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INTRODUCTION

Autonomous Car-Like Robot in Unstructured
Dynamic Environments

A problem commonly encountered when combining planning and mapping
algorithms using sonar range information to implement an sutonomous car-Jike mobile
robot is that computational overhead will increase due to incompatibility between the path
planner and the mapping algorithm. This is especially true when an autonomous robot in an
unknown dynamic environment is implemented. This increased computational overhead
degrades the real-time operation of the robot. The reason is that many of the plarming
algorithms were developed independently from mapping algorithms, or dynamic
environments were not considered in mapping algorithms. Some path planners did not
consider the kinematic limitations of the car-like robot, see [4] and [5], thus generating
some paths that were physically impossible to execute by the robot. The solution to these
problems was to concurrently design the path planmer and mapping algorithm for optimized
real-time operation while considering all the kinematic constraints of the mobile robot.

The aim of the author was to develop a supervisor controller for an autonomous
car-like mobile robot in unstructured environments that includes a high level of reactivity
and fast complex path-planning capabilities. Contimious adaptive mapping of the
environment would allow the robot to detect and map moving objects in real-time with the
capability to generate paths around them or to track them, depending on the assigned task.




The supervisor controller must conform to a controller area network architecture to interact
with the other components of the robot, the vision and propulsion modules. The new path
planning algorithm designed consists of both a sensor based path planner and a mapped
path planner. The sensor based path planner is variation of the one developed by Huang
and Lee [10], since the robot used has kinematic limitations. The mapped path planner is
also derived from the algorithm developed by Huang and Lee [10]. This path planner is
very fast, generating complex sub-optimal paths in 1 second or less. A one plane bit map
is used to generate and update the map of the environment. The supervisor controller uses
fuzzy inference to execute the generated path and simultaneously avoid collisions with
stationary obstacles.

Simulation results are presented and discussed in chapter vi, where optimal real-
time operation is the decisive factor in the efficiency of the supervisor module.

Potential Applications

Mobile robots are currently used in manufacturing plants, hospitals, and for toxic
waste disposal. These robots offer some degree of flexibility, but still there is need for
robots which can adapt to a unknown and changing environment and make appropriate
decisions without human supervision. The area where this is needed most is in toxic
environments, where human supervision is dangerous and sometimes fatal. The robot
controller currently being developed can also be used for manufacturing plants where the
floor plan is constantly being changed. Magnetic stripes or grooves used to guide mobile

robots in manufacturing environments can be eliminated since the robot being developed is

constantly updating the environment map.
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CHAPTER II
LITERATURE REVIEW

Controller Area Network

The autonomous car-like mobile robot devised will use & controller area network
(CAN) architecture, where the components of the robot finction separately. The J1939
committee of the Society of Agricultural Engineers (SAE) 18 currently working on a
standard framework for a CAN [1]. The author will follow SAE's recommended practices
for the simmlation and implementation of the CAN.

Autonomous Mobile Robot Architecture

The generic architecture for the autonomous mobile robot used by the author was
proposed by Noreils and Prajoux [2]. It was developed with integration of reflexive and
planning capabilities, while providing important features such as : progressive and
programmable reactivity, robustness, an versatility. The generic architecture they proposed
is composed of three levels: fimctional, control, and planner. The author's implementation

of this robot architecture does not include 2-D camera or laser range finders, it finctions

strictly with sonar for navigation.
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Mobile Robot Navigation

A method for navigation of a car-like mobile robot is presented by Vasseur,’Pin,
and Taylor [3]. The method is computationally efficient involving the decomposition of the
environment in convex cells. When continuously updating and adapting the environment
map the computational overhead increases due to the decomposition of the environment in
convex cells at every control step. Vasseur, Pin, and Taylor are currently working on a
sensor based navigation version of this method. Another computationally efficient
algorithm for navigation was presented by Zelinsky [4]. This suffers from the same
computational overhead increase when implemented with continuous remapping. This is
due to recalculation of the quadtree partitioning at every step. The author's implementation
of the path planner is a variation and adaptation to the general method developed by Huang
and Lee [10]. A sensor and a mapped path planner is implemented. The sensor based
version is used when there is no information of the environment, while the mapped version

1s used when environment information is available.
Collision Avoidance for Mobile Robots

Methods for collision avoidance of the mobile robot are presented by Holenstein
and Badreddin [5] and Krause and Zimmerman [6]. Holenstein and Badreddin use an
approach similar to artificial potential field approach (Khatib [7] and Krogh [8]). They
build the potential-field around the robot body instead of around the obstacles themselves.
This algorithm is suited for a static environment but modifications are necessary when
dynamic environments are considered. A fuzzy logic controller with object avoidance ig
implemented by Krause and Zimmerman. Their controller was designed for an outdoor high
speed robot with three sonar sensors with maximum operating speeds between 20 to 30
mph, indicating a high level of reactivity. Due to the exceptional results obtained by Krause

and Zimmerman and the flexibility of a fuzzy logic controller, an implementation using a




firzzy controller with dynamic collision avoidance was chosen over the potential-field

approach. The design of the controller was designed taking into consideration the design of
the path planner

Mobile Robot Mapping in Unstructured Environments

Treatment of Systematic errors in the processing of w1de angle sonar sensor data
for robotic navigation was considered by Beckerman and Ol;low [9]. They proposed a 4
valued labeling scheme to resolve conflicting sonar data when updating the navigation
map. Since navigation is the main use for the mapping algorithm, the necessary
implementation used is a simplified version of Beckerman and Oblow's method by
skipping the intermediate phase and directly using a binary labeling scheme.




CHAPTER III

INTELLIGENT CONTROLLER USING
CONTROLLER AREA NETWORK

Controller Area Network Architecture

The robot wil! be using three independent computer boards communicating through
a communications network tailored specifically for control applications. The CAN
architecture that will be followed in simulating and implementing the mobile robot is the
standard architecture being drafted (J1939) by the society of agricultural engineers as of
January 1993 [1]. The following information is a short summary of the specification’ s for
all the components of the CAN. For more detailed information see [5]. Figure 1 shows a

general setup for a controller area network.

[

VISION MODULE PROPULSION MODULE SUPERVISOR MODULE
Figure 1. General Setup for Controller Area Network.




SAE Recommended Practice for Serial Control and
Communications Network (Class C) for Truck and
Bus Applications

Application Layer. Although this standard CAN architecture was intended for
heavy duty truck and bus vehicle use, it can be utilized by other applications. The mobile
robot will only use a fraction of the capabilities of the Network.

Physical Layer. The Data Transmission Rate for the Network is 250K bits/sec
using a twisted shielded pair. The physical layer is a realization of an electrical connection
of a number of ECUs (Electronic Control Unit) to a network. The total number of ECU's
will be limited by electrical loads on the bus line. This maximum number of ECU's is fixed
to 30 due to the definition of the electrical parameters given in the present specification.

Data Link Layer. The data link layer provides for the reliable transfer of data across
the physical link. This consists of sending the CAN message frame with the necessary
synchronization, error control and flow control. The flow control is accomplished by a
consistent message frame format. The CAN specification referenced is "CAN Specification
2.0 Part B", September 1991. J1939 contains additional requirements that are not specified
by CAN. Figures 2 and 3 show the CAN Standard and Extended Frame Format.




CAN Data Frame ‘N
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Figure 2. CAN Standard Frame Format
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p|11bits | R{E| 18 bits R 4 bits| 0 to 64 bits| 16 bits | 2 bits| 7 bits

Figure 3. CAN Extended Frame Format

Network Management Protocol. The primary fimctions assigned to the Network

Management protocol are those of Address Management and Network Error Management.
Address Management consists of those fimctions that recognize, allocate addresses to, and

monitor the existence of nodes on a given network. These fimctions provide for the

association of a device type identification with a given node address or address block on

the network.
Supervisor Module

All the long term planning and decision processes are handled by the supervisor

module. The supervisor uses the network to request information from the vision and



propulsion module to obtain sonar range information and robot sensor readings, including
position and bearing, respectively. When the supervisor module first goes on-line it must
send initial position and heading to propulsion module, then it will subsequently rely on the
position and heading updated by the propulsion medule.

The following chapter contains more detailed information for the supervisor
module.

Vision Module

The vision module updates sonar range information, reads current speed and
steering angle, and monitors proximity to surrounding obstacles. In case of danger of
collision, the vision module gains temporarily control of the propulsion module and steers
the robot away from danger. The vision handles any requests from the supervisor module,
and monitors supervisor status in case of failure. If supervisor module becomes
inoperational the vision module must place the robot in a safe location and command the

propulsion module to stop.
Propulsion Module

The propulsion module updates propulsion actuators and maintains the current
robot location and bearing. The supervisor module is allowed to request information and
set reference control signals to the propulsion module. In case of an emergency, the vision
module will temporarily gain control of the propulsion module, that is, supervisor
commands will be ignored until the emergency situation is remedied by the vision module.
An emergency enable/disable feature is available to the supervisor to prevent the vision
module form taking control of the propulsion module. When initializing, the propulsion
module must request initial bearing and position from the supervisor module. If the

supervisor is not yet on-line, the propulsion will continue requesting the said information




until the supervisor logs on the network. In case of failure of the supervisor or vision
module the propulsion module must stop immediately, and wait for further instructions

from either vision for propulsion module.
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CHAPTER IV

SUPERVISOR MODULE
The simulation model assumptions are detailed in Appendix A
Fast Sub-Optimal Path Planning

An improvement to the sensor based path planmer algorithm developed by Huang
and Lee is discussed. When no environment information is available, a variation to Huang's
algorithm 1s used, which includes fuzzy collision avoidance, and changes required to
accommodate the kinematic restrictions of the robot used. The upper bound of the total path
length is given by Huang and Lee [10],

N
D< fy +2knB,,_ (1)
rn=1

where fy is the total path length generated by the Heuristic-mode. The second term on the
right hand side is the contribution of the Tracking -mode. From Huang and Lee [10].The
modified algorithm used for the sensor based algorithm is as follows:
1) Initialization, i=1, current position is the starting position S.
2) Heuristic-mode: From current position proceed toward target by fuzzy
inference until one of the following occurs. (Collision avoidance algorithm takes
eliminates the need to generate median points.)
a) Target is reached. Stop.
b) The robot gets stuck in a concave obstacle. Then the current point is

defined as a hit point. Go to Step 3.

11
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3) Tracking - mode: Follow the contour of the obstacle boundary until the
following occurs.
a) Target is reached. Stop.
¢ b)Define a leave point L, that satisfies £/ H,L,T = 180‘;, where H, is the

current hit point and Tis the target. Go to Sctyep 2.

¢) The robot returns to the last hit point. No obstéé;i;—ﬁ'ee path exists. Stop.

Once the environment has been mapped, the mapped version of the path planner is used,
again based on a variation of the method developed by Huang. One of the improvements
over the original algorithm is the fact that the collision avoidance operates almost
independently from the path planner, thus increasing the reactivity while retaining planning
capabilities. Since the path is generated beforehand and is optimized to the minimum
distance, the upper bound of the total path length using the mapped version will be much
smaller. In practice, this is true in the great majority of cases, but there are instances when
this will not occur, due to conflicts generated by the collision algorithm. Intermediate goals
called way points are generated by the mapped path planner to facilitate the actual path
followed by the robot. Way points are defined at the edges of two straight lines of the path.
Each way point is stored in a queue to be used later when executing the generated path. The
second phase of the mapped path planner consists of eliminating unnecessary way points by
testing the following logic. If a line can be generated between two non adjacent way points
without crossing an obstacles than eliminate all the way points that are between the test

way points. Figures 4 - 5 demonstrate the use of this logic.
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INITIAL

LOCATION

FINAL
LOCATION

Figure 4. Phase One - Basic Path Planning

INTIAL
LOCATION

X
FINAL
LOCATION

Figure 5. Phase Two - Optimized Path Planning

From the path generated, the path was optimized by eliminating the unnecessary

lines used to reach the target.
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Map Creation and Updating

Initially, all map space is assumed to be occupied space. Every time the supervisor
obtains sonar range information and current position and bearing, the map is updated by
filling a triangular polygon representing the space covered by each sonar sensor. Current
bearing and position of the robot is critical in order to draw the appropriate triangular
polygon for each sonar sensor on the environment map. Without it, it i8 impossible to
determine where the robot is, unless other visual inputs are used. The robot simulation uses

six sonar to map the environment. Figure 6 shows an example of this configuration.

OBSTACLE

= 5

OCCUPIED SPACE

Figure 6. Initial Map Creation With First Sonar Information Update

If a new object is located in a region of the map previously mapped as unoccupied
space, the procedure is to place a patch of occupied space following the sonar reading.

The logic used to detect new or moving objects is to search the area surrounding the points
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that are at the edge of the current sonar scan. On the next page figure 7 shows an example
of a occupied patch being placed over a new obstacle. This also can be used to detect
moving objects, or one can track the position of a moving object by placing the final
location as the center of the last patch placed. The only problem that arises is that there can
be more than one moving obstacle, thus more logic is required to decide which obstacle to
track.

Figure 7. Placing Patch When New Obstacle Detected

Updating the environment map using triangular polygons and occupied patches can
reduce small amounts of driit due to global positioning and heading inaccuracies by
placing patches of occupied space on occupied parts of map that are on unoccupied parts
and erasing occupied space that is now unoccupied space. Eventually the map will drift

away from the confines of the memory allocated for it and necessary adjustments must be
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made. By having the robot associate an x-y location with a reference region and then
providing a periodic homing function drift position and heading drift can be minimized.
The mobile robot simulation used assumes no position and heading drift, the focus of this
paper was to develop and test a supervisor module suitable for real-time application in
unknown dynamic environments. Position and heading drift corrections will be dealt with

during the implementation of the mobile robot once the nature of the errors are investigated.

Fuzzy Logic Control And Collision Avoidance

The fuzzy inference rule that is used to implement the fuzzy controller is the

MAX/MIN rule. The defuzzification method used is Larsen's Rule and using the mean of
the output fuzzy variables. For more information see [11].
The fuzzy logic controller is divided in two parts. The first controller adjusts the

speed and steering angle in order to reach the current way point supplied by the path
planner. The second controller adjusts the steering angle and speed computed from the first

controller to get out of tight spots and avoid collisions with static and moving obstacles.

Adjustments to the steering angle and speed are only made when necessary, otherwise the
steering angle and speed sent to propulsion module is unchanged from the first controller.

The first controller required 12 rules to implement. The rules used are,

R1: if (Waypoint Angle =FRONT _OF CAR AND
Waypoint Distance = SMALL DISTANCE)
then
Desired Speed = ZERO;
Desired Steering Angle = STRAIGHT;

R2: if (Waypoint Angle =FRONT OF CAR AND
Waypoint Distance = MEDIUM _ DISTANCE)
then
Desired Speed = FORWARD_SLOW;
Desired Steering Angle = STRAIGHT;

o . e



R3: if (Waypoint Angle =FRONT _OF CAR AND
Waypoint Distance = LONG_DISTANCE})
then
Desired Speed = FORWARD_MEDIUM,;
Desired Steering Angle = STRAIGHT;

R4: if (Waypoint Angle ==BEHIND CAR AND
Waypoint Distance = SMALL _DISTANCE)
then ‘
Desired Speed = ZERO;
Desired Steering Angle = STRAIGHT;

RS: if (Waypoint Angle =BEHIND_CAR AND
Waypoint Distance = MEDIUM_DISTANCE)
then
Desired Speed = REVERSE _SLOW,
Desired Steering Angle = STRAIGHT;

Ré6: if (Waypoint Angle ==BEHIND CAR AND
Waypoint Distance = LONG_DISTANCE)
then
Desired Speed = REVERSE MEDIUM;
Desired Steering Angle = STRAIGHT

R7: if (Waypoint Angle ==RIGHT OF CAR AND
Waypoint Distance = SMALL DISTANCE)
then
Desired Speed = ZERO;
Desired Steering Angle = HARD RIGHT;

R8: if (Waypoint Angle =RIGHT OF CAR AND
Waypoint Distance = MEDIUM_DISTANCE)
then
Desired Speed =FORWARD SLOW,
Desired Steering Angle = HARD RIGHT;

R9: if (Waypoint Angle ==RIGHT OF CAR AND
Waypoint Distance = LONG_DISTANCE)
then
Desired Speed = FORWARD MEDIUM;
Desired Steering Angle = HARD RIGHT;

R10: if (Waypoint Angle ==LEFT OF CAR AND
Waypoint Distance = SMALL_DISTANCE)
then
Desired Speed = ZERO;
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Desired Steering Angle = HARD LEFT;

R11: if (Waypoint Angle ==LEFT OF CAR AND
Waypoint Distance = MEDIUM_DISTANCE)
then
Desired Speed = FORWARD SLOW;,
Desired Steering Angle = HARD_LEFT,

R12: if (Waypoint Angle =LEFT OF CAR AND

Waypoint Distance = LONG_DISTANCE)

ﬂ’len e NP pre. e -
Desired Speed = FORWARD_MEDIUM,;
Desired Steering Angle = HARD LEFT;

18

Figures 8 to figure 11 show membership functions for all the linguistic variables used

in the first controller.
FRONT_OF_CAR _ ___
BEHIND_CAR A
R T
------ 1 ~
/ \ /' AN
/ \ / A\
I 1\ ’
/ \
/ \Va
r A
/ /' ‘s
| | _/ A | B
'1 Bl] ‘gﬂ [I 9“ 'E B Degrees

Figure 8. Location of Waypoint Relative to Robot
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Triangular membership finctions were sufficient for almost all linguistic variables
in computing the nominal steering angle and desired speed. Trapezoidal membership
functions were required for LEFT OF CAR and RIGHT OF CAR to avoid some spots
where the computed speed was zero even though the current waypoint had not been
reached. FORWARD_ MEDIUM and REVERSE MEDIUM have a trapezoidal shape so as
the the robot approaches the current waypoint the speed will decrease at a faster rate the
closer it gets to the waypoint.

The second controller contains 12 rules. The rules are,

R1: if{Steering = STRAIGHT AND..Righ=VERY CLOSE)
then
Steering Change = TO_RIGHT;
Speed Change = SLOWDOWN;,

R2: if{Steering = STRAIGHT AND Left—VERY_CLOSE)
then

Steering Change = TO_LEFT;

Speed Change = SLOWDOWN,;

R3: ifiSteering=STRAIGHT AND Front=T0OO_CLOSE)
then
Steering Change = ZERO;
Speed Change = SLOWDOWN;

R4: if{Steering = HARD_ LEFT AND Right==VERY CLOSE)
then
Steering Change = TO_RIGHT;
Speed Change = SLOWDOWN,;

RS: ifiSteering==HARD LEFT AND Right2=VERY_CLOSE)
then
Steering Change = TO_RIGHT;
Speed Change = SLOWDOWN;

R6: if{Steering = HARD LEFT AND Front=TOO_CLOSE)
then
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Steering Change =TO RIGHT;,

Speed Change = SLOWDOWN,;
R7: iffSteering = HARD RIGHT AND Lefi—=VERY CLOSE)
then ,‘
Steering Change = TO_LEFT; ’
Speed Change = SLOWDOWN;
RS: if{Steering=— HARD RIGHT AND Left2==T0O_CLOSE)
Steering Change = TO_LEFT:; , 4

Speed Change = SLOWDOWN;

R9: if{Steering=HARD RIGHT AND Front=TO0O_CLOSE)
then
Steering Change = TO_LEFT;
Speed Change = SLOWDOWN;

R10: if{Steering = STRAIGHT AND Right2=TO0O_CLOSE)
then

Steering Change = TO_LEFT,
Speed Change = SLOWDOWN,;

R11: if{Steering = STRAIGHT AND Lefi2=TOO_CLOSE)
then
Steering Change =TO_RIGHT;
Speed Change = SLOWDOWN,;

R12: if{Steering = STRAIGHT AND Back—TOO_CLOSE)
then
Steering Change = ZERO;
Speed Change = SLOWDOWN;

Figures 12 through figure 14 on the next page show membership fimctions for all the

linguistic variables used in the second controller.
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CHAPTER V

THE ROBOT SIMULATION SOFTWARE

This chapter is an overview of the software fimctionality. For more detailed
information see the simulation mode] assumptions in Appendix A and the software code in
Appendix B.

The Supervisor Module Software

This is where all the path planning, mapping, and collision avoidance is done. The
supervigor module consists of using the sonar range information to update the environment
map, avoid collision, and reach a determined target. Sampling rate for the supervisor
module is SHz

The Vision Module Software

This module updates the sonar range information and provides a backup collision
avoidance independently from the supervisor module. Whenever it decides to control the
robot it will send steering angle and desired speed information to the propulsion module.

The vision module sonar simulation consists of scanning the sector where the actual
sonar signal would occupy. Initially, the scan starts at the smallest radius allowed by the
pixel screen. The scan proceeds from the initial angle of the sector to the final angle. If an
obstacle was encountered, a pixel designated as obstacle, then the current radius is used as
the range obtained by that sensor, otherwise, the radius is increased and the scan is started

over.
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The Propulsion Module Software

The actuator control and global positioning is accomplished in this module. The
network server ﬁmcﬁon haﬁdles all requests from the supervisor and vision module.
Currently the global positioning is approximated using velocity and heading information.
Sampling rate for the controller is 20 Hz. The DC-motors are modeled and controlled using

PI-controllers.
The Controller Area Network Simulator

The controller area network simulator is used to establish the format that will be
used throughout all software code generation in all the modules. Currently there are three
finctions implemented. They are used to install each module as a terminal on the network,
communication requests, and send commands to other modules through the network. Since

the CAN is not the focus of this paper, the current implementation is very simple in nature.
The Fuzzy Set Library

The fuzzy set library is a collection of functione developed to facilitate the

construction of fiizzy inference rules. A brief explanation for each finction is provided.

Membership Functions

The create trapezoidal membership fimctions there is a declared type as follows:
typedef struct ZZ TRAPEZOID

{
float bottomleft topleft topright bottomright;
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To create trapezoidal or triangular membership functions just define a variable
using the ZZ TRAPEZOID data type and define your membership limits.

Example:
ZZ TRAPEZOIDAL medium={0,0.1,0.2,0.3};

If bottomleft>topleft than the membership function will be 1 for values smaller than topleft.
If bottomright<topright than the membership fimction will be 1 for values larger then

topright.

Membership Function Values for Singleton Inputs

Returns the degree of truth of a given membership for a given value. The fimction
protofype 1s

double ZZ Member{value, ZZ TRAPEZOID *shape);

Maximum Value Between Two Numbers

The function returns the higher number between the two numbers provided to the
fimction. The fimction prototype is
double ZZ Max(double valuel, double value2),

Minimum Value Between Two Numbers

This function returns the lowest value between the two numbers provided to the
function. The finction prototype 18
double ZZ Min{double valuel, double value2};
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Complement of Membership Functions

This fimction returns the complement of the membership finction provided. The
function prototype is,
double ZZ_ Complement{double(double value, ZZ TRAPEZOID *shape),

Create a Discrete Fuzzy Output Variable

Allocates memory for a discrete fizzy output variable and sets the range and

number of discrete points. The finction prototype is,

double ZZ_InitFuzzyOutput(double lowrange, double highrange,
ZZ FUZZYOUTPUT *funct, int discretenum);

Larsen's Rule

This fimction compares the frapezoidal membership function with the membership
values stored in the discrete fuzzy output. The finction prototype is,

void ZZ AddMax(double min, ZZ TRAPEZOID *memb,
ZZ FUZZYOUTPUT *fimot);

Deffizification

This fimction defuzzifies using the mean value. The function prototype is,
double ZZ Defuzzify(ZZ FUZZYOUTPUT *funct);

Resgetting Discrete Fuzzy Number

This fimction resets all the values in the discrete fuzzy number to zero. The fimction

prototype is,
void ZZ ClearFuzzyOutput(ZZ_FUZZYOUTPUT *funct);




CHAPTER VI

SIMULATION RESULTS AND DISCUSSION

The following examples will be tested and discussed in detail using the proposed
path planner, adaptive environment mapper, and fuzzy controller.

1. Robot will reach two target locations while avoiding five static obstacles.
Environment is unknown at starting time. Only initial and target location are known.

2. Robot will reach two target locations while avoiding ten static obstacles. Environment
is unknown at starting time. Only initial and target location are known.

3. Robot will reach a target located in a different room while avoiding various static
obstacles. Environment is unknown at starting time. Only initial and target location are
known.

The simulated environments used for examples 1 through 3 are in figures 15 through

17, shown on the following two pages. The first target is located using the sensor based

path planner while the path to the second target is generated using the current map of the

environment. Note again that the mapping algorithm uses range information obtained from

the sonar simulation. For detailed information refer to vision module software, chapter V.
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Figure 15. Simulated Environment for Etx.n;lplu #1

Figure 16. Simulated Environment for Example #2.
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Figure 17. Simulated Environment for Example #3.

Simulation Example #1

The robot succeeded in reaching its first destination across the room. Frenres 18
through 23, on the toliowing four pages, show the tune progression of the robol through the
environment, first using a sensor based path planner, tollowed by the mapped path planner.
The first target was located after 19 mimntes_ 5 seconds. The reason is that the sensor based
algorithm used does not function very well when working around concave obstacles, such
as in this simulation. When encountering a concave obstacle, the unplemented robot sensor
based planner algorithm used will take more time to execute, the robot will is forced to
backup more times, than if a convex obstacle would have been encountered. A improved
version of the sensor based algorithm ts currently being developed. New fuzzy inference

rules can be added to the existing controller rules to remedy part of the problem. The
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current version of the sensor based path planner did work properly in almost every
situations, and served its purpose for this study.

The robot required only 59 seconds to reach the second target, which was at its
inifial location. The map based path planner was much more efficient than the sensor based
planner. The time required to generate the path was 0.6 seconds, very fast compared to
potential field path planners. A good representation of the environment also helped to
reduce the time required to generate the required path, thus generating an optimized path to
the target. This example demonstrates the advantage of a mapped path planner vs. a sensor

based path planner. No problems were encountered during the simulation.

THIE : @ minutes, @ secends

Figure 18. Example #1, Target #1 - Time = 0 Minutes, 0 Seconds.
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Figure 19. Example #1, Target #1 - Time = 5 Minutes, 19 Seconds.
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I"xgun, 20. Example #1, Target #1 - Time = 10 Minutes, 32 Seconds.
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Figure 21. Example #1, Target #1 - Time = 19 Minutes, 5 Seconds.
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Figure 22. Example #1, Target #2 - Time = 0 Minutes, 0 Seconds.
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me: : ® minutes, 59 scocends

Figure 23. Example #1, Target #2 - Time = 0 Minutes, 59 Seconds.

Simulation Example # 2

Here the robot must avoid colliding with 10 convex obstacles found in the
environment. As expected, the robot performed very well with only the sensor based path
planner, although the mapped path planner performed very well also. The travel time for
the sensorbased paihplannerandthemapped path planner were 2 minutes, 13 seconds
and 3 minutes and 1 secbnd, respectively. The reason for such an improved performance
for the sensor based path planner was the fact that it does not require many fuzzy rules to
implement, Concave obstacle avoidance requires more complex rules to function properly.
The mapped path planner required more time to reach the target due to conflicts with the
collision avoidance algorithm. The first designated waypoint was reached after the robot
encircled the closest obstacle, instead of reaching it in reverse, thus increasing the travel
time. Figures 24 through 30 show the time history of both planning algorithms.
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Figure 24. E:\a;.]-{-)lv 72, Targ,et #1 - Time ~ 0 Miuutes, 0 Scconds.
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Figure 25. Example #2, Target #1 - Time = 0 Minutes, 29 Seconds.
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Figure 26. Example #2, Target #1 - Time = 1 Minutes, 40 Scconds.

THE : Z minutes, 13 secends

Figure 27. Example #2, Target #1 - Time = 2 Minutes, 13 Seconds.
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Tigurc 28. Taample #2, Target #2 - Time = 0 Minutes, 0 Scconds.
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Figure 20 Example #2 Target #2 - Time = 2 Minutes, 24 Seconds.
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Fllﬂ.’ : 3 minutes, 1 cecends

Figure 30. Example #2, Target #2 - Time = 3 Minutes, 1 Seconds.

Simulation Example #3

Here we have a simulated maze type environment. This simulation is a complete
test of the capabilities of the robot. The travel time for the sensor based planner and the
mapped path planner was 4 minutes, 46 seconds and 4 minutes, 12 seconds, respectively.
Although the sensor based path planner functioned properly during fhis simulation, there
were some instances in which the robot did not reach the designated target. Such situations
arose only when using the sensor based path planner. Again, the reason behind the
problem are logic insufficiencies behind the sensor based path planner algorithm. The
mmproved version currently being developed should alleviate the problem.

The mapped path planner worked very efficiently, requiring only 4 minutes and 12
seconds to generate the required path. The generated path was sub-optimal, due to an
incomplete map. The robot followed the designated path without any problems. There are



mstances where the robot does not foliow the generated path due to conflicts with the

collision avoidance algorithm, particularly when traversing through narrow openings such
as doors. The reason 1s that sometunes the robot is approaching the narrow opening at a

fast speed. triggering the collision avoidance which will make the robot deviate from its

origmal path. Modification of the fuzzy inference rules will remedy the probiem and wili

be unplemented in he next version of the controlier. Figures 31 through 38, on pages 38

through 42, show the time history of the robot stmulations.

IHE : ® minutes., @ secands

ngure 31. Example #3, Targct‘#‘lf_:'fixne = OﬂMymAutes, 0 Scconds.
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Figure 33. Example #3, Target #1 - Time = 3 Minutes, 15 Seconds.
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FYHE : 4 minutes, 46 cecsnds

Figure 34.~«I?.ham,o~ . “ml'e“#k—B‘:TayrgéL'#lrbfk'[‘*imi; 4 Mﬁﬁe%,”élé Scconds.
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Fignre 35, Example #3, Target #2 - Time = 0 Minutes, 0 Seconds.
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Figure 36. Example #3, Target #2 - Time = 1 Minutes, 52 Seconds.
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Figure 37 Example #3, Target #2 - Time = 3 Mimntes, 35 Seconds.
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CHAPTER VI
CONCLUSIONS AND FUTURE WORI;
Autonomous Vehicle Performance in Unknown Environments

Fuzzy logic in combination with the sub-optimal path planner, and adaptive
environment mapping provide a very effective mechanism for navigating and learning in
unknown environments. The supervisor controller was designed to function in a controller
area network environment. Immediate response for collision avoidance was addressed by
considering a simple collision algorithm implemented in the vision module. This is in
addition to the fuzzy logic collision avoidance subsysiem of the supervisory controller,
providing systemn robustness to component failure. High decisional and planning
capabilities are implemented while maintaining fast response using a combination of fuzzy
logic, adaptive environment mapping, and a very simple sub-optimal path planner. Sopar
sensor range information is provided through a controller area network environment five
times per second. The adaptive environment mapping algorithm is tailored to be used with
sonar sensor information, and is very fast during execution, requiring only 50 milliseconds
to update.

The author's contributions in the area of mobile robots is,

e A fast sub-optimal path planner based on an environment map.

o Fast adaptive mapping

¢ Complex planning capabilities while maintaming high reactivity using fuzzy
logic in conjunction with the path planner.

43



All of the simulations were executed simultaneously on an INTEL 80486DX-
33MHz based PC. The resuls obtained from the simulation exarples of the autonomous
robot show the supervisor module operated very quickly and efficiently using the mapped
path planmer algorithm, whereas the sensor based path planner was inadequate in the
second simulgﬁon example. Problems that may be encountered when using the sensor
basedpathplanngris usually that the robot will get stuck in areas where there are concave
obstacles. The time required to generate an average path was 0.6 séoonds while the
supervisor was able to go through one loop every 0.2 seconds. The robot arrived at every
assigned location while avoiding various obstacles, and in the last experiment was able to
go through narrow passages. The mapped path planner worked without any problems
except when traversing narrow openings. Sometimes the robot would miss the entrance,
although it would eventually turn around and go through it.

Future Work

When implemented each controller area network module will operate separately
on slower computer boards, such as an INTEL 80386SX-16MHz based PC. The
implementation of the robot will use the proposed supervisory controller connected in the
CAN. Vision and propulsion modules are currently being implemented, including
hardware, sensors, actuators, and software. New features such as optimized path planning
for multiple targets will be devised and implemented. The mobile robot will be used as a
test bed for developing a general design methodology for very complex distributed real-
time control problems. Also, problems encountered during the simulation, particularly
with the sensor base path planner, will be eliminated with an updated version of the sensor
based path planner.
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APPENDIX A

SIMULATION MODF:L ASSUMPTIONS
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Robot Dynamic Assumptions

The kinematic motion of the robot is controlled by the velocity of the front wheels
and the steering angle of the front wheels. Figure 39 shows the geometric assumptions of

the mobile robot.

Ay

%Yo

Figure 39. Kinematic Constraints for Car-Like Mobile Robot.

From {12] we have

o= —--——-"'“i;(“’) . @

XF =v:cos(A+ @), yp=v-sin(f+p),
a discretized version of eq. (2) is used for the robot simulation. The dc-motor dynamics
consist of a second order system while the steering mechanism is assumed to have a first
order response. The dc-motor's inertia used reflects a nominal size including the total
weight of the robot. Tire slip and rolling resistance is assumed negligible since the robot

will be operating at low speeds.
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Sonar Dynamics Assumptions

The sonar dynamics are assumed to be instantaneous since we are sampling at SHz
and it is possible to obtain sonar information at 8.25 Hz assuming a worst case scenario of
10 meter range for all the sonar. Since we will be triggering the sonar in two stages, the
total distance travelled is 40 meters for each sample. The speed of sound, 330 m/s, divided
by 40 m equals 8.25 Hz. In the final implementation, the maximum range that will be
allowed for the sonar will be less than 10 m, thus the maximum allowable sampling rate

will also increase.




APPENDIX B

SIMULATION SOFTWARE CODE
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FILE :2Z_CAN.H

DESCRIPTION : CONTROLLER AREA NETWORK FUNCTIONS =
FOR AUTONOMOUS VEHICLE

“This header file contains code for CAN COMMUNICATIONS

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

-------- SEeGEng /

#define OCCUPIED 252
#define TERMINALINSTALI ED 251

”» PRIORITIES */
#define HIGHPRIORITY 6

#define MEDIUMPRIORITY 3

#define LOWPRIORITY 1

fens ADDRESSES ##%/
#define VISION 3

#define NAVIGATION 2

#define SUPERVISOR 1

#define BROADCAST 4
#define NOTALLOWED 127
#define REQUEST 128
#define COMMAND 129
#define SUCCESS 130

#define RS SA X Y COMP B1
#define STXSENSORS_2CROSSED 2

#define RS XPOSITION 1.2
#define RS_YPOSITION 1.2
#define RS_XCOMPASS 1.2
#define RS_ROADSPEED 1.2
#define RS_STEERANGLE 1.2
#define RS ROADRANGECH 1.2
#define RE ROADRANGEC2 1.2
#define ON 1

#define OFF 0

typedef unsigned short byte;
static it DataContent;
static double Dataf20];

static  byte DataNum;
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void ZZ CAN chu&t{by%antyhyleSmmAﬂ&m, |

byte DestinationAddress int *DataContent,
double ‘data,byte #datanerm);

void ZZ CAN Cmmd{bytePncrttybykSmmAddrus,

int

byte Destination Address int *DataContent, ¢
double “dm.bytc "datmmn)

ZZ_CAN_InstaliServer(byte SourceAddress,
void (*TempName)byte Source Address int ¥DataContent,
double *data byte *dstanum));




FILE :ZZ_CAN.C

DESCRIPTION : CONTROLLER AREA NETWORK FUNCTIONS
FOR AUTONOMOUS VEHICLE

This file contains code for CAN COMMUNICATIONS

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

#inchide "ZZ_CAN.H"

#define TERMINALMAX 255

’l‘.ﬁ.--- *
® ®
@ INITIALIZING MEMORY SPACE FOR CAN TERMINALS *
L %

static void (*ZZ_Terminal[TERMINALMAX] Xbyte Source Address,
int *DataContent,double *data,byte *datamumy,

~

INSTALLS TERMINAL ON CAN

e ® a .

BN BOSd /

int ZZ _CAN_InstaliServer(byie SourceAddress,
void (*TempName)(byie Source Address, int *DataContent,

double *data,byte *datanum))
{
if (ZZ_Terminal[Source Addresg]==0L)
ZZ_Terminal[SourceAddress] = TempName;
return{ TERMINALINSTALLED),
}
return{ OCCUPIEDY,
}
/!&vﬁ. (4 § | et 4 g m&ﬁﬁttﬁe
® *
* COMMUNICATION REQUEST THROUGH NETWORK
* *

** s/
void  ZZ CAN_Request(byte Priority,byte SourceAddress,
byte Destination Address int *DataContent,
double *data, byte *datanum)

34




*DataContent = REQUEST
if (ZZ_Terminal{DestinationAddress])
} DmCO!!tmt,dm,dnmm),
SRR SRR F OB AR SRR EE RS SRERRRE RO ORES ransbEsEs
] ; ] .
¢ SEND A REFERENCE COMMAND SIGNAL THROUGH CAN
¢ ]
) - EHEELIRALLY/
void  ZZ CAN_Command(byte Priority,byte SourceAddress,
doublc ‘dm,byie ‘dmmm)
{ -
*DataContent = COMMAND'
zz Termmalﬂ)auannAddress](SmmcaAddima,
T DmCom:cm,dm,dutﬂnnn);
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FILE : ZZ_CARSP.H

DESCRIPTION : MOBILE ROBOT SPECIFIC PARAMETERSFUNCTIONS

by : Ricardo Andujar
LAST UPDATE : APRIL 27, 1993

254 138 #.:b: 4 » /

Je . ¥ L 2 R

®
* Senzor angle relative to forward direction

* Positive engles correspond to clockwise direction
®

NominalAngle[]= {0.M_PLM_PI_4%1.5-M_PI 4*1.5-1.*M PI 2,1.%M _PI 2},

Sensor position in meters relative to center
of front axis

& * 8 @

stonserens /

Xr{]=£0,0,-.2,.2,-.25,.25},
Y1{]={0,.5,0,0,.45,.45},

/

Car edges in meters relstive to center
of front axis

% & %

% * w/

wm={"2:"2223-2 }:
CarEdgeY[]={.5,0,0,.5},

AxleToAxieLength=.5,
MotorInertia=.5,
MotorViscosity=.05;
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FILE : 2Z_CONSL.H
DESCRIPTION : CONSOLE MODULE FOR AUTONOMOUS VEHICLE
This header file contains code for KEYROARD PROCESSING

by : Ricardo Andujar
LAST UPDATE : APRIL 27, 1993

P * P s8e/
void  keypress handler(void);

void kbsig{void); S .
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FILE :ZZ_CONSL.C

DESCRIPTION : CONSOLE MODULE FOR AUTONOMOUS VEHICLE

This file contains code for KEYBOARD PROCESSING

by : Ricardo Andujar

LAST UPDATE : MARCH 22, 1993

/ ¥ ¥ g b i

INCLUDE FILES FOR CONSOLE MODULE

#include<comio.h>

#include<graphics h>

#inchide<stdlib.h>

#inchide <stdio h>

#include <biosh> /# Microsofi specific %/
#define FIRST TIME 2

#define TRUE 1

extern it graph:

extern double ZZ Circle;
double *WayX *WayY;
static int *NewTarget;

int keypress,col=0,row=0;

/#*CBUF *keybuf *keybuf2;

% *
* OBTAINS MEMORY ADDRESSES FOR WAYPOINT LOCATION VARIABLES *
" *

o o y
void  ZZ_SupertoConsl(double *one,double *two, int *three)

WayX = one;
WayY =two,;
NewTarget = three;

fanddd dd b4 PRE
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% KEYBOARD INTERRUPT "
* )
1 2 ¥ 3 /
tdefine MASKPORT 1 -
void kbeig({void)
int imask; r® 3259 mtemxpt nmk */
imask = inportb(MASKPORTY), Fid rad an-mntmkm 8/
outportb(MASKPORT, OxFF); /* mask out all external interrupts */
if (kbhit()) 1* ASCII key available 7 %/
{
/e putcbuf{getch() keybuf), */ /% get SCANCODE:ASCIE %/
rn disable(); ¢/ /* disable since bios enables interrupts */
outportb(MASKPORT, imask; /% restore 8259 interrupt mask */
}
outportb(MASKPORT, imask), /® restore 8259 mask ¥/
}
I. v s = L
* RETUERN KEY HANDLER b
L] ) -

static void return_handler(void)

{
e col =0;
putcbuf(\0" keybuf2);
setcolor{ BLACK),
outtextry((coH1)*8,row*8 keybuf2->ch_fromt+1);
getcolor( LIGHTGREEN);
mmuny(random(MO),mndom(zi&O),keyhﬂ ->cb front+1);
o resetcbuf(keybuf2),
/ .
] 2

. PRINT CHARACTER HANDLER
* %

2 ol e ol b e gl e o o e o e gl e ot e ol e o e A e o i o o ol

?nﬁc void prirtchar handler(void)
A imecf2={0,0);

ccf0] = getcbuflkeybuf);
if{++col>29)

{
unputchufikeybuf2);
col=29;

setcolo(LIGHTGREENY;
outtexixy(col®8,row*8,cc);



/}
/& L ] $ 21 21 L2 1
® %
* BACKSPACE HANDLER
® *
-1 ] & = & /
siatic void backspace_handler(void)
{
re getcolor(BLACK),
mtlzxtxy(col‘&mw‘&kcybuﬂ >chb_rear);
unputcbuf{keybuf2);
if{—col<0)
col=0;
s/
}
/ o
¥ *
* ESCAPE KEY HANDLER: Quitz program »
8 *
g * /
static void escape _handler()
{
ZZ_ErazeSBuper();
ZZ_EraseVision();
Z7 EraseNav(),
exit(1),
}
Jen 585008
4 %
* UP ARROW KEY HANDLER ®
* .
1] ] =] bodcep g t]f
\{roid up_handler(void)
ZZ_DrawCursor(),
“WayY+=.5;
27 _DrawCursor(},
} : 3
le *
* DOWN ARROW KEY HANDLER ®
* *
wes von * /

void down_handler(void)

{
ZZ_DrawCureor(),
*WayY-—=.5;
Z7_DrawCursor(),

B:¥:8-8




® *
» LEFT ARROW KEY HANDLER
® %

61

¢ s58/
void left_handles(void)
{
ZZ_DrawCurzor();
*WayX-=.5;
ZZ,_DrawCursor(),
Jesoentsey ‘ " poe " se8e
& : ®
® RIGHT ARROW KEY HANDLER
* *
3] A S ¥ $EH /
void right_handler(void)
{
ZZ_DrawCursor();
*WayX+=.5;
ZZ_DrewCursor(),
}
JESBEDERR Ll SEESBEERRE ¥
1] -}
* DRAW CROSS HAIR CURSOR
& -4
i ws/
void ZZ_DrawCursor(void)
{
it Wayx,wayy,
ZZ_Resl28creen(*WayX, *WayY,&wayx, &wayy),
setwritemode(1);
getcolor(LIGHTMAGENTA),
line(wayx-5,wayy,wayx+5,wayy);
line(wayx,wayy-5,wayx, wayy+5);
}
faamag-* £ 3 14
® *
® KEYPRESS MAIN HANDLER ¥
* L4
% ¢ etdtpavREg Ll T

\{:oid keypress_handler(void)

static cc;
;-iétkbhitO)
cc = geich();

?vit&(oc)

caze 0:  awitch{getch())

{



¥/

case 72: up_handler();
break;

case 80: down_handler();
break;

case 75: left handler();
break;

case 77: right handler(),
break;

}
break;
case '@ ZZ_Circle=1-ZZ_Circle;
break;
case 27: escape handler();

break;

caze T": *NewTarget =FIRST_TIME;

case 8: backspace _handler();

break;

case 13: return_handler();

break;

default:  putcbuf{cckeybuf2),
ungetchuf{ce keybuf),
printchar_handler(),

break;

}

62
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/i.t & EREeEIREE e P,

FILE : 27 FUZZY.H

DESCRIPTION : FUZZY LIBRARY HEADER
This header file contains code for fuzzy Inference library

by : Ricardo Andujer
Fuzzy Inference Library
Copyright 1993
LAST UPDATE : APRIL 27, 1993
o ost y
[ . SHEEERE # T o8
P a2l ]l ]
Mdhhiddd MEMBERSHIP TYPE DEFINITIONS
ShERERgg
sesanns . cousn ; oy
typedef struct
{
double bottomleft,
topleft,
topright,
bottomright;
} ZZ_TRAPEZOID;
typedef struct
{
it discretenumy
double lowrange,
*discrete;
} ZZ_FUZZYOUTPUT;
/ {41 & 8 1] L34 - S
f i 2121213
weswes  FUZZY LIBRARY FUNCTIONS FOR ALL TYPE OF INPUTS
208088

- ®/

void  ZZ_ InitFuzzyOutput{double lowrange double highrange,
ZZ _FUZZYOUTPUT *,int discretenumy;
void  ZZ_DelFuzzyOutput(ZZ_FUZZYOUTPUT *);
void  ZZ_AddMax(double min,ZZ TRAFEZOID *,ZZ_ FUZZYOUTPUT *),
double Z7Z Defuzzify(ZZ FUZZYOUTPUT #);
void  ZZ ClearFuzzyOutput(ZZ FUZZYOUTPUT *#),

Fhdas sl d i il ot ot gl i ot il s el s el CEVE L4

L2212 ]

reskksts  PUZZY LIBRARY FUNCTIONS FOR SINGLETON INPUTS
LT

A dAASAR SR bk LA EAARR e e ot b ol o o e o o ol o e o by b " AA/

double ZZ_Member(double,ZZ TRAPEZOID *);
double Z7_Max(double double);

double ZZ_Min{double,double),

double ZZ Complement(double ZZ TRAPEZOID *),



7 v ¢ aa o d

FILE :ZZ,_FUZZY.C
DESCRIPTION : FUZZY LIBRARY FILE FOR AUTONOMOUS VEHICLE

This file contains code for the fizzy logic library.

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

Fhkd

INCLUDE FILES FOR FUZZY LIBRARY

" » oty
#include"ZZ_fuzzy.h"

#include<alloc h>

I v ¥ ¥ ¥ ¥ b

.
* Membership Function Value for Singleton Input
*  Applies only to Trapezoidal Membership Functions *
® .

double ZZ Member(double value,ZZ TRAPEZOID *shape)

{

/#1%/  if{shape->topleft > value && shape->bottomleft <value)
return{(value-shape->bottomleft)y/
(shape->toplefi-shape->bottomleft));

/*42%/  if{shape->topright < value && shape->botiomright >value)
return{-(vahie-ghape->bottomright)/
(shape->bottomright-shape->topright)),

/*3%/  if{shape->topleft >= shape->bottomleft && shape->botiomleft>=value ||
ghape->topright <= shape->bottomright &4& shape->bottomright<=value)

return(0.0);
/%4%/  return(1.0);
}
Fad i il il ) segbd L 13 % L
*
* Returns Maximmm Value Between Two Vahies
»

% T8 ] /

double ZZ_ Max{double vatuel, double value2)
{

if{valuel>value2)
return(valuel,
return(value2);

B




1
i-;- 334 § %53 4 Yeen! ) & | & ﬂﬂi*ﬁ‘ [ 51.
*
® Returns Mininmm Vablee Between Two Values
®
s * ! SREEEEBHEISRLE /
double ZZ_Min{double valuel, double vahse2)
{

if{valuel <value2)

returm(valuel);

return{valued),

}

/ b b4 L 4

®
% Complement of Membership Function Value for Singleton Input
* Applies only to Trapezoidal Membership Functions

%

A ‘v % hy i1 & iﬁ/

double ZZ_Complement(double value,ZZ_TRAPEZOID 'ut;ape) o

{
/51%/  if{ghape->topleft > value && shape->botiomleft <value)
retum( 1 -(value-zhape->bottomleft)y/
(zshape->toplefi-shape->bottomleft));

/#2%/  if{shape->topright < value && shape->bottomright >value)
returny 1-+value-shape->bottomright)/
(shape->bottomright-shape->topright));

f#3%/  if{ghape->topleft >= shape->bottomleft &8 shape->bottomleft>=value ||
shape->topright <= shape->bottomright && shape->bottomright<=value)

retum{1.0);
24%  return(0.0);
}
P TP U USROS
%

* ALLOCATES MEMORY FOR MEMBERSHIP VALUES BETWEEN A GIVEN RANGE

L]
L2 12 b led tida-t bt d d g2 bt Lag 2l b2 L b et D2 2 Ao Sl il bt st g

void  ZZ_ InitPuzzyOutput{double lowrange double highrange,
ZZ_FUZZYOUTPUT *fumct,int discretenum)
{

funct->lowrange = lowrange;

funct->highrange = highrange;
funct->discretennm = discretennm;
funct->discrete = farmalioc(8*(discretermm-+1));

65
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%

* DEALLOCATES MEMORY FOR MEMBERSHIP VALUES BETWEEN A GIVEN RANGE

5

ol d Ll L @ L & Py s e BEsEE eEeshen]
void  ZZ_DelFuzzyOutput(ZZ_FUZZYOUTPUT *fimct)
{ = e e i R
farfree(funct->discrete);
}
[REEERRERERENEIERRREESRNERE sEogeee sRe% eSS U
% .
® COMPARES TRAPEZOIDAL MEMBERSHIP FUNCTION WITH MEMBERSHIP
* VALUES STORED IN DISCRETE RANGE
&
* LARSEN'S RULE IS USED WHEN COMPARING THE MEMBERSHIP VALUES
L

&#"'.‘"‘ﬁﬁ#&ﬁBﬁ#“l.l"t$$0&@$$#it#"#t‘##*#ﬁ@@t#tt‘l"‘$§$$$$$lt't./
void  ZZ_AddMax(double min,ZZ_TRAPEZOID *membZZ_FUZZYOUTPUT *unct)

double dx;
int i;
dx = (funct->highrange- funct->lowrange)/
{{double)funct->discreteram- 1)),
for(i=0;i<funct->discreteqam;i++)
{
funct->discretefi] = ZZ_ Meax(min*ZZ_Member(funct->lowrange +dx*(double)i,
memb) funct->discrete[i]);
}
}
/HI‘I & g g g g -4 Pt -1 )5 g 1 1% 3
¥
* DEFUZZIFICATION USING THE MEAN VALUE
.
it # " /
double ZZ Defuzzify(ZZ FUZZYOUTPUT *funct)
{
double di,den—0,mim=0;
inti;
dx = (funct->highrange-finct->lowrange)/
{(double)funct->discretenum-1));
for(i=0;i<funct->discretermmei++)
{
mum += (funct->lowrange-+dx*(double)iy*funct->discrete[i];
den += funct->discrete[i}; t;
}
if{den=0)

return{0.0);
return{m/den);




/ &8
]
€&

&

[=3-0-8 8 3 £t

E *

RESET ALL DISCRETE MGE MEMEERSHIP VALUES TO ZERO

o S 4

@ o

‘t.l/

void
{

VRS ¥

77, ClearFuzzyOutput{ZZ, FUZZYOUTPUT *fnct) -

ind i;

for(i=0;i<fimct->discretenum;i++)
fimct->discretefi] = 0.0;

67
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ag =3 -4

/
FILE

:Z2Z_GRAPH.H

DESCRIPTION : SUPER VISOR MODULE FOR AUTONOMOUS VEHICLE

This file contains header file mformation for graphics initialization snd
cloging finctions, convergion firnctions used to change

between real and environment map coordinates, and

functions to change from polar to cartesian coordinates

and vice-versa.

by

LAST UPDATE : APRIL 27, 1993

: Ricardo Andujar

void
void
void
void
void
void
void

| 14 'tﬁg/

ZZ InitGraph(void);

ZZ_ClogeGraph(void),

ZZ _DrawBlackBox{void);

ZZ_Polar2Cart(double ang double r,double ‘x,double *v);
ZZ_Cart2Polar(double x,double y,double *ang,double *r);
ZZ_Real28creen{double x,double y,int *xc, int *yc);
ZZ_Screen2Real(int xc int yc,double %z, double *y),



CEEELLEY

69

1.3

/

FILE :ZZ_GRAPH.C

DESCRIPTION : SUPERVISOR MODULE FOR AUTONOMOUS VEHICLE

Thuﬁlc e hics initinlization and

closing functions, conversion fimctions used to change

between real and environment map coordinstes, and

functions to change from polar to cartesian coordinstes

and vice-versa.

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

b 133 £

/

INCLUDE FILES FOR GRAPHIC FUNCTIONS FILE : SUPERVISOR M

ODULE

#include<gtdio.h>
thnchude<stdlib.h>
#inchude<math h>
thnchude<graphics.h>
#inchude"ZZ CAN.H"
#include"ZZ MISC.H"
#include"ZZ,_SUPR2.H"
#include"ZZ GRAPH.H"

2648/

/ a2t L

&

* GRAPHIC INITIALIZATION FUNCTION
®

void  ZZ_InitGraph(void)
{
/® requeat auto detection ¥/
int gdriver = DETECT, gmode, errorcode;

/* register a driver that was added into graphics.lib */
errorcode = registerbgidrive(EGAVGA._driver),

/* repost any registration errors */

if {errorcode < 0)

{
printf{"Graphics error: %2\n", grapherrormsg(esrorcode));
exit(1); /* terminate with an esror code */

}

/% igitiali b e ¥/
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initgraph{&gdriver, &gmode, ™),

/® read result
of initialization */

errorcode = graphresult();

if (errorcode = grOk) /* &nemofoccxmed 8/

{
printf{"Graphica error: %s\n", grapherrormag(errorcode));
exit(1), ® return with error code #/

H

.
&
-

]
p

TVRE L L &4

GRAPHIC CLOSING FUNCTION

T & B

b3 131 B !/

void ZZ_CloseGraph{void)

{
closegraph(),
}
! . hd
* CHANGES FROM GRAPHIC TO REAL COORDINATES
* CARTESIAN COORDINATES
L]

. oo ot/

void  ZZ_ Screen2Real(int xc,int yc,double *x, double *y)

{
#x = xc/SCREENCONVERT;
¢y = (BOTTOMLIMIT-yc/SCREENCONVERT;
}
- . L
&
' CHANGES FROM REAL TO GRAPHIC COORDINATES
+ CARTESIAN COORDINATES
b

P T 0008 &

ok ag L2 ] 2] ws/

void  ZZ_Real2Screen(double x,double y,int *xc, int *yc)

#xc = x*SCREENCONVERT;
#yc = BOTTOMLIMIT-y*SCREENCONVERT;
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/&ﬁi.- [ 13 1] &
%
® CHANGES FROM CARTESIAN TO POLAR COORDINATES
[ 1. s8¢ % o4 SEEERTRED 222 /
void  ZZ_Cert2Polar(double x,double y,double *ang,double *r)
{
*ang = ZZ_Atan2(y,x);
*r=7Z Range(y,s
}
feense . *
-3
* CHANGES FROM POLAR TO CARTESIAN COORDINATES
"y e -8 44 /
void  ZZ_Polar2Cari(double ang double r,double *x,double *v)
{
*x = r¥coz{ang);
} *y = r*sin(ang);
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FILE :ZZ_MAN.C

DESCRIPTION : MAIN LOOP SIMULATION FOR AUTONOMOUS VEHICLE

This file contains main loop for simmilstion.”

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

seoses . severe/

e 2 1]

on .
INCLUDE FILES FOR MAN
-3} 3 g & $ & /

#include<graphics h>

#inchude<stdio.h>

#include<comioh>

#include<math h>

#include<alloc.b>

#include"ZZ_CAN.H"

#include"ZZ_SUPR2.H"

#include"ZZ_VSION.H"

#include"ZZ_NAV.H"

#include"ZZ_OBJCT.H"

#include"ZZ_CONSL.H"

extern int keypress;
int super,navigation, vision,graph;

int i;

faeseseess Ingpils Communication Servers for Each Module. ####sssess/
ZZ _CAN_InstallServer(SUPERVISOR,ZZ_SuperServer),
ZZ_CAN_InstallServer(NAVIGATION,ZZ, NavServer);
ZZ _CAN_InstallServer(VISION,ZZ _VisionServer);

Jesssense Initializes Each Module SeoRsRERY/
ZZ_InitSuper();
ZZ_TnitVision(),
ZZ TmiiNav();
/e ZZ_CreateCircle(320,200);
ZZ_DrawCircle();
3/ ZZ DrawCurzor();
[osesnsRssssn ¢o%s *Ep8n 2 *

sseeenees Main Program Loop

shesesees
Lidaadddid ‘When finally impleneted, each module will have it's own
PUkEEssge separate loop on different proceszors.

o

@ ¢ /

72

s



while(1)
/{ntnnn k Propulsion Loop

ssEeRESEY qu,uyv s. me,imﬂll 00p, the Pmpulswn
ssestsest . Module Loops Four Times with 0.05 nmple period

seEEORISE for the actuator controls. T
soRRRGDEY/
for(i=0;i<d4;i++) - . .
ZZ N:vlnop(y -
[FeeRsnees Vigion Loop n"vew@/
for(i=0;i<1;i++)
ZZ Vlsmnlpop()'
Jesessannn Supennmr Loop SeeReENRS/
for(i=0;i<1;i++) -
ZZ_SuperLoop();
/‘.$$8$$$$ Mﬁ Ke.'yboard Presses 8‘#&#““‘/
keypress _handler(),

}
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FILE : ZZ_MAPH
DESCRIPTION : ADAPTIVE MAPPING FILE FOR AUTONOMOUS VEHICLE
This file contring heeder file code for the ADAFTIVE MAPPING,
and finctions used for simulating environment.
NOTE: When implementing the adaaptive mapping,

only one color needs to be verified, since

only a binary map is needed. The other colors
are used only during simmlation.

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

Adg: ---i.‘/

void ZZ_DrawRoom{void),

void  ZZ_DrawGrayArea(void);

void  ZZ_DrawBlackRox(void);

void  ZZ DrawCar(void);

void  ZZ_UpdateMap(void);

int ZZ_Uncovered(int TX, int TY, int res);
void ZZ InithMap{void),

JO
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: ZZ MAP.C

DESCRIPTION : ADAPTIVE MAPPING FILE FOR AUTONOMOUS VEHICLE

This file contains code for the ADAPTIVE MAPPING,
and fisnctions used for simulating environment.

NOTE: When implementing the adaaptive mapping,
only one color needs to be verified, since
only a binary map is needed. The other colors

by

: Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

. ave »e ’ /

[EenE

& % 13312324

INCLUDE FILES FOR MAPPING FILE : SUPERVISOR MODULE

L .‘./

#inchude<graphics.h>
#include<time h>
#include<stdlib.h>
#include<math h>
#include"ZZ_CAN.H"
#include"ZZ_SUPR2.H"
#include"ZZ_CARSP.H"
#inchide"ZZ_MAP H"

extern

static

int

graph;

double

*CarXce,

*CarYc,

*Xc, /3%9* X SENSOR POSITIONS (pixelg) #*%¢/
*Ye, /ss%* ¥ SENSOR POSITIONS (pixels) **¢%/

*Range,

®

*RoadSpeed;

static int

{convert,
*Yconvert,
Crash;

v 22 L4 v v L 4 L L

GET MAIN SUPERVISOR PRIVATE VARIABLE ADDRESSES USED BY
MAPPING FUNCTIONS AND ASSIGN THEM TO LOCAL PRIVATE
VARIABLES.

e e.i.‘/

it
L
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void ZZ_SupertoMap(double *one, double *two,double *three,
double *four,double *five,double *six,

double *seven,int *eight int *nine)

CarXce = one;
CarYe = two;

Xe =three;

Ye = four;
Range = five;
Compass = gix;
RoadSpeed = seven;
Xconvert = cight;
Yconvert = pine;

tda s 2 d 2l ld 2l

T~

INITIALIZE MAP TO ALL OCCUPIED SPACE.

NOTE: ZZ_DrawRoom is used only for simmilation purposes.
ZZ_DrawCar is not necessary, it is used to locate
the robot on the screen.

e 4 & @ B & &

void  ZZ InitMap({void)
{

ZZ_DrawRoom();

ZZ,_DrawGray Area(),
2Z_DrawBlackBox();

ZZ_DrawCar();

1SS tdddd

ADAPTIVE MAPPING DONE HERE.

Note the use of different colors. Again this only
applies to simmlation. When implemented, only one color
should be used

o 8 2 & 8 5 &

¥ 2 ssened/
void  ZZ_ UpdateMap(void)
{

int i,j,radiug,poly[12],color=BLACK temp[6];
float temp1,temp2,temp3,temp4,temp5, tempb, temp 7, temp8;

setfillstyle{SOLID_FILL BLACK),
for(i=0;i<NUM_SENSORS;i++)
{
int xcenter=3c[i]+*Xconvert,
yeenter=Yc[il+¥Y convert,
radiug = (int{ Range[i]*SCREENCONVERTY,



poly[0] = xcenterH(int)((float)radins

‘sm(-‘Comse-No!mmlAngle[nHHALFSPREADANGLE*l k3)1
poly[1] = yeenterH(int)(float)rading

*.cos(- 'ComNommaiAnglﬂnHHAHSPREADANGLE‘IB)),
poly[2] = mad:eﬁ(nn)((ﬂodkadnm

-#in(-*Compass-Nominal Angle[i}- HALFSPREADANGIE‘I.B));

poly[3]=ywncr+(im)((ﬂoat)radhm & .

¥-coe(-*Compass-Nominal Angle[i- HALFSPREADANGLE*1.3));

poly[4] = xeenter+(int)((float)radins
*-gin{-*Compass-NominalAngle[i]));

poly[5] = ycenter-+(int)(float)radius
*-cos(-*Compass-Nominal Angle[i]));

poly[6] = xcenterH{intX(float)radins*1.3

¢-gin(-*Compass-Nominal Angle[iH HALFSPREADANGLE*1.3));
poly[7] = ycenterHint)((float)radins®1.3

*_co(- 1’Co:nnpazsz;-Ncmnn.nl_»ﬁmgle[x]-i-HALFSII“ELEADANGLE‘1 3
poly[8] = xcemter-H(inf){(floatradius®1

*ogin- "Compass-NommdAngle[x]-HALFSPREADANGLE‘l.S)),
poly[9] = ycenter H(int)Y(float)radius*1.3

*-cos(-*Compass-Nominal Angle[i]-HALFSPREADANGLE?*1.3)),

poly[10] = Xe[i]+*XconvertHint)}{(floatradius®1.25
.gin(-*Compass-Nominal Angleli]));

poly[11] = Ye[iH*Y convert-Hint}{{floatrading®1.25
*.cog(-*Compazs-Nominal Angle[i[)};

1 = (poly[6]-poly[0]¥15.;
temp2 = (poly[7]-poly[1]V15.;
temp3 = (poly[8]-poly[2])/15.;
temp4 = (poly[9]-poly[3]¥15.;
temp5 = (poly[8]-poly[6]¥15.;
temp6 = (poly[9]-poly[7]¥15.;
temp7 = (poly[10]-poly[4]¥15.;
temp8 = (poly[11]-poly[S])/15.;

Ched;forMovmgorNethgaﬂsmAm

for(j=0;j<15;;++)

{
color=getpixel(poly[0]+j*temp1,poly[1]+jtemp2),
iflcolor—LIGHTGRAY || color—WHITE | color—LIGHTRED)

wlfswxd(poly[2]ﬂ‘tan93,polyl3]ﬂ‘tunp4)
if{colo—LIGHTGRAY (| colo—WHITE || color—LIGHTRED)

break;
color=getpixel(poly[6]+j*temp5,poly[7]+j*temp6);
if{color—=LIGHTGRAY || color—=WHITE | color—LIGHTRED)
break;
color=getpixel(poly[4]+j*temp7,poly[S]+j*temp8);
if{color—=LIGHTGRAY || colo—WHITE | color==LIGHTRED)
break;

£ 3.334 8§ t‘&‘ﬁ/
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switch{colos)
{

- &

b3 1§ 1

Place gray patch on moving/new obstacle

. ’ cosseens)
defanlt:

iffradiug>15 && radius<SMAXRANGE-2)

{

actwritemode(0);

setcolor(BLACK);

getfillstyle(SOLID_FILL LIGHTGRAY);

poly[4] = poly[8];

poly[5] = poly[9];

fillpoly(4,poly);

/

Clear Free Space in Global Map

854§ $ $ %4 14

- o/

case LIGHTGRAY:

caze WHITE:

case LIGHTRED:

if{radiug>14)

{

setwritemode(1),

setcolor{ BLACK),

setfillstyle(SOLID FILIL BLACK);

poly[0] = xcenterHint){(float)radius
%.gin(-*Compazs-Nominal Angle[i}+ HALFSPREADANGLE®.85));

poly[1] = yoenter Hint){(float)radius
¥.coa(-*Compass-Nominal Angle[i|+ HALFSPREADANGLE® 85));

poly[2] = xcenterH{int)(float)radius
%.gin(-*Compass-Nominal Angle[i}- HALFSPREADANGLE®.85));

poly[3] = ycenterH(int){(float)radius
*_co8(-*Compass-Nominal Angle[i]- HALFSPREADANGLE®.85));

poly[4] = Xefi+*Xconvert;

poly[5] = Yc[il+*Yconvert;

?upoMBsPOly %

break;
}

® SOeBRS Ladd

DRAW ROBOT EDGES.

ZZ_meCar(vo;d)

int 1
setwritemode(1);



-

setcolor(LIGHTMAGENTA),
moveto(*Xconvert+CarXc[0],*Y convert+CarYc[0]);
for(i=1;i<NUM_EDGES;i++)

{

}

lineto(*Xconvert+CarXcl[i],¥Y convert+CarYcli]);

ZZ_Uncovered(int TX, int TY,int res)
int sum=0;

sum += getpixel(TXtres, TY tres),
sum += getpixel(TXAres, TY-res),
sum += getpixel(TX-res, TY+res);
sum += getpixel(TX-res, TY-res);
if{sum > UGHTGRAY*M)

DRAW ROOM FUNCTION. ONLY FOR SIMULATION !!

SePResy

int i,j;

sd.ooloar(WHITE)

setfillstyle(SOLID FILL WHITE),

setlinestyle(SOLID_LINE,0, THICK_WIDTH);

bar(LEFTLIMIT, TOPLIMIT, RIGHTLIMIT, BOTTOMLIMIT);
setfillstyle(SOLID FILLLIGHTGRAYY);
bar(LEFTLIMIT+10,TOPLIMIT+10,RIGHTLIMIT-10, BOTTOMLIMIT-10},
setfillstyle(SOLID_FILL, WHITE);

{ int x,y,bx=55,by=55;

x=100; y = 100;

bar( LEFTLIMIT+x, TOPLIMIT-+y, LEF TLIMI T+x+bx, TOPLIMIT+y-+by);
x=100; y=300;

bar(LEFTLIMIT+x, TOPLIMIT+y, LEF TLIMIT+x-+bx, TOPLIMIT+y-+by);
x=400; y = 100;
bar(LEFTLIMIT+x, TOPLIMIT+y, LEFTLIMIT+x+bx, TOPLIMIT+y-+by);
x = 400; y =300;
bar(LEFTLIMIT+x, TOPLIMIT+y, LEFTLIMIT+x+bx, TOPLIMIT+y+by);
x = 100; by = 20;y = (100+300-+bx-by)/2.0;bx = 300-+bx;
bar(LEFTLIMIT+x TOPLIMIT+y, LEFTLIMIT-+x+bx, TOPLIMIT+y-+by);
x = (100+400+55-20)/2.; y = 100;by = 55;bx = 20;by = 200+by;

bar{ LEFTLIMIT-+x, TOPLIMIT+y, LEFTLIMIT+x+bx, TOPLIMIT+y-+by);
}
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g?gmmmpmwummr%ﬂomwy
Mwmmpmwmmmmmpmwm),
%FgmgrmmPMﬂmmmngmwmx
%@Fﬂnﬁmmpmwmmwgmpmwy
gn(iZESFI}"LI:&;’(I}‘mTQPLMTﬂJEFHMTM;TOPIMTﬂ%yx
:né;mmTOPIMFﬂLEmMTM&TOPIMTWh
%m&xmnmwummwgmmmw)
:u(gmmmpmwummnﬁbgmpmmy)
:n{gZSFI)"LRZg‘mTOPIMTﬂJEﬂLMTMLTOPLMTﬂM)
gmé;m+gT0;IMﬂmmMT+x+bgTOPIMﬁy+by),

NUMBER FOUR
bar(LEFTLIMIT+45+30, TOPLIMIT+45-+30, LEFTLIMIT+100+30, TOPLIMIT+100+30);
bar(LEFTLIMIT+45+40, TOPLIMIT+45+190,LEFTLIMIT+100+40, TOPLIMI T+100+190);

bar(LEFTLIMIT+45+100, TOPLIMIT+45+130,LEFTLIMIT+100+100, TOPLIMIT+100+130);
bar(LEFTLIMIT+45+100, TOPLIMIT+45+260,LEFTLIMIT+100+100, TOPLIMIT+100+260),

bar(LEFTLIMIT+30+100,BOTTOMLIMIT-100, LEFTLIMIT+100+100,BOTTOMLIMIT-10),
bar(LEFTLIMIT+250, TOPLIMIT+60, LEFTLIMIT+270,BOTTOMLIMIT-60);
bar(LEFTLIMIT+320, TOPLIMIT,LEFTLIMIT+340,BOTTOMLIMIT-250);
bar{LEFTLIMIT+320, TOPLIMIT+2 50, LEFTLIMIT+340,BOTTOMLIMITY,
bar(LEFTLIMIT+270,BOTTOMLIMIT-270,LEFTLIMIT+320,BOT TOMLIMIT-250);
bar(LEFTLIMIT+390,BOTTOMLIMIT-300,LEFTLIMIT+450,BOTTOMLIMIT-180);

bar(LEFTLIMIT+390,BOTTOMLIMIT-160,LEFTLIMIT+410, BOTTOMLIMIT-60);
bar(LEFTLIMIT+390,BOTTOMLIMIT-80, LEFTLIMIT+510,BOTTOMLIMIT-60);

bar(LEFTLIMIT-+340, TOPLIMIT+80,LEFTLIMIT+530, TOPLIMIT+100);
bar(LEFTLIMIT+510, TOPLIMIT+100, LEFTLIMIT+530, TOPLIMIT+280);

bar(LEFTLIMIT+550, TOPLIMIT+330,LEFTLIMIT+570, TOPLIMIT+400);

}

Foilll: L2131 1 13 ] dasesdssdsdnd bl Ss iR edstddd
%

* SET'S ALL ENVIRONMENT SPACE TO OCCCUPIED AREA.

]

SLpdR & ] bl 22t 174
void  ZZ _DrawGrayArea(void)
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I setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(LEFTLIMIT+10, TOPLIMIT-+10,RIGHTLIMIT-10,BOTTOMLIMIT-10);
‘/} PO b G e ) s R

S o

-~

@ @ @ 3

DRAW FREE S8PACE UNDER LOCATION OF ROBOT

sty o
SROSRREESER et % P ] way

void  ZZ_DrawBlackBox(void)
{ PR

mtpoly[8}, = .
poly[0]=CarXc[0]+*Xconvert,
poly[1}=CarYc[0]+*Y convert;
poly[2]=CarXc[1]+*Xconvert;
poly[3]=CarYc[1 H*Y convert;
polyf4]=CarXc[2H-*Xconvert;,
poly[5]=CarYc[2]+*Y coavert;
poly[6]=CarXc[3]+*Xconvert;
poly[7]=CarYc[3]+*Y convert;
getcolor(BLACK);
setfillstyle(SOLID_FILL,BLACK);
fillpoly(4,poly);
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FILE : ZZ_MISC.H

DESCRIPTION : MISCELLANEOUS FUNCTION'S FILE FOR AUTONOMOUS VEHICLE

used througth out the program.

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

~—

void  ZZ_Swap{double *one,double *two),
double ZZ_Range(double x,double y),
double ZZ_Atan2(double y, double x); -
void  ZZ_LimitAngle(double * Angle);
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¢33 63733 ¢ 333 664 4§

FILE

: ZZ_MISC.C

DESCRIPTION : MISCELLANEOUS FUNCTION'S FILE FOR AUTONOMOUS VEHICLE

This file containz code for assorted functions
used througth out the program.

by

:Rim mn N o se s

LAST UPDATE : APRIL 27, 1993

S —— o /

%

INCLUDE FILES FOR miscellaneous file

SUBLBUSASE Py & LT s/
#include<math h>
Vads ¥ & ] 8%
L 3
¥ SWAPS TWO NUMBERS
1
Besd ¢ /
void  ZZ Swap(double *one double *two)
double temp,
-tmp = 'm
*one = ¥two,
*two = temp;
}
/e * e ¢
-4
& LIMIT'S ANGLE TO -180<pi<180 (DEGREES)
%
-$t$=— & & "Y 144 % 3 .l.k,l
void ZZ_Limi e(double *Angle)
if{(*Angle>M_PI)
*Angle == 2*M_PL;
else
i{* Angle<-M_PI)
* Angle +=2*M_PL
}
Shddtdid paddtddddttddddsd dddddddddddddditdddddddddddbddie
[eorns
*
® ERROR PROOF TANGENT FUNCTION : Avoids divide by zero
*
B et ol sd ] -7 § ey R E 0 o E ] /

double ZZ_Atsn2(double y, double x)



if{x!=0.0)
return{atan2(y,x));
else if{y>0)
return(M_PI_2});
else

return(-M_PI_2);
) }

~
4
4
*
4
P
4
4

s

RETURNS DISTANCE FROM ZERO COORDINATE

e € O @

double ZZ_Range(double xdouble y)
{
} return{gqri(x*x+y*y));
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/-m [0 T teto s £ 8 )

DESCRIPTION : HEADER FILE FOR PROPULSION MODULE OF AUTONOMOUS VEHICLE

by : Ricardo Andujar
LAST UPDATE : APRIL 27, 1993
void  ZZ Navloop{void), i

void ZZ_NavServer(byte Source Address int *DmContcnt,
double *Data, byte *DataNum);

®/



FILE : ZZ_NAV.C

DESCRIPTION : MAIN FILE FOR PROPULSION MODULE OF AUTONOMOUS VEHICLE

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

§ 144 3 —teﬁt.-_. -/

/"ﬁgﬂ.. & ) 343

INCLUDE FILES FOR MAN

P son00s CERIEEAE et " s

#include<math h>
#include<graphics h>
#inclede "ZZ_CAN.H"
#include"ZZ MISC.H"
#include"ZZ GRAPH.H"
#include "ZZ CARSP.H"
#include "ZZ_SUPR2.H"
#inclade "ZZ NAV.H"

Jesnsstseeretsttenissstt GLORBAL DEFINITIONS #$tétstttsssosotsssspsns/

extern int graph;

~

/ PRIVATE DEFINITIONS

static void  ZZ UpdateSensorMeas(void),
static void  ZZ CarSim{void)
static void  ZZ_UpdateActuators(void),

#define ON 1
static unsigned short Brake=0ON;

static  double TimeStep=0.050, /*¥** SAMPLE PERIOD (seconds) ***¢/

RoadSpeed=0,
Compass=0.0,
Xposition=1.0,
Yposition=4.0,
RoadSpeed2=0,
Xposition2=1.0,
Yposition2=4.0,
Compase2=0,
CruigeSpeed=0,
MotorTorque=0,
ki1=0,

k2=0,

k3=0,

k4=0,



fessersse PLCONTROL PARAMETERS FOR DC-Motor
#esweerst  This is only for simulation purposes
sasooess  Actual Control of vehicle may change

sesesRRee/
MKP=4,
MKI=0.004,
SpeedError=0,
SpeedSum=0,
ASteeringAngle=0),
i e2=0,
DSteering Angle=0,
CarXc[NUM_EDGES],
CarYc[NUM_EDGES],
CarR{NUM_EDGES],
CarAng[NUM_EDGES];
/. & [ 78 1 SEel 45304
L
& Information needed for Vision Simmulation.
& This function iz only needed for sirnulation purposes
L 22 B g g0 80iske P24 1. g ,.,/
void  ZZ NavToVision{long *one, long *two,long *three)
{
*one = &Xposition2;
*two = &Yposition2;
*three = &Compass2;
}
. N
*
* PROPULSION LOOP
*
FEASERRUTREELENY * & ]
void ZZ,_NavLoop{void)
{
ZZ_UpdateSensorMesz();
ZZ UpdateActustors();
}
I dr f'vA 2 b b b b 4 ~
| ]
® UPDATES ALL ACTUATORS, POSITION AND BEARING
b INFORMATION
*
g =12 §-1:% 1 ® e e /
void ZZ_UpdateSensorMeas(void)
{ evvens

sssede 77 CarSim' is for Simulation Purposes Only.
ses4t% Punction used TO OBTAIN SENSOR INFO Goes Here
sstaes)

ZZ_CarSmm(};



o e e ol o

&
* HANDLES ALL NETWORK REQUESTS FROM SUPERVISOR
o AND VISION MODULES
.
T aes Yy
void ZZ NavServer(byte SourceAddress int $DataContent,
double *Data, byte *DataNum)
{
switch(*DataContent)
{
case REQUEST:
*DataContent = RS_SA X_Y_COMP B;
Data[1] = RoadSpeed?2;
Dataf2] = Compass?2;
Data[3] = Xposition2;
Data[4] = Yposition2;
Data[5] = ASteeringAngle2;
Data[6] = Brake;
*DatalNum = §;
bresk;
case COMMAND:
*DataContent = SUCCESS;
CruizeSpeed = Data[1];
DSteeringAngle = Dataf2];
Brake = (int)Data[3];
*DaiaNum = 0;
break;
}
}
Fadl i gl Li i 2 L L2210 22 2 SROBERN ¥oug
® L ]
& ALL THE CONTROLS FOR THE ACTUATORS GO HERE &
% v
3] 3-8 1 4 -3! &% FT-3 3841 -1 /
void ZZ Updmmms(vmd)
“{‘*A‘ bt ssdbbedd Gitastdbbotdddidé Rt s ddidbtddbbd & &
l o v - L -
sses%  Pollowing instructions are to be replaced with data acquisition®
E g L
*sees  MotorTorgue is the input to the DC-Motor
sesdt  Input to Steeringiswbedetﬂmimdbased on Steering Control
»os3s  Mechanism. Smmlnhou i just mnnmg instantaneous control.
% L 2 1 1] L2122 L2 12 e/

SpeedError = CmmcSpee&-RoadSpeed,

38



Motos Torque = MKP*SpeedEsror +MKI*SpeedSum;
ASteeringAngle = DSteeringAngle;

£ 71 ] -} -4 1"} sen tt!/

Following instructions are to be replaced with data acquisition®

MotorTorque is the input to the DC-Motor

Input to Steering is to be determined based on Steering Control
Mechanism. Simulation is just assuming instantaneous control

e /
void  ZZ_CheckCrash(void),

Compags2=Compass;

Xposition2 = Xposition;
Yposition2 = Yposition;
RoadSpeed2 = RoadSpeed;
ASteeringAngle2 = ASteeringAngle;

CWTMS@'ROMSMWASMH&A@ByAﬁeTOAﬂM
Z2Z LimitAngle{8:Coznpass),

Xposition+=TimeStep*R ocadSpeed*sin(Compass+ASteering Angle);
Ypositiomr+=TimeStep*RoadSpeed*cos(Compass+ASteeringAngle);

i{f{Bmkz)
k1 = (MotorTorque-Motor Viscoeity*RoadSpeed)/MotorInertia;
k2 = (Motor Torque-Motor Viscosity *(RoadSpeed-+.5 %k 1)Motor Inertin;
k3 = (Motor Torque-Motor Vigeosity*(RoadSpeed+.5%k2)yMotorInertia;
k4 = (MotorTorque-Motor Viscosity*(RoadSpeed-+k3)YMotor Inertia;

}
else
{
k1 = (MotorTorque-Brake*RoadSpeedMotor Inertia,
k2 = (MotorTorque-Brake®(RoadSpeed+.5%k1))/MotorInertia;

k3 = (MotorTorque-Brake*(RoadSpeed+.5*k2)yMotorInertia;
k4 = (Motor Torque-Brake*(RoadSpeed+k3)yMotor Inertia;

?RoudSpeed+~=TimeStep/6.0'(kl+k4+2.0"(ld-&-k3));
ZZ,_ CheckCrash();

CALL THIS FUNCTION WHEN INITIALIZING PROPULSION MODULE




{
int i;
for(i=0;i<NUM_EDGES;i++)
ZZ_Cart2Polar(CarEdgeX[i],CarEdgeY [i), &Car Angfi], &CarR[i]);
}
Vadid ALl L L SEReGY ke SEEERBEEBNN 885y
b

s CALL THIS FUNCTION WHEN QUITING PROGRAM

&
LAt S S S ittt it Lo 22 a 2 f a2 22 et il S b D R L Ll

void  ZZ_EraseNav(void)

{
}
/ i yRonERRe MR N N
L
* SIMULATION TO CHECK FOR CRASHES
?
...... sousH * /
void  ZZ_CheckCrash(void)
{
static int Crash;
int i,color, Xconvert, Y convert;

27 _Real28creen(Xposition, Yposition,&Xconvert, &Y convert),
for(i=0;i<NUM_EDGES;i++)
{
ZZ, Polar2Cart(CarAng[il+Compass, CarR[i]*SCREENCONVERT,
&CarXe[i],&CarYcli]);

color = gefpixel(Xconvert+CarXcli], Yconvert+CarYc[i]);
if ((~Crash)<0 &&(color = WHITE || color = BLUE

[| color =LIGHTRED || color == GREEN))
{

RoadSpeed = -RoadSpeed®1;
Crash=0;
requmn;
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b gl el s e

" to whe nha gl ks

e s e o ol e i e o s o oo oo oo e e it ot o o b i sl el
FILE 1 Z7, OBJCTH

DESCRIPTION : MOVING CRJECT SIMULATION FILE FOR AUTONOMOUS VEHICLE

This file containg header file code to display moving objects.

by : Ricardo Andujar
LASTUPDATE : APRIL 27, 1993
s e s o o s s o s o ol s e o ot o ok sk s o s o oo s o s s ool e e e o sl e o Y

void ZZ _CreateCircle(int x,int ¥);
void  ZZ DestroyCircle(void),
void  ZZ_ErageCircle(void),

void  ZZ_DrawCircle(void),
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/2 o o oo o o e o o o o o i o s o s ot o ok st s S

FILE :Z2Z,_OBJCT.C
DESCRIPTION : MOVING OBJECT SIMULATION FILE FOR AUTONOMOUS VEHICLE

This file contains code to display moving objects.

by : Ricardo Andujar ST e e

LASTUPDATE : APRIL 27, 1993 o
el oo s e e o e o e st o 5 o o o o o o ol ol R sloe o e " do s s e e e o ek st

Lol L b SEREE AR R EEER

Jieeis i vl ol o e o e ol s e e s e e st o o o s s e o 5 o o oo o o o o 0 s o e i o e s o o o o et o el e

INCLUDE F]LES FOR MOVING OBJECT FILE SUPERVISOR MODULE

sl e s e e o o o o o oot ol o s o s e b e e s o s s o o
#include <graphics.h>
#include <stdlib.h>
#include <stdio.h>
#include <conio.h>
#include <alloc.h>

extern int graph;

int CircleX=320,
CircleY=250,
Flag=0,

void far *bitcir;

unsigned size;

/**4!#*4‘***lh#ﬁ***#**ﬁ***##*******#*******lﬁl*****lll*##*@###*##****##*#****
™

® DRAWS CIRCLE ON SCREEN
™
T— i e o o e o o o s sl ek e 2 ool e e e koo el
void ZZ meercle(vmd)
{
getimage(CircleX-25,CircleY-25,CircleX+25,Circle Y+25,bitcir);
setwritemode(1);
getcolor{BLACKY);
getfillstyle(SOLID_FILL,LIGHTRED),
fillellipse(CircleX,CircleY,25,25),
}
st ol e ool o o e o o e o o o e e o e e e
™

- ERASES CIRCLE FROM SCREEN
™



4 o o o o i o s ol e e o o o o o o o ot o o s ot o o v o o o e o e o e o s e o e e dedenirhf -
void  ZZ EraseCircle(void)
while(Flag); SRR

putimage(CircleX-25,CircleY-25 biteir,0);

/e e et s e e % et s e e o e o s e o e o o s sl e i s s s e
M
e ALLOCATES MEMORY FOR CIRCLE ON SCREEN -
™
st a0 o o e ol e e o el s o e e L s e s o s s st e

void  ZZ_CreateCircle(int x,int y)
{

CircleX =x,

CircleY =v;,

size = imagesize(0, 0, 50, 50); /* get byte size of image */
bitcir = farmalloc(size),

/l%ilblll“‘ spehgssaehrpch e L] L] L1 s a2 oo sl el s oo oo o2 nf o e oo o nfs s iy o ok e ol afe oo

*

- DEALLOCATES MEMORY FOR CIRCLE ON SCREEN

™

e oo el o et e o oo o e o o vk s e e o ok o o o o e e o oo o e s el e e o oo el e e ol o ol o el s s s s s el s

void  ZZ_DestroyCircle{void)

farfree(biteir);

93
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1 o s s s o s oo e oo o o st o5 o oo o oo oo o oo oo s ot s o oo ook o o o o

FILE : Z7, PLANR.C

DESCRIPTION : CONTAINS FUNCTIONS TO GENERATE MAPPED PATH PLANNER.

by : Ricerdo Andujar

LAST UPDATE : APRIL 27, 1993
ek s * e i o o s e e o s e s o o o o ot o o o5 oo o}t oo 3 oo s o ool
#include<graphics.h>

#include<alloc.h>

#include'ZZ, QUEUE. H*

#define LEAVE_LIMIT 15
#define box 15

#define LMAX 400
#define IMAX2 1000

#define precision 3 /*SEARCH RESOLUTION */
#define precision2 15 /* FINAL TARGET DISTANCE ALLOWANCE */

typedef struct
{ .
int X,

Vs
north,
northeast,
east,
southeast,
south,
southwest,
west,
northwest,

} ZZ_ExtendedPoint;

int 3,x=30,
y=385,
tx=560,
ty=236,
numew=0,mumcew=-0,result,Lx,Ly,Hx,Hy,

ZZ,_ExtendedPoint Cw,Cew,
ZZ,_Point PCw,PCcw,PTarget,
QUEUE QMain={0,0},QCw={0,0},QCcw={0,0};

void  ZZ FollowWallClockwise(ZZ_ExtendedPoint *p),
void  ZZ FollowWallCounterClockwise(ZZ_ExtendedPoint *p),



int ZZ_Planner(int x, int y,int tx,int ty, QUEUE *PATEH)
( ‘
int stat=0,Cwu=0,Ccwu=0,limitCw=0,limitccw=0;

Jensech
ek Set Target as final destination
*‘*/

PTarget.x =tx;

PTargety =ty,

ok
##% Set current position as initial point
s/

Cew.north=1;
Cew.south=1;
Ccw.west =1,
Ccw.east=1;
Ccw.northeast=1,
Cew.southeast = 1;
Cew.northwest = 1
Cew.southwest = 0,

Cw.north=1;
Cw.south=1;
Cw.west=1,
Cw.east=1;
Cw.northeast =1,
Cw.southeast = 1;
Cw.northwest = 1;
Cw.southwest = 0;
PCw.x=x;
PCwy=y,
enqueue(&XQMain,&PCw),

while(1)

90 s afs o o i s s o oo el sl st oo e s oo el sl ik ol ol i et e o o s s o D s o
™
- BASIC PLANNER
™
e e o o o o o o o o o o s o o o o e 4 o o oo o o o ool
result = lineofsight{&QMain,&PTarget,&Hx, &Hy, &Lx, &Ly,
if(result ==20 || result =12)

PCew.x=Hx;,

PCcw.y =Hy,

Cw.x=Hx,

Cw.y=Hy,

Cew.x=Hx;

Ccw.y =Hy,
enqueue{&QMain, &PCcw),
enqueue(&QCw,&PCew),
enqueue(&QCcw,&PCcw),

elge



. e e e e -
[hsitah o s o rfocio s e e o LLL L L L] L L L B Ll L Gl

™

* GO AROUND OBSTACLE COUNTERCLOCKWISE AND
b CLOCKWISE UNTIL REACHING LEAVE PQINT.

s

¢***$¢**¢**####*#***##**$¢***‘$$‘******@‘***$¢¢¢¢*$*$¢*¢#$$****$*$¢#‘*$*/
if(result === 0 || repult == 2)
while(1)
{
27, FollowWallClockwise(&Cw),
ZZ,_FollowWallCounterClockwise(&Ccw);

PCwx=Cwx
PCwy=Cw.y,
PCew.x=Cecw.x;
PCcw.y = Ccw.y,
enqueue(&QCw,&PCw);
enqueue(&QCcw,&PCcw),
if(result ==2)
if(4+1limitCw >LMAX)
if(endtotarget(&QCw,&PTarget)<
endtotarget(&QCcw, &PTarget))
{
while(lisempty(&QCw))
{
dequene(&QCw,&PCw),
enqueue(&QMain,&PCw);
}
}
elge
while(lisermnpty(&QCcw))
{
dequeue(&QCecw,&PCcw);
enqueue(&QMain,&PCcw),
\ }
QCw.front = QCw.rear = NULL;
resetqueue(&QCw),
QCew.front = QCcw.rear = NULL;
resetqueue(&QCcw);
Cwu=1,
break;
}
if(result=0)
if(++Himitcow >LMAX2)
if(endiotarget(&QCw,&PTarget)<
endtotarget(&QCew,&PTarget))

while(lisempty(&QCw))



dequeue(&QCw,&PCw),
enqueue(&QMain, &PCw);

else

while(lisempty(&QCew))
{

dequeue(&QCcew,&PCcw);
enqueue(&QMain, &PCew);
, }
QCw.front = QCw.rear =NULL,
resetqueue(&QCw),
QCew.front = QCecw.rear = NULL;
resetqueue(&QCcw),
Cwu=1,
break;

}
if(abs(Ix-Cw.x)<LEAVE LIMIT && abs(Ly-Cw.y)<LEAVE_1IMIT)

while(lisernpty(&QCw))
{

dequeue(&QCw,&PCw),
enqueue(&QMain,&PCw);
}

QCw.front = QCw.rear =NULL,;

resetqueue(&QCwW);
QCcw.front = QCcw.rear = NULL;

regetqueue(&QCew);
break;

}

if(abs(Ix-Cew.x)<LEAVE_LIMIT && abs(Ly-Cew.y)<LEAVE_LIMIT)
while(lisempty(&QCew))
{

dequeue(&QCcw,&PCcw);
enqueue(&QMain,&PCew);
}
QCw.front = QCw.rear = NULL,;
resetqueue(&QCw);
QCew.front = QCcw.rear = NULL,;
resetqueue(&QCew);
break;
}

}
} /4% END OF WHILE LOOP *#/

]'dlt*
we Fither reached target or stop after specified iterations
l!llill!/

if(Cwu)
break;



[ )
*®#= If condition is true than target was
% not reached

***/
if(Cwu)
{
setcolor(YELLOW),
gplot(&QMain);
gstat=1,
}
/**l'
wE® Optimize path
#IF*/
if(!stat)
{
while(optimize(&QMain)),
setcolor(LIGHTMAGENTA);
gplot(&QMain),
gotoxy(1,1);printf("T™;
getch(;
gplot(&QMain);
/}w-o-
##% Plot optitnized path
i/

PATH->front = QMain. front;
PATH->rear = QMain.rear,

QMain. front = QMain rear = NULL,
return(stat),

void  ZZ FollowWallClockwise(ZZ ExtendedPoint *p)

/el s s e s oo oo s o oo o ofs o o e o o ko s e s £
if(!p->north)
while(1)
{

p->x <= precision;,

p->y -=precision,

for(j=0,j<=box,j+=4)

if(getpixel(p->x-j,p->y-j) == WHITE ||
getpixel(p->x-j,p->y) == WHIIE ||
getpixel(p->x,p->y-j) == WHIIE |
getpixel(p->x-j,p->y-j) == LIGHTGRAY ||
getpixel(p->x-j,p->y) ==LIGHTGRAY ||
getpixel(p->x,p->y-j) == LIGHTGRAY)

p->north=1;
p->northwest = 0;
p->X += precision,
p->y += precigion,
retumn;



}
p->y = precision,
for(j=0;j<=box;j+=4)

if(getpixel(p->x,p->y-j) = WHIIE ||
getpixel(p->x+j,p->y-j) = WHIIE |
getpixel(p->x-j,p->y-j) = WHIIE ||
getpixel(p->x,p->y-j) = LIGHTGRAY ||
getpixel(p->xtj,p->y-j) = LIGHTGRAY ||
getpixel(p->x-j,p->y-j) == LIGHTGRAY)
p->y += precision,

else
{
p->north=1;
p->northeast = 0,
return;
}
}
M " b " /
if('p->northwest)
while(1)
{

p->x-=precision,

for(5=0,j<=box,j+=4)

if(getpixel(p->x-j,p->y) == WHIIE |
getpixel(p->x-j,p->y+j) = WHIIE |
getpixel(p->%-j,p->y-j) = WHIIE |
getpixel(p->x-j,p->y) = LIGHTGRAY ||
getpixel(p->x-j,p->y+j) == LIGHTGRAY I
getpixel(p->x-j,p->y-j) = LIGHTGRAY)

p->x+=precision,
p->northwest = 1,
p->west=0,
return,
}
p->X -= precision;
p->y -= precision,
for(j=0;j<=box;j+=4)
if(getpixel(p->x-j,p->y-j) = WHITE |
getpixel (p->x-j,p->y) = WHITE ||
getpixel(p->x,p->y-j) = WHIIE |
getpixel(p->x-},p->y-j) = LIGHTGRAY ||
getpixel(p->x-j,p->y) = LIGHTGRAY ||
getpixel(p->x,p->y-j) ==LIGHTGRAY)

p->X += precision,
p->y += precision,

}

else

{
p->northwest = 1,
p->north= 0,
return,

}
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/i o i o sz e e i e o o i s o ol L ] L L rvvﬁlhﬂ****‘#/
if(lp->west),
while(1)
{
p->y+=precigion;
p->x-=precision,
for(i=0;j<=boxj+=4)
if(getpixel(p->x-j,p->y+j) = WHITE ||
getpixel(p->x-j,p->y) == WHITE ||
getpixel(p->x,p->y+j) == WHITE ||
getpixel(p->x-j,p->y+j) = LIGHTGRAY ||
getpixel(p->x-j,p->y) == LIGHTGRAY ||
getpixel(p->x,p->y+j) == LIGHTGRAY)

p->west = |;
p->southwest = 0,
p->y ~=precision,
p->X +=precision;
return,
}
p->% -= precision,
for(j=0,j<=boxj+=4)
if(getpixel(p->x-j,p->y) == WHITE ||
getpixel(p->x-j,p->y+j) == WHIIE ||
getpixel(p->x-j,p->y-j) == WHIIE ||
getpixel(p->x-j,p->y) == LIGHTGRAY ||
getpixel(p->x-j,p->y+|) = LIGHTGRAY ||
getpixel(p->x-j,p->y-j) == LIGHTGRAY)
p->X +==precision;
elge
{
p->west=1,;
p->northwest =0,
} returmn:

felaoie s sl o s e o s o o e s b o o ool o b

if(lp->southwest)
while(1)

p->y +=precision;

for(j=0;j<=box;j+=4)

if(getpixel(p->x,p->y+j) = WHIIE |
getpixel(p->x+j,p->y+j) = WHITE ||
getpixel(p->x-j,p->y+j) = WHIIE ||
getpixel(p->x,p->y+j) == LIGHTGRAY ||
getpixel(p->xtj,p->y+j) = LIGHTGRAY ||
getpixel(p->x-j,p->y+j) = LIGHTGRAY)

p->southwest =1,
p->south=0,
p->y = precision,
return,
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p->X -=precision,

p->y +=precision,

for(j=0,j<=boxj+=4)

if(getpixel(p->x-j,p->y+j) == WHIIE ||
getpixel(p->x-j,p->y) == WHIIE ||
getpixel (p->x,p->y+j) == WHITE ||
getpixel(p->x-j,p->y+j) == LIGHTGRAY ||
getpixel(p->x-j,p->y) == LIGHTGRAY ||
getpixel(p->x,p->y+j) == LIGHTGRAY)

p->X +=precision,
p->y == precision;

else
p->southwest = 1,

p->west=0;
retumn,

L L .
" ook e e e

if(lp->south)
while(1)
{
p->xt+=precigion,
p->y+=precision,
for(j=0;j<=boxj+=4)
if(getpixel(p->x+j,p->y+j) == WHIIE ||
getpixel(p->x+j,p->y) == WHITE ||
getpixel(p->x,p->y+j) = WHIIE |
getpixel(p->x+j,p->y+j) = LIGHTGRAY ||
getpixel(p->x+j,p->y) == LIGHTGRAY ||
getpixel(p->x,p->y+j) == LIGHTGRAY)

{

p->south=1;

p-=>southeast = 0,

p->X == precision,

p->y == precision,

returrn;
}
p->y+=precision;
for(j=0;j<=boxj+=4)
if(getpixel(p->x,p->y+j) = WHITE |

getpixel(p->xt]p->y+j) = WHITE |

getpixel(p->x-j,p->y+j) — WHITE |
getpixel(p->x,p->y+j) = LIGHTGRAY ||
getpixel(p->x+j,p->y+j) = LIGHTGRAY ||
getpixel(p->x-j,p->y+j) = LIGHTGRAY)
p->y-=precisior,
elge
{
p->south = 1,
p->southwest =0,
return,



}
[t g 2 o 3 5 2 W S e R B B R S
if(lp->zoutheast)
while(1)
{
p->x +=precision,
for(j=0,j<=box;j+=4)
if(getpixel(p->x+j,p->y) = WHITE |

getpixel(p->x+j,p->y-j) = WHIIE ||
getpixel(p->xtj,p->y+j) = WHIIE |
getpixel(p->x+j,p->y) == LIGHTGRAY ||
getpixel(p->x+j,p->y-j) — LIGHTGRAY ||
getpixel(p->x+],p->y+j) = LIGHTGRAY)

p->X -= precision,
p->southeast = 1;
p->east =0,
return,
}
p->x +=precision;
p->y +=precision,
for(7=0;j<=box;j+=4)
if(getpixel(p->x+j,p->y+j) == WHITE ||
getpixel(p->x+j,p->y) = WHIIE ||
getpixel(p->x,p->y+j) = WHIIE ||
getpixel(p->xtj,p->y+j) = LIGHTGRAY ||
getpixel(p->xtj,p->y) = LIGHTGRAY ||
getpixel(p->x,p->y+j) == LIGHTGRAY)

p->X -= precigion,
p->y == precision;

}
else
{
p->southeast = 1;
p->gouth = 0;
return,
}
)
Jravhca et ot o o e s s o e o o ol o oo oo e e
if(\p->east
while(1)
¢ p->x +=precigion;
p->y -= precision,
for(j=0;j<=box;j+=4)

if(getpixel(p->xtj,p->y-j) = WHIIE ||
getpixel(p->x,p->y-j) = WHITIE ||
getpixel(p->x+j,p->y) = WHITE ||
getpixel(p->x+,p->y-j) == LIGHTGRAY ||
getpixel(p->x,p=>y-j) == LIGHIGRAY ||
getpixel(p->x+j,p->y) == LIGHTGRAY)

p->x -=precision,
p->y += precision,
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)

p->east =1,
p->northeast =0,
returm,
)
p->x%+=precision;
for(j=0;j<=boxj+=4)
if{getpixel(p->x+j p->y) == WHITE ||
getpixel(p->xtj,p->y-j) == WHIIE ||
getpixel(p->x+j,p->y+j) == WHIIE ||
getpixel(p->x+j,p->y) == LIGHTGRAY ||
getpixel(p->x+j,p->y-j) == LIGHTGRAY ||
getpixel(p->x+j,p->y+j) = LIGHTGRAY)
p->X == precision;
else
{
p->eagt=1,
p->southeast = 0,
return;

o e s oo s b o s s s c37 s o ey e o ot 225 ol el o ool ch o ol oo s o o o s

if(p->northeast)
while(1)

{

p->y == precision;
for(j=0;j<=boxj+=4)
if(getpixel(p->x,p->y-j) = WHITE ||
getpixel(p->x+j,p->y-j) = WHIIE |
getpixel(p->x-j,p->y-j) == WHIIE ||
getpixel(p->x,p->y-j) == LIGHTGRAY ||
getpixel(p->x+j,p->y-j) == LIGHTGRAY ||
getpixel(p->x-j,p->y-j) == LIGHTGRAY)
{
p->y +=precision,
p->northeast =1,
p->north = 0;
return;
}
p->x += precision,
p->y -= precision,
for(j=0;j<=boxj+=4)
if(getpixel(p->x+j,p->y-j) = WHIIE ||
getpixel(p->x+j,p->y) == WHITE ||
getpixel(p->x,p->y-j) = WHIIE ||
getpixel(p->x+j,p->y-j) = LIGHTGRAY ||
getpixel(p->xtj,p->y) = LIGHTGRAY ||
getpixel(p->x,p->y-j) == LIGHTGRAY)

p->x -=precision,
p->y += precision,
}
elge
{

p->northeast = 1;
p->east=0,
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return;

}
}
}
void  ZZ FollowWallCounterClockwise(ZZ_ExtendedPoint ®p)
{
/e o ot o ot s o o o e s oo T
if(ip->east)
while(1)
{
p->y+=precisior,
p->x+=precision;
for(7=0,j<=box;j+=4)

if(getpixel(p->xtj,p->y+j) == WHIIE ||
getpixel(p->x,p->y+j) == WHIIE ||
getpixel(p->x+j,p->y) == "WHIIE ||
getpixel(p->x+j,p->y+j) = LIGHTGRAY ||
getpixel(p->x,p->y+j) == LIGHTGRAY ||
getpixel(p->xtj,p->y) == LIGHTGRAY)

p->east=1,
p->southeast =0,
p->X -= precision,
p->y -= precision,
} return,
p->x+=precisiomn,
for(j=0;j<=box;j+=4)
if(getpixel(p->x+j,p->y) == WHIIE ||
getpixel(p->x+j,p->y-j) == WHIIE ||
getpixel(p->x+j,p->y+j) == WHIIE ||
getpixel(p->x+j,p->y) = LIGHTGRAY ||
getpixel(p->x+j,p->y-j) == LIGHTGRAY ||
getpixel(p->x+j,p->y+j) == LIGHTGRAY)
p->X -= precision;

else
{
p->east =1,
p->northeast = 0;
returm,
}
}
etk st o st ol s s s o e ke sl sl
if('p->southeast)
while(1)
{
p->y+=precisiomn,
for(j=0,j<=box;j+=4)
if(getpixel(p->x,p->y+j) == WHIIE ||

getpixel(p->x+j,p->y+j) == WHIIE ||
getpixel(p->x-1,p=>y+j) = WHIIE ||



getpixel(p->x,p->y+j) = LIGHTGRAY ||
getpixel(p->x+j,p->y+j) == LIGHTGRAY ||
getpixel(p->x-,p->y+j) — LIGHTGRAY)
{
p->southeast =1,
p->south =,
p->y == precision,
} return:
p->x+=precision,
p->y+=precision,
for(5=0;j<=box;j+=4)
if(getpixel(p->x+j,p->y+j) = WHITE |
getpixel(p->x,p->y+j) = WHITE ||
getpixel(p->xtj,p->y) = WHITE ||
getpixel(p->xtj,p->y+j) == LIGHTGRAY ||
getpixel(p->x,p->y+j) == LIGHTGRAY ||
getpixel(p->x+j,p->y) == LIGHTGRAY)

p->X == precision;
p->y -=precision,

}
else
{
p->goutheast = 1,
p->east=0;
return,
}
}
/oot s s e s i el o el o s s oo el e sk e
if(lp->south)
while(1)
{

p->x = precision,
p->y +=precision,

for(7=0;j<=boxj+=4)
if(getpixel(p->x-j,p->y+j) == WHIIE |
getpixel(p->x,p->y+j) = WHITE ||

getpixel(p->x-j,p->y) = WHIIE ||
getpixel(p->x-j,p->y+j) = LIGHTGRAY ||
getpixel(p->x,p->y+j) = LIGHTGRAY ||
getpixel(p->x-i,p->y) = LIGHTGRAY)
{
p->gouth=1;
p->southwest =0,
p->x +=precision,
p->y -= precisiomn,
, return,
p->y+=precision,
for(j=0;j<=box;j+=4)
if(getpixel(p->x,p->y+j) = WHIIE |
getpixel(p->x+j,p->y+j) = WHIIE ||
getpixel(p->x-j,p->y+j) = WHIIE |
getpixel(p->x,p->y+j) == LIGHTGRAY ||
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getpixel(p->x+j p->y+j) == LIGHTGRAY ||
getpixel(p->x-j,p->y+j) = LIGHTGRAY)
p->y-=precision,
elge
{
p->south=1;
p->southeast = 0,
return,

/##**#** L i ele efa ol el o sfo o i als o o ade e oo o ofe 5 oo e # L /
if(lp->southwest)
while(1)
{
p->X -=precision,
for(j=0;j<=box;j+=4)
if(getpixel(p->x-j,p->y) == WHIIE ||
getpixel(p->x-j,p->y+j) == WHITE ||
getpixel(p->x-j,p->y-j) = WHIIE ||
getpixel(p->x-j,p->y) == LIGHTGRAY ||
getpixel(p->x-j,p->y+j) = LIGHTGRAY ||
getpixel(p->x-j,p->y-j) == LIGHTGRAY)

p->southwest = 1;
p->west =0,
p->x += precigion;
return,
}
p->x -= precision;
p->y +=precision,
for(j=0;j<=boxj+=4)
if(getpixel(p->x-j,p->y+j) == WHITE ||
getpixel(p->x,p->y+j) == WHILE |
getpixel(p->x-j,p->y) = WHIIE ||
getpixel(p->x%-j,p->y+j) = LIGHTGRAY ||
getpixel(p->x,p->y+j) == LIGHTGRAY ||
getpixel(p->x-j,p->y) == LIGHIGRAY)
{
p->x+=precision,
p->y -= precigion;

else

p->gouthwest = 1;
p->south= {0,
return,

/*-:—f* i el ol o s oo s e o ehn ol e o e el e oo o ‘"'*-:——:—ri“*i**lﬁ**ﬁﬂﬂ"@f

if('p->west)
while(1)
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{
p->x -= precision,
p->y -=precision;
for(j=0;j<=box;j+=4)
if(getpixel(p->x-j,p->y-j) = WHITE II
getpixel(p->x-j,p->y) = WHIIE ||
getpixel(p->x,p->y-j) = WHITE ||
getpixel(p->x-j,p->y-j) = LIGHTGRAY ||
getpixel(p->x-j,p->y) == LIGHTGRAY ||
getpixel(p->x,p->y-j) == LIGHTGRAY)
{
p->west=1;
p~>northwest = 0;
p->x += precisior,
p->y += precision,
} return:
p->X -= precision;
for(j=0,j<=boxj+=4)
if(getpixel(p->x-j,p->y) = WHITE ||
getpixel(p->x-j,p->y+j) = WHITE |
getpixel(p->x-j,p->y-j) == WHIIE ||
getpixel(p->x-j,p->y) = LIGHTGRAY ||
getpixel(p->x-j,p->y+j) == LIGHTGRAY ||
getpixel(p->%-j,p->y-j) == LIGHTGRAY)
p->X +=precision,
else
{
p->west =1;
p->southwest =0,
return;
}
}
/ot s e s ot ool oo oot oo o o o e e s o e
if(lp->northwest)
while(1)
{ .
p->y == precision,
for(j=0j<=box;j+=4)
if(getpixel(p->x,p->y-j) == WHIIE ||
getpixel(p->x+j,p->y-j) = WHITE ||

getpixel(p->%-j,p->y-j) = WHIIE ||
getpixel(p->x,p->y-j) = LIGHTGRAY |
getpixel(p->x+),p->y-j) == LIGHTGRAY ||
getpixel(p->%-j,p->y-j) == LIGHTGRAY)

{
p->y += precision,
p->northwest =1,
p->north =0,
return,

}

p->X -= precigion,

p->y -=precision,
for(j=0,j<=boxj+=4)
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if(gc’q?ixel(p->x-j,p->y-j) =="WHIIE ||
getpixel(p->x,p->y-j) == WHITE ||
getpixel(p->x-j,p->y) = WHITE ||
getpixel(p->x-j,p->y-j) == LIGHTGRAY ||
getpixel(p->x,p->y-j) == LIGHTGRAY ||
getpixel(p->x-j,p->y) = LIGHTGRAY)

p->x += precision,

p=>y += precision;
}
else
{
p->northwest = 1;
p->west =0,
return,
}
}
[l s ol e s o o o s s o o s e o
if(lp->north)
while(1)
{
p->x+=precision,
p-=>y-=precision;
for(j=0;j<=box;j+=4)

if{getpixel(p->x+j,p->y-j) = WHITE ||
getpixel(p->x+j,p->y) = WHIIE |
getpixel(p->x,p->y-j) = WHIIE ||
getpixel(p->xtj,p->y-j) = LIGHTGRAY ||
getpixel(p->x+,p->y) == LIGHTGRAY ||
getpixel(p->x,p->y-j) == LIGHTGRAY)

p->north=1;
p->northeast = 0,
p->x -=precigion,
p->y += precisior,
returry,
}
p=>y ~=precision,
for(j=0j<=box;j+=4)
if(getpixel(p->x,p->y-j) == WHITE ||
getpixel(p->x+j,p->y-j) = WHIIE ||
getpixel(p->x-j,p->y-j) == WHIIE ||
getpixel(p->x,p->y-j) = LIGHTGRAY |
getpixel(p->x+j,p->y-j) = LIGHTGRAY ||
getpixel(p->%-j,p->y-j) == LIGHTGRAY)

p->y = precision,
else
{
p->north= 1,
p->northwest = 0;
return;
}
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if(lp->northeast) :
while(1)

{ ')
p->x +=precision,
for(j=0;j<=boxj+=4)
if(getpixel(p->x+j,p->y) = WEIIE |
getpixel(p->x+j,p->y-j) == WHIIE |

getpixel(p->x+j,p-=y+j) = WHITE ||
getpixel(p->x+j,p->y) = LIGHTGRAY ||
getpixel(p->xtj,p->y-j) = LIGHTGRAY ||
getpixel(p->x+j,p->y+j) == LIGHTGRAY)
{
p->% = precigion,
p->east =0,
p->northeast = 1;
returm;
}
p->x += precigion;,
p->y = precision,
for(j=0;j<=boxj+=4)
if(getpixel(p->x+j,p->y-j) = WHIIE ||
getpixel(p->x,p->y-j) == WHIIE ||
getpixel(p->x+j,p->y) == WEHITE |
getpixel(p->x+j,p->y-j) = LIGHTGRAY ||
getpixel (p->x,p->y-j) == LIGHTGRAY ||
getpixel(p->x+j,p->y) = LIGHTGRAY)

{
p->X ~= precision,
p->y +=precision,

}

else

{
p->northeast = 1;
p->north=10;
return,

}
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el e s s e s et et ol s e e et e s o

FILE : 27, QUEUEH

DESCRIPTION : CONTAINS QUEUE HEADER FILE CODE USED BY

THE PATH PLANNER.

o gt £ e b e ek o A plg ko sfn o ol s mla e e ke oy e e b el ey el b pt

by : Ricerdo Andujer

LAST UPDATE : APRIL 27, 1993

. proprn

Lol ol L b

typedef struct
{
int X,
b4
} ZZ_Point;

typedef ZZ_Point DATA,

struct Linked_list
{

DATA 4

struct Linked list
h

typedef struct Linked list
typedef ELEMENT

struct queue

{
LINK  front,
rear;

%

&

*next,*previous;

typedef struct queue QUEUE,

int gsearch(QUEUE *q, DATA *x),

int isempty(QUEUE *q);
DATA  viront(QUEUE *q);

void  dequeue(QUEUE *q, DATA *xX),
void  enqueue(QUEUE *q, DATA *x),

void  gplot{QUEUE *q),

int optimize(QUEUE *q),

int sumqueue(QUEUE *q);

int numqueue(QUEUE *q);

int lineofsight(QUEUE *q, DATA *x, int *x3, int *y3, int *x4, int *y4),

int endtotarget(QUEUE *q, DATA *x),
void  unqueue(QUEUE *q, DATA *x),
void  resetqueue(QUEUE *q);

w
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ke e e st s e o e oo o o o o e o o oo o oo o ol oo o tesh st s e
FILE 1 ZZ_QUEUE.C

DESCRIPTION : CONTAINS ALL QUEUE R.'ELATED FUNCTIONS USED BY
THE PATHPLANNER.

by : Ricardo Andujar

LaAST UPDAIE APRIL 27, 1993

e & e e alhr o ke ok e ooy e s kn e bkt e mdke o " g oy ™ 2 ﬁ&-ﬁ.*/

Ll g Lot L 3 tuefreh i3

I'l.l-d_.._ s e o el it oo ol e e el o el el i e e e o b ot s o ot s o ooz e el " " Koy

mamn s 5 o e ool ol el ol oo o oo s ol s e

#mclude<stdlib.h>
#include<alloc.h>
#include<conio.h>
#include<graphics.h>
#include<stdio.h>
#include<math h>
#include *zz_queuve.h’

s This variable can be modified to change
Rech ik path search precision
o s e e e

#define precision2 1

#define NULL G

/s st ot f st sl e s e s ot s 00 o o o ot e o s o G s o s ol
[ ]

b RETURNS A ] IF QEUEU IS EMPTY, OTHERWISE RETURNS 0.

s

e 5 4 e o o of o o o o o o e e o i o o o o o o o o oo o e o
int isempty(QUEUE *q)

return(g->front ==NULL);

Fis EL ek chshrd gl hobdedh et P2t ot bbb 4 E b 3 o

- RETURNS THE FIRST ELEMENT IN THE QUEUE WITHOUT UNQUEUEING

b s e e e W e o o e o sl o e dorlaciafs i sie o iy o o e et ot ot oo o o o o o o e
DATA  viront(QUEUE *q)

}

return (g->front -> d),
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¥l it o e e o 41 o v o o o o e o b ol e s P

&

- RETURNS 1 IF FINDS VALUE EQUAL TO SESARCH ARGUMENT

abe s oo 8 o e o e a el e s o 2 ot e i o o e e e s i o o oo o o ol o o oo e e
int gsearch(QUEUE *q, DATA *x)
{
LINK temp = q -> rear;
if(ternp->previous == g->front ||
temp->previous->previous = ¢->front)
return(0);

temp = temp->previous->previous;
while(temp -> previous I=NULL)

{
if(temp->d.x == x->x && temp->d.y = x->y)
return(1),
temp = temp -> previous;
}
return(0);
}
/6 5 s e o s s s s e e o o o o e s 8 o s s oo s et s s o s i
&
b PLOTS ENTIRE PATH GENERATED
| 3
sfac v et o vl v s o s s e i s oo e s i s e oo s s st st o o o ch st s o e o e i el W
void  gplot(QUEUE *q)
{
LINK temp = q -> front;
gotoxy(1,1);printf("p");
moveto(temp->d.x,temp->d.y);
while(temp !=NULL}
lineto(temp->d.x,temp->d.y);
temp = temp -> next;
}
}

v vl ks oo o oo o s s o o o afs s o s o o o s o s o o oo oo oo o o o o o o e o o oo e o o e o e o o o o o ol e o ot

- EMPTIES QUEUE

&

o s el o o s e o s ol e et e o o o o e o s s s o e o e ot s ot ot ot o o o o ol
void  resetqueue(QUEUE *q)

{

LINK temp = q -> front;
gotoxy(1,1);printf(*r;
while(!isempty(q)
{ q - front = temp -> next,
q -> front <> previous = NULL,
farfree(temp);
ternp = q-> front,
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e i e e ol e ok e e o i e b o e s e o g o I . e e o -
the oz e o sn e s o o o farjs s L L1 L1 L Ll

e e e g £ - b ol - N o e b ke ot e e ke e e o s e o " . gl
L] bl e o 6 L Lo L) ol U] Reasp AR /

{
int num=0,
LINK ternp;
temp = q->front,
while(temp !=NULL)
{
-t
temp = temp->next;
}
return(nurm);
}
[t deskiash i dashoshasls o ot o oo ol v oo ol 6 o sl e - s ool ol s oft e ool el o
g

* RETURNS THE SUM OF THE DISTANCES BETWEEN ALL
he ADJACENT WAYPOINTS

Y
el oo ool ot ool el e s s ek s oo s s e s ket s/
int sumqueue(QUEUE *q)
{
int num=0;
LINK temp;
temp = g->frort;
while(termp->next = NULL)
{
mun += sgrt(pow(temp->d.x - temp->next->d.x,2.0L)}+
pow{temp->d.y - temp->next->dy,2.0L});
ternp = temp->next,
}
return(num),
}
I e o ce s e s ol o oo b e e o of s o s o o o s o e sch o s oo o o e o e o o
[
w ENQUEUS *X LOCATION IF LINE OF SIGHTIS POSSIBLE
» BETWEEN LAST WAYPOINT IN QUEUE AND *X
L]

****#**#*##ﬁ#***#**ﬁ*#***#*****‘**##*****#***#**###*******#***##**#*‘/
it lineofsight(QUEUE *q, DATA *x, int *x3, int *y3, int *x4, int *y4)

{
float  rdrxdryxlyl,x2,y2;
int dr=1,2,res=0,j,one_not_done = 1,obstacle =0,
LINK templ = q ->rear;
if(temp1 !=NULL)
{
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x1 =templ->d.x
y1 =templ->dy,
X2 =3x->X,
y2=x->y,
r= sqrt((x2-x1)*(2-x 1+ (y2-y1 )*(y2-y1));
r2=0;,
if(r'=0)
{
drx = dr*(x2-x1)/(float)r;
dry = dr*(y2-y1)/(float)r;

while(1)
{
for(j=1j<=precision2;j++)
if(getpixel(x1+,y1+j) == WHIIE ||
getpixel(x1+j,y1-) == WHIIE |
getpixel(x1-,y 14+j) = WHIIE ||
getpixel(x1-j,y1-j) == WHITE | \
getpixel(x1+j,y1+j) == LIGHTGRAY ||
getpixel(x1+j,y1-)) = LIGHTGRAY ||
getpixel(x1-j,y14j) = LIGHTGRAY ||
getpixel(x1l-j,y1-)) =LIGHTGRAY)
{
if(one_not_done)
{
#x3 = (int)(x1-drx);
*y3 = (int)(y1-dry),
one_not_done =0,
r2 +=dr,
xt +=drx;
yl+=dry,

obstacle=1,
}
if(rz>r)

if(lobstacle)
enqueue(q,x);
return(1+obstacle),
}
if(lone_not_done && lobstacle)
{
x4 = (int)x];
*y4 = (int)y1;
return(0);
}

obstacle =0;
r2 +=dr;

x1 +=drx;
yl+=dry;

return(0);
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int endtotarget(QUEUE *q, DATA *x)
{
float  r,drx,dry,x1,y1,x2,y2;
LINK temnpl =(q ->rear;
if(templ 1=NULL)
{
x] =templ->dx,
¥1 =templ->dy,
X2 = x->X,
yi=x->y,
, return((int)(sqrt((x2-x1)*(x2-x1)+y2-y1)*y2-y D)),
return(0),
}
ettt o ol e e o el tosnsn s v s B st e sl sa s s
®
" OPTIMIZES GENERATED PATH BY ELIMINATING UNNECESARY
- WAYPOINTS.
[
o el i ol s e s e o o oo o o o0 o e o e o o o o o o o o s s s s
int optimize(QUEUE *q)
{
float  drx,dry,rx1,y1,x2,y2;
int dr=4 12 res=0;,
LINK templ = q->front,

LINK

temp2 = temp1->next,

gotoxy(1,1);printf(*o");
temp2 = temp2->next,
if(templ =NULL && temp1 |= q->rear && temp1->next = g->rear)

{

x1 =templ ->d.x,
y1 =templ ->d.y,
x2 =temp2 ->d.x;
y2=temp2 ->d.y,
r=sqri{(x2-x1)*(x2-x1 1+ (y2-y)*(y2-y1));
r2=0;
if(r'=0)
{
drx = dr*(x2-x1)fr;
dry = dr*(y2-y1)ir;
}

while(1)
{
int j=precision2;
if(getpixel(x14j,y1+j) = WHITE |
getpixel(x1+j,y1-j) = WHIIE ||
getpixel(x1-j,y1+j) == WHITE {|
getpixel(xl-j,y1-)) = WHIIE ||
getpixel(x1+j,y1+j) == LIGHTGRAY ||
getpixel(x1+j,y1-j) = LIGHTGRAY ||
getpixel(x1-j,y1+j) == LIGHTGRAY ||
getpixel(X1-j,y1-)) == LIGHTGRAY)



}

else

o e i e

}

termp1 =temp1->next;

temp2 = temp2->next;

if(temp2 == NULL)
return(reg);

x1 =templ -»dx;

y1 =templ ->dy;

X2 =temp ->d.x;

y2 =temp2 ->dy,

116

r = 8qri((2-x1)*(x2-x1y+(y2-y )*(2-y 1))

r2=0,

if(r!=0)

{
drx = dr*(x2-x1)/r;
dry = dr*(y2-y1)/r;

r2 +=dr,
x1 +=drx;
yl t=dry,
if(rz>r)

{

return(res),

farfree(temp1->next);

temnpl->next = termp2,

temp2->previous =templ,

tempZ2 = temp2->next;

res=1,

if(temp2 = NULL)
return(res);

x1 =templ ->d.x;

y1 =templ ->dy;

x2 =temp2 ->d.x;

y2 =temp2 ->d.y,

r=sqrt((x2-x1)*(x2-x1 1+ (y2-y1)*y2-y1));

2=0,

if(r!=0)

{
drx = dr¥*(x2-x1)/r,
dry =dr*(y2-y1)/r;

e oo e i o o o s o st s oo e o s e ot oo e

s sfacia s sfa 93 s ofa e o s e e i oo o K ol O s o

L

RETURNS THE FIRST ELEMENT IN QUEUE IN *x AND ERASES

IT FROM THE QUEUE.

e 80 0o s s o e e o ol 0 o o o e e sl o o s o et e b el s sl f

BYRE

void dequeue(QUEUE *q, DATA *x)



LINK temp = q -> front;

if (lisempty(qQ))
{ .
®x =temp -> d,
q -> front = temp > next;
q -> front -> previous = NULL,;
farfree(temp),

printf("Empty queue.\n");

" o che ke e e e ks ke gl 1 by e ek e e o mke

b b o sl e gl gl i gl

g F & B

b Ll bl

RETURNS THE LAST ELEMENT IN QUEUE IN *x AND ERASES

IT FROM THE QUEUE.

e e g2 ges e nis ez el s sle ey e LLL L LI UL L L L Ll L

void unqueue(QUEUE #*g,DATA *x)

}

o e s s s s e et s s e che oo oo i o e e o oo e e s e oot o o o s ol e e sl s e

™
I
™

LINK temp = q <> rear;

i Cisempty(o)

q->rear = temp -> previous;
g->rear->next = NULL,;

*x = q->rear->d,
ferfree(temp);

else

printf("Empty queue.\n%),

ADDES *x TO THE END OF THE QUEUE.

e e e sk ey by b gl e e

e 2o e she gl 0de oo s nle

= **ﬁﬁ/

L UL

void

sesissfas daslssiachy L] k L L

enqueue(QUEUE *q, DATA *x)
LINK temp;

gotoxy(1,1);printf("e”);
temp = farmalloc(sizeof(ELEMENT)),
if(temp == NULL)
{
printf*NOT ENOUGH MEMORY!"),
exit(1),

}

temp > d="*x,

temp -> next = NULL,
i{f (isempty(q))

s s e vk e e
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temp -> previous=NULL;, -
q -> front = q -> rear =temp;
}
else [ & :
if(abs(termnp->d.x-q->rear->d.x)3>0 || abs(temp->d.y-g->rear->d.y)>0)
{ B e Hrag oo S e
temp -> previous = q -> rear,
q <> rear -> next = temp;
q -> rear = temp,
}
else

ferfree(temp),
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e ey ke b ke b e ko s el gy b oo pl sk s e pln e e g gl oy, p o sl e ool e oo o i s o ol e o ol o et e

DESCRIPTION : SUPERVISOR MODULE FOR AUTONOMOUS VEHICLE

This file contains header file code for the fuzzy controller,
end high level reasoning.

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

e dusarisse s s ol e i e ol ® ® ot oo s e o o s e
#define SCREENCONVERT 40.0 /* (pixels/meter) */

#define BOTTOMLIMIT 479

#define TOPLIMIT 25

fidefine RIGHTLIMIT 639

#define LEFTLIMIT 1

#define IMAXRANGE 400

#define HALFSPREADANGLE 10.0/180.0*M_PI /* 10 Degrees */
#define NUM_SENSORS 6

#define NUM_EDGES 4

void  ZZ_InitSuper(void),
void  ZZ EraseSuper(void);
void  ZZ SuperLoop(void),
void  ZZ_SuperServer(byte Source Address,int *DataContert,
double *Data, byte *DataNum);



120

s pde sl e K o aln b ok ks

LLL L LUl L e v s e e e o ol o e o s oo o s oo el o o o e o e cin o o sl o e ol oo s s s e e e oo

DESCRIPTION : SUPERVISOR MODULE FOR AUTONOMOUS VEHICLE

This file contains code for the fuzzy conb'ollm'
and high level reasoning,

by : Ricardo Andujar

LASTUPDAIE APRIL 27, 1993

e vl e ool o oot o o d o e e e " e oy s oo i oo ke bt o iy iy

L L Lo Ll SRR NpagRa RIS B O o G e L L] —.——r—-—r/

e sbe s ca efa et e e ol ke e ok el e iy ke PR, " b e b kot e e o ke o e e e iy e e sy ot gl e e e e pler e

INCLUDE F]I..ES FOR SUPERVIS OR MODULE
P P e R
#include<alloc.h>

#include<math.h>

#include<stdlib.h>

#include<graphics.h>

#include*ZZ FUZZY H"

#include"ZZ CAN.H"

#include'ZZ CARSP.H"

#include*ZZ_MISC.H®

#include'ZZ MAPH®

#include*ZZ GRAPH.I'

#include'ZZ, SUPR2.H*

#include’zZ, QUEUE.H"

#define FALSE 0

#define FIRST TIME 2

#define TRUE 1

#define LEFTY 1

#define RIGHTY 0

#define TRESHOLDT 0.50 /* meters */
#define TRESHOLD 0.50 /* meters */
#define MAXTRIES 2

#define GET_OUT_WAIT 15

#define FUZZY O

#define PLANNER 1

#define MAX tries 4

extern int graph,

extern void
ZZ, SupertoMap(double *, double *,double *,
double *,double *,doubie *,double *,int *,int *),
ZZ,_SupertoConsl(double *,double *, int *),

gtatic  double WayX=1,0,WayY=4.0,
static double TargetX=1.0,TargetY=4.0,
int NewTarget=FALJE,



ewwsesws  INPUT LINGUISTIC VARIABLE (MEMBERSHIP FUNCTION DEF.) ##es/
gtatic  ZZ_TRAPEZOID

BEHINDCAR={160,180,180,200}, /* degrees */

FRONTOFCAR={-40,0,0,40},
RIGHTOFCAR={0,80,100,180}, .
LEFTOFCAR={-180,-100,-80,-0}, - i~ ¢ ~ = . =

SMALLDISTANCE=(-.5,0,0,5}, /* meters/sec %/
MEDIUMDISTANCE={0,1,1,2},
LONGDISTANCE={1,2,7,6},

feswwmsnek OUTPUT LINGUISTIC VARIABLES (MEMRBERSHIP FUNC'HON DEF,) ##asss/
STOP=(-.45,0,0,.45}, /* meters/sec */
FWD_SLOW=(0,7,7,1.4},
FWD_MEDIUM={0,1,1,2},
REV_SLOW={-1,-.5,-.5,0},
REV_MEDIUM={-2,-1,-1,-0},

STRAIGHT=(-30,0,0,30}, /* degrees */
HARDLEFT=(-70,-45,-45,-20},
HARDRIGHT={20,45,45,70},

FORWARD={0,0,2,1},
BACKWARD={-1,-2,0,0},
LEFT={-22.5,-45,0,0},
RIGHT={0,0,45,22.5},
TOO_CLOSE={.1,0,.1,35},
VERY_CLOSE={.1,.3,.3,8),
CLOSE={0,1,1,1.4},

GETTING CLOSER={-1,-2,-.2,0},
ZERO={-1,0,0,1},
REVERSE={-2.3,-1.3,-1.3,-.3},
REVERSE2={-2.6,-1.6,-1.6,-.6},
GOFORWARD=({-2.6,-1.6,-1.6,-.6},
SLOWDOWN={-1.9,-.9,-.9,.1},
SLOWABIT=(-1.7,-7,-7,.3},
TO_LEFT={-20,-14,-16,-10},
TO_RIGHT={10,16,14,20},
HARDLEFT2={-65,-65,-25,-25},
HARDRIGHT2={25,25,65,65}

Jusssiswmmn DISCRETE FUZZY QUTPUITS ks f
static ZZ FUZZYOUTPUT

FRoadSpeed,
FSteer,
FSpeedChange,
FSteeringChange,
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static

double

b et e ot e oy ol g f.rﬂ.-¥¥$5¥****$/

CarXc[NUM_EDGEJ], /e ROBOT EDGES RELATIVE X-POSITION

FROM REFERENCE POINT (pixels)*® s/

CarYc[NUM_EDGES], f##w® ROBOT EDGES RELATIVE Y-POSITION

FROM REFERENCE POINT (pixels)®##%/

CarR[NUM_EDGES], fe%#% ROBOT EDGES RELATIVE RADIUS

FROM REFERENCE POINT (meters)®®*%/

CarAng{NUM,_EDGES], /#®e% ROBOT EDGES RELATIVE ANGLE

FROM FRONT OF ROBOT (radiang)****/

Xc[NUM_SENSORS], [ee% JENSOR X-POSITIONS (pixels) #*=#/

Yc[NUM_SENSORS], fe### SENSOR Y-POSITIONS (pixels) *»##/

Rxy[NUM,_SENSORS], Je®#® SENSOR RADIUS FROM REFERENCE ###®/

AngleXY[NUM _SENSORS], /**** SENSOR ANGLE FROM REF. POINT *##*/

Range[NUM_SENSORS],  /*®#*% 3ONAR RANGE INFORMATION  *#%®/

Compass=0.0,
Kposition=1.0,
Yposition=4.0,
RoadSpeed=0.0,
SteeringAngle,
ARoadSpeed,
ASteeringAngle,
WayPointDist,

WayPointAngle,

ABreke,

Front,
FrontR,
Back,
BackR,
Right,
RightR,
Left,
LeftR,
Riw:

/##*# ROBOT BEARING o/
fesw® G OBAL X-POSITION o
f###% GLOBAL Y-POSITION o

fe+## DESTRED ROBOT SPEED (m/sec) **#%/
j##w# DESIRED STEERING (radians) *#%%/
[#%» ACTUAL ROBOT SPEED (m/sec) **#%/
J#wss ACTUAL STEERING (radians) #*#4/

fierdek CURRENT WAYPOINT DISTANCE
RELATIVE TO ROBOT (meters) #%#%/

fewee CURRENT WAYPOINT ANGLE RELATIVE
TO FRONT OF ROBOT (radiang) **+*/

v ACTUAL BRAKE STATUS (ON/OFF) s/
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static

RightR2,

Left2,

LeftR2,
CurrentWaypointX=1.0,
CurrentWaypointY=4.0,
OLDXposition,
OLDYposition,
RefCompass;

int

Xconvert,
Yconvert,
tries=0,

NOT REACHED,
GET_OUT=O0FF,
GSTEER,
METHOD;

static double timee = 0,

unsigned timer2=0,

timer1=0;

ZZ_Point Point;

QUEUE

void
void
void
void
void

PQueue;

ZZ,_GetSensorData(void),

ZZ _SendToNav(void);

ZZ ReachTarget(void),
ZZ,_ReachWayPoint(void),
ZZ_ColligionAvoidance(void);

int ZZ_Planner(int x, int y,int tx,int ty,QUEUE *PATH);

f*'h" ™ ek s = s el o o e
» *
" This Function must be called when starting -
- program execution w
® ®
ot s e s el ot e dosleshnis o e ol e o o o o oo oo ko ekl s o
void  ZZ InitSuper(void)
{
int i;

ZZ,_Real2Screen(Xposition, Yposition,&Xconvert,&Yconvert),

for(i=0;i<NUM_EDGES;i++)
ZZ, Cert2Polar(CarEdgeX[i],CarEdge Y[i],&Carang[i],&CarR[i]);

for(i=0;i<NUM_SENSORS;i++)
77, Cart2Polar(Xr{i], Yr{i],&AngleXY[i], &Rxy{i]);

for(i=0;i<NUM_SENSORS;i++)
ZZ_Polar2Cart(AngleXY[iH-Compass,
Rxy[i]*SCREENCONVERT,&Xc[i],& Yc[i]);
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for(i=0;i<NUM_EDGES;i++)
ZZ,_Polar2Cert(CarAng|i+Compass,CarR[i ]*SCREENCONVERT,
&CearXc[i],&CarYc[i]);

Jradecashipih

ks DASS MEMORY ADDRESSES OF VARIARLES USED BY SUPERVISOR SUB-MODULES
ook desiane s
ZZ_SupertoMap(CarXc,CarYc,Xc, Yc,Range,&Compass,&RoadSpeed, &Xconvert,
&Yconvert),
ZZ_SupertoConsl(&WayX,&WayY,&NewTarget),

ZZ_InitGraph(},
ZZ_InitMap();

ZZ_InitFuzzyOutput(-65,65,&FSteer,20);
ZZ_InitFuzzyOutput(-6,6,8&FRoadSpeed,20);
ZZ,_InitPuzzyOutput(-80,80,&FSteeringChange,30);
ZZ,_InitFuzzyCutput(-3,3,&FSpeedChange,20),

Front=Renge[0];
FrontR=0;
Back=Range|[1];
BackR=0,
Right=Range[3];
RightR=0;
Left =Range[2],
LeftR=0;
Right2 = Range[5}=0,
RightR2 =(;
Left2 =Range[4];
LeffR2 =0,
}
skt shaeeh ® ol i s o o e s s K sh 4l s 0 o i o oo o o i o o oo s o o
*
- This Function should be called when terminating
- program execution
ol
ob sl o st e sl o o 2T desatpshin o o s s ol o o s s e
void  ZZ_EraseSuper(void)
{
2Z_CloseGraph();
ZZ,_DelFuzzyOutput(&FSteer),
ZZ,_DelFuzzyOutput(&FRoadSpeed);
}
/ot st s s o e o il 2 e ks s s o oo el el s e st s s s oo ot o e
™
" MAIN SUPERVISOR LOOP
™ ———-
™

* The supervisor tagks are divided by function names
s

e e faspuola he 2 cfa s e e o s o da e o e o et sl e o o ol e e o e e e da it e dh ke e o s iy s e e e e el e



#define start 1

void

{

ZZ,_SuperLoop(void)
static int FLAG = start;

ZZ, DrawCer(),
ZZ_DrawCursor(),
ZZ,_GetSensorData(),
if(--FLAG<0)
{
ZZ,_UpdateMap(),
FLAG = start;
}
ZZ_DrawCursor(},
ZZ, DrawCar(),
ZZ_ReachTarget(),
ZZ,_ReachWayPoint(};
ZZ_CollisionAvoidance();
{
int gecg;
double ming;
secq =60.01*modf(timee/60.0],8ming);
gotoxy(1,1);printf(*TIME : %4.0If minutes, %2d seconds®,minq,secq);
}

timee +=0.21,
ZZ,_SendToNav();

o s e o s el s s e sl s o e o o e o o o e el W e o i v e el ot e oo o e e e i e e ba e ofp oo e ol 553 o ot oo o

F # 4 & # & & F ® * B

THIS FUNCTION OBTAINS SENSOR INFORMATION FROM
THE PROPULSION MODULE AND VISION MODULE
THROUGH THE CONTROLLER AREA NETWORK REQUEST COMMAND

Currently, The CAN is sirmlated in software. Functions
used to access the CAN are subject to change when the CAN ig

acually implemented. *

void

{

b et il et e e oy e el s " o P oy by 1o e ke s i i b e ke s b .‘/

2Z,_Get3ensorData(void)

int i=1;

ZZ_CAN Request(JIGHPRIORITY,SUPERVISOR, VISION,&DataContent,
Range,&DataNurm),

ZZ_CAN_Request(HIGHPRIORITY,SUPERVISOR,NAVIGATION,&DataCorttent,

Data,&DataNum),
1=1;
ARoadSpeed  =Data[i++];
Compass = Data[i++],
Xposition = Data[i++],
Yposition = Data[i++];

ASteeringAngle =Data[i++];
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ABrake = Datafi++];
ZZ_Real23creen(Xposition, Yposition,&Xconvert,& Y convert);

for(i=0;i<NUM_SENSORS;i++)
ZZ,_Poler2Cart(AngleXY[iHCompass,
Rxy{i]*SCREENCONVERT,&Xc[i],&Yc[i]);

for(i=0,i<NUM_EDGES;i++)
ZZ,_Polar2Cart(CarAng{ilH+Compass,CearR[i]*SCREENCONVERT,
&CarXcli],&CarYc[i]);

e o o e e o o L L] e ol s s e oo i s e e 5t ot e e o oo el ol ol o ol o ot sl s e e e e o op e S e e g

* SEND ACTUATOR REFERENCE INPUTS TO PROPULSION MODULES. SIGNALS
* SENT ARE:

® DESIRED STEERING ANGLE

" DESIRED SPEED

e e e e 0 e 2 5 i e MmN B S M. A ———————————
-]

= ‘When implemernting the actuator controls in the

* propulgion module, note that fast response times are

- critical for proper opersation of the mobile robot.

™

oo o oo o e ol o oot e o o oo s s ot o s o s o oo ol o oo e ol sl
void  ZZ SendToNav(void)

{
int =1,
Dats[i++]=RoadSpeed,
Data[i++] = SteeringAngle;
Data[i++] = OFF,
DataNum =2,
ZZ, CAN Command(HIGHPRIORITY,SUPERVISOR NAVIGATION,&DataContent,
Data,&DataNum);

}

/50 s s s o s e e e e s % s o e e o s o e e ot o s
% THIS FUNCTION DECIDES WHERE MOVING TARGETS ARE LOCATED AND *
% CHOOSES APPROPRIATE WAYPOINT FOR FUZZY CONTROLLER b
[ - e 0 e »

* NOTE: This function is not yet implemented “

# ]

s oot s e it s e oo ot ot o s s e o st o ks s s o ol s e o s o
void  ZZ_SearchMoving(void)

{

}

o che ede o e ok e e e s e ok b e e ke i e s e b ok ke ey ke i e K e 2 ek e ke . 4
[HshEam apeR s e e 0 v g B e oo o o e s o e 2t o ey e o Ll L L. L L L Ll L L

% THIS FUNCTION DECIDES WHEN TO GENERATE A PATH AND
® SELECTS THE CURRENT WAYPOINT TO BE USED BY THE
#* FUZZY CONTROLLERS. WHEN TARGET REACHED, IT WAITS UNTIL NEW
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* TARGETHAS BEEN SI':[..ECTED

void ZZ Reach’l'arget(vmd)
{

ok o e e by e e el s e i

int TX,TY;,

frnk
% If current position of car is close to current waypoint
s ot new waypoint.
$**/
if(fabs(CurrentWaypointX-Xposition)<TRESHOLD &&
fabs(CurrentWaypoint Y- Yposition)<TRESHOLD)
{
)
®a# If there are other waypoints in path
ik get the next point as aset as the current
wE% gaypoint .
t#!!/

if(!isempty(&PQueue))
{

dequeue(&PQueue,&Point);

ZZ,_Screen2Reai(Point.x,Point.y,

&CurrentWaypointX, &CurrentWaypointY),
}

else
o

W If close to target do nothing.
melach
if(fabs(TargetX-Current Waypoint3O<TRESHOLDT &&
fabs(Target Y-CurrentWaypoint Y)<TRESHOLDT)
{ CurrentWaypointX = Xposition,
CurrentWeypointY = Yposition,
,}t;-u
wi Otherwise, generate a new path
«4# gnd use the first point as the current
WS waypoint.
s
else
NewTarget =TRUE;

}

otk
@@ New Path has been generated or new target has been selected
s

if(NewTarget)

{

/*%* Generate new path and set currert waypoint as first point
M in new path

shehsf
if(NewTarget == FIRST_TIME)

{
gotoxy(1,1);
printf("TIME : %4.01f minutes, %2d seconds*,0.01,0),

TargetX = WayX,



}

[raths
Ll L
L
Hashat
LT

TargetY = Way¥,
timee = 0;
timerl =Q;

METHOD = PLANNER;
}

ZZ_Real23creen(TargetX, TargetY, &TX, &TY);
if({ZZ_Uncovered(TX,TY,4))

{
ifQMETHOD === FUZZY)
METHOD = PLANNER,

METHOD = FUZZY;,

else

}

ifQMETHOD = PLANNER)
{
resetqueue(&PQueue);
NOT_REACHED =77 Plarmer(Xconvert,Yconvert, TX,TY,&PQueue);
dequeue(&PQueue,&Point);
ZZ,_Screen2Real(Point.x,Point.y,
&CurrentWaypoint¥, &CurrentWaypoint Y);

}

elge

{
CurrentWaypoint¥ = Target3{;
CurrentWaypoirtY = TargetY;
NOT_REACHED =0,

}

NewTarget = FALSE,;

If target is vigible within sonar range, then
ignore peth and go directly to target location.
This only epplies when path was not found.

ifQ(NOT_REACHED)

{

}

fles
sz
s
e/

ZZ_Real28creen(TergetX, TargetY,

&TH&TY);
if(ZZ_Uncovered(TX,TY,7))
{
CurrentWaypointX = Target3(,
CurrentWaypointY = TargetY;
}

Change Waypoint coordinates from stationary cartesian
coordinates to polar coordinates relative to front of car

‘WayPointAngle =Z7 Atan2{CurrentWaypoint¥X-Xposition,

CurrentWaypointY-Yposition),

‘WayPointAngle -= Compass;
ZZ,_LimitAngle(&WayPointAngle),
WayPointDist = ZZ_Renge(CurrentWeaypointX-Xposition,

CurrentWaypointY-Yposition);

128



129

}

fshoiaseds s " ek it ot iy o o e s o et el oot
™

b CONTROLLER #1

™

» TRACK CURRENT WAYPOINT

E]

* FUZZY INFERENCE RULES

™

ol e s i e ot o o S e e ol e o o ol oo e o el o oo s e s s e

void ZZ ReachWayPomt(voxd)

double min,
AngleAd;;

frmessnn CONVERT Waypointangle from radians to degreeg sy
WayPointAngle *=180,0/M_FL,

froewskas RESET fuzzy output variables b/
ZZ,_ClearFuzzyQutput(&FSteer),
ZZ, ClearFuzzyOutput(&FRoadSpeed),

[resmnss AngleAdj is used only by BEHIND CAR Rules A
if(WayPointAngle<0)
Angle Adj=WayPointAngle+360.0;

AngleAdj = WayPointAngle,

elge

ksl sani s s ol o ool 2 801 ol o o o o o o s o e ol e o s e s oo o
G sy FUZZY Il\IFERENCE RUI.ES USING MIN/MAX RULES

sl e ofs s vie sl o oo s ofn e afn e o v} o e o o b2 o o o ada o o s e LU UL L LA LU 7}

/#*##**#‘# Waypom iB m ﬁ'Oﬂt OfI'ObOt ********##4’/
if(min = ZZ, Min(ZZ,_Member(WayPointAngle, &BFRONTOFCAR),
77, Member(WayPointDist, &SMALLDISTANCE)))

{
27, _AddMex(min,&ITOP,&FRoadSpeed),
27, _AddMax(min,&STRAIGHT,&FSteer);
3
if(min =ZZ_ Min(ZZ, Member(WayPointAngle, ZFRONTOFCAR),
Z7Z, Member(WayPointDist, @MEDIUMDISTANCE)))
{

27 _AddMex(min, &FWD_SLOW,&FRoadSpeed),
27, AddMax(min &STRAIGHT,&FSteer),
}

if(min = ZZ_Min(ZZ,_Member(WayPointAngle, &FRONTOFCAR),
ZZ_Member(WayPointDist, &LONGDISTANCE)))
{

ZZ_AddMex(min,&FWD_MEDIUM,&FRoadSpeed),
ZZ_AddMeax(min,&STRAIGHT,&FSteer);



ek s b Waypoirt is behindrobot s mmmme;
ZZ_Swap(&WayPointAngle &AngleAd;);
if(min =Z7Z_Min(ZZ_Member(WayPointAngle, X BEHINDCAR),
{ ZZ_Member(WayPointDist, &SMALLDISTANCE)))
ZZ_AddMex(min,&STOP,&FRoadSpeed);
} 2Z _AddMax(min,&STRAIGHT,&FSteer);

if(min = ZZ_Min(ZZ,_Member(WayPointAngle, XBEHINDCARY),
27, Member(WayPointDist, &MEDIUMDISTANCE)))
{

Z7Z,_AddMax(min,&REV_SLOW,&FRoadSpeed);

27, AddMeax(min, &STRAIGHT,&FSteer),

} }

if(min = ZZ_Min(ZZ_Member(WayPointAngle, XBEHINDCAR),

27,_Member(WayPointDist, &L ONGDISTANCE)))

{
77,_AddMex(min,&REV_MEDIUM,&FRoadSpeed),
ZZ,_AddMax(min, &STRAIGHT,&FSteer);

}

ZZ_3wap(&WayPointAngle,&AngleAd));

FLL L LA Ll waypom 18 to the nm of the robot theteh e e vl s o f

if(min =27 Min(ZZ, Member{WayPointAngle, &RIGIHTOFCAR),
ZZ_Member(WayPointDist, &SMALLDISTANCE)))
{
ZZ, _AddMax{min,&STOP,&FRoadSpeed);
77, AddMax(min,&HARDRIGHT,&FSteer),

}

if(min = ZZ,_Min(ZZ_Member(WeayPointAngle, &RIGHTOFCAR),
ZZ,Member(WayPointDist, &MEDIUMDISTANCE)))

{

ZZ,_AddMax(min, &KFWD_SLOW,&FRoadSpeed);
2Z,_AddMax(min,&HARDRIGHT, &FSteer);
}
if(min =27 _Min(Z7 Member(WayPointAngle &RIGHTOFCAR),
Z7, Member(WayPointDist, &L ONGDISTANCE)))

{
77, _AddMax(min,&FWD_MEDIUM,&FRoadSpeed);
ZZ_AddMax(min, &HARDRIGHT, &FSteer),
}
[roshskh e Waypoint is to the left of the robot  tksrskmmmhm/

if(min = ZZ,_Min(ZZ_Member(WayPointAngle, &LEFTOFCAR),
77, Member(WayPointDist, &SMALLDISTANCE)))

{
ZZ,_AddMax(min,&STOP,&FRoadSpeed),
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77,_AddMex(min, &HARDLEFT,&FSteer);

}

if(min = ZZ_Min(ZZ_Member(WayPointAngle, &L EFTOFCAR),
ZZ, Member(WayPointDist, &MEDIUMDISTANCE)))

{

ZZ_AddMax(min,&FWD_SLOW,&FRoadSpeed);
} ZZ,_AddMax(min,&HARDLEFT,&FSteer);

if(min =Z7_Min(ZZ_Member(WayPointAngle &L EFTOFCAR),
ZZ,_Member(WayPointDist, ELONGDISTANCE)))

{
ZZ,_AddMex(min,&FWD_MEDIUM, &FRoadSpeed),
722, AddMax(min, &HARDLEFT,&FSteer),
}
s e e ool e o e e o e o 5 o e s e e o e 5 o s e s o e o o ot e o o oo o oo o e 9 et s o o o e o oo o oo ot e o s e
ool e s st sho el o
Hath s s e DEFUZZIFICATION OF OUTPUT VARIABLES USING LARSEN'S RULE
L4 P ]

HERRRERR

Ll L L vl S s o o s e e o o sl e o 0ol o o e o 0 e ol o s e s o afo o o ol o ir s e o s e f

SteeringAngle = ZZ_Defuzzify(&FSteer)*M_PI/180.0;
RoadSpeed = Z7, Defuzzify(&FRoad3peed),

}
[ s o s ok oo ® o s s s e v e e e
&

* This Function hendles commmunication requests from

&

e other Modules through

™

* Controller Area Network

&

]

s s o f s e o o 8 e ol o s ol oo ool ot oo oo o ot o s e el oo o sl e e e

void ZZ, SuperServer(byte SourceAddress,int *DataContent,

double *Data, byte *DataNurm)

{ *DeataContent = NOTALLOWED,
}
/st o ot s s e e o o e o e o el oo s el o ol o e e i ool s oo o
“
: CONTROLLER # 2
: COLLISION AVOIDANCE AND
" GET OUT OF TIGHT SPOTS
: B FUZZY INFERENCE RULES
"

4
1
3
3

MRREE

s o e i ol e s s s o ofs e o s s sl i T TR R AT T e e s s o e o o s oo e s s ol e s s s s nfe s oo ol
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void

frashst
stk
s
PETY
sz f

ZZ,_CollisionAvoidance(void)

double max,min,SteeringChange=0,3peedChange=0;

[radash

Wi Cleer fuzzy output varisbles
s /

ZZ,_ClearFuzzyOutput(&FSteeringChange),
ZZ_ClearFuzzyOutput(&FSpeedChange),

FrontR = Range[0] - Front,
BackR =Range[1] - Back;
LeftR =Range[2] - Left,
RightR = Range[3] - Right;
LeftR2 = Range[4] - Left2,
RightR2=Range[5] - Right2,
min = Front = Range[0],
Back =Renge[1];

min = ZZ_Min(min,Back),
Left =Range[2),

min =77 _Min(minLeft),
Right = Range[3];

min =27 Max{min Right),
Left2 = Range[4];

min = ZZ,_ Min(min,Left2);
Right2 =Range[5],

min =22, Min(minRight2)

¥4 Fuzzy Rule to slow down vehicle in the vicinity of obstacles

Ll ) /'
if(min=ZZ, Member(min,&CLOSE))
{

}

2Z,_AddMex(min,&SLOWABIT,&FSpeedChange),

Jonsh

#%# Chenge from radians to degrees
L L

SteeringAngle *= 180.0/M_PL

GET OUT OF TIGHT SPOTS USING A HEURISTIC METHOD
IN COMBINATION WITH THE REVERSE FUZZY RULES TO

AVCOID COLLISION
if(timer14++>GET_OUT_WAIT)
{
timerl =0,
OLDXposition = Xposition,
OLDYposition = Yposition,
}

if(GET_OUT = OFF &&
(fabs(Xposition-OLDXposition)<.1 &&
fabs(Yposition-OLD Yposition)<.1 &&
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timer1==GET_OUT_WAIT &&
(fabs(TargetX-Xposition)>TRESHOLDT ||
fabs(TargetY-Yposition)>TRESHOLDT)

)
)
{
if(WayPointAngle >= 0.0)
{
GSTEER = LEFTY;
RefCompass = Compass + M_PI*.6;
}
elge
{
GSTEER = RIGHTY;
RefCompass = Compass - M_PI*.6;
}
27,_LimitAngle(&RefCompass),
GET_OUT = ON;
if(++tries>MAX tries && METHOD ==FUZZY)
{
tries =0,
GET_OUT = OFF,
NewTarget = TRUE,
}
}

if(GET_OUT == ON)

if(fabs(RefCompass - Compass) < 0.1
|| fabs(RefCompass - Compass) > 2%M_PI-.1
|| Back <.2 || Right2<.1 || Left2 <.1
| ((Lefi<4 & Left>3) | (Right<.4 && Right>.3))
&& (fabs(RefCompass - Compass) < M_PI*.5 ||
fabs(RefCompass - Compassg) > 1.5%M_PI)))

timerl =0;
GET_OUT = OFF,

}
if(GSTEER = LEFTY)
SteeringAngle = -45.0,

SteeringAngle =45.0,
RoadSpeed =-0.2;
ZZ,_AddMex(1,&STOP,&FSpeedChange),

elge

o

whw  FUZZY RULES USED TO AVOID COLLISIONS
s/

/*lh*
srsiach Too close to obstacle
ot/

if(GET_OUT == OFF)
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{

if(min = ZZ,_Min(ZZ_Member(RoadSpeed, &FORWARD),

ZZ_Min(ZZ_Member(Steeringangle, &STRAIGHT),
27, Member(Front,&TOO_CLOSE)))

{ .
27,_AddMax(min,&REVERSEZ,&FSpeedChenge),

}

if(min = ZZ_Min(ZZ_Member(RoadSpeed, &FORWARD),
ZZ_Min(ZZ_Member(Front, &TOO_CLOSE),
ZZ,_Member(SteeringAngle, &LEFT))))

27, _AddMex(min,&REVERSE2,&FSpeedChange),
ZZ,_AddMax(min, &HARDRIGHT,&FSteeringChange);
}

if(min=ZZ_Min(ZZ_Member(RoadSpeed &FORWARD),
ZZ_Min(ZZ, Member(Front,&TOO CLOSE),
ZZ_Member(SteeringAngle, &ERIGHT))))

ZZ_AddMax(min &REVERSE2,&FSpeedChange),
27, _AddMax(min,&HARDLEFT,&FSteeringChange),
}
if(min = ZZ,_Min(ZZ,_Member(RoadSpeed, XFORWARD),
ZZ_Min(ZZ7, Member{Steeringhngle KLEFT),
ZZ_Member(Left2,&TO0_CLOSE))))

Z7, AddMax{(min, &SLOWDOWN,&FSpeedChange),
727, _AddMeax(min,&TO_RIGHT, &FSteeringChange);
}

if(min =277, Min(Z7, Member(RoadSpeed EFORWARD),
ZZ,_Min(ZZ,_Member(SteeringAngle, &RIGHT),
77, Member(Right2,&T00_CLOSE))))

ZZ,_AddMax(min,&SLOWDOWN,&FSpeedChange);
27 _AddMax(min,&TO_LEFT,&FSteeringChange),
}

Pl L

hin very close to obstacle
wids)
1f(min = ZZ_Min(ZZ Member(RoadSpeed, &FORWARD),
77, Min(ZZ_Member(SteeringAngle, &STRAIGHT),
ZZ Member(Right,&VERY CLOSE))))

ZZ,_AddMax(min,&SLOWDOWN,&FSpeedChange),
ZZ,_AddMax(min, &ZHARDRIGHT, &F3teeringChange);
}
if(min = ZZ_Min(ZZ_Member(RoadSpeed EFORWARD),
ZZ _Min(ZZ_Member(SteeringAngle, &LEFT),
ZZ,_Member(Right,&VERY CLOSE))))

Z2Z,_AddMex(min,&SLOWDOWN, &FSpeedChange);
ZZ, AddMax(min, &HARDRIGHT,&FSteeringCheange);

}
if(min=ZZ_Min(Z7, Member(RoadSpeed, &FORWARD),
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ZZ_Min(ZZ, Member(SteeringAngle KRIGHT),
ZZ,_Member(Left, &VERY CLOSE)))

ZZ,_AddMax(min, &SLOWDOWN, &FSpeedChange);
} ZZ_AddMeax(min, &HARDLEFT,&FSteeringChange);

if(min = ZZ_Min(ZZ, Memb c;(RoadSpé;d,&FORv}ARD).
77, Min(ZZ,_Member(SteeringAngle &STRAIGHT),
ZZ, Member(Left, &VERY_CLOSE))))

{
ZZ,_AddMax(min,&SLOWDOWN,&FSpeedChange);
ZZ,_AddMeax(min SHARDIFEFT,&FSteeringChange),

}

)

s

ek REVERSE COLLISION AVOIDANCE

s

if(min = ZZ_Min(ZZ, Member(RoadSpeed &BACKWARD),
ZZ_Min(Z7_Member(SteeringAngle &STRAIGHT),
Z7, Member(Back,&TO0_CLOSE))))
{

}
if(min = Z7, Min(ZZ, Member(RoadSpeed, EBACKWARD),
7Z_Min(ZZ_Member(Left2,&TOO_CLOSE),
ZZ, Member(SteeringAngle, &LEFT))))

27, AddMax(min, &SLOWDOWN,&FSpeedChange);
Z7Z,_AddMex(min, &HARDRIGHT2,&FSteeringChange),

ZZ,_AddMax(min, &GOFORWARD,&FSpeedChange);

}

if(min =ZZ Min(ZZ Member(RoadSpeed KBACKWARD),
ZZ_Min(ZZ_Member(Right2,&TO0O_CLOSE),
77, Member(SteeringAngle, ZRIGHTY))

{

ZZ,_AddMex(min,&ST.OWDOWN,&FSpeedChange);

727, _AddMeax(min, &HARDLEFT2,&FSteeringChange),
/o e s e ool o o o o o o o o ol o ool o o o ol s s oo o s o e e e
##%  DEFUZZIFY OUTPUTS b

e sfs ey el s o e e s o o0 e o o s s ot oo o oo o b oo o gy e S L LLLL LD L L LT

SteeringAngle®*=M_P1/180.0;
SteeringChange = ZZ Defuzzify(&FSteeringChange)*M_PI/180.0;
SpeedChange = ZZ,_Defuzzify(&FSpeedChange),
SteeringAngle += 2*SteeringChange;
if(SteeringAngle<-45.0%¥M_P1/180.0)

SteeringAngle = -45.0%M_PI/180.0;
if(SteeringAngle>45.0*M_PI/180.0)

SteeringAngle = 45.0%*M_PI/180.0;
RoadSpeed = RoadSpeed*(1+SpeedChange},
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DESCRIPTION : VISION MODULE FOR AUTONOMOUS VEHICLE

This file contains header file code for SONAR SIMULATION,
CAN COMMUNICATIONS, high level reasoning.

by : Ricardo Andujar

LASTUPDA’IE : APRIL 27,1993

e o oo o i el ol e et e o bt gt ey i i g g e e nte ke ol 5 il s e o e ol o b alo 23 .*/

#define ON1

#tdefine ROADRANGEC! 1.4

#define ROADRANGEC2 3.2

#define SPEED_SOUND 343.0 /* (meters/sec) */

#define SCREENCONVERT 40.0 /* (pixel/meter) %/

#define SMAXRANGE 400

#define HALFSPREADANGLE 10.0/180.0%M_PI /*10 Degrees®/
#define NUM_SENSORS 6

void ZZ_VisionServer{byte SourceAddress,irt *DataContent,
double *Data, byte *DeataNum);

void  ZZ_VisionLoop(void);
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st oo s s i ot ok et o s ce s 4 e o oo o ot oo e ot oo ol o e el e e dch #cak
FILE : ZZ,_VIION.C

DESCRIPTION : VISION MODULE FOR AUTONOMOUS VEHICLE

This file containg code for SONAR SIMULATION,
CAN COMMUNICATIONS, high level reasoning.

by : Ricardo Andujar

LAST UPDATE : APRIL 27, 1993

el st o o s oo ool o o ol o o e oo o o o oo oo o o o ek o o e e
[l S e e sl s e o o e e T e s o o s o e
INCLUDE FILES FOR VISION MODULE

oot s s o 4o st o e s e e s o e W e s e o s o e
#include<alloc.h>

#include<graphics.h>

#include<stdlib.h>

#include<math h>

#include'ZZ GRAPH.H"
#include'ZZ OBJCT.H"®
#include'ZZ CARSP.H"
#include"ZZ, CANH"
#include'ZZ_VSION.H'

[rastst st e et e s ok PRIVATE IDENTIFIERS % o sy Wy

[e sttt e et e st ddssirangs o s e e ek oo ol o e ol e
drdeen

v The following external declaration is needed for the

R sonar simulation only. It should be eliminated when

sk simulation is no longer needed !

L.l L

e s e i e o o o o 0 o o 4 o ool s 30 o 4 o e oo o o o o s o ol o

extern ZZ, NavToVision(long *,long *,long *);

extern int graph,

int 27 Circle=0;

frehhipdmdhhgskassd DRIVATE DECLARATIONS ttkesddssshsak et o e Y
static double
Xc[NUM_SENSORS], fonsessse 3L SENJOR POSITIONS (pixels) #ertes/
Ye[NUM_SENSORS], [#e* ¥ SENSOR POSITIONS (pixels) *##/
Rxy[NUM_SENSORS], fresabw SENSOR RADIUS FROM REFERENCE it/
AngleXXY[NUM_SENSORS], /***=® JENSOR ANGLE FROM REF. POINT %®#/
Range[NUM_SENSORS],
Range2[WUM_SENSORS],
Compass,
*®Compass2,
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*Xposition,
®Yposition,
RoadSpeed,
SteerAngle;

static int EMERGENCY,
Xconvert, - s
Yconwert,

static void  ZZ_UpdateSensorMeas(void);
static void  ZZ_SonarSim(void);
static void  ZZ_TransmitSensorMeas(void),

/***“‘***#“ ey L2 L1 ozt efe ) ofe el e o wfa el che o o el o e thadprias de e tadeel
th

e CALL THIS FUNCTION WHEN INITIALIZING THE VISION MODULE

o

e s e o s oo o e oo e o o el o o2 o oo e o 2 o o e ool s oo s o e oo e e o el e o o o e s e s e e e e s s e o f

void  ZZ_InitVision(void)

Pl b L LD bl o o sz e s s ol afa s v oy ot oo 2o e e s o i o o e o i o e i oo o of o o o o o e o o o oy o s i

had THE FOLLOWING STATEMENTS IS FOR SONAR SIMULATION
st PURPOSES ONLY. WHEN FINALLY IMPLEMENTED THE FOLLOWING
Bl STATEMENT SHOULD BE ERASED |

ol e pba sle by b 1 gy sl phe e b pha phe ply gy ey st ey e b e o £ b ol oy e S iy rhe el e ghe Bhe dde

for(i=0;i<NUM_SENSORS;i++)

ZZ,_Cart2Polar(Xr{i], Yr{i],&angleX¥[i],&Rxy{i]);
ZZ_NavToVision(&Xposition,& Yposition,&Compassl),

w PP—

/***‘#***#!ﬂ***##***#****.#*lﬁ#l#*****#*#*!****#*-#*********#*******
®
b MAIN VISION LOCP

™
s s o o o o ek o s e e s s s o o o o e of e ot o s e o o s e /
void  ZZ _ VisionLoop(void)

27, UpdateSensorMeas();
/*#*¢*1v$+‘*l‘ % o o o o s o s o o s e 40 o o o o oo sk o o s e e o nfe e o e e i o o o o o o e o ol oo o

SONAR SIMULATION

0 O e 0 B O e

Sonar Range Information is received with a delay proportional
to the measured distance.

+ & # T F B
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i s e 4 o o oo 00 ol o o o4 o o o o st o o o oo oo o s o o o o o o ol o o o e
void  ZZ_SonarSim(void)

int i,Rangep[NUM_SENSORS),radius;

double jDelta,

ZZ_Real2Screen(*Xposition,*Yposition,&Xcorvert,&Y convert);

For(i=0;i<NUM_SENSORS;++)
ZZ, Polar2Cart(AngleXY[iH*Compass2, =~ ;
Rxy[i]*SCREENCONVERT,&Xc[i],&Yc[iD;

for(i=0,i<NUM_SENSORS;i++)

{ ‘ . F
float anglesinl = sin(-*Compass2-NominalAngle]i]
+HALFSPREADANGLE),
anglecos] = cos(-*Compass2-NominalAngle[i]
+HALFSPREADANGLE),
deltasin=(sin{-*Compass2-Nominal Angle[i]
-HALFSPREADANGLE)-anglesinl /5.0,
deltacos=(cos(-*Compass2-NominalAngle[i]
-HALFSPREADANGLE)-anglecos1)/5.0;

int j,
xtemp=Xc{iHXconvert,
ytemp=Yc[iH Yconvert,

radius = 0;

Rangep[i] =0,
if(ZZ,_Circle) ZZ_DrawCircle();

while(1)

{
for(j=0;j<=5;++)
{

Rangep(i] = getpixel(
xtemp-radius®(anglesin1+j*deltasin),
ytemp-radius®(anglecos1+j*deltacos)),

if(Rangep[i—=WHITE || Rangep[i==LIGHTRED
| radius > SMAXRANGE)
break;

}

radiug +=3;

/ot e e o o sl e e o o ol fs i oo o o o o oo s ot oo o o o o et o o ol s s s o
W
- Lirmnit Sensor Renge
™
st el oot sastl sk e oo sl o e ot e e e e o et e sk e
if(radius>SMAXR ANGE)
{

radius = SMAXRANGE,
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Rangeli] = radius/SCREENCONVERT, -
if(ZZ_Circle) ZZ_EraseCircle(); - ,

break; ,
}
/*****###**#******#“#*‘ﬁ‘* ek sl tia s o s o e el 2oL DL L L L L LT
W
b Limit Sensor Range
Y
9 3 3 e s o o e o 5 o o 593 oo o o o o e o o2 e oo o o o 6 o ot o ot oo oo e o ot e s o o s o
f'{f(ngep[iPMWIﬂTE [| Rengep[iF=LIGHTRED) - o
radius =7, ~
if(radivs<Q)radius = 2;
Range[i] = radius/SCREENCONVERT;
if(ZZ,_Circle) ZZ EraseCircle();
break,
}
}
)
For(i=0;i<NUM_SENSORS;i++)
Range2[i] = Range[i],
}
/mvvvwif‘r** L thisasys L] L Ll L L L] e sis e siusie ofs o chls efe s e o sy
L]
- SONAR SENSOR MEASUREMENT GOES HERE
- e
sk e s e s s o s o o e e e oo o o ol e sl et o ® s s

void ZZ _UpdateSensorMeas(void)

/8 s o e o o s 0 e o o oo 4 o o o o o o e ot b
™
" Following function to be replaced with data acquisition
-]
e o oo 0 o o 0 0 o o oo o e o o s 0 o o o o o o o s o
ZZ,_SonarSim();
/o o e oo oo 5 s o f e o o 6 1l oo o o s oo o e ot o o o o o s o o
™
" IF Emnergency is enabled, monitor range information for
#  Emergency Collision Avoidance
™
e s 5 e o e o M o o o s o ool o s o s o o oo o s o s okt o o ool e
if(EMERGENCY)
/##*#*##i,Tqi.' L L whe e e ey 2o o s mi cin ez el oo e afe che e 5 o ala e e o Pl e e o el iz s i
L]
" Request Sonar Sensor Range Information

L]
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bt e 8 o i o o o o oo o o o oo o o o o o e o e s e s e
ZZ_CAN_Request(HIGHPRIORITY,VISION, NAVIGATION,&DataContent,
Data,&DataNum);
RoadSpeed = Data[1];

SteerAngle = Dats[2],

ool ot e s e ot o o oo o s o o o o o s o s o o o ot e s i e et o o
]
" INSTINCT BEHAVIOR
™
0 o i o oo e ot e ool e e o s e ot e ot e o o o o o oo e ot s o s s
if ((Range[1]<RoadSpeed*ROADRANGEC1) ||
(Range[2]<RoadSpeed*ROADRANGEC2))
Date[1]=0;
Data[2]=0;
Data[3] = ON;
ZZ, _CAN Command(HIGHPRIORITY,VISION,NAVIGATION,
&DataContent Data,&DataNum),
}
}
}
/s oo oo o o e o o o o o s oo o oo o o o o o oo of oo o ot oo o o o o o s
th
" VISION COMMUNICATION NETWORK HANDLER
™
2 ojg oz vie oo cis o wle o2 st e et el im0 wio s e e mje mf s o wia ke i e o ol e e oo e e e e e o e e e e sl L *****Vb"****l

void ZZ,_VisionServer(byte SourceAddress,int *DataContent,

double *Data, byte *DataNum)

{ . .
mt 1
switch(*DataContent)
{
case REQUEST:
*DataContent = SIXSENSORS_2CROSSED;
for(i=0;i<NUM_SENSORS;i++)
Datali] = Range2[i},
*DataNum = NUM_SENSORS,
break,
case COMMAND:
*DataContent = JUCCESS;
EMERGENCY =Data[1},
*DataNum = 0;
break;
}
}
/e stohese e e el e o ct ol ae o o o e s e b oo o f e e e oo o el o oo e ol e ol s e
[
[ ]

CALL THIS FUNCTION WHEN QUITTING PROGRAM



it ot of 4 o f o o ot e oo o oo o o o s oo o o e oo oo e

e s

void  ZZ_EraseVision(void)
{
}

ek gl oy

St etiad f
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