"landmark underscore definition", and comparing them with the ones identified while travelling 
indoors. 

The "Landmark database setup" section details the procedure for adding new landmarks 
to the database, whereas the "Landmark identification" section describes the landmark 
identification process. The last two sections of this chapter focus on describing the 
control commands and the collision avoidance mechanism. 

3.1 Landmark database setup 
Landmarks definition is a process that is completed offline. An administrator is 
responsible for creating a file containing the definitions of all landmarks written in the 
format recognized by the landmark parser of the control task, and placing it in the 
AIDER's file system. 

The steps for defining landmarks are: 

1. Open a file called "landmark underscore definition" in any text editor 
2. Add a new line in "landmark underscore definition" for each landmark 
3. Save "landmark underscore definition" in a repository for further editing 
4. Transfer "landmark underscore definition" to AIDeR's file system 
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T h e r e a r e t w o t y p e s o f l a n d m a r k s t h a t c a n b e d e f i n e d i n s t e p 2 : A d o o r l a n d m a r k , a n d a 

n o n - d o o r l a n d m a r k . 

A m a s t e r c o p y o f quotation mark l a n d m a r k underscore d e f i n i t i o n quotation mark s h o u l d b e s a v e d i n a s e c u r e l o c a t i o n ( s t e p 3 ) . 

T h i s a l l o w s a n a d m i n i s t r a t o r t o r e p a i r a c o r r u p t e d f i l e o n A I D e R ' s f i l e s y s t e m , a n d t o 

e x p a n d t h e l a n d m a r k d a t a b a s e f r o m t h e m a s t e r c o p y . 

C u r r e n t l y , quotation mark l a n d m a r k underscore d e f i n i t i o n quotation mark i s u p l o a d e d t o A I D e R ' s quotation mark forward slash h o m e 

forward slash l h i l d e quotation mark i n s t e p 4 s i n c e 

t h e c o n t r o l t a s k e x e c u t e s f r o m t h a t d i r e c t o r y . T h e u s e r i n t e r f a c e p e r m i t s d y n a m i c l o a d i n g 

o f t h e f i l e d u r i n g n o r m a l o p e r a t i o n w h e n t h e c o n t r o l t a s k ' s c u r r e n t s t a t e i s i d l e . 

A d o o r l a n d m a r k h a s t h e f o l l o w i n g f o r m a t : number sign l a n d m a r k underscore I D colon curly brace d o o r underscore 

t y p e , w i d t h , 0 curly brace l a n d m a r k underscore I D i s a u n i q u e n u m b e r b e t w e e n 1 a n d 6 5 5 3 5 . d o o r t y p e v a l u e s a r e : 

D o o r t y p e D e f i n i t i o n 

1 R i g h t 

2 L e f t 

3 F r o n t 

w i d t h v a l u e s r a n g e f r o m 1 t o 3 5 0 0 ( i n m i l l i m e t e r ) 

T h e t h i r d a r g u m e n t i s i g n o r e d . 

A n o n - d o o r l a n d m a r k h a s t h e f o l l o w i n g f o r m a t : 

number sign l a n d m a r k underscore I D : curly brace cue sub 1 curly brace, curly brace cue sub 2 

curly brace, . . . , curly brace cue sub n minus 1 curly brace, curly brace cue sub n curly brace 

W h e r e 1 less than equal to n less than equal to 1 0 

l a n d m a r k underscore I D i s a u n i q u e n u m b e r b e t w e e n 1 a n d 6 5 5 3 5 . 

curly brace cue sub 1 curly brace, curly brace cue sub 2 curly brace,... curly brace cue sub n minus 1 curly brace, 

curly brace cue sub n curly brace a r e a n y o f t h e c u e s d e s c r i b e d b e l o w . 

T h e g e n e r i c f o r m a t f o r c u e s i s curly brace c u e underscore t y p e , a r g 1, a r g 2 curly brace. T h e r e a r e t h r e e t y p e s o f c u e s : 

p l a n e , c o r n e r , a n d h a l l w a y . 

A p l a n e c u e i s d e f i n e d b y i t s c u e t y p e , l e n g t h , a n d a n g l e . 

curly brace c u e underscore t y p e , l e n g t h , a n g l e curly brace 

c u e underscore t y p e i s s e t t o 1 f o r p l a n e s l e n g t h v a l u e s r a n g e f r o m 1 t o 2 5 0 0 ( i n m i l l i m e t e r ) a n g l e v a l u e s r a n g e f r o m 0 t o n ( i n r a d i a n ) 

A c o r n e r c u e i s d e f i n e d b y i t s c u e t y p e a n d a n g l e . curly brace c u e underscore t y p e , a n g l e , N forward slash A curly brace 

c u e underscore t y p e i s s e t t o 2 f o r c o r n e r s 

a n g l e v a l u e s r a n g e f r o m 0 t o n ( i n r a d i a n ) 

T h e t h i r d a r g u m e n t i s i g n o r e d 
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A h a l l w a y c u e i s d e f i n e d b y i t s c u e t y p e , h a l l w a y t y p e , a n d w i d t h . 

curly brace c u e underscore t y p e , t y p e , w i d t h curly brace 

c u e underscore t y p e i s s e t t o 3 f o r h a l l w a y s 

t y p e v a l u e s a r e : 

t y p e D e f i n i t i o n 

1 R i g h t h a l l w a y s 

2 L e f t h a l l w a y s 

3 F r o n t h a l l w a y s 

w i d t h v a l u e s r a n g e f r o m 1 t o 3 5 0 0 ( i n m i l l i m e t e r ) 

3 . 1 . 1 E x a m p l e : D e f i n i t i o n o f t h e l a n d m a r k s a t C S U C I 

T h e d i r e c t e d g r a p h o f t h e C S U C I B e l l T o w e r b u i l d i n g u s e d d u r i n g t e s t i n g i s s h o w n i n 

f i g u r e 3 . I t c o r r e s p o n d s t o t h e m a p d e f i n e d i n [ 1 0 ] . T h e d i r e c t e d g r a p h c o n t a i n s 6 

l a n d m a r k s . E a c h l a n d m a r k g e t s a d d e d t o t h e d a t a b a s e b y a d d i n g o n e l i n e i n f i l e 

l a n d m a r k - d e f i n i t i o n . T h e f o l l o w i n g t a b l e s h o w s t h e v e r b a l d e f i n i t i o n o f e a c h l a n d m a r k , 

a n d t h e c o r r e s p o n d i n g l i n e a d d e d t o t h e f i l e . 

L a n d m a r k 

I D 

V e r b a l D e f i n i t i o n F o r m a t t e d F i l e D e f i n i t i o n 

1 T h i s i s a n o n - d o o r l a n d m a r k 

h a v i n g a r i g h t h a l l w a y w i t h a 

w i d t h o f 2 . 3 m e t e r s , a n d a c o r n e r 

h a v i n g a n a n g l e o f 1 . 5 7 r a d i a n s . 

Number sign 1: curly brace 3 , 1, 2 3 0 0 curly brace, 
curly brace 2 , 1 . 5 7 , 0 curly brace 

2 T h i s i s a n o n - d o o r l a n d m a r k 

h a v i n g a r i g h t h a l l w a y w i t h a 

w i d t h o f 2 . 8 m e t e r s , a n d a f r o n t 

h a l l w a y w i t h a w i d t h o f 2 . 3 

m e t e r s . 

Number sign 2 : curly brace 3 , 1, 2 8 0 0 curly brace, 
curly brace 3 , 3 , 2 3 0 0 curly brace 

3 T h i s i s a r i g h t d o o r l a n d m a r k 

h a v i n g a w i d t h o f 1 . 6 5 m e t e r s . 

3 : curly brace 1, 1 6 5 0 , 0 curly brace 

4 T h i s i s a n o n - d o o r l a n d m a r k 

h a v i n g a r i g h t h a l l w a y w i t h a 

w i d t h o f 2 . 4 m e t e r s , a n d a f r o n t 

h a l l w a y w i t h a w i d t h o f 3 . 1 

m e t e r s . 

Number sign 4 : curly brace 3 , 1, 2 4 0 0 curly brace, 
curly brace 3 , 3 , 3 1 0 0 curly brace 

5 T h i s i s a n o n - d o o r l a n d m a r k 

h a v i n g a p l a n e 1 . 3 m e t e r s l o n g 

a n d a n g l e o f 1 . 5 4 r a d i a n s , a n d a 

c o r n e r h a v i n g a n a n g l e o f 1 . 2 

r a d i a n s . 

Number sign 5 : curly brace 1, 1 3 0 0 , 1 . 5 4 curly brace. 
curly brace 2 , 1 . 2 , 0 curly brace 

6 T h i s i s a n o n - d o o r l a n d m a r k 

h a v i n g a r i g h t h a l l w a y w i t h a 

w i d t h o f 2 . 2 m e t e r s , a n d a l e f t 

Number sign 6: curly brace 3, 1, 2 2 0 0 curly brace, 
curly brace 3 , 2 , 2 1 0 0 curly brace 
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h a l l w a y w i t h a w i d t h o f 2 . 1 

m e t e r s . 

F i g u r e 3 - D i r e c t e d G r a p h o f t h e t e s t l o c a t i o n i n t h e C S U C I B e l l T o w e r 

H e n c e , t h e m a s t e r c o p y o f l a n d m a r k _ d e f i n i t i o n c o n t a i n s t h e f o l l o w i n g 6 e n t r i e s : 

Number 1: curly brace 3 , 1, 2 3 0 0 curly brace, curly brace 2 , 1 . 5 7 , 0 curly brace 

Number 2 : curly brace 3 , 1, 2 8 0 0 curly brace, curly brace 3 , 3 , 2 3 0 0 curly brace 

Number 3 : curly brace 1, 1 6 5 0 , 0 curly brace 

Number 4 : curly brace 3 , 1, 2 4 0 0 curly brace, curly brace 3 , 3 , 3 1 0 0 curly brace 

Number 5 : curly brace 1, 1 3 0 0 , 1 . 5 4 curly brace, curly brace 2 , 1 . 2 , 0 curly brace 

Number 6 : curly brace 3 , 1, 2 2 0 0 curly brace, curly brace 3 , 2 , 2 1 0 0 curly brace 

T h e p r o c e s s o f d e f i n i n g l a n d m a r k s i s e r r o r p r o n e d u e t o t h e e x p e c t a t i o n o f h a v i n g u s e r s 

f o l l o w i n g a n e x a c t f o r m a t c o n s i s t i n g o f s y m b o l s a n d n u m e r a l v a l u e s . I t i s a l s o n o t s e c u r e 

d u e t o t h e f a c t t h a t a n y b o d y c a n F T P h i s o w n v e r s i o n o f l a n d m a r k underscore d e f i n i t i o n f i l e w i t h o u t 

a n y s o r t o f u s e r a u t h e n t i c a t i o n . U l t i m a t e l y , t h i s p r o c e s s s h o u l d e v o l v e a n d l a n d m a r k s 

e d i t i n g s h o u l d b e d o n e v i a G U I ' s a d m i n a c c o u n t . 

3 . 2 L a n d m a r k I d e n t i f i c a t i o n 

T h e l a n d m a r k s a r e d e f i n e d a s d e s c r i b e d i n t h e p r e v i o u s s e c t i o n . T h e p r o c e s s f o r 

i d e n t i f y i n g l a n d m a r k s i s d e t a i l e d i n t h i s s e c t i o n . 

L a n d m a r k s a r e i d e n t i f i e d b y u s i n g t h e r a n g e - f i n d e r l a s e r p l a c e d a t t h e f r o n t o f t h e r o b o t . 

T h e l a s e r h a s a m a x i m u m n u m b e r o f 7 6 8 b e a m s , w h i c h c o v e r s a n a n g u l a r d e t e c t i o n r a n g e 

o f 2 4 0 d e g r e e s . I n t h i s a p p l i c a t i o n , t h e l a s e r i s s e t t o s c a n o v e r 1 8 0 d e g r e e s ; h o w e v e r , t h e 

p o s i t i o n o f t h e r a n g e - f i n d e r l a s e r h a s l i m i t e d t h e u s e f u l s c a n n i n g r a n g e t o 1 4 4 d e g r e e s , 

s i n c e t h e w h e e l s o b s c u r e t h e l a s e r ' s v i e w . 
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L a n d m a r k i d e n t i f i c a t i o n o c c u r s a f t e r b u i l d i n g t h e l o c a l m a p . T h e i d e n t i f i c a t i o n a l g o r i t h m 

e x e c u t e s a s f o l l o w s : 

1 . S c a n 1 8 0 d e g r e e s . 

2 . D e t e c t t h e p l a n e c u e s . 

3 . D e t e c t t h e c o r n e r c u e s . 

4 . D e t e c t t h e h a l l w a y c u e s . 

5 . D e t e c t d o o r l a n d m a r k s . 

6 . I d e n t i f y l a n d m a r k s . 

I n t h e f i r s t s t e p , t h e r a w d a t a o f t h e l a s e r b e a m s i s s t o r e d i n a t a b l e a s p o i n t s h a v i n g 

a n g u l a r c o o r d i n a t e s . T h i s d a t a i s u s e d t o e x t r a c t t h e g e o m e t r i c a l f e a t u r e s o f t h e p l a n e 

c u e s , c o r n e r c u e s , h a l l w a y c u e s , a n d d o o r l a n d m a r k s i n s t e p s 2 t o 5. 

T h e l a s t s t e p , i d e n t i f y l a n d m a r k s , o p e n s t h e f i l e quotation marks l a n d m a r k underscore d e f i n i t i o n quotation marks a n d c o m p a r e s t h e 

d e f i n e d c u e s o f e a c h n o n - d o o r l a n d m a r k t o t h e c u e s d e t e c t e d b y t h e r a n g e - f i n d e r l a s e r 

( i . e . s t e p 2 through 4 ) , o r i t c o m p a r e s t h e d e f i n e d d o o r l a n d m a r k w i t h t h e d o o r s d e t e c t e d b y t h e 

r a n g e - f i n d e r l a s e r ( i . e . s t e p 5 ) . T h e f o l l o w i n g s u b s e c t i o n s d e t a i l t h e i d e n t i f i c a t i o n 

a l g o r i t h m o f p l a n e c u e s , c o r n e r c u e s , a n d h a l l w a y c u e s , a s w e l l a s t h e i d e n t i f i c a t i o n o f 

d o o r l a n d m a r k s . 

I t s h o u l d b e n o t e d t h a t t h e i d e n t i f i c a t i o n a l g o r i t h m m a y f a i l w h e n d y n a m i c o b s t a c l e s 

r e s i d e n e a r l a n d m a r k s . F o r e x a m p l e , a t o u r C S U C I t e s t l a b , l a n d m a r k 1 i s d e f i n e d a s a 

r i g h t h a l l w a y a n d a c o r n e r h a v i n g a n a n g l e o f 1 . 5 7 r a d i a n s ; a p e r s o n o r a n o b j e c t ( e . g . a 

t r a s h c a n ) p l a c e d a t t h a t c o r n e r w i l l m o s t c e r t a i n l y p r e v e n t t h e a l g o r i t h m f r o m 

r e c o g n i z i n g t h e c o r n e r c u e a t s t e p 3 , a n d e v e n t u a l l y , t h e l a n d m a r k a t s t e p 6 . 

I n t h i s r e s e a r c h , t h e r e i s r e a l l y n o p r o v i s i o n f o r g u a r a n t e e i n g t h e i d e n t i f i c a t i o n o f c o r n e r 

c u e s , h a l l w a y c u e s a n d d o o r l a n d m a r k s s i n c e t h e i r f e a t u r e s a r e d e r i v e d f r o m p l a n e c u e s . 

T h e l a t t e r i s b r o k e n u p i n s e p a r a t e p i e c e s w h e n a d y n a m i c o b s t a c l e r e s i d e i n i t s m i d s t . 

U l t i m a t e l y , a s t u d y d e d i c a t e d t o e x t r a c t i n g c u e s w o u l d i m p r o v e A I D e R ' s p r o p e r b e h a v i o r 

i n i t s w o r k i n g e n v i r o n m e n t . 

3 . 2 . 1 P l a n e C u e 

P l a n e s a r e c h a r a c t e r i z e d b y a s t a r t p o i n t , a n e n d p o i n t , l e n g t h , a n i n d e x t o t h e s h o r t e s t 

b e a m , a n d s l o p e ( s e e s t r u c t u r e b e l o w ) . 

t y p e d e f s t r u c t p o i n t 
curly brace 

d o u b l e x semicolon 

d o u b l e y semicolon 

curly brace P O I N T curly brace 

t y p e d e f s t r u c t p l a n e 
curly brace 

P O I N T s t a r t underscore p n t semicolon 
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P O I N T e n d underscore p n t semicolon 

d o u b l e a n g l e semicolon 

u i n t 1 6 s h o r t e s t underscore b e a m underscore i n d e x semicolon 

d o u b l e l e n g t h semicolon 

} P L A N E semicolon 

s t a r t underscore p n t a n d e n d underscore p n t a r e t h e p o i n t s a t t h e e n d o f t h e f i r s t a n d l a s t b e a m s b e l o n g i n g t o a 

p l a n e . T h e y a r e t r a n s l a t e d i n C a r t e s i a n c o o r d i n a t e s . 

a n g l e i s c o m p u t e d i n r a d i a n . I t s v a l u e i s n divided by 2 w h e n A I D e R i s p a r a l l e l e d t o t h e w a l l , w h i c h 

i s t h e a n g l e b e t w e e n b e a m 0 a n d t h e w a l l . T h e p r o c e s s f o r c o m p u t i n g p l a n e a n g l e s i s 

d e t a i l e d i n s e c t i o n " S e t t i n g t h e a n g l e o f a p l a n e " . 

s h o r t e s t underscore b e a m underscore i n d e x p o i n t s t o t h e s h o r t e s t b e a m o f t h e p l a n e . 

l e n g t h i s t h e d i s t a n c e b e t w e e n s t a r t a n d e n d p o i n t s i n m i l l i m e t e r . 

T h e a l g o r i t h m s e t t i n g t h e m e m b e r s o f t h e p l a n e s t r u c t u r e i s s h o w n b e l o w : 

1 . C o m p u t e t h e A D p a r a m e t e r u s i n g 

2 . S e t t h e s t a r t p o i n t o f t h e p l a n e . 

3 . S e t t h e e n d p o i n t o f t h e p l a n e . 

4 . I t e r a t e t h r o u g h a l l p o i n t s . 

a . C o m p u t e t h e m e a s u r e d A D o f t h e n e x t p o i n t . 

b . A d d t h e p o i n t t o t h e p l a n e i f i t i s p a r t o f i t . 

5 . S e t l e n g t h a s t h e d i s t a n c e b e t w e e n s t a r t a n d e n d 

p o i n t s . 

6 . S e t t h e s h o r t e s t b e a m i n d e x . 

7 . S e t t h e a n g l e o f t h e p l a n e . 

T h e s t a r t a n d e n d p o i n t s o f a p l a n e a r e t r a n s l a t e d i n C a r t e s i a n c o o r d i n a t e s . S t e p s 1, 4 a , 

a n d 4 b a r e d e t a i l e d i n s e c t i o n " A d d i n g p o i n t s t o a p l a n e " . T h e d i s t a n c e o f a p l a n e i s i n 

m i l l i m e t e r . S t e p 7 i s d e t a i l e d i n s e c t i o n " S e t t i n g t h e a n g l e o f a p l a n e " . 

3.2.1.1 Adding points to a plane 

T h e i m p l e m e n t a t i o n o f t h e a l g o r i t h m d e t e r m i n i n g t h e a t t a c h m e n t o f a p o i n t t o a p l a n e 

u s e s t h e m a t e r i a l p r e s e n t e d i n [ 2 ] . I n t h i s s e c t i o n , t h e a u t h o r h a s a c c e p t e d t h e v a l i d i t y o f 

t h e m e t h o d , a n d i s o n l y c o n c e r n e d a b o u t s h o w i n g i t s i m p l e m e n t a t i o n . T h e n a m i n g 

c o n v e n t i o n s u c h a s t h e A D p a r a m e t e r p r e s e n t e d i n [ 2 ] h a s n o t b e e n c h a n g e d . 

F i g u r e 4 s h o w s t h e s i t u a t i o n w h e r e s e v e n l a s e r b e a m s h i t a w a l l d u r i n g a l a s e r s c a n . 

A D i s a p a r a m e t e r i n v a r i a n t t o t h e e q u a t i o n o f t h e l i n e s e g m e n t s . I t i s u s e d t o i d e n t i f y 

p o t e n t i a l d a t a p o i n t s t h a t b e l o n g t o a s t r a i g h t l i n e s e g m e n t ( i . e . p l a n e ) . 

d i s t h e d i s t a n c e o f e a c h l a s e r b e a m b e t w e e n t h e o r i g i n a n d p . 

A i s t h e l a s e r ' s s t e p s i z e . I t i s h a r d w a r e d e p e n d e n t a n d f i x e d t o 0 . 0 0 6 1 4 r a d . 
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k i s t h e s i z e o f t h e w i n d o w . I t i s s e t t o 4 b e c a u s e t h i s v a l u e g a v e t h e b e s t r e s u l t s d u r i n g t u n i n g . 

F o r k equals 4 , t h e m e a s u r e d A D i s d e f i n e d a s m e a s u r e d A D equals parenthesis 1 divided by d sub i minus 3 plus 

1 divided by d sub i minus 2 plus 1 divided by d sub i minus 1 plus 1 divided by d sub i plus 1 divided 

by d sub i plus 1 plus 1 divided by d sub i plus 2 plus 1 divided by d sub i plus 3 

parenthesis divided by 1 divided by d sub i 

F i g u r e 4 - L a s e r b e a m s h i t t i n g a w a l l d u r i n g a s c a n 

T h e c a l c u l a t e d A D i s d e f i n e d a s 

Calculated 

A p o i n t p sub i i s a d d e d t o a p l a n e w h e n vertical bar m e a s u r e d A D minus c a l c u l a t e d A D vertical bar less than equal to 

P L A N E underscore S L O P E underscore P R E C I S I O N . D u r i n g t e s t i n g t h e b e s t r e s u l t s w e r e o b t a i n e d w h e n 

c o n s t a n t P L A N E underscore S L O P E underscore P R E C I S I O N w a s s e t 0 . 0 7 i n t h e c o n f i g u r a t i o n f i l e 

t u n i n g underscore p a r a m e t e r s ; w h i c h m e a n s t h a t t h e h i g h e s t p e r c e n t a g e o f c o r r e c t p l a n e d e t e c t i o n 

o c c u r r e d f o r t h a t c o n s t a n t v a l u e . P L A N E underscore S L O P E underscore P R E C I S I O N r e p r e s e n t s t h e m a x i m u m 

e r r o r f o r d e c i d i n g w h e t h e r o r n o t t h e p o i n t b e i n g t e s t e d b e l o n g s t o t h e s a m e p l a n e o r t h e 

n e x t o n e . 
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P o i n t s h a v i n g i n v a l i d b e a m d i s t a n c e s a r e a u t o m a t i c a l l y r e j e c t e d b y t h e p l a n e c u e i d e n t i f i c a t i o n a l g o r i t h m . A l s o , p l a n e s h a v i n g a l e n g t h l e s s 

t h a n 1 0 c e n t i m e t e r s a r e n o t v a l i d . 

3.2.1.2 Setting the angle of a plane T h e a l g o r i t h m f o r s e t t i n g t h e a n g l e o f a p l a n e i s s h o w n b e l o w : 

1. S e t v 0 a s t h e u n i t v e c t o r of b e a m 0, v 0 equals angle bracket 1, 0 angle bracket 

2. S e t v 1 a s t h e v e c t o r f r o m t h e s t a r t p o i n t t o t h e e n d p o i n t of t h e d e t e c t e d p l a n e , 

v 1 equals angle bracket p e dot x minus p s dot x, p e dot y minus p s dot y angle bracket 

3. C o m p u t e t h e a n g l e theta equals c o s i n e superscript negative 1 parenthesis v 0 dot v 1 forward slash vertical 

bar v 0 vertical bar vertical bar v 1 vertical bar parenthesis w h e r e vertical bar v 0 vertical bar equals 

square root of v 0 dot v 0 and vertical bar v 1 vertical bar equals square root of v 1 dot v 1 

F i g u r e 5 s h o w s t h e a n g l e theta o f t h e p l a n e . 

F i g u r e 5 - R e p r e s e n t a t i o n o f theta i n t h e v e c t o r s p a c e 

3 . 2 . 2 C o r n e r C u e 

C o r n e r s a r e d e r i v e d f r o m t h e d e t e c t e d p l a n e s . T h e y a r e c h a r a c t e r i z e d b y a p l a n e i n t e r s e c t p o i n t , a n a n g l e , a n d 2 i n t e r s e c t i n g p l a n e s a s 

s h o w n i n t h e s t r u c t u r e b e l o w . 

t y p e d e f s t r u c t c o r n e r 
curly brace 

P L A N E p l a n e l semicolon 

P L A N E p l a n e 2 semicolon 

d o u b l e a n g l e semicolon 

P O I N T i n t e r s e c t underscore p n t semicolon 

curly brace C O R N E R semicolon 
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p l a n e l a n d p l a n e 2 a r e t h e a d j a c e n t p l a n e s e x t r a c t e d d u r i n g t h e " D e t e c t p l a n e c u e s " s t e p o f t h e i d e n t i f i c a t i o n a l g o r i t h m . 

a n g l e i s c o m p u t e d i n r a d i a n . 

i n t e r s e c t underscore p n t i s t h e i n t e r s e c t i o n p o i n t b e t w e e n p l a n e l a n d p l a n e 2 . 

F i g u r e 6 s h o w s t h e g e o m e t r y i n v o l v e d i n t h e c o r n e r d e t e c t i o n a l g o r i t h m . 

T h e a l g o r i t h m s e t t i n g t h e m e m b e r s o f t h e c o r n e r s t r u c t u r e i s : 

1. S e t p l a n e 1 a n d p l a n e 2 w i t h t h e v a l u e s of t h e c a l c u l a t e d p l a n e s . 

2. I n t e r p o l a t e t h e i n t e r s e c t p o i n t f r o m t h e 2 p l a n e s . 

3. V e r i f y t h a t t h e i n t e r s e c t p o i n t f a l l s w i t h i n va l id r a n g e f o r a c o r n e r - t y p e c u e . 

4 . S e t t h e v a l u e s of t h e c a l c u l a t e d i n t e r s e c t i o n p o i n t . 

5. C o m p u t e d i s t a n c e s d sub 1 a n d d sub 2. 

6. C o m p u t e d i s t a n c e d. 

7. S e t a n g l e t o t h e c o m p u t e d v a l u e 

theta equals cosine superscript negative 1 bracket parenthesis d superscript 2 minus d 2 over 1 minus d 2 over 2 parenthesis 
vertical bar parenthesis parenthesis minus 2 asterisk d sub 1 asterisk d sub 2 parenthesis parenthesis 
bracket. 

3.2.2.1 Computing the intersection point value between two planes 

T h e t e c h n i q u e p r e s e n t e d i n [ 7 ] f o r c o m p u t i n g t h e i n t e r s e c t i o n p o i n t i s a l s o u s e d b y t h e 

a l g o r i t h m s d e t e c t i n g h a l l w a y c u e s a n d d o o r l a n d m a r k s 

T h e a l g o r i t h m c o m p u t e s t h e i n t e r s e c t i o n p o i n t a s f o l l o w s : 

1. S e t P sub 1 parenthesis x sub 1, y sub 1 parenthesis equals s t a r t p n t o f p l a n e 1 

2. S e t P sub 2 parenthesis x sub 2, y sub 2 parenthesis equals e n d p n t o f p l a n e 1 

3. S e t P sub 3 parenthesis x sub 3, y sub 3 parenthesis equals s t a r t p n t o f p l a n e 2 

4 . S e t P sub 4 parenthesis x sub 4, y sub 4 parenthesis equals e n d p n t o f p l a n e 2 

5. C o m p u t e u sub a equals parenthesis x sub 4 minus x sub 3 parenthesis parenthesis y sub 1 minus y 
sub 3 parenthesis minus parenthesis y sub 4 minus y sub 3 parenthesis parenthesis x sub 1 minus x 
sub 3 parenthesis divided by parenthesis y sub 4 minus y sub 3 parenthesis parenthesis x sub 2 minus 
x sub 1 parenthesis minus parenthesis x sub 4 minus x sub 3 parenthesis parenthesis y sub 2 minus 
y sub 1 parenthesis 
6. C o m p u t e x equals x sub 1 plus u sub a parenthesis x sub 2 minus x sub 1 parenthesis 

a n d y equals y sub 1 plus u sub a parenthesis y sub 2 minus y sub 1 parenthesis 
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F i g u r e 6 - C o r n e r s c a n 

3 . 2 . 3 H a l l w a y C u e 

H a l l w a y s a r e c h a r a c t e r i z e d b y 2 p l a n e s s e p a r a t e d b y a d i s t a n c e . T h e t y p e v a r i a b l e s p e c i f i e s w h e t h e r t h e h a l l w a y i s l o c a t e d t o t h e r i g h t , l e f t , 

o r f r o n t . 

t y p e d e f s t r u c t h a l l w a y underscore c u e 
curly brace 

P L A N E p l a n e l semicolon 

P L A N E p l a n e 2 semicolon 

d o u b l e d i s t a n c e semicolon 

i n t t y p e semicolon 

curly brace H A L L W A Y underscore C U E semicolon 

p l a n e 1 a n d p l a n e 2 a r e t h e a d j a c e n t p l a n e s e x t r a c t e d d u r i n g t h e " D e t e c t p l a n e c u e s " s t e p 

o f t h e i d e n t i f i c a t i o n a l g o r i t h m . 

d i s t a n c e i s m e a s u r e i n m i l l i m e t e r . 

t y p e i s s e t t o r i g h t , l e f t , o r f r o n t . 

T h e a l g o r i t h m s e t t i n g t h e m e m b e r s o f t h e h a l l w a y s t r u c t u r e i s : 

1. S e t p l a n e 1 a n d p l a n e 2 w i t h t h e v a l u e s of t h e c a l c u l a t e d p l a n e s . 

2. I n t e r p o l a t e t h e i n t e r s e c t p o i n t f r o m t h e 2 p l a n e s . 

3. S e t h a l l w a y t y p e 
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S t e p 2 i s d e s c r i b e d i n " C o m p u t i n g t h e i n t e r s e c t i o n p o i n t v a l u e b e t w e e n t w o p l a n e s " s e c t i o n . S t e p 3 i s d e s c r i b e d i n t h e s u b s e q u e n t s e c t i o n s . 

3.2.3.1 Right Hallway Cue 

F i g u r e 7 - R i g h t h a l l w a y s c a n 

T h e a l g o r i t h m d e t e c t s r i g h t h a l l w a y s a s f o l l o w s : 

1. V e r i f y t h a t p l a n e 1's a n g l e is 9 0 d e g r e e s a n d p l a n e 2 ' s a n g l e is 1 8 0 d e g r e e s . 

2. V e r i f y t h a t d i s t a n c e b e t w e e n p l a n e 1 ' s e n d p o i n t a n d t h e i n t e r s e c t p o i n t is w i t h i n 

va l id h a l l w a y d i s t a n c e . 
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Figure 8 - Left hallway scan 

The algorithm detects left hallways as follows: 

1. Verify that plane1's angle is 180 degrees and plane 2's angle is 90 degrees. 
2. Verify that distance between plane 2's start point and the intersect point is within valid 

hallway distance. 



2 6 

3.2.3.3 Front Hallway Cue Type 1 

F i g u r e 9 - F r o n t h a l l w a y s c a n 

T h e a l g o r i t h m d e t e c t s t y p e 1 f r o n t h a l l w a y s a s f o l l o w s : 

1. V e r i f y t h a t p l a n e 1 ' s a n g l e is 1 8 0 d e g r e e s a n d p l a n e 2 ' s a n g l e is 9 0 d e g r e e s . 

2. V e r i f y t h a t d i s t a n c e b e t w e e n p l a n e 1 ' s e n d p o i n t a n d t h e i n t e r s e c t p o i n t is w i t h i n 

va l id h a l l w a y d i s t a n c e . 
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3.2.3.4 Front Hallway Cue Type 2 

F i g u r e 1 0 - F r o n t h a l l w a y s c a n 

T h e a l g o r i t h m d e t e c t s t y p e 2 f r o n t h a l l w a y s a s f o l l o w s : 

1. V e r i f y t h a t p l a n e 1 ' s a n g l e is 9 0 d e g r e e s a n d p l a n e 2 ' s a n g l e is 9 0 d e g r e e s . 

2. V e r i f y t h a t d i s t a n c e b e t w e e n p l a n e 1 a n d p l a n e 2 x c o o r d i n a t e v a l u e s of t h e i r s t a r t 

p o i n t s is w i t h i n va l id h a l l w a y d i s t a n c e . 

3 . 2 . 4 D o o r L a n d m a r k 

D o o r l a n d m a r k s a r e c h a r a c t e r i z e d b y 2 p l a n e s s e p a r a t e d b y a d i s t a n c e . T h e t y p e v a r i a b l e 

s p e c i f i e s w h e t h e r t h e d o o r i s l o c a t e d t o t h e r i g h t , l e f t , o r f r o n t , a n d t h e s t a t u s v a r i a b l e 

s p e c i f i e s w h e t h e r t h e d o o r i s o p e n e d o r c l o s e d . 

t y p e d e f s t r u c t d o o r underscore l a n d m a r k 
curly brace 

P L A N E underscore C U E p l a n e l semicolon 

P L A N E underscore C U E p l a n e 2 semicolon 

d o u b l e d i s t a n c e semicolon 

i n t s t a t u s semicolon 
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i n t t y p e semicolon 

curly brace D O O R underscore L A N D M A R K semicolon 

p l a n e 1 a n d p l a n e 2 a r e t h e a d j a c e n t p l a n e s e x t r a c t e d d u r i n g t h e " D e t e c t p l a n e c u e s " s t e p o f t h e i d e n t i f i c a t i o n a l g o r i t h m . 

d i s t a n c e i s m e a s u r e d i n m i l l i m e t e r . 

s t a t u s i s o p e n e d o r c l o s e d . 

t y p e i s s e t t o r i g h t , l e f t , o r f r o n t . 

T h e a l g o r i t h m s e t t i n g t h e m e m b e r s o f t h e d o o r s t r u c t u r e i s : 

1. S e t p l a n e 1 a n d p l a n e 2 w i t h t h e v a l u e s of t h e c a l c u l a t e d p l a n e s . 

2. I n t e r p o l a t e t h e i n t e r s e c t p o i n t f r o m t h e 2 p l a n e s . 

3. S e t t h e d o o r t y p e 

4 . S e t t h e d o o r s t a t u s b a s e d o n t h e d e p t h 

I t s h o u l d b e n o t e d t h a t d o o r s c o u l d b e c o n f u s e d f o r h a l l w a y s i f t h e i r r e s p e c t i v e w i d t h s 

w e r e n e a r l y i d e n t i c a l i n t h e r o b o t ' s w o r k i n g e n v i r o n m e n t . I n s u c h c a s e , t h e d i f f e r e n c e 

b e t w e e n d sub h ( F i g u r e s 7 , 8 , 9 , a n d 1 0 ) a n d d sub d ( F i g u r e s 1 1 , 12 , a n d 1 3 ) w o u l d a p p r o a c h 0 . 

A s a c o n s e q u e n c e , h a l l w a y c u e s a n d d o o r l a n d m a r k s w o u l d b o t h i n c l u d e d o o r s a n d 

h a l l w a y s . T h i s i s n o t t h e c a s e i n t h e B e l l T o w e r B u i l d i n g a t C S U C I s i n c e d o o r s a n d 

h a l l w a y s h a v e r e s p e c t i v e m i n i m u m w i d t h s o f 1 . 6 a n d 2 . 3 m e t e r s . 

T h e f o l l o w i n g s u b - s e c t i o n s d e p i c t t h e v a r i o u s t y p e s o f d o o r s . 
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3.2.4.1 Right Door Landmark 

F i g u r e 1 1 - R i g h t c l o s e d d o o r s c a n 

T h e a l g o r i t h m r e c o g n i z i n g t h e r i g h t d o o r l a n d m a r k i s : 

1. V e r i f y t h a t p l a n e 1 ' s a n g l e is 9 0 d e g r e e s a n d p l a n e 2 ' s a n g l e is 1 8 0 d e g r e e s . 

2. V e r i f y t h a t d i s t a n c e b e t w e e n p l a n e 1 ' s e n d p o i n t a n d t h e i n t e r s e c t p o i n t is w i t h i n 

va l id d o o r d i s t a n c e . 
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3.2.4.2 Left Door Landmark 

F i g u r e 1 2 - L e f t c l o s e d d o o r s c a n 

T h e a l g o r i t h m r e c o g n i z i n g t h e l e f t d o o r l a n d m a r k i s : 

1. V e r i f y t h a t p l a n e 1 ' s a n g l e is 1 8 0 d e g r e e s a n d p l a n e 2 ' s a n g l e is 9 0 d e g r e e s . 

2. V e r i f y t h a t d i s t a n c e b e t w e e n p l a n e 2 ' s t a r t p o i n t a n d t h e i n t e r s e c t p o i n t is w i t h i n va l id d o o r d i s t a n c e . 
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3.2.4.3 Front Door Landmark 

F i g u r e 1 3 - F r o n t c l o s e d d o o r s c a n 

T h e a l g o r i t h m r e c o g n i z i n g t h e f r o n t d o o r l a n d m a r k i s : 

1. V e r i f y t h a t p l a n e 1 ' s a n g l e is 1 8 0 d e g r e e s a n d p l a n e 2 ' s a n g l e is 9 0 d e g r e e s . 

2. V e r i f y t h a t d i s t a n c e b e t w e e n p l a n e 1 ' e n d p o i n t a n d t h e i n t e r s e c t p o i n t is w i t h i n 

va l id d o o r d i s t a n c e . 

3 . 3 C o l l i s i o n A v o i d a n c e 

C o l l i s i o n s a r e a v o i d e d b y d e t e c t i n g o b j e c t s e n t e r i n g t h e u n s a f e p e r i m e t e r o f t h e r o b o t . 

T h i s p e r i m e t e r s e n s i n g m e c h a n i s m i s a c c o m p l i s h e d b y u s i n g s i x d e v i c e s , t h e r a n g e - f i n d e r 

l a s e r a n d f i v e s e n s o r s l a b e l e d f r o n t - l e f t , f r o n t - r i g h t , r e a r - l e f t , r e a r - r i g h t , a n d b a c k . T h e 

a l g o r i t h m p o l l s t h e r a n g e - f i n d e r l a s e r a n d s e n s i n g d e v i c e s s e q u e n t i a l l y a n d c o m p a r e s t h e 

d i s t a n c e s o f e a c h b e a m w i t h a p r e - d e f i n e d u n s a f e d i s t a n c e ( s e t a t 4 0 c m i n 

t u n i n g underscore p a r a m e t e r s ) . I f a m e a s u r e d d i s t a n c e i s l e s s t h a n t h e u n s a f e d i s t a n c e , t h e r o b o t 

s t o p s a n d r e p o r t s a n o b s t a c l e d e t e c t e d a l a r m . 
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3 . 4 C o n t r o l C o m m a n d s 

T h e c o n t r o l t a s k s u p p o r t s t h e f o l l o w i n g c o m m a n d s : 

M o v e t r a y 

M o v e f o r w a r d 

R o t a t e 

S t o p 

T rave l a l o n g t h e wal l 

E n t e r r i g h t h a l l w a y 

E n t e r l e f t h a l l w a y 

E n t e r f r o n t h a l l w a y 

M a k e U - t u r n 

T h e c o n t r o l c o m m a n d s a r e r e c e i v e d v i a n a v i g a t i o n p l a n m e s s a g e s ( d e t a i l e d i n t h e i n t e r 

t a s k m e s s a g e s e c t i o n ) , w h i c h a r e s e n t b y e i t h e r t h e c o m m a n d t a s k o r t h e G U I t a s k . 

T h e c o n t r o l t a s k p r o c e s s e s t h e c o n t r o l c o m m a n d s a s s o c i a t e d w i t h t h e G U I t a s k f i r s t , a n d 

t h e n t h o s e a s s o c i a t e d w i t h t h e c o m m a n d t a s k s e c o n d . T h i s p r i o r i t y s c h e m e a l l o w s u s e r s 

t o t a k e i m m e d i a t e c o n t r o l o f t h e r o b o t v i a t h e l o c a l i n t e r f a c e ( i . e . t h e t o u c h s c r e e n ) . T h e 

c o n t r o l t a s k p r o c e s s e s m u l t i p l e c o n t r o l m e s s a g e s s e n t b y t h e s a m e t a s k i n t h e F i r s t I n F i r s t 

O u t m a n n e r ( F I F O ) . 

T h e c o n t r o l c o m m a n d s a r e d i v i d e d i n 2 g r o u p s : g r o u p 1 c o n t a i n s c o m m a n d s r e q u i r i n g 

i d e n t i f i c a t i o n o f t h e c u e s a n d l a n d m a r k s , a n d g r o u p 2 c o n t a i n s c o m m a n d s t h a t d o n o t 

n e e d t o b u i l d t h e l o c a l m a p o f t h e e n v i r o n m e n t . 

G r o u p 1 G r o u p 2 

T r a v e l a l o n g t h e w a l l 

E n t e r r i g h t h a l l w a y 

E n t e r l e f t h a l l w a y 

E n t e r f r o n t h a l l w a y 

M o v e t r a y 

M o v e f o r w a r d 

R o t a t e 

S t o p 

M a k e U - t u r n 

T h e a l g o r i t h m h a n d l i n g c o n t r o l c o m m a n d s i s 

1. U p d a t e t h e c u r r e n t s t a t e 

2. E x e c u t e t h e s p e c i f i e d c o n t r o l c o m m a n d 

3. S e n d a n y e r r o r t h a t m a y h a v e o c c u r r e d d u r i n g e x e c u t i o n 

4 . U p d a t e t h e c u r r e n t s t a t e 



3 3 

I n s t e p s 1 a n d 4 , t h e b u s y a n d i d l e s t a t e s a r e r e s p e c t i v e l y r e p o r t e d t o t h e t a s k t h a t 

o r i g i n a t e d t h e r e q u e s t . A n y a l a r m c o n d i t i o n i s r e p o r t e d t o t h e s e n d i n g t a s k i n s t e p 3 . 

S t e p 2 i s d e s c r i b e d i n t h e s u b s e q u e n t s e c t i o n s . A d d i t i o n a l d e t a i l s a b o u t t h e c u r r e n t s t a t e 

a n d e r r o r c o n d i t i o n s a r e a v a i l a b l e i n t h e a l a r m a n d e v e n t s e c t i o n . 

3 . 4 . 1 M o v e t r a y 

T h i s c o m m a n d r a i s e s o r l o w e r s t h e t r a y . 

3.4.1.1 State Diagram 

M o v e t r a y i n t h e 

s p e c i f i e d d i r e c t i o n 

D e l a y t a s k 

f o r 7 s e c o n d s 
S t o p a n d r e p o r t 

s t a t u s 

3.4.1.2 Additional Details 

T h e t r a y m o v e s u p o r d o w n b y a b o u t 1 5 i n c h e s . I t i s c o n t r o l l e d b y a s e r v o d r i v e w i t h n o 

e n c o d e r a t t a c h e d t o i t . A s s u c h , t h e c o n t r o l t a s k i s s u e s a m o v e t r a y c o m m a n d t o t h e 

s e r v o , t h e n g e t s d e l a y e d f o r 7 s e c o n d s , a n d t h e n i s s u e s a s t o p t r a y c o m m a n d t o t h e s e r v o 

f o r m o v i n g t h e t r a y t o i t s i n t e n d e d p o s i t i o n . 

T h e o u t p u t p o w e r o f t h e s e r v o d r i v e g e t s k i l l e d w h e n t h e t r a y r e a c h e s e i t h e r s w i t c h p l a c e d 

a t e a c h e n d o f t h e t r a y ' s i n t e n d e d f i n a l p o s i t i o n . 
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3 . 4 . 2 M o v e f o r w a r d 

T h i s c o m m a n d m o v e s t h e r o b o t f o r w a r d b y X c e n t i m e t e r s a t s e t s p e e d . I t h a s t o c o m p l e t e e x e c u t i o n w i t h i n a s p e c i f i e d t i m e o u t p e r i o d . 

3.4.2.1 State Diagram 
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3 . 4 . 3 R o t a t e 

T h i s c o m m a n d r o t a t e s t h e r o b o t b y X d e g r e e s a t a p r e d e f i n e d r o t a t e s p e e d , c l o c k w i s e o r c o u n t e r c l o c k w i s e . I t h a s t o c o m p l e t e e x e c u t i o n 

w i t h i n a s p e c i f i e d t i m e o u t p e r i o d . 

3.4.3.1 State Diagram 

3.4.3.2 Additional Details 

A I D E R r o t a t e s b y s p i n n i n g a b o u t i t s c e n t r a l a x i s e i t h e r c l o c k w i s e o r c o u n t e r c l o c k w i s e . 

F i g u r e 1 4 s h o w s t h e t r a j e c t o r y o f t h e b a c k r i g h t a n d l e f t w h e e l s d u r i n g r o t a t i o n . 

B y o b s e r v a t i o n , t h e r i g h t a n d l e f t w h e e l s h a v e i d e n t i c a l t r a j e c t o r i e s . H e n c e , t h e v e l o c i t y o f t h e r i g h t a n d l e f t w h e e l s i s 
v r divided by v l equals 1 
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F i g u r e 1 4 - T r a j e c t o r y o f r i g h t a n d l e f t w h e e l s d u r i n g r o t a t i o n 

3 . 4 . 4 S t o p 

T h i s c o m m a n d s t o p s t h e r o b o t . I t t r a n s l a t e s d i r e c t l y t o a c o m m a n d i s s u e d t o t h e s e r v o 

d r i v e v i a t h e s e r i a l i n t e r f a c e . 

3 . 4 . 5 T r a v e l a l o n g t h e w a l l 

T h i s c o m m a n d m o v e s t h e r o b o t a l o n g s i d e t h e r i g h t w a l l u n t i l t h e s p e c i f i e d l a n d m a r k i s 

i d e n t i f i e d o r A I D E R h a s t r a v e l l e d b y a m a x i m u m o f X c e n t i m e t e r s . I t h a s t o c o m p l e t e 

e x e c u t i o n w i t h i n a s p e c i f i e d t i m e o u t p e r i o d . 
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3.4.5.1 State Diagram 
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3.4.5.2 Additional details 

T h e t r a v e l a g a i n s t t h e w a l l c o n t r o l c o m m a n d p l a c e s t h e r o b o t a g a i n s t t h e w a l l a t t h e 

b e g i n n i n g o f i t s e x e c u t i o n . I t a l s o d o e s i t d u r i n g i t s e x e c u t i o n w h e n t h e r o b o t h a s 

d e v i a t e d t o o f a r f r o m t h e w a l l o r t o o c l o s e t o i t . 

T h e a l g o r i t h m p l a c i n g t h e r o b o t a g a i n s t t h e w a l l i s s h o w n b e l o w : 

1. Build t h e local m a p a n d i d e n t i f y t h e r i g h t wa l l 

2. If AIDER is p l a c e d a t t h e p r e d e t e r m i n e d d i s t a n c e f r o m t h e wal l a n d is p a r a l l e l t o it 

t h e n w e a r e d o n e ; o t h e r w i s e c o n t i n u e t o s t e p 3 

3. P l a c e t h e r o b o t a g a i n s t t h e wal l 

S t e p 3 e x e c u t e s e i t h e r c a s e : 

T h e r o b o t i s f a r f r o m t h e w a l l s o i t h a s t o m o v e t o w a r d i t , a n d t h e n p a r a l l e l s i t s e l f . 

T h i s i s l a b e l e d a s t h e p l a c e f r o m f a r a l g o r i t h m . 

T h e r o b o t i s c l o s e t o t h e w a l l s o i t h a s t o m o v e a w a y f r o m it , a n d t h e n p a r a l l e l s 

i t s e l f . T h i s i s l a b e l e d t h e p l a c e f r o m c l o s e a l g o r i t h m . 

T h e p l a c e f r o m f a r a l g o r i t h m i s : 

1. R o t a t e c l o c k w i s e by t h e a n g l e of a p p r o a c h 

2. M o v e f o r w a r d t o w a r d t h e wal l unt i l t h e m i n i m u m wal l t h r e s h o l d d i s t a n c e is r e a c h e d 

3. R o t a t e unt i l AIDeR is p a r a l l e l e d t o t h e r i g h t wa l l 

T h e p l a c e f r o m c l o s e a l g o r i t h m i s : 

1. R o t a t e c o u n t e r c l o c k w i s e by t h e a n g l e of a p p r o a c h 

2. M o v e f o r w a r d a w a y f r o m t h e wal l unt i l t h e m a x i m u m wal l t h r e s h o l d d i s t a n c e is 

r e a c h e d 

3. R o t a t e unt i l AIDeR is p a r a l l e l e d t o t h e r i g h t wa l l 

T h e a n g l e o f p r e c i s i o n a n d t h e f i v e w a l l d i s t a n c e s u s e d b y t h e w a l l p l a c e m e n t a l g o r i t h m 

a r e p a r t o f t h e c o n f i g u r a t i o n f i l e . T h e w a l l d i s t a n c e s a r e : 

T h e m i n i m u m t h r e s h o l d d i s t a n c e t o t h e w a l l 

T h e m i n i m u m d i s t a n c e t o t h e w a l l 

T h e l a s e r d i s t a n c e 

T h e m a x i m u m d i s t a n c e t o t h e w a l l 

T h e m a x i m u m t h r e s h o l d d i s t a n c e t o t h e w a l l 
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T h e p l a c i n g a g a i n s t t h e w a l l a l g o r i t h m i s d e p i c t e d i n F i g u r e 1 5 . I t e x e c u t e s w h e n 

A I D e R ' s d i s t a n c e f r o m t h e w a l l i s l e s s t h a n M i n d i s t a n c e o r g r e a t e r t h a n M a x d i s t a n c e . 

N o t e t h a t d u e t o t h e p l a c e m e n t o f t h e r a n g e - f i n d e r l a s e r , A I D e R i s p l a c e d a t w a l l d i s t a n c e 

w h e n r o t a t i n g p a r a l l e l t o t h e w a l l f r o m e i t h e r t h e m a x i m u m t h r e s h o l d o r m i n i m u m 

t h r e s h o l d d i s t a n c e s i n s t e p 3 o f t h e p l a c e f r o m f a r o r c l o s e a l g o r i t h m s . 

F i g u r e 1 5 - P l a c i n g A I D e R a g a i n s t t h e w a l l 
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3 . 4 . 6 E n t e r r i g h t h a l l w a y 

T h i s c o m m a n d m o v e s t h e r o b o t i n t o a r i g h t h a l l w a y . I t h a s t o c o m p l e t e e x e c u t i o n w i t h i n 

a s p e c i f i e d t i m e o u t p e r i o d . 

3.4.6.1 State Diagram 

( * ) P e r i m e t e r d e t e c t i o n , t r a v e l l e d d i s t a n c e , a n d t i m e o u t c h e c k i n g i s d o n e d u r i n g 

e x e c u t i o n o f t h e m o v e f o r w a r d a n d r o t a t e c o m m a n d s ( s e e s t a t e d i a g r a m o f t h e s e 

c o m m a n d s ) . 
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3 . 4 . 7 E n t e r l e f t h a l l w a y 

T h i s c o m m a n d m o v e s t h e r o b o t i n t o a l e f t h a l l w a y . I t h a s t o c o m p l e t e e x e c u t i o n w i t h i n a s p e c i f i e d t i m e o u t p e r i o d . 

3.4.7.1 State Diagram 

( * ) P e r i m e t e r d e t e c t i o n , t r a v e l l e d d i s t a n c e , a n d t i m e o u t c h e c k i n g i s d o n e d u r i n g 

e x e c u t i o n o f t h e m o v e f o r w a r d a n d r o t a t e c o m m a n d s ( s e e s t a t e d i a g r a m o f t h e s e 

c o m m a n d s ) . 
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3 . 4 . 8 E n t e r f r o n t h a l l w a y 

T h i s c o m m a n d m o v e s t h e r o b o t i n t o a f r o n t h a l l w a y . I t h a s t o c o m p l e t e e x e c u t i o n w i t h i n 

a s p e c i f i e d t i m e o u t p e r i o d . 

3.4.8.1 State Diagram 

( * ) P e r i m e t e r d e t e c t i o n , t r a v e l l e d d i s t a n c e , a n d t i m e o u t c h e c k i n g i s d o n e d u r i n g 

e x e c u t i o n o f t h e m o v e f o r w a r d a n d r o t a t e c o m m a n d s ( s e e s t a t e d i a g r a m o f t h e s e 

c o m m a n d s ) . 
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3 . 4 . 9 M a k e U - t u r n 

T h i s c o m m a n d m a k e s a l e f t u - t u r n w i t h s p e c i f i e d r a d i u s a n d s p e e d . I t h a s t o c o m p l e t e e x e c u t i o n w i t h i n a s p e c i f i e d t i m e o u t p e r i o d . 

3.4.9.1 State Diagram 

3.4.9.2 Additional Details 

C o n s i d e r t h e l e f t U t u r n s h o w n i n F i g u r e 1 6 . 

L e t t b e t h e c u r v e d t r a j e c t o r y a b o u t t h e r o b o t ' s c e n t r a l a x i s . 

L e t t sub r b e t h e c u r v e d t r a j e c t o r y a b o u t t h e r o b o t ' s r i g h t w h e e l a x i s . 

L e t t sub l b e t h e c u r v e d t r a j e c t o r y a b o u t t h e r o b o t ' s l e f t w h e e l a x i s . 

L e t R sub t r b e t h e r a d i u s o f t sub r 

L e t R sub t l b e t h e r a d i u s o f t sub l 

L e t R sub t b e t h e r a d i u s o f t 
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F i g u r e 1 6 - T r a j e c t o r i e s o f l e f t a n d r i g h t w h e e l s w h e n m a k i n g a U - t u r n 

L e t R sub t b e s e t b y t h e u s e r a n d R sub t l equals 0 point 5 R sub t and R sub t r equals 2 R sub t 

L e t t h e a n g u l a r d i s t a n c e o f t h e t r a j e c t o r y e q u a l t o pi 

T h e d i s t a n c e o f t h e c u r v e d t r a j e c t o r i e s t r a n d t l i n c e n t i m e t e r i s c a l c u l a t e d a s f o l l o w s , 

t sub r equals pi asterisk R sub t r a n d t sub l equals pi asterisk R sub t l, w h i c h r e s u l t s 

t sub r equals pi asterisk 2 R sub t a n d t sub l equals pi asterisk 0 point 5 R sub t 

T h e v e l o c i t i e s o f t h e r i g h t a n d l e f t w h e e l s v sub r a n d v sub l i s 
v sub r divided by v sub 1 equals t sub r divided by t sub l equals pi asterisk 2 R sub t divided by pi asterisk 0 point 5 
R sub t equals 4 

A s i n d i c a t e d i n t h e e q u a t i o n a b o v e , t h e v e l o c i t y o f t h e r i g h t w h e e l s i s s e t 4 t i m e s h i g h e r t h a n t h e v e l o c i t y o f t h e l e f t w h e e l s i n o r d e r t o 
m a k e a l e f t u - t u r n . 

N o t e t h a t w e a r e o n l y i m p l e m e n t i n g t h e l e f t U t u r n c a s e b e c a u s e t h e U t u r n c o m m a n d i s 

i s s u e d w h e n A I D E R i s p l a c e d a g a i n s t t h e r i g h t w a l l . 
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4 I m p l e m e n t a t i o n d e t a i l s o f t h e w o r k 

4 . 1 I n t e r - T a s k C o m m u n i c a t i o n 

C o m m u n i c a t i o n b e t w e e n t h e c o n t r o l a n d c o m m a n d - G U I t a s k s i s a c c o m p l i s h e d v i a a 

m e s s a g e p a s s i n g m e c h a n i s m . I n A I D e R , i n t e r - t a s k c o m m u n i c a t i o n h a s b e e n 

i m p l e m e n t e d u s i n g m q u e u e . T h e f o l l o w i n g s u b s e c t i o n s d e s c r i b e t h e s t r u c t u r e o f t h e 

v a r i o u s c o n t r o l a n d s t a t u s m e s s a g e s , a n d t h e i m p l e m e n t a t i o n m e t h o d f o r p a s s i n g t h e s e 

m e s s a g e s b e t w e e n t a s k s . 

4 . 1 . 1 G e n e r i c I n t e r - t a s k M e s s a g e S t r u c t u r e 

T h e I N T E R underscore T A S K underscore M S G h e a d e r s t r u c t u r e i s s h o w n b e l o w . I t s d a t a g e t s a d d e d t o e v e r y 

m e s s a g e p a s s e d b e t w e e n t w o t a s k s . 

t y p e d e f s t r u c t i n t e r underscore t a s k underscore m s g 
curly brace 

u n s i g n e d s h o r t c m d underscore t y p e semicolon 

u n s i g n e d s h o r t c o u n t semicolon 

u n s i g n e d l o n g c a l l e r underscore p i d semicolon 

u n s i g n e d c h a r d a t a underscore p l a c e semicolon 

curly brace I N T E R underscore T A S K underscore M S G semicolon 

c m d semicolon t y p e i s t h e c o m m a n d t y p e . I t i s s e t t o 1 f o r a c o n t r o l m e s s a g e , o r 2 f o r a s t a t u s 

m e s s a g e . 

c o u n t i s t h e s i z e o f t h e m e s s a g e i n c l u d i n g t h e h e a d e r . 

c a l l e r semicolon p i d i s t h e p r o c e s s I D o f t h e s e n d i n g t a s k . 

d a t a semicolon p l a c e i s a p l a c e h o l d e r f o r t h e m e s s a g e ' s d a t a . 

4 . 1 . 2 I n t e r - t a s k M e s s a g e s 

T h i s s e c t i o n d e f i n e s t h e s t r u c t u r e o f a l l m e s s a g e s . T h e d a t a g e t s a p p e n d e d t o e v e r y 

m e s s a g e a t t h e d a t a underscore p l a c e b y t e d e s c r i b e d i n t h e p r e v i o u s s e c t i o n . 

4.1.2.1 Navigation Plan Message Structure 

T h i s m e s s a g e i s u s e d f o r c o n t r o l l i n g t h e m o v e m e n t s o f t h e r o b o t a n d i t s t r a y . 
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t y p e d e f s t r u c t n a v i g a t i o n underscore p l a n underscore m s g 
curly brace 

u n s i g n e d s h o r t j o b underscore i d semicolon 

u n s i g n e d s h o r t c o m m a n d underscore c o u n t semicolon 

N A V I G A T I O N underscore C M D n a v i g a t i o n underscore c m d s square bracket MAX underscore N A V I G A T I O N 

underscore C M D S square bracket 

semicolon 

curly brace N A V I G A T I O N underscore P L A N underscore M S G semicolon 

j o b underscore i d i s u n i q u e l y d e f i n e d b y t h e j o b m a n a g e r . 

c o m m a n d underscore c o u n t i s t h e n u m b e r o f c o m m a n d s c o n t a i n e d i n t h e n a v i g a t i o n p l a n . I t r a n g e s 

f r o m 1 t o M A X underscore N A V I G A T I O N underscore C M D S . 

n a v i g a t i o n underscore c m d s i s d e f i n e d a s f o l l o w s : t y p e d e f s t r u c t n a v i g a t i o n underscore c m d 

curly brace u n s i g n e d s h o r t t y p e semicolon 

u n s i g n e d s h o r t a r g 1 semicolon 

u n s i g n e d s h o r t a r g 2 semicolon u n s i g n e d s h o r t a r g 3 semicolon 

curly brace N A V I G A T I O N underscore C M D semicolon 

T h e m e m b e r s o f t h e N A V I G A T I O N C M D s t r u c t u r e c a n t a k e o n t h e f o l l o w i n g v a l u e s . 

T y p e A r g 1 

T i m e o u t ( s ) 

A r g 2 

D i s t a n c e ( c m ) 

A r g 3 

1 equals M o v e F o r w a r d 0 . . . 6 0 0 1 point 6 0 0 0 ( c m ) S p e e d 

1 equals r e d u c e d s p e e d 

3 equals n o m i n a l s p e e d 

2 equals R o t a t e 0 . . . 6 0 0 1 point 1 8 0 ( d e g r e e s ) 1 equals C l o c k w i s e 

0 equals c o u n t e r c l o c k w i s e 

3 equals T r a v e l A l o n g W a l l 0 point 6 0 0 1 point 6 0 0 0 ( c m ) L a n d m a r k I D 

4 equals S t o p N / A N / A N / A 

5 equals E n t e r L e f t H a l l w a y 0 point 6 0 0 N / A N / A 

6 equals E n t e r R i g h t H a l l w a y 0 point 6 0 0 N / A N / A 

7 equals E n t e r F r o n t H a l l w a y 0 point 6 0 0 N / A N / A 

8 equals M o v e T r a y 0 point 6 0 0 0 equals D o w n 

1 equals U p 

N / A 

9 equals M a k e U - t u r n 0 point 6 0 0 5 1 point 2 0 0 ( r a d i u s o f 

t h e u - t u r n i n c m ) 

S p e e d 

1 equals r e d u c e d s p e e d 

3 equals n o m i n a l s p e e d 

4.1.2.2 Alarm and Event Message Structure 

T h i s m e s s a g e i s u s e d f o r r e p o r t i n g a n a l a r m o r e v e n t o c c u r r i n g w h i l e A I D E R i s m o v i n g . 
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t y p e d e f s t r u c t a l a r m underscore e v e n t underscore m s g 
curly brace 

T I M E underscore D A T E t i m e underscore d a t e semicolon 

u n s i g n e d c h a r t y p e semicolon 

u n s i g n e d s h o r t i d semicolon 

c h a r d e s c r i p t i o n square bracket 1 2 8 square bracket semicolon 

u n s i g n e d l o n g a r g 1 semicolon 

u n s i g n e d l o n g a r g 2 semicolon 

curly brace A L A R M underscore E V E N T underscore M S G semicolon 

t i m e semicolon d a t e i s s e t t o t h e t i m e a n d d a t e a t w h i c h t h e a l a r m o r e v e n t o c c u r s . I t i s s h o w n 

b e l o w : 

t y p e d e f s t r u c t t i m e underscore d a t e 
curly brace 

u n s i g n e d c h a r h o u r semicolon 

forward slash forward slash H o u r s a f t e r M i d n i g h t dash dash square bracket 0 t o 2 3 square bracket 

u n s i g n e d c h a r m i n u t e semicolon 

forward slash forward slash M i n u t e s a f t e r t h e h o u r dash dash square bracket 0 t o 5 9 square bracket 

u n s i g n e d c h a r m o n t h semicolon 

forward slash forward slash M o n t h s s i n c e J a n u a r y dash dash square bracket 0 t o 1 1 square bracket 

u n s i g n e d c h a r d a y semicolon 

forward slash forward slash D a y s o f t h e M o n t h dash dash square bracket 1 t o 3 1 square bracket 

u n s i g n e d c h a r y e a r semicolon 

forward slash forward slash Y e a r s s i n c e 1 9 0 0 

u n s i g n e d c h a r s e c o n d semicolon 

forward slash forward slash S e c o n d s a f t e r t h e m i n u t e dash dash square bracket 0 t o 6 1 square bracket 

curly brace T I M E underscore D A T E semicolon 

t y p e i s s e t t o 1 f o r a l a r m o r 2 f o r e v e n t . 

t y p e , i d , d e s c r i p t i o n , a n d a r g 2 m a y t a k e o n t h e v a l u e s s h o w n i n t h e t a b l e b e l o w colon 

Type 
i d d e s c r i p t i o n a r g 1 a r g 2 

1 equals a l a r m 1 U n a b l e t o 

l o c a t e l a n d m a r k 

X ( c e n t i m e t e r s ) L a n d m a r k I D 

1 equals a l a r m 2 D e t e c t e d 

o b s t a c l e 

N / A N / A 

2 equals e v e n t 3 D e t e c t e d 

l a n d m a r k 

X ( c e n t i m e t e r s ) L a n d m a r k I D 

2 equals e v e n t 4 A n n u n c i a t o r S t a t u s 1 equals s o u n d e d 

2 equals s i l e n c e d 

N / A 

2 equals e v e n t 5 P l a t f o r m S t a t u s 1 equals r a i s e d 

2 equals l o w e r e d 

N / A 

1 equals a l a r m 6 T i m e o u t T i m e o u t v a l u e 

( s e c o n d s ) 

N / A 

2 equals e v e n t 7 C u r r e n t S t a t e 1 equals I d l e 1 equals S t o p p e d 
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2 equals B u s y 2 equals M o v i n g f o r w a r d 

3 equals R o t a t i n g 

4 equals T r a v e l l i n g a g a i n s t t h e 

w a l l 

5 equals E n t e r i n g r i g h t h a l l w a y 

6 equals E n t e r i n g l e f t h a l l w a y 

7 equals E n t e r i n g f r o n t h a l l w a y 

8 equals M o v i n g t r a y 

9 equals E x e c u t i n g U t u r n 

1 0 equals S t o p p i n g r o b o t 

1 equals a l a r m 8 B a t t e r y L e v e l 1 equals N o m i n a l , 

O p e r a t i o n a l 

2 equals L o w , C h a r g i n g 

R e q u i r e d 

3 equals A b n o r m a l , 

S h u t d o w n 

N / A 

1 equals a l a r m 9 F a i l u r e t o 

c o m m u n i c a t e 

w i t h s e r v o 

d r i v e s 

N / A N / A 

1 equals a l a r m 1 0 F a i l u r e t o l o c a t e 

t h e w a l l 

N / A N / A 

4 . 1 . 3 C r e a t i n g Q u e u e s 

T w o q u e u e s a r e c r e a t e d f o r i n t e r - t a s k c o m m u n i c a t i o n b e t w e e n t h e c o n t r o l a n d c o m m a n d 

t a s k s , c c o n t r o l underscore t a s k underscore q a n d c o m m a n d underscore t a s k underscore q ; a n d t w o q u e u e s a r e c r e a t e d f o r i n t e r - t a s k 

c o m m u n i c a t i o n b e t w e e n t h e c o n t r o l a n d G U I t a s k s , g c o n t r o l _ t a s k _ q a n d g u i underscore t a s k underscore q . T h e 

t a b l e b e l o w s h o w s t h e u s a g e o f t h e q u e u e s b a s e d o n t h e m e s s a g e f l o w : 

S e n d i n g T a s k R e c e i v i n g T a s k U s e d Q u e u e 

C o n t r o l C o m m a n d c o m m a n d t a s k q 

C o m m a n d C o n t r o l c c o n t r o l t a s k q 

C o n t r o l G U I g u i underscore t a s k underscore q 

G U I C o n t r o l g c o n t r o l t a s k q 

T h e c o n t r o l t a s k h a n d l e s t h e c o n t r o l m e s s a g e s c o n t a i n e d i n g c o n t r o l underscore t a s k underscore q b e f o r e 

h a n d l i n g t h o s e c o n t a i n e d i n c o n t r o l underscore t a s k underscore q . T h e G U I t a s k i s g i v e n t h e h i g h e s t p r i o r i t y 

f o r c o n t r o l l i n g t h e m o v e m e n t s o f t h e r o b o t . 

4 . 1 . 4 P s e u d o C o d e 

T h e f o l l o w i n g a l g o r i t h m i s u s e d f o r i n t e r - t a s k c o m m u n i c a t i o n : 

D e c l a r e a p o i n t e r o f t y p e I N T E R underscore T A S K underscore M S G 
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D e c l a r e a p o i n t e r D A T A underscore M S G ( d e f i n e d i n i n t e r - t a s k m e s s a g e s , f o r e x a m p l e A L A R M underscore E V E N T underscore 
M S G ) 

A l l o c a t e m e m o r y o f s i z e I N T E R underscore T A S K underscore M S G plus D A T A underscore M S G 

S e t D A T A underscore M S G p o i n t e r t o d a t a underscore p l a c e o f I N T E R underscore T A S K underscore M S G 

S e t t h e v a l u e s o f t h e m e m b e r s i n D A T A underscore M S G 

S e n d t h e m e s s a g e 

F r e e t h e a l l o c a t e d m e m o r y 

4 . 1 . 5 M e s s a g e P a s s i n g E x a m p l e 

T h e f o l l o w i n g c o d e s n i p p e t s e n d s i n t e r - t a s k m e s s a g e A : 

t y p e d e f s t r u c t a 
curly brace 

u n s i g n e d s h o r t s t a t u s ; 

curly brace A semicolon 

I N T E R underscore T A S K underscore M S G asterisk i n t e r underscore t a s k underscore m s g semicolon 

A asterisk p underscore a semicolon 

i n t m s g underscore s i z e semicolon 

m s g underscore s i z e equals s i z e o f ( I N T E R underscore T A S K underscore M S G) plus s i z e o f ( A ) ; 

i n t e r underscore t a s k underscore m s g equals ( I N T E R underscore T A S K underscore M S G asterisk) m a l l o c (m s g underscore s i z e ) ; 

i f ( i n t e r underscore t a s k underscore m s g ) 
curly brace 

i n t e r underscore t a s k underscore m s g dash angle bracket c m d underscore t y p e equals 1 semicolon 

i n t e r underscore t a s k underscore m s g dash angle bracket c o u n t equals m s g underscore s i z e semicolon 

p underscore a equals ( A asterisk) ampersand i n t e r underscore t a s k underscore m s g dash angle bracket d a t a underscore p l a c e 

semicolon p underscore a dash angle bracket s t a t u s equals 1 semicolon 

S e n d underscore m s g underscore n e w ( C o n t r o l l e r T a s k q , s i d underscore m s g , m s g underscore s i z e ) semicolon 

f r e e ( i n t e r underscore t a s k underscore m s g ) semicolon 
curly brace 

4 . 2 T u n i n g P a r a m e t e r C o n f i g u r a t i o n F i l e 

T h e f i l e n a m e d t u n i n g underscore p a r a m e t e r s c o n t a i n s c r u c i a l c o n f i g u r a t i o n s e t t i n g s u s e d f o r 

b u i l d i n g t h e l o c a l m a p , p l a c i n g t h e r o b o t a g a i n s t t h e w a l l , i d e n t i f y i n g l a n d m a r k s , s e t t i n g 

t h e u n s a f e p e r i m e t e r , c o n t r o l l i n g t h e t r a y , a n d c o n t r o l l i n g m o v e m e n t s . I t i s o f t h e u t m o s t 

i m p o r t a n c e t o k e e p a m a s t e r c o p y o f t h i s f i l e i n a r e p o s i t o r y i n c a s e t h e l o c a l c o p y o n 

A I D e R ' s f i l e s y s t e m g e t s c o r r u p t e d . 

T h e c u r r e n t s e t t i n g s u s e d f o r o p e r a t i n g A I D e R i n t h e B e l l T o w e r a t C S C U I a r e : 

L E F T underscore T U R N underscore W A L L underscore D I S T A N C E e q u a l s 1 0 0 . 0 

R I G H T underscore T U R N underscore W A L L underscore D I S T A N C E equals 1 1 0 0 . 0 

M I N underscore W A L L underscore D I S T A N C E underscore T H R E S H 0 L D equals 4 5 0 . 0 

M I N underscore W A L L underscore D I S T A N C E equals 4 6 0 . 0 

L A S E R underscore W A L L underscore D I S T A N C E equals 5 9 0 . 0 

M A X underscore W A L L underscore D I S T A N C E equals 8 1 0 . 0 
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M A X underscore W A L L underscore D I S T A N C E underscore T H R E S H O L D equals 8 2 0 

A L L O W E D underscore P L A C E M E N T underscore D I S T A N C E equals 1 0 0 

P L A C E underscore F R O M underscore F A R underscore A P P R O A C H underscore A N G L E equals 1 0 5 

P L A C E underscore F R O M underscore C L O S E underscore A P P R O A C H underscore A N G L E equals 7 5 

P L A N E underscore A N G L E underscore P R E C I S I O N underscore A G A I N S T underscore W A L L equals 0 . 0 1 

P L A C I N G underscore R O T A T E equals 0 . 0 5 

P L A C I N G underscore F O R W A R D equals 1 . 0 

C U E underscore L E N G T H underscore P R E C I S I O N equals 1 0 0 

C U E underscore A N G L E underscore P R E C I S I O N equals 0 . 1 

C U E underscore W I D T H underscore P R E C I S I O N equals 1 0 0 

P L A N E underscore S L O P E underscore P R E C I S I O N equals 0 . 0 7 

W I N D O W underscore S I Z E equals 4 

H A L L W A Y underscore W I D T H underscore M I N equals 2 0 0 0 . 0 

H A L L W A Y underscore W I D T H underscore M A X equals 3 2 0 0 . 0 

D O O R underscore W I D T H underscore M I N equals 1 5 0 0 . 0 

D O O R underscore W I D T H underscore M A X equals 1 8 0 0 . 0 

U N S A F E underscore P E R I M E T E R underscore D I S T A N C E equals 4 0 0 

R A M P underscore U P underscore D E L A Y equals 1 0 

V E L O C I T Y underscore S T O P P E D equals 0 . 0 

V E L O C I T Y underscore R O T A T E equals 1 0 0 0 0 0 

V E L O C I T Y underscore R E D U C E D equals 1 0 0 0 0 0 

V E L O C I T Y underscore N O M I N A L equals 3 0 0 0 0 0 

V E L O C I T Y underscore P L A C I N G equals 6 0 0 0 0 

V E L O C I T Y underscore T R A Y equals 1 0 0 0 0 

O F F S E T underscore W H E E L underscore R A D I U S equals 3 0 

P underscore 3 underscore A M P S equals 4 9 1 5 

N underscore 3 underscore A M P S equals negative 4 9 1 5 

T R A Y underscore P O S I T I O N underscore D E L A Y equals 7 0 0 0 

4 . 3 T e c h n o l o g y 

G r e a t e r d e t a i l s a b o u t A I D e R ' s h a r d w a r e p l a t f o r m a r e p r o v i d e d i n [ 3 ] . T h e s u b s e q u e n t 

s u b s e c t i o n s c o n t a i n h a r d w a r e a n d s e t u p i n f o r m a t i o n a b o u t t h e p e r i p h e r a l d e v i c e s 

c o m m u n i c a t i n g w i t h t h e c o n t r o l t a s k v i a t h e O S , a s w e l l a s i n f o r m a t i o n a b o u t t h e O S 

i t s e l f . 

4 . 3 . 1 O S 

T h e o r i g i n a l A I D e R s o f t w a r e f r o m C a l i f o r n i a S t a t e P o l y t e c h n i c U n i v e r s i t y r a n o n 

R T L i n u x - F r e e 2 . 6 . 9 , b a s e d o n a c u s t o m p a t c h s e t f o r t h e L i n u x k e r n e l a n d a R e d H a t 

u s e r l a n d . R T L i n u x - F r e e 2 . 6 . 9 i n c l u d e d r e a l - t i m e s c h e d u l i n g c a p a b i l i t i e s a r e n o l o n g e r 

a c t i v e l y m a i n t a i n e d . A s s u c h , n e w s o f t w a r e w a s c h o s e n a n d i n s t a l l e d . 

T h e A I D e R o n b o a r d c o m p u t e r r u n s G e n t o o G N U / L i n u x 2 . 6 . 2 6 . G N U / L i n u x i s a 

m o n o l i t h i c k e r n e l , U n i x - l i k e o p e r a t i n g s y s t e m . L i n u x 2 . 6 . 2 6 i n c l u d e s r e a l - t i m e 

s c h e d u l i n g c a p a b i l i t i e s a n d i s a c t i v e l y m a i n t a i n e d . 
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T h e G e n t o o L i n u x d i s t r i b u t i o n i s a h i g h l y c u s t o m i z a b l e a n d c o n f i g u r a b l e L i n u x 

d i s t r i b u t i o n , a n d w a s c h o s e n a s c e r t a i n d e v e l o p m e n t s o f t w a r e r e q u i r e m e n t s w e r e n o t 

c h o s e n u n t i l w e l l a f t e r C o n t r o l T a s k d e v e l o p m e n t w a s u n d e r w a y . A c c o r d i n g t o [ 1 3 ] , 

" T h e g o a l o f G e n t o o i s t o d e s i g n t o o l s a n d s y s t e m s t h a t a l l o w a u s e r t o d o t h a t w o r k a s 

p l e a s a n t l y a n d e f f i c i e n t l y a s p o s s i b l e , a s t h e y s e e f i t . " 

T h e A I D e R u s e r l a n d i n c l u d e s : 

g l i b c 2 . 8 a n d t h e G N U t o o l c h a i n , i n c l u d i n g G C C 4 . 3 . 2 

X . o r g 7 . 2 a n d X f c e 4 . 4 . 3 

A p a c h e 2 W e b S e r v e r w i t h m o d underscore p y t h o n a n d m o d underscore r u b y 

M o z i l l a F i r e f o x 3 

R u b y 1 . 8 

P e r l 5 . 8 . 8 

P y t h o n 2 . 5 . 4 

F o r c o n v e n i e n c e , A I D e R ' s o p e r a t i n g s y s t e m a n d d e v e l o p m e n t e n v i r o n m e n t w e r e 

r e p l i c a t e d o n a S u n V i r t u a l B o x v i r t u a l m a c h i n e t o a l l o w t h e p r o j e c t ' s m e m b e r s t o t e s t 

t h e i r s o f t w a r e w i t h o u t u s i n g A I D e R i t s e l f . 

T h e O S s u p p o r t s t h e f o l l o w i n g p r o t o c o l s : 

I 2 C f o r c o m m u n i c a t i o n w i t h t h e s e n s o r s . 

R S 4 8 5 f o r c o m m u n i c a t i o n w i t h t h e s e r v o d r i v e s . 

U S B f o r c o m m u n i c a t i o n w i t h t h e r a n g e - f i n d e r l a s e r . 

R S 2 3 2 f o r c o m m u n i c a t i o n w i t h t h e t o u c h c o n t r o l l e r i n t e r f a c i n g w i t h t h e t o u c h 

s c r e e n . 

L V D S f o r h a n d l i n g t h e d i s p l a y o f t h e t o u c h s c r e e n . 

8 0 2 . 1 1 b f o r c o m m u n i c a t i o n w i t h t h e w i r e l e s s c o m p a c t f l a s h a d a p t o r . 

T h e c o n t r o l t a s k s e t s u p c o m m u n i c a t i o n w i t h t h e p e r i p h e r a l d e v i c e s a s s h o w n i n t h e t a b l e 

b e l o w : 

P e r i p h e r a l D e v i c e D e v i c e D r i v e r 
Type 

S e t t i n g s 

S e r v o d r i v e s forward slash d e v forward slash 
t t y S 3 

R S 4 8 5 S e r i a l 

d r i v e r 

1 1 5 2 0 0 b a u d s 

8 d a t a b i t s 

n o p a r i t y 

1 s t o p b i t 

n o X O N forward slash 

X O F F f l o w 

c o n t r o l 

n o C T S forward slash R T S 

R a n g e - F i n d e r L a s e r forward slash d e v forward slash 
t t y A C M 0 

U S B 2 . 0 4 6 0 8 0 0 b a u d s 

8 d a t a b i t s 

n o p a r i t y 
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1 s t o p b i t 

n o X O N forward slash 

X O F F f l o w c o n t r o l 

n o C T S forward slash R T S 

S e n s o r s forward slash d e v forward 
slash i 2 c hyphen 0 

I 2 C A d d r e s s e s : 

0 x 7 0 f o r f r o n t r i g h t 

0 x 7 1 f o r b a c k r i g h t 

0 x 7 2 f o r f r o n t l e f t 

0 x 7 3 f o r b a c k l e f t 

0 x 7 4 f o r r e a r 

4 . 3 . 2 S e r v o D r i v e s 

A I D e R h a s t h r e e s e r v o d r i v e s m a n u f a c t u r e d b y A d v a n c e d M o t i o n C o n t r o l s m o u n t e d o n 

i t s f r a m e . T w o o f t h e m c o n t r o l t h e e l e c t r i c m o t o r s c o n n e c t e d t o t h e r i g h t a n d l e f t w h e e l s . 

T h e l a s t d r i v e c o n t r o l s t h e l i f t a c t u a t o r o f t h e t r a y . 

T h e s e r v o d r i v e s c o n t r o l l i n g t h e w h e e l s a r e s e t i n v e l o c i t y m o d e w h e r e a s t h e o n e 

c o n t r o l l i n g t h e l i f t a c t u a t o r i s s e t i n c u r r e n t m o d e . T h e s e m o d e s a r e d e t a i l e d i n [ 4 ] . 

A I D e R u s e s a s m a l l s u b s e t o f t h e m e s s a g e s d e t a i l e d i n [ 5 ] . T h e s e m e s s a g e s a n d 

c o m m a n d I D s a r e : 

C o n t r o l P a r a m e t e r s ( 0 x 0 1 ) , e n a b l e a n d d i s a b l e t h e d r i v e s . 

S e r i a l I n t e r f a c e C o n f i g u r a t i o n ( 0 x 0 5 ) , s e t s e r i a l c o m m u n i c a t i o n p a r a m e t e r s . 

S e t W r i t e A c c e s s ( 0 x 0 7 ) , s e t d r i v e s i n o p e r a t i o n a l m o d e . 

P o s i t i o n V a l u e s ( 0 x 1 2 ) , r e a d t h e c u r r e n t e n c o d e r c o u n t . 

P o w e r B r i d g e V a l u e s ( 0 x 0 f ) , r e a d t h e c u r r e n t b a t t e r y l e v e l s . 

I n t e r f a c e I n p u t ( 0 x 4 5 ) , s e t t h e v e l o c i t y v a l u e o f t h e d r i v e s c o n t r o l l i n g t h e w h e e l s . 

E x t e n d e d i n f o r m a t i o n a b o u t t h e s e r v o d r i v e s i s a v a i l a b l e a t [ 1 2 ] . 

4 . 3 . 3 R a n g e - F i n d e r L a s e r 

A I D e R u s e s t h e H o k u y o U R G hyphen 0 4 L X . T h e r a n g e - f i n d e r l a s e r i s p l a c e d 3 . 5 i n c h e s a b o v e 

t h e f l o o r a n d s c a n s 1 degree d o w n w a r d . I t h a s a 2 4 0 ° s c a n n i n g r a n g e . H o w e v e r , d u e t o i t s 

p o s i t i o n i n g , t h e l a s e r o n l y u s e s 1 4 4 degrees o u t o f t h e p o s s i b l e 2 4 0 degrees. T h e r e m a i n i n g r a n g e 

m e a s u r e s t h e d i s t a n c e t o t h e f r o n t w h e e l s , a n d s o i t i s f i l t e r e d o u t . 

S c a n n i n g r e q u e s t s a r e e x e c u t e d b y i s s u i n g G c o m m a n d s w i t h s t a r t i n g p o i n t s e t t o 1 2 8 , 

e n d p o i n t s e t t o 6 4 0 , a n d t h e c l u s t e r c o u n t s e t t o 0 0 . A d d i t i o n a l d e t a i l s a b o u t t h e 

c o m m u n i c a t i o n p r o t o c o l a r e a v a i l a b l e i n [ 6 ] . 
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4 . 3 . 4 S e n s o r s 

A I D e R u s e s f i v e S F R 1 0 u l t r a s o n i c r a n g e - f i n d e r s e n s o r s a s p a r t o f t h e p e r i m e t e r c h e c k i n g 

( t h e r a n g e - f i n d e r l a s e r i s a l s o u s e d f o r t h a t p u r p o s e ) . T w o s e n s o r s a r e p l a c e d o n t h e r i g h t 

a n d l e f t s i d e s , a n d o n e s e n s o r i s p o s i t i o n e d i n t h e r e a r ( s e e [ 3 ] f o r d e t a i l s ) . E a c h s e n s o r 

c o v e r s a s c a n n i n g r a n g e o f 7 2 degrees. 
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5 T e s t r e s u l t s ( t h e d e b u g g i n g p r o c e s s ) 

5 . 1 H a r d w a r e c h a n g e s 

T h i s p r o j e c t i s c o n c e r n e d s o l e l y w i t h s o f t w a r e d e v e l o p m e n t o f t h e r o b o t . H o w e v e r , a 

l i m i t e d a m o u n t o f h a r d w a r e c h a n g e s h a d t o t a k e p l a c e d u r i n g t h e s o f t w a r e d e v e l o p m e n t 

p h a s e . T h e s e h a r d w a r e c h a n g e s w e r e f e d b a c k t o A M C a n d d o n e b y t h e m . T h e y a r e 

l i s t e d b e l o w : 

S o m e o f t h e w i r e s h a d t o b e r e r o u t e d a l o n g t h e t r a y b e c a u s e t h e y w e r e t o r n a p a r t 

a f t e r m o v i n g t h e t r a y u p a n d d o w n f o r t h e f i r s t t i m e . 

T h e f r o n t a n d r e a r p l a s t i c w h e e l s h a v e b e e n r e p l a c e d b y O m n i w h e e l s . T h e o l d 

w h e e l s h a d t o b e t a p e d t o r e d u c e t h e f r i c t i o n f a c t o r a n d e n s u r e t h e c o m p l e t i o n o f 

r o t a t e c o m m a n d s . H o w e v e r , t h e t a p e w a s w e a r i n g o u t w i t h i n d a y s o f t e s t i n g 

m a k i n g t h i s a p p r o a c h i m p r a c t i c a l . 

T h e h a r d d r i v e i s s t r a p p e d t o o n e o f t h e b a t t e r y s o a s t o r e d u c e t h e r i s k o f c r a s h . 

5 . 2 L o w l e v e l 

T h e l o w l e v e l r o u t i n e s c o m m u n i c a t i n g w i t h t h e s e r v o a n d r a n g e - f i n d e r l a s e r d e v i c e s w e r e 

d e b u g g e d q u i c k l y . 

T h e r o u t i n e s c o m m u n i c a t i n g w i t h t h e s e n s o r s a r e g r o s s l y i n a d e q u a t e . O r i g i n a l l y , i t t o o k 

1 2 s e c o n d s t o e x t r a c t a l l s e n s o r d a t a . T h i s t i m e h a s b e e n r e d u c e d t o 2 s e c o n d s d u r i n g 

d e b u g g i n g . I n s p i t e o f t h e d r a m a t i c i m p r o v e m e n t i n t i m e , t h e s e n s o r d e v i c e s c a n n o t b e 

u s e d f o r c h e c k i n g t h e p e r i m e t e r . I n c r e a s i n g t h e c o m m u n i c a t i o n b i t r a t e m i g h t f i x t h e 

i s s u e . C u r r e n t l y , p e r i m e t e r s e n s i n g w o r k s p a r t i a l l y w i t h t h e r a n g e - f i n d e r l a s e r . 

L a s e r d i s t a n c e s a r e r e q u e s t e d 3 t i m e s b e f o r e r e p o r t i n g a c o m m u n i c a t i o n e r r o r w i t h t h e 

r a n g e - f i n d e r l a s e r . T h i s c h a n g e p r e v e n t s u n n e c e s s a r y f a i l u r e s o f t h o s e s u b r o u t i n e s 

c o n s t a n t l y b u i l d i n g t h e l o c a l m a p . 

5 . 3 T u n i n g P a r a m e t e r s 

T h e t u n i n g p a r a m e t e r s s e t d u r i n g t h e d e b u g g i n g p h a s e a r e c o n t a i n e d i n t h e c o n f i g u r a t i o n 

f i l e n a m e d t u n i n g underscore p a r a m e t e r s , w h i c h i s d e s c r i b e d i n t h e i m p l e m e n t a t i o n d e t a i l s s e c t i o n . 
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T h e v a l u e s o f t h e s e p a r a m e t e r s a r e b a s e d o n t h e c u r r e n t h a r d w a r e c o n f i g u r a t i o n , a n d t h e 

i n d o o r e n v i r o n m e n t ( t h e b e l l t o w e r b u i l d i n g a t C S U C I i n t h i s r e s e a r c h ) . T h e y a r e 

e s s e n t i a l t o t h e f u n c t i o n s p l a c i n g A I D e R a g a i n s t t h e w a l l , c o n t r o l l i n g t h e s e r v o d r i v e s , 

i d e n t i f y i n g t h e l a n d m a r k s , a n d c h e c k i n g t h e u n s a f e p e r i m e t e r . T h e s e c o n f i g u r a t i o n 

v a l u e s w i l l c e r t a i n l y h a v e t o c h a n g e w h e n r u n n i n g A I D e R i n i t s f i n a l w o r k i n g 

e n v i r o n m e n t . 

5 . 4 P l a n e d e t e c t i o n 

T h e f i r s t a n d l a s t 5 0 b e a m s o f a l a s e r s c a n a r e c o n s t a n t l y m e a s u r i n g t h e d i s t a n c e s t o t h e 

f r o n t w h e e l s o f t h e r o b o t d u e t o t h e p o s i t i o n o f t h e r a n g e - f i n d e r l a s e r . T h e r e f o r e , t h e y 

h a v e b e e n f i l t e r e d o u t o f t h e p l a n e i d e n t i f i c a t i o n a l g o r i t h m . 

5 . 5 H a l l w a y c u e d e t e c t i o n 

A l e f t h a l l w a y c u e c o u l d n o t b e d e t e c t e d a t C S U C I . A I D e R d i d n o t i d e n t i f y i t w h i l e 

b e i n g o n a n i n c l i n e d p l a n e . A n o t h e r t e s t a t a d i f f e r e n t l o c a t i o n h a s s h o w n t h a t t h e r o b o t i s 

c a p a b l e o f i d e n t i f y i n g l e f t h a l l w a y c u e s w h e n t r a v e l l i n g o n a f l a t c o r r i d o r . T h e 

h y p o t h e s i s i s t h a t t h e l a s e r b e a m s h i t t h e w a l l a t a s h o r t e r d i s t a n c e t h a n t h e y w o u l d o n a 

f l a t s u r f a c e ( s e e p i c t u r e s b e l o w ) . H e n c e t h e i d e n t i f i c a t i o n r o u t i n e f a i l e d t o i d e n t i f y t h e 

l e f t h a l l w a y c u e . 
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5 . 6 P e r i m e t e r c h e c k i n g 

T h e r a d i u s o f t h e s a f e p e r i m e t e r i s s e t t o b e l e s s t h a n t h e m i n i m u m d i s t a n c e b e t w e e n t h e 

r o b o t a n d t h e r i g h t w a l l . T h i s i s d o n e a s a m a t t e r o f c o n v e n i e n c e ; i t s i m p l i f i e s t h e 

p e r i m e t e r c h e c k i n g s u b r o u t i n e . D u r i n g n o r m a l o p e r a t i o n , A I D e R s t a y s a t a m i n i m u m 

d i s t a n c e f r o m t h e r i g h t w a l l m a k i n g t h e d i s t a n c e o f a l l t h e l a s e r b e a m s h i t t i n g t h e w a l l 

g r e a t e r t h a n t h e u n s a f e p e r i m e t e r d i s t a n c e ; a n d s o t h e s e b e a m s a r e n o t m i s t a k e n l y 

c o n s i d e r e d a n o b s t a c l e . O t h e r w i s e , t h e l a s e r b e a m s b e l o n g i n g t o t h e w a l l s w o u l d h a v e t o 

b e f i l t e r e d o u t i f t h e r a d i u s o f t h e s a f e p e r i m e t e r w e r e g r e a t e r t h a n t h e m i n i m u m d i s t a n c e 

t o t h e r i g h t w a l l . 

5 . 7 S e r v o D r i v e s 

T h e r e s e t underscore p o s i t i o n f u n c t i o n f a i l s t o r e s e t t h e e n c o d e r c o u n t v a l u e o f e a c h s e r v o d r i v e . 

T h i s c a u s e s a p r o b l e m w h e n t h e e n c o d e r v a l u e i s n e g a t i v e a n d s w i t c h e s s i g n d u r i n g t h e 

e x e c u t i o n o f a c o n t r o l c o m m a n d . I n w h i c h c a s e , t h e a c t u a l d i s t a n c e t r a v e l l e d b y A I D E R 

m a y b e g r e a t e r t h a n t h e o n e s p e c i f i e d i n t h e d i s t a n c e p a r a m e t e r i n e i t h e r 

m o v e underscore f o r w a r d underscore s u b o r r o t a t e underscore s u b f u n c t i o n s . S p e c i f i c a l l y , l e t x equals negative 2 b e t h e e n c o d e r c o u n t 

v a l u e a t t h e s t a r t o f a m o v e f o r w a r d s u b r o u t i n e , y equals 2 b e t h e d i s t a n c e t o b e t r a v e l l e d 

f o r w a r d , a n d z t h e d i s t a n c e t r a v e l l e d s o f a r s t a r t i n g a t x . T h e m o v e f o r w a r d r o u t i n e s t o p s 

w h e n z greater than equals y . z t a k e s o n t h e v a l u e s negative 2 , negative 1, 0 , 1, a n d 2 d u r i n g e x e c u t i o n . T h e r e f o r e 

A I D E R m o v e d b y 5 c o u n t s i n s t e a d o f 2 . 
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T h e p r o b l e m h a s b e e n f i x e d b y u p d a t i n g t h e f i r m w a r e o f e a c h s e r v o d r i v e , a n d b y 

m o d i f y i n g t h e r e s e t underscore p o s i t i o n f u n c t i o n . I t n o w s e n d s t h e f o l l o w i n g c o m m a n d s t o t h e s e r v o 

d r i v e s : 

D i s a b l e b r i d g e 

A c t i v a t e h o m i n g 

E n a b l e b r i d g e a n d s t o p h o m i n g 

W h e n a c t i v a t e d , t h e h o m i n g p r o c e s s r e l o a d s t h e e n c o d e r v a l u e s w i t h p r e s e t p o s i t i o n 

v a l u e s . 

T h e d r i v e c o n t r o l l i n g t h e m o v e m e n t o f t h e t r a y i s n o t c o n n e c t e d t o a n e n c o d e r , a n d s o i t 

d o e s n o t p r o v i d e f e e d b a c k a b o u t t h e c u r r e n t p o s i t i o n o f t h e t r a y . A s a c o n s e q u e n c e , t h e 

s u b r o u t i n e h a n d l i n g t h e t r a y d i f f e r s f r o m t h e o n e h a n d l i n g t h e w h e e l s . T h e d r i v e i s 

a c t i v a t e d f o r a f i x e d a m o u n t o f t i m e , a t w h i c h p o i n t i t i s k n o w n t o h a v e r e a c h e d i t s 

i n t e n d e d p o s i t i o n , a n d t h e n t h e d r i v e i s d e a c t i v a t e d . T h i s a p p r o a c h c a u s e s n o d a m a g e t o 

t h e h a r d w a r e b e c a u s e t h e r e a r e 2 s e n s o r s p l a c e d a t e a c h e n d t h a t k i l l t h e o u t p u t p o w e r o f 

t h e d r i v e w h e n t h e t r a y i s e i t h e r u p o r d o w n . 

T h e s e r v o d r i v e s c o n t r o l l i n g t h e w h e e l s h a v e a h i g h a c c e l e r a t i o n f a c t o r . T h i s c r e a t e s 

j e r k i n e s s a n d m i s a l i g n m e n t p r o b l e m s w h e n m o v i n g t h e r o b o t f o r w a r d a t a h i g h v e l o c i t y . 

F o r e x a m p l e , t h e r o b o t i s p l a c e d p a r a l l e l t o t h e w a l l u p o n c o m p l e t i o n o f t h e w a l l 

p l a c e m e n t r o u t i n e , b u t t h e n , i t g e t s m i s a l i g n e d i m m e d i a t e l y a f t e r i s s u i n g t h e m o v e 

f o r w a r d c o m m a n d . T h i s p r o b l e m h a s b e e n f i x e d b y r a m p i n g u p t o n o m i n a l s p e e d . 

S p e c i f i c a l l y , t h e n o m i n a l s p e e d i s s e t b y s e n d i n g m u l t i p l e v e l o c i t y c o m m a n d s t o t h e s e r v o 

d r i v e s w i t h i n c r e a s i n g v e l o c i t y v a l u e s i n s t e a d o f s e n d i n g o n e c o m m a n d c o n t a i n i n g t h e 

n o m i n a l v e l o c i t y v a l u e . 
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6 C o n c l u s i o n s 

T h i s r e s e a r c h s t a r t e d b y u n d e r s t a n d i n g t h e r o l e o f t h e c o n t r o l t a s k a n d i t s i n t e r a c t i o n w i t h 

o t h e r t a s k s i n t h e s y s t e m a r c h i t e c t u r e . I t w a s d e c i d e d t h a t t h e c o n t r o l t a s k m u s t p r o v i d e a 

h i g h l e v e l i n t e r f a c e t o t h e c o m m a n d a n d G U I t a s k s . 

T h e n e x t t a s k h a d b e e n t o i d e n t i f y t h e m a i n f e a t u r e s c o n t a i n e d i n t h i s h i g h l e v e l i n t e r f a c e . 

I t w a s a g r e e d u p o n t h a t t h e c o n t r o l t a s k m u s t i m p l e m e n t : 

C o n t r o l c o m m a n d s h a n d l i n g t h e m o v e m e n t s o f t h e r o b o t , t r a y , a n d a n n u n c i a t o r . 

R e l a y i n g t o t h e h i g h e r l e v e l t a s k s a l a r m s a n d e v e n t s o c c u r r i n g d u r i n g n o r m a l 

o p e r a t i o n . 

T h e c o m m a n d t a s k r e q u i r e d t h e i m p l e m e n t a t i o n o f t h e f o l l o w i n g c o n t r o l c o m m a n d s f o r 

s u p p o r t i n g i n d o o r n a v i g a t i o n : 

R o t a t e 

M o v e f o r w a r d 

T r a v e l a g a i n s t t h e w a l l 

E n t e r r i g h t , l e f t , o r f r o n t h a l l w a y s 

M a k e u - t u r n 

T w o t y p e s o f m o v e m e n t s w e r e i d e n t i f i e d : C o n t r o l m o v e m e n t s t h a t r e q u i r e d e i t h e r 

i d e n t i f i c a t i o n o f a l a n d m a r k o r c u e , t h e s e i n c l u d e " T r a v e l a g a i n s t t h e w a l l " a n d " E n t e r 

r i g h t , l e f t , o r f r o n t h a l l w a y " ; a n d t h e c o n t r o l m o v e m e n t s t h a t d i d n o t r e q u i r e a n y s o r t o f 

i d e n t i f i c a t i o n i n o r d e r t o c o m p l e t e s u c c e s s f u l l y , t h e s e a r e " r o t a t e " , " m o v e f o r w a r d " , a n d 

" m a k e U - t u r n " . 

M o v i n g t h e r o b o t a u t o n o m o u s l y i n d o o r p o s e d a t h r e a t t h a t h a d t o b e h a n d l e d i n t h i s 

r e s e a r c h , n a m e l y t h e r o b o t m u s t n e v e r c r a s h i n t o o t h e r o b j e c t s , a n d m o r e i m p o r t a n t l y i n t o 

h u m a n p e r s o n n e l . T h i s c o n c e r n w a s a d d r e s s e d b y d e f i n i n g a s a f e p e r i m e t e r a r o u n d t h e 

r o b o t . 

T h e a u t o n o m o u s p a r t o f t h i s p r o j e c t p r e s e n t e d a n o t h e r p r o b l e m : w h a t a r e t h e c r i t e r i o n s t o 

g e t a r o u n d e n c o u n t e r e d o b s t a c l e ? I t w a s d e c i d e d t h a t f i r s t t h e r o b o t s h o u l d s t o p , a n d t h e n 

w a i t t o s e e i f t h e o b s t a c l e w a s s t i l l p r e s e n t a f t e r a t i m e o u t p e r i o d . I f t h e o b s t a c l e 

r e m a i n e d t h e n n a v i g a t e a r o u n d i t , a n d i f n o t , r e s u m e n o r m a l o p e r a t i o n . T h e r o b o t w o u l d 

r a i s e a n a l a r m o n l y w h e n i t i s n o t p o s s i b l e t o g e t a r o u n d t h e o b s t a c l e . T h i s f e a t u r e d i d n o t 

g e t i m p l e m e n t e d d u r i n g t h e d e v e l o p m e n t p h a s e a s t i m e r a n o u t . 
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T h e m o s t c h a l l e n g i n g p a r t o f t h i s r e s e a r c h h a d b e e n t o r e c o g n i z e t h e e n v i r o n m e n t . T h i s 

i s s u e a r o s e f r o m s u p p o r t i n g c o n t r o l m o v e m e n t s w i t h i d e n t i f i c a t i o n o f l a n d m a r k s o r c u e s . 

T h e r o b o t i s c a p a b l e o f r e c o g n i z i n g t h e f o l l o w i n g c u e s : h a l l w a y s , c o r n e r s , a n d p l a n e s ; a s 

w e l l a s l a n d m a r k s : d o o r s , a n d l a n d m a r k s m a d e o f u p t o t e n o f t h e a f o r e m e n t i o n e d c u e s . 

T h e o t h e r m a j o r f e a t u r e , n a m e l y r e l a y i n g a l a r m s a n d e v e n t s t o t h e h i g h e r l e v e l t a s k , 

e n t a i l e d t h e d e v e l o p m e n t o f a n i n t e r - t a s k c o m m u n i c a t i o n m e c h a n i s m . 
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7 F u t u r e W o r k 

T h e t e a m c o m p l e t e d t h e s o f t w a r e d e v e l o p m e n t p h a s e . E v e n t h o u g h i t s m e m b e r s g a i n e d 

c o n s i d e r a b l e k n o w l e d g e i n t h e a u t o n o m o u s r o b o t d o m a i n a n d c o m p l e t e d a h u g e a m o u n t 

o f w o r k , I f e e l t h a t A I D e R i s s t i l l i n i t s i n f a n c y a n d a s s u c h , t h e p r o j e c t h a s a l o t o f r o o m 

t o i m p r o v e . 

7 . 1 H a r d w a r e c h a n g e s 

A I D e R s h o u l d u n d e r g o s o m e h a r d w a r e c h a n g e s i n t h e n e x t d e s i g n p h a s e . 

F i r s t , t h e p e r i m e t e r c h e c k i n g s e n s o r s a r e g r o s s l y i n a d e q u a t e f o r t h i s r e a l t i m e a p p l i c a t i o n : 

I t t a k e s 2 s e c o n d s t o g a t h e r d a t a f r o m a l l f i v e s e n s o r s . C l e a r l y , t h i s i s u n a c c e p t a b l e w h e n 

t r a v e l l i n g a t n o m i n a l s p e e d a g a i n s t t h e w a l l . A l s o , I m p r o v e d p e r i m e t e r c h e c k i n g w o u l d 

b e o b t a i n e d b y a d d i n g m o r e s e n s o r s . ( T h e r e i s r o o m t o a d d m o r e d e v i c e s t o t h e I 2 C 

i n t e r f a c e . ) T h e c u r r e n t p e r i m e t e r c h e c k i n g h a s h o l e s i n i t . F o r e x a m p l e , t h e r e i s n o 

c o v e r a g e a r o u n d t h e f r o n t a n d b a c k c o r n e r s . 

S e c o n d , t h e s e r v o d r i v e s s h o u l d b e r e p l a c e d . T h e o n e s i n p l a c e a r e o b s o l e t e f r o m t h e 

c u r r e n t o n e s p r o d u c e d a n d s o l d b y A M C . A s a r e s u l t , a n y i s s u e p e r t a i n i n g t o t h e S e r v o 

d r i v e s t h a t m a y o c c u r d u r i n g t h e d e v e l o p m e n t o f f u t u r e p r o j e c t s m a y b e d i f f i c u l t t o f i x b y 

A M C ' s a p p l i c a t i o n e n g i n e e r s . T h e v a l u e s o f t h e s e r v o ' s t u n i n g p a r a m e t e r s m a y n e e d t o 

c h a n g e a f t e r i n s t a l l i n g t h e n e w s e r v o d r i v e s . T h e t u n i n g i s d o n e o u t s i d e o f t h e 

d e v e l o p m e n t e n v i r o n m e n t b y u s i n g A M C ' s c o n f i g u r a t i o n t o o l . 

7 . 2 S o f t w a r e c h a n g e s 

A I D e R h a s t o b e t e s t e d i n i t s i n t e n d e d o p e r a t i n g e n v i r o n m e n t . A s o f t o d a y , t h e r o b o t w a s 

t e s t e d s o l e l y i n t h e c o r r i d o r s o f b e l l t o w e r b u i l d i n g a t C S U C I . A d a p t i n g t h e r o b o t t o t h e 

e n v i r o n m e n t a t A M C r e q u i r e s t h e a d d i t i o n o f l a n d m a r k s i n l a n d m a r k _ d e f i n i t i o n , a n d t h e 

m o d i f i c a t i o n o f t h e p a r a m e t e r s ' v a l u e s i n t u n i n g _ p a r a m e t e r s . 

A I D e R e n t e r s a f r o n t h a l l w a y b y c o m p u t i n g t h e d i s t a n c e t o t h e e d g e o f t h a t h a l l w a y , a n d 

t h e n b y m o v i n g f o r w a r d i n t o i t . T h i s i s a g r o s s a p p r o x i m a t i o n t h a t w o r k s f i n e a t C S U C I 

b e c a u s e t h e f r o n t h a l l w a y h a s n o o f f s e t t o t h e l e f t o r t o t h e r i g h t . T h e i m p l e m e n t a t i o n f o r 

e n t e r i n g f r o n t h a l l w a y s s h o u l d b e m o d i f i e d t o i n c l u d e s u c h c a s e . F o r i n s t a n c e , i f t h e f r o n t 

h a l l w a y i s d e t e c t e d s l i g h t l y t o t h e l e f t o f t h e r o b o t ' s c u r r e n t l o c a t i o n , t h e n A I D e R c o u l d 

r o t a t e c o u n t e r c l o c k w i s e , m o v e f o r w a r d t o w a r d t h e m i d d l e o f t h e h a l l w a y , p a r a l l e l i t s e l f 

b a c k t o t h e r i g h t w a l l o f t h e h a l l w a y b y r o t a t i n g c l o c k w i s e , t h e n m o v e f o r w a r d i n t o t h e 

h a l l w a y . 
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T h e a u t o n o m y o f t h e r o b o t w o u l d g e t i m p r o v e d b y i m p l e m e n t i n g a n o b s t a c l e a v o i d a n c e 

a l g o r i t h m . S u c h s c h e m e w o u l d p r e v e n t A I D e R f r o m r a i s i n g a n a l a r m t o o e a r l y w h e n 

e n c o u n t e r i n g a n o b s t a c l e w h i l e t r a v e l l i n g b e t w e e n l a n d m a r k s . I t c o u l d b e i m p l e m e n t e d 

a s i n t h e f o l l o w i n g s c e n a r i o : d u r i n g e x e c u t i o n o f a n i n s t r u c t i o n " t r a v e l a g a i n s t t h e w a l l t o 

l a n d m a r k 5 " , t h e r o b o t e n c o u n t e r s a c a r t o n b o x t h a t h a d b e e n p l a c e d i n i t s p a t h . A I D e R 

d e t e c t s t h e b o x i n i t s u n s a f e p e r i m e t e r , a n d s t o p s i m m e d i a t e l y . I t w a i t s f o r a t i m e o u t 

p e r i o d , a t t h e e n d o f w h i c h , i t c h e c k s i f t h e o b s t a c l e h a s b e e n r e m o v e d . I f i t h a s , t h e n t h e 

o p e r a t i o n r e s u m e s a s n o r m a l a n d n o a l a r m i s r a i s e d ; i f t h e o b s t a c l e r e m a i n s , t h e n A I D e R 

e v a l u a t e s a p a t h a r o u n d i t . I f i t s u c c e e d s t h e n A I D e R n a v i g a t e s a r o u n d t h e o b s t a c l e , a n d 

c o n t i n u e s i t s t r a v e l t o l a n d m a r k 5 w i t h o u t r a i s i n g a n a l a r m . I f n o p a t h e x i s t s , f o r e x a m p l e 

t h e h a l l w a y i s t o o n a r r o w , t h e n A I D e R s e n d s a n a l a r m a n d h u m a n a t t e n t i o n i s r e q u i r e d t o 

c l e a r t h e p a t h . T h i s f e a t u r e c o u l d b e d e v e l o p e d w i t h t h e c u r r e n t h a r d w a r e p l a t f o r m . 
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