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A Simple Robot Based on the Subsumption Architecture

Jay Francis

Abstract. A simple robot platform is developed that explores its environment without colliding
with nearby obstacles. The robot is controlled by a subsumption architecture based program that is
implemented on a relatively small processor. Enough information is included to reproduce the
robot as described.

Introduction

Various methods of controlling a robot in a real world environment are currently being
pursued by the Artificial Intelligence (Al) community. Most of the work being done involves the
robot building an internal representation of the real world. As this representation is constructed,
the robot can plan it’s actions accordingly, possibly modifying the real world and it’s
representation. Other research is being done that pursues a different method of control. This
research is sometimes referred to as behavior based Al. The basic premise is that a robot does not
need to have a representation of the world around it in order to act intelligently in that world. For
example, it is quite unlikely that a fly, upon entering a room, memorizes the location of objects in
the room, determines which object is of most interest, and plots a course towards that object.
More likely, as the fly enters the room it senses something attractive, and goes straight to it. If
objects get in the way, the fly will attempt to bypass them, but still try to get to the interesting
object.

One of the most visible people in the behavior based Al research community is Rodney A.
Brooks of the Artificial Intelligence Laboratory at MIT. Brooks is conducting research using an
architecture called the subsumption architecture that he presented in [Brooks 1986]. Brooks has
used this architecture to control robots that wander around picking up soda cans [Brooks 1986},
and robots that learn how to walk like an insect [Brooks 1989]. T he subsumption architecture is
an expandable, layered architecture where simple behaviors are implemented that can interact with
other simple behaviors to produce an intelligent system.

The “standard” subsumption architecture is built using augmented finite state machines
(AFSM) that control each behavior. An AFSM is a finite state machine that also includes timers
that can be used to cause state changes [Flynn et. al. 1989]. Very little computational power is
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used to implement the AFSMs, which has led Brooks and others to develop some intricate but
small mobile robots.

The AFSMs are connected together with “wires”. These wires send messages between the
AFSMs, from sensors to the AFSMs, and from the AFSMs to actuators. However, as messages
enter and leave the AFSMs, other AFSMs may suppress the message completely, or insert a
message of their own (thereby having one AFSM subsume the operation of another AFSM). By
creatively constructing the AFSMs for behaviors, and designing the network of wires and
suppression connections between them, a subsumption architecture based control system is
created.

As a simple example, suppose there is a robot with two behaviors: CHASE and AVOID.
The AVOID behavior can sense nearby objects and cause the robot to take evasive action. The
CHASE behavior uses the sensors to detect a nearby small furry mammal and move towards it.
The outputs of both AVOID and CHASE are connected into a motor controller. The output of
AVOID will cause the output of CHASE to be suppressed. Sensor information is connected to the
inputs of both AVOID and CHASE.

When this robot is turned on, it will remain still until something approaches it. If that object
isn’t a small furry mammal, the robot will move away by using the AVOID behavior. However,
if CHASE detects a small furry mammal, the robot will start heading in the proper direction. As
objects come close to the robot, AVOID will temporarily take control to make evasive maneuvers.
Once the threat has passed, CHASE will resume control and continue after the mammal. A robot
constructed using this simple configuration will relentlessly follow small furry mammals, zig
zagging around obstacles if they are in the way.

The robot discussed here has the following behaviors: MOTOR, AVOID, RUNAWAY, and
EXPLORE. These behaviors combine to form a robot that will explore it’s environment without
colliding into obstacles.

Robot Chassis and Motor Control

The platform chosen to base the robot on was one of Radio Shack’s inexpensive radio
controlled cars (the Dino Track). This car uses two separate motors to drive left and right tracks. I

preferred to use a tracked vehicle (with two motors) over a traditional car (rear wheel drive with
front steering) because of the simplicity in controlling the vehicle. To make the vehicle go forward,
set both motors on forward. To go in reverse, set both motors on in reverse. To turn, one motor
is set to go forward while the other is set in reverse.

To prepare the robot chassis, it is necessary to remove to cover of the car and strip out the
radio receiver. The Dino Track has one screw inside the battery compartment and one screw to the
front on the car that holds the body to the base. Once the body is removed, the radio receiver can
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be disconnected from the chassis by unscrewing the antenna. Carefully locate the wires leading to
the receiver and cut them (Be careful not to cut the wires between the batteries and the power
switch. Also, you may want to label the receiver wires so that it could be put to use in some future
project). To gain access to the motors, the motor cover has to be removed by unscrewing the four
screws at the rear of car. Now the motor assembly can be removed and we can attach our control
wires to the motors.

A simple control circuit can be used to turn the motors on and off (see Appendix A, sheet 1).
Two identical circuits are used to control the left and right motors. I’ll go over the circuit for the
left motor. The LM1 and LMO signals are TTL logic inputs that will cause Q2 and Q1 to turn on or
off. When these transistors are turned on, current flows through the transistor and energizes the
corresponding relay. The motor’s terminals are connected to the switching contact in the relays. If
the relays are turned off, the switches make contact with the negative side of the motor batteries.
When the relays are turned on, the switches make contact with the positive side of the motor
batteries. For the motor to run, current has to flow through it by connecting one terminal to the
positive side of the batteries, and the other to the negative side. So, if both relays are turned on,
or both relays are turned off, the motor doesn’t run. If one relay (K1) is on and the other (K2) is
off, then the motor will run in one direction. If relay K1 is turned off while K2 is turned on, the
motor will run in the opposite direction. We now have enough control over the motors to make the
chassis go forward, reverse, and turn left or right.

The motor circuit can be constructed by following the schematic in Appendix A, sheet 1.
The power for the motors can be obtained from by connecting to the batteries in the battery
compartment (examine the battery compartment wiring to determine the positive and negative
connection terminals). Connect the circuit to the motors, and connect Vec and Gnd to a +5V
power supply. Turn on the switch to the Dino Track, and connect each of the motor control
signals to Vcc or Gnd to test the operation of the controller. You will want to mark the four control
wires so that their operation follows this truth table:

(L/RM1| (L/R)MO| Motor Direction
Gnd Gnd Stop
Gnd +5V Reverse
+5V Gnd Forward
+5V +5V Stop

Figure 1: Motor Control Truth Table
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Proximity Sensors

To keep the robot from crashing into objects, it is necessary to give it some sort of “eyes”.
Contact switches, sonar, radar, and light emitters/detectors are all valid choices for proximity
sensing. Sonar and radar can provide good detail of a robots surroundings (because it would know
the distance to nearby objects), but I just needed to know if something was close to the robot.
Contact switches provide information once the robot has collided with an object. I would like to
detect potential collisions and avoid them before they happen. I decided to use infa-red emitters
and detectors and design them so that the robot knew if it was “close” to an object.

The sensing circuit (Appendix A, sheet 2) uses four infa-red detector modules (U2 - U5) that
are designed to receive 40KHZ modulated infa-red light from hand held remote controls. These
modules perform the detection, filtering, and demodulation of the incoming light. Each module
requires just a connection to a power source, and provides a digital output of the demodulated
signal. The robot uses a 555 timer (U1) to modulate four infa-red LEDs (D5 - D8) from between
approximately 30KHZ to SOKHZ (by adjusting R10). By mounting the four LEDs directly above
the four sensors, the sensors can be made to detect an object by observing the modulated light that
is reflected by the object.

The receivers have bandpass filters centered at 40KHZ. By changing the operating
frequency of the LEDs around 40KHZ, the sensitivity of the receivers is reduced. For the desired
operation, the LED modulating frequency should be adjusted so that the detectors sense objects
that are within 6 to 12 inches of the robot. If a shorter distance is chosen, the robot may not have
time to avoid a collision. If a longer distance is chosen, the robot may avoid obstacles that are not
a threat.

Construct the two boards as shown on the schematic. The two boards can be fastened
together using PCB standoffs (see Figure 2). Connect the board to a power supply and use a logic
probe or voltmeter to examine the outputs of the sensors. Adjust the operating frequency of the
555 timer by changing R10 so that objects are detected between 6 and 12 inches from the module.
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Figure 2: Side view of Proximity Sensor Boards

Processor and Voltage Regulator

The processor is a Motorola MC68HC705K1 8 bit microcontroller (U7). In a 16 pin
package, it contains an M6B8HCO05 CPU, 504 bytes of EPROM, 32 bytes of RAM, 10
bidirectional I/O pins, an on chip oscillator, and built in timers [Motorola 1992]. As shown in the
schematic (Appendix A, sheet 3), the processor interface is extremely simple. All that is required
is an external crystal, a few capacitors, and a pullup resistor. The buffer (U6) was added to
protect the processor in the event that the sensor board or motor control board had a failure (I had
only one processor available, and didn’t want to risk destroying it). The eight bits from [/O port A
were used to connect to the motor control board and the sensor board. The least significant 4 bits
are configured as inputs, and receive their information from the sensor board. The most

significant four bits are configured as outputs, and send information to the motor control board
(see Figure 3).

Type | Function

PAO | In Sensor Right
PA1 | In Sensor Left

PA2 { In Sensor Back
PA3 | In Sensor Front

PA4 | Out Right Motor O
PAS | Out Right Motor 1
PA6 | Out Left Motor O
PA7 | Out Left Motor 1

Figure 3: Port I/O Definitions
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The 5 volt voltage regulator was required to provide a stable voltage reference for the LED
modulator circuit, the 74F573 buffer, and the GP1U52X detector modules. The processor is
connected to the regulator also, but since it isa CMOS device, it’s operating voltage is not limited
to 5 volts.

The construction of the CPU board can be completed by following the schematic. Bypass
capacitors C12 and C11 should be placed close to the power pins of U7 and U6 respectively. The
crystal and capacitors should be placed as close to the oscillator pins of U7 as possible. With U7
and U6 removed, power on the CPU board and examine the output of the voltage regulator to
ensure that +5V is being output. Once the power supply has been checked, connect the interfaces
and power to the sensor and motor boards. With the 68HC705K1 (U7) removed, power up all
three boards. Use jumper wires to turn on and off the motors by connecting PA4 through PA7 to
+5V and ground. By examining PAO through PA3 with a logic probe or voltmeter, the sensor
board operation can be verified. Now that the robot hardware has been built and verified, we need
to focus our attention on the programming of the processor. '

Software

This robot now has the abilities to move around and sense when objects are relatively close
by. The software designed for this robot is loosely based on Brook’s subsumption architecture
([Brooks 1986], and as described in the introduction). My implementation uses the concepts of
modules that describe different behaviors. These modules all have the ability to examine sensor
readings, examine the current motor command, and produce motor control outputs. Also, each
module can be configured to suppress the outputs of other modules. The modules do run
asynchronous to each other (no module relies on the state of another module to determine an
action). However, input suppression was not implemented, and I chose to not to implement the
modules explicitly as augmented finite state machines (although there are no physical reasons that
they couldn’t be).

Figure 4 shows the different behavior modules and how they are connected. The four
behaviors; EXPLORE, RUNAWAY, AVOID, and MOTOR, can be represented by the same top
level structure. Using just these behaviors, it has been demonstrated that a simple robot can move
around it’s environment without colliding with objects [Connell 1991]. Each behavior has
connections to inputs, outputs, a suppress signal input that will suppress that behavior’s output,
and a suppress signal output that will prevent other modules from producing an output. Upon
entering a given behavior’s subroutine, the behavior will deactivate it’s suppression output. The
behavior will then determine if it desires to take any action by examining it’s inputs and possibly
examining other internal states. If an action is desired, the behavior first checks to see if it is being
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suppressed. If so, then the behavior only modifies it’s internal states and does not produce an
output. However, if it is not being suppressed, the behavior activates its suppression output, and
produces the desired command on the output. If two (or more) behaviors desire action at the same
time and neither is being suppressed, the behavior that is executed last will have precedence.

The software implementation (see Appendix C) was written entirely in 6805 assembly code.
The program first initiglizes variables and then enters the subsumption loop. This loop is executed
approximately every 200 milliseconds (delaying with the use of the processor’s internal timer).
Each behavior is called as a subroutine, and although the program will work with the routines
called in any order, they should be exccuted from highest level to lowest in case there are
conflicts.

At the lowest level, the MOTOR behavior takes the desired motor control command and
outputs it to the motors. This was left as a separate behavior, even though it is simple, so that
modifications to the motor control (such as sensing if the desired motor command is working)
could be added without disturbing the main subsumption loop. The MOTOR behavior always
produces an output, and does not suppress any other behavior.

Suppression Matrix
1—r7 Explore
‘ Runaway
[ ] ‘ — Avoid
Sin Sout
EXPLORE
Din Dout
e/
)
Sin Sout
RUNAWAY
Din Dout
Sin Sout
AVOID
Din Dout
- |

Motor Data
) | éénsm: Data | ) Motor Output

Figure 4: Behavior Architecture

The next level, AVOID, keeps the robot from crashing into nearby objects. It performs this
operation by comparing the sensor readings with a reaction table. If a course of action is desired
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(and AVOID is not being suppressed), the AVOID reaction command will be placed on the
behavior’s output, and the suppression output will go active. AVOID will suppress both

RUNAWAY and EXPLORE, since these behaviors rely on AVOID to keep the robot from
colliding with objects.

RUNAWAY provides the robot with a short reflex action. If it detects that an object is close
by, it will try to go forward or reverse, depending on the position of the object. This may seem
slightly unusual by itself, but when coupled with AVOID, the robot will seem to scurry away
from obstacles, and avoid other objects as it is running. RUNAWAY does not suppress any other
behavior’s outputs, and can be suppressed by both EXPLORE and AVOID.

The EXPLORE behavior only activates if the robot has been sitting idle for a period of time
(around 50 seconds). If it has been idle, the robot becomes bored and will look around it’s
environment. It tries to stake out an area and place itself in the center of that area. It does this by
going forward, then turning, and repeating. Each time the robot reduces the time spent moving
forward. Once EXPLORE has finished, it will not activate until the robot becomes bored again.

EXPLORE will suppress RUNAWAY, and is suppressed by AVOID. So, as the robot is
exploring, it will not collide into objects.

When all of these behaviors are implemented, the robot seems to have a life of it’s own.
Once the robot is turned on, it will most likely jump into RUNAWAY mode until the person that
powered it on moves out of the area. It will continue running until a clear spot is found. As the
robot becomes bored, it will start to EXPLORE and eventually settle into a new resting place.
However, if something is detected while it is resting, it will RUNAWAY to find a new clear spot.

Conclusion

This robot proved to be a successful implementation of a version of Brook’s subsumption
architecture. There seems to be a lot of merit in this type of Artificial Intelligence as demonstrated
by Brooks and others [Brooks 1986, Brooks 1989]. 1 will admit, this was such a trivial robot that
it could be programmed to perform the same behaviors without using the subsumption architecture.
However, part of the power of the subsumption architecture is it’s ease of expandability by just
adding more behaviors, and that these new behaviors can interact with existing behaviors to
produce completely new system level behaviors. If more time was available, I would have
implemented an ATTACK behavior (go in the direction that something was last seen), and an EAT
behavior (if the robot stumbled upon a battery charger, have it sit still and charge for a while).
Both of these behaviors could have been added to this robot without changing any of the other
behavior’s code.

Many improvements could be made to this robot, in both hardware and software. The
processor board could be redesigned so that the voltage regulator is not necessary, eliminating
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some power waste. The relays on the motor control board could be replaced with transistors, and
the processor could use pulse width modulation to vary the motors’ speed. Also, it would be nice
to know if a desired motor action is producing results by sensing motion of the robot. For the
sensor board, the LEDs could be modulated by the processor instead of a fixed frequency
oscillator. In this way, the processor could vary the sensitivity of it’s “eyes” to better see around
itself. A variation on this could also use the “eyes” to communicate with other nearby robots.
Other sensors could (and should) be added to detect objects that the infa-red detectors don’t see
(such as sliding glass door). Software improvements could include a better definition of the
behaviors so that they are more modular, and possibly could be implemented in hardware. New
behaviors could always be added, and would need to be added as more hardware was built.

By following the advice as written by Brooks [Brooks 1991a], I found that it was much
more exciting and informative to work on a real robot rather than a simulation. Electrical,
mechanical, and software limitations were spotted on the robot that may not have been noticed by
implementing a simulation. I found myself thinking of endless additions that should be made to
the robot to allow it to “survive” better in the real world. I need to do more experimentation to get
my own “feel” as to how far the subsumption architecture can take a robot down the road towards
intelligence. If my robot could talk, I’'m sure it want to go off with Dorothy singing “If I only had
a brain...”.
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Appendix B: Parts List

Item Quantity Reference Part
1 4 BT1,BT2,BT3,BT4 1.2V
2 1 BT5 AY
3 2 C1,C2 .01uF
4 1 C3 .005uF
5 3 c4,C6,C7 10uF
6 4 c5,C8,C11,C12 .1uF
7 2 Cc9,C10 22pF
8 4 D1,D2,D3,D4 1N914
9 4 D5,D6,D7,D8 LED
10 4 K1,K2,K3,K4 RELAY SPDT
11 1 M1 LEFT MOTOR
12 1 M2 RIGHT MOTOR
13 4 01,02,03,04 2N2222
14 10 R1,R2,R3,R4,R9,R11,R12, 1K
R13,R14,R15
15 4 R5,R6,R7,R8 180
16 1 R10 5K
17 1 Ul LM555
18 4 U2,U03,U4,U5 GP1U52X
19 1 U6 74F573
20 1 u7 68HC705K1
21 1 U8 UA7805
22 1 Y1 3.579545MHZ
J. Francis
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Appendix C: Software

Ne Ne NI Ne we No

org

start lda
sta
sta
sta
sta
sta
sta
sta
sta
lda
sta
lda
sta

~e wo ~e

subsum lda
sta
brclr
sta
brclr
clr
lda
coma
and
sta

subsuml

subsum?2

This is where
on entry, and

Ne Ne Ne W

bsr
bsr
bsr
bsr
bra

Subroutine to

e Ne we

runaway lda
coma

J. Francis

Brook’s Subsumption Architecture.

Author : J. Francis

ROM

#00
PRTA
cur_mot
cur_sen
nxt_mot
suppress
run_st
exp_st
exp_trn
#0ff
exp_cnt
#0£0
DDRA

Subsumption calling section

#0f

TCSR

6, TCSR, subsuml
TCSR

6,TCSR, subsum2
nxt_mot

PRTA

#0f
cur_sen

sinitialize PORTA to 00

SUBSUM.ASM —-- A 68HC705K1 robot control program that is based on

sinitialize motor and sensor variables

;clear all suppression bits
;clear state/temp bytes

;set PORTA(7:4) for out, PORTA(3:0) for in

;perform a delay
;set up timers & clear flags

:read timer status and wait until RTIF

;clear flags

:wait for RTIF

;reset next motor command
;get sensor information

;remove motor information

;save it as current sensor reading

to add new routines. Assume all registers are meaningless
will be destroyed on exit.

explore
runaway
avoid
motor
subsum

runaway

#run bit

;explore an area
;runaway from things
savoid obstacles
;control the motors

;get suppression bit

16
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runawayl

runaway?2
runaway3

exit_run

~. we N

avoid

exit_avd

~e Neo S~

J. Francis

and
sta
lda
bne
lda
beq
lda
deca
sta
beqg
lda
cmp
beq
1lda
bra
1lda
tax
lda
bit
bne
ora
sta
txa
sta
rts

Subroutine to

lda
coma
and
sta
lda
tax
lda
bit
bne
tax
lda
bit
bne
ora
sta
txa
sta
rts

suppress
suppress
run_st
runawayl
cur_sen
exit_run
#run_cnt

run_st
exit_run
cur_mot
#backward
runaway?2
#forward
runaway3
#backward

suppress
#run_sup
exit_run
#run_bit
suppress

nxt_mot

avoid obstacles

#avd_bit

suppress
suppress
cur_sen

avd_tbl,x
#01
exit_avd

suppress
#avd_sup
exit_avd
#avd_bit
suppress

nxt_mot

;clear this suppression bit
;put it back

;get current state

;I'm counting down...

:load sensor information
;nothing around

:I'm going to run for 10 ticks
;decrement counter

;no more running
;get current motor info
;am I going backwards?

:we're going to run forwards
;we're going to run backwards

;get suppression info

;see if we're being suppressed
;exit if we are being suppressed
;we're going to suppress

;put it back

;this is what we want

;get suppression bit

;clear this suppression bit

:sput it back

:load sensor information

;use this as an index into the table
;get function code from table

;is it a do nothing for avoid?

:if so, don't update motor info

;get suppression info

;see if we're being suppressed
;exit if we are being suppressed
;we're going to suppress

;put it back

;this is what we want

Subroutine to output desired motor command
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motor

exit_mot

~e No N

explore

exit_exp0
explorel

explore2

explores8

exploreS

J. Francis

lda
bit
bne
sta
sta
rts

Subroutine to

lda
coma
and
sta
lda
bne
lda
bne
dec
bne
lda
sta
sta
rts
lda
sta
rts
and
sta
lda
bne
dec
bne
lda
and
sta
bra
dec
bne
lda
and
deca
tax
ora
sta
txa
tsta
begq
lda
sta
lda

nxt_mot
#01
exit_mot
cur_mot
PRTA

explore
#exp bit

suppress
suppress
exp_st
explore2
cur_mot
explorel
exp_cnt
exit exp0
#exp_top
exp_st
exp_cnt

#exp idle
exp_cnt

#80

temp
exp_cnt
explore8
exp_trn
explore?
exp_st
#7£

exp cnt
explore3
exp_cnt
explore3
exp_ st
#7£

temp
exp_st

explored
#exp_turn
exp_trn
cur_sen

;get next motor command

;are we supposed to do anything?
;nope, just exit routine

;save it as the current motor
;output function to PORTA

;get suppression bit

;clear this suppression bit
;put it back

;get current state

;branch if I'm exploring
;get current motor

;branch if I'm not sitting still
;decrement current count
;exit if it's not at zero
;get top state

:save it as current state
;save it as counter

;get the idle counter value
;and save it

;get turn bit

;save in temp space

;get explore count

;branch if we're not turning
;decrement turn count
;continue the turn

;get explore state

;smask out turn bit

;store it as explore count
;continue exploring
;decrement counter

;if I haven't hit zero, keep forward
;get explore state

;mask out turn bit
;decrement state

;save state in x

;put direction back in
;save state

;get state back

;see if we're in state zero
:I'm done exploring

;get turn counter value
;store it

;get current sensor value
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explore3
explored
explore5b
exploreé
explorer
explorel

explore?7

and
begq
bit
bne
bset
bra
lda
bra
clr
rts
brset
bra
belr
bra
lda
bra
1da
bra
tax
1lda
bit
bne
ora
sta
txa
sta

exit expl rts

.
14

; motor control
forward equ
backward equ
left equ
right equ
stop equ
nothing equ
7

; suppression
7

avd bit equ
run_bit equ
exp bit equ
eat_bit equ
atk_bit equ

-
’
.
14

.
4

avd_sup

J. Francis

equ

#03
explore5
#sen_1
exploreé
7,exp_st
explorel
#forward
explore?
exp st

7,exp_st,explorel

explorer
7,exp_st
explorer
#right
explore?7
#left
explore?

suppress
#exp_ sup
exit_expl
#exp_bit
suppress

nxt mot

definitions

%$10100000
$01010000
$01100000
$10010000
$00000000
$00000001

bit definitions

$00000001
$00000010
%$00000100
$00001000
$00010000

suppression mask defintions

%$00001000

;I only want L-R info
sthere's nothing around
;check to the left
;there's something there
:make left turns
;explore left

;:load forward command

;clear state

;check for left
;expore right
;make right turns
;explore right
;right instr

;left instr

;get suppression info

;see if we're being suppressed
;exit if we are being suppressed
;we're going to suppress

;put it back

;this is what we want
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run_sup
exp_sup
eat_sup
atk_sup

e wo ~o

sen_f
sen_b
sen_1
sen_r

~o we we

exp_r
exp_1
exp top
exp_idle
exp_turn

;

; runaway
;

run_cnt

.
[4

equ
equ
equ
equ

sensor masks

equ
equ
equ
equ

$00011101
$00011001
$00000000
$00001001

$00001000
$£00000100
$00000010
%00000001

explore definitions

equ %$00000000
equ %$10000000
equ 10

equ 0ff

equ 04
definitions

equ 10

; avoid reaction table

-
I

avd_tbl

J. Francis

fcb
fecb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb

nothing
left
right
forward
forward
left
right
forward
right
left
right
backward
right
left
right
stop

;explore top - max 7f
;idle time for explore
;turn time

;run for 16 ticks

; FBLR sensor

; 0000 all clear

; 0001 object to right

; 0010 object to left

: 0011 objects left and right

; 0100 object behind

; 0101 objects behind and right

; 0110 objects behind and left

; 0111 objects behind, left and right

; 1000 object forward

; 1001 objects forward and right

; 1010 objects forward and left

; 1011 objects forward, left and right
: 1100 objects forward and behind

; 1101 objects forward, behind and right
; 1110 objects forward, behind and left
; 1111 I'm surrounded!
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~e we “o

temp
cur_sen
cur_mot
nxt_mot
suppress
run_st
exp_st
exp_cnt
exp_trn

program

~e we W

J. Francis

RAM variables

org

l—-‘l—‘!—‘l—'l—-‘l—‘l—-‘l—‘l—'E

vectors

org VECTORS

dw ROM
dw ROM
dw ROM
dw start

; temporary storage

;contains the current sensor information
;contains the current motor information
;will contain the next motor control

; suppression bits

;run state

;explore state

;explore counter

;explore turn counter

;vectors begin at $03F8

:there
;there
;there
;reset

21

is no timer interrupt service routine
is no external int service routine

is no swi interrupt service routine
vector
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