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Abstract

This paper describes the design of an intelligent machine that will display 3D objects and digitize 3D objects for display as a computer image.  The apparatus will consist of many axially aligned steel pins.  When the pins are displaced, together they form 3D surfaces.

Introduction

The objective for this apparatus is the ability to display 3D objects and the ability to digitize 3D objects.  After brainstorming possible implementations for the 3D display device, I decided that the device should actually create physical three-dimensional surfaces.  This requirement excluded any implementation that involves a projection of light to somehow create the illusion of a 3D object (such as a hologram).  

I also thought that the device should not require the use of consumables and the device should be able to quickly reconfigure itself in order to display another object.  This would set the device apart from current rapid prototyping technologies.  These machines require a type of consumable material which is used to construct a 3D object and the time to construct an object can be several hours.

The approach that I ended up selecting, is what I refer to as “pin-occhio”.  It helps to visualize the child’s toy that has hundreds of steel pins axially aligned (see photo in Figure 1).  By placing an object into the pin matrix (a hand for example), the pins get axially displaced, and a projection of the object is displayed on the other side.  My intent is to design and build a pin matrix apparatus that can be controlled by the computer.  
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Figure 1. Picture of pin matrix

Integrated System

When I began thinking about designing a machine that would be able to control the displacement of many pins, it was clear that one of the difficulties to overcome would be the proximity of the individual pins.  Because I wanted the pins to be tightly packed together (~2mm on center), it would be difficult to fit a mechanism that could control the individual pin displacements into the same space.

The solution that I came up with to this problem was to use push-pull cables to control the individual pins.  With these cables, I can spread the pin proximity from 1mm on center to 1inch on center, which will allow sufficient space for the displacement control mechanism.

A schematic diagram of the pin displacement control mechanism is shown in Figure 2.  The diagram in Figure 2 is a side view and only contains 5 cables.  An actual apparatus may fit up to 2000 cables into the upper plate.  For this amount of pins, the upper plate could be separated and placed at different levels to conserve space.

The sleeves of the push-pull cables are secured into the upper plate. The position of the upper plate is controlled by a stepper-motor & lead screw to translate up and down (always parallel to the lower plate).  The lower plate is part of the lower chassis.  Also attached to the lower chassis are parts called swivels, which can be toggled out of the path of the cable by activating the appropriate solenoid.

[image: image1.png]



Figure 2. Schematic diagram of the mechanism

If the upper plate is translating downward and none of the solenoids are energized, all 5 cables will be pushed by the top surface of the swivel and will be displacing the respective pins at the other end.  When a solenoid is energized (see 2nd solenoid above), the top surface of the swivel is moved out of the path of the cable, so the cable and attached pin will stop translating up, while all of the neighboring cables will still be translating.

With this system, the displacement of every pin can be controlled by energizing the correct solenoid at the correct time during the translation of the upper plate.

A schematic of the entire systems is shown in Figure 3.
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Figure 3. System block diagram 

Actuation

Pin-occhio has 11 actuators which are controlled by the HC11 microprocessor.

1. Stepper Motor (1)

2. Solenoids (8)

3. Bump Switch (1)

4. Toggle Switch (1)

The Stepper Motor has a motor controller box that requires a square wave input from the microprocessor for speed and position control.  The Solenoids will be connected to relays because they require high current.  A bump switch is used as a continue button and a toggle switch is used as a mode switch.

Sensors

This apparatus has a newly designed novel sensor for pin displacement sensing.  When the apparatus operates as an input device, the part in Figure 2, labeled swivel acts as the pin displacement sensor.  Figure 4 illustrates how the sensor operates. When the core of the push-pull cable passes the top of the sensor, the sensor snaps to the closed position.  This closes a circuit.  At that instant, the microprocessor will look at a timer and determine the pin displacement.
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Figure 4. Schematic of sensor operation
Sensor Testing

A simple test was developed to examine the performance of the pin offset sensors.  A flow chart for this test is shown in Figure 5.
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      Figure 5. Pin offset sensor test flow chart

A staircase pattern is sent to the pins, then the sensors are used to record back those pin displacements.  Some data manipulation is required before the recorded data can be sent back to the pins.  If the data is sent directly, during playback many of the solenoids will be energized much longer than they need to be.  The data manipulation routine looks at the 16 bytes of recorded data for transitions from logic one to logic zero.  Only the individual bits at the transition point will remain at logic zero.  That bit will be changed to logic one for the remaining bytes of data.  This ensures that the solenoid will only fire at the proper time slice.

Figure 6. Pin offset sensor test results

Testing Results

The results shown in Figure 6 are nearly perfect.  In each trial there is an error only in the Pin 6 displacement data.  Although I was not able to correct this problem during the development of this test, I am confident that I will be able to fix the sensor to perform as well as its neighbors.  I will also change the code to provide 32 index positions instead of 16 index positions over the 24mm total offset.  The goal will be the ability to read the pin displacements to a tolerance of  0.75mm with 100% accuracy.

Behaviors

Pin-occhio has 3 behaviors:

1. Display a 3D image from the computer screen.

2. Digitize a 3D surface for conversion to a computer screen image.

3. Stand-Alone Mode: Input a 3D object and then display a mirror image of the same object.

The first two behaviors are used together with a Java applet program running on a PC.  The Java applet has a VRML graphics image of the pins.  On the computer screen the pins are displaced and then the send button is pressed.  Serial data that represents the pin offsets are sent to the HC11.  The HC11 then controls the mechanism to display the proper pin offsets.  The reverse is also possible.  A 3D surface is pressed into the actual pins and this data is sent to the PC for graphics display.


Figure 7. The signed applet talks to server using a socket connection

Figure 7 illustrates how the simulation is connected to the internet and Figure 8 is a flow chart for the program running on the HC11. The actual code can be found in the appendix.


(1) Display Mode                               (2) Digitize Mode
Figure 8. Flow chart for the HC11 program (behaviors 1 and 2)

The third behavior is controlled completely by an HC11 assembly language program.  A shape is pressed into the pins and the machine will then display the inverse of the inputted shape.  A flow chart for this program is shown in Figure 9.  Much of the code for this behavior was cut from the code that is used for behaviors 1 and 2 (see appendix).


Figure 9. Flow chart for the HC11 program (behavior 3)

Conclusion

This 8 pin prototype was a warm-up project for something bigger and better to come in the future.  My thesis project at CIMAR (center for intelligent machines and robotics) will involve the construction of a similar mechanism but one that will have many more pins.  With more pins, actual 3D surfaces will be able to be generated, as opposed to the planar shapes that this mechanism can generate.

Overall the prototype has proved that the idea will work.  In addition, I have learned valuable lessons that should make the next mechanism better.  One of the lessons learned involves the pin offset sensor.  Closing the circuit did not always work as I had hoped, which lead to bad data.  In the follow up design I would like to try to incorporate an optical sensor at each pin in order to read pin offsets.  This should provide much more reliable data.  Another lesson, had to do with power consumption.  The current design does not lend itself well to expansion because the solenoids draw too much power.  For the next design I will need to find an actuator that has a smaller travel and one that requires much less power.

As the number of pins increases, the question that comes to mind is, “where will I find more output ports on the controller to control them all?”  The solution I hope will be ‘raster scanning’ the solenoids.  This is the first bit of future work that I will need to do before even beginning the design of the bigger mechanism.  The circuit will be more complex than controller to relay to solenoid, but with a raster scan the number of output ports needed is now only two times the square root of the amount of pins.

Appendix

Assembly code for program for behaviors 1 and 2:

*********************************************************************

* Pinocchio Demo Day Code, Jeremy Mayer, 11/30/00

*********************************************************************

***************************************************

** SYMBOL DEFINITIONS

***************************************************

* 68HCII REGISTERS

***************************************************

STACK
EQU
$8FFF

BASE
EQU
$1000
;BEGINNING OF REGISTERS

PORTA
EQU
$00

TOC2
EQU
$18
;OUTPUT COMPARE 2 REGISTER

TCTL1
EQU
$20
;TIMER CONTROL REGISTER

TMSK1
EQU
$22
;TIMER MASK1 REGISTER

TFLG1
EQU
$23
;TIMER FLAG1 REGISTER

TMSK2
EQU
$24
;TIMER MASK2 REGISTER

SCSR
EQU
$2E

SCDR
EQU
$2F

BAUD
EQU
$2B

SCCR1
EQU
$2C

SCCR2
EQU
$2D

EOS
EQU 
$04    ; User-defined End Of String (EOS) character

OUTP2  
EQU $4000

* MASKS

BIT7
EQU
%10000000

BIT6
EQU
%01000000

BIT10
EQU
%00000011

BIT1
EQU
%00000010

BIT0
EQU
%00000001

INV6
EQU
%10111111

***************************************************

** DATA SECTION

***************************************************


ORG
$00DC


JMP
OC2_ISR
;OC2 INTERRUPT VECTOR (IN BUFFALO)


ORG
$20

PWMLO
FDB
$300
;LOW OUTPUT TIME

PWMHI
FDB
$300
;HIGH OUTPUT TIME

CTR
RMB
2

CTR2  
RMB
2

STOP
RMB
1

CTR3
FCB
$00

CTR4 
RMB
1

BITCOM
FCB
$00

LASTBYT
RMB
1

TEMP
RMB
1


ORG
$8000
;Data Blocks of 34 solenoid patterns

TABLE
RMB
34


FCB
EOS


FCB
EOS

***************************************************

** MAIN PROGRAM

***************************************************


ORG
$9000

*--------------------------------------------------

* INITIALIZATION

*--------------------------------------------------

* INITIALIZE STACK & Registers


LDS
#STACK


LDX
#BASE

* Set the Pre-Scaler Frequency for TCNT (during first 64 cycles)


BCLR
TMSK2,X BIT10
;PR1:PRO=00 FOR 32.768 msec (default)


LDAA #$FF

;close all solenoids


STAA OUTP2


JSR InitSCI

* INITIALIZE OUTPUT COMPARE OC2 

* (Bit7:6=OM2:OL2  Hi=11, Lo=10, Toggle=01, Disconnect=00)


BSET
TCTL1,X BIT7
;OM2:OL2=10


BCLR
TCTL1,X BIT6
;  FOR SET TO LOW

begin
ldaa #$00


staa CTR3


staa BITCOM


staa LASTBYT


JSR MODE

;puts mode into accum. A


ANDA #%00000001


BEQ digit


bra display

digit
jmp digitiz

display


************1. loop till recieve 34 bytes

************2. pins 4 display algorithm

************3. wait

************4. clear


ldab #$00


ldy #TABLE

byteme


jsr InChar


staa 0,Y


incb


cmpb #34

;get the 34 bytes into table


beq GOTIT


iny


bra byteme

GOTIT


LDX #BASE


LDAA PORTA,X

; set plate to go down


ANDA #%11101111


STAA PORTA,X

*--------------------------------------------------

*2. Step through 34 increments

*--------------------------------------------------


ldx #$8000


LDAB 0,X

;index 0


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 1


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 2


stab OUTP2


JSR ADV

 
INX


LDAB 0,X

;index 3


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 4


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 5


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 6


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 7


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 8


stab OUTP2


JSR ADV


INX



LDAB 0,X

;index 9


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 10


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 11


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 12


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 13


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 14


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 15


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 16


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 17


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 18


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 19


stab OUTP2


JSR ADV

 
INX


LDAB 0,X

;index 20


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 21


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 22


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 23


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 24


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 25


stab OUTP2


JSR ADV


INX



LDAB 0,X

;index 26


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 27


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 28


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 29


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 30


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 31


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 32


stab OUTP2


JSR ADV


INX


LDAB 0,X

;index 33


stab OUTP2


JSR ADV

*********** stepper motor now at down position


LDAA #$FF


STAA OUTP2


JSR WAIT


JSR CLEAR


jmp begin

digitiz

************1. extend pins



;put digitize3D code here

************2. wait

************3. record

************4. send 34 bytes


ldaa #$00

;initialize data manipulation variables


staa CTR3


staa BITCOM


staa LASTBYT


LDX #BASE


LDAA PORTA,X

; set plate to go down


ANDA #%11101111


STAA PORTA,X

*--------------------------------------------------

* Get all Pins in upmost postion and open all solenoids

*--------------------------------------------------

HERE




JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


JSR ADV


;#28


JSR ADV





JSR ADV




JSR ADV


JSR ADV


LDAB #00

;index 32 (Open all Solenoids)


stab OUTP2


JSR ADV


JSR ADV

;34th ADV

*********** stepper motor now at down position


LDAA #$FF

;close all Solenoids


STAA OUTP2


JSR WAIT


JSR RECORD


JSR MANIP


LDX #$8000

;send out 35 bytes on Serial Port


JSR OutStr


jmp begin

***************************************************

** SUBROUTINE MANIP - data manipulation: recorded bytes are

** cleaned up to be used to display back pin offsets.  Only bit transitions

** from 1 to 0 remain 0 in the cleaned up data.  This ensures that the

** solenoids will only come on at one time slice on play back. 

***************************************************

MANIP
ldx #$8000

B0
ldaa 0,x


staa TEMP


ldab BITCOM


andb #%00000001


;? is BITCOM bit0 == 0?


bne SETNX0


bra G0

SETNX0
ldaa 0,x


;this pin is complete keep storing 1's


ora #%00000001


staa 0,x


bra B1

G0


ldaa LASTBYT


anda #%00000001


;? is LASTBYT bit0 == 1? brnch if 0


beq SETNX0


ldaa 0,x


anda #%00000001


;? is bit0 == 0? brnch if 1


bne SETNX0

*
;this is a valid solenoid throw spot

*
;bit0 is already clear


ldab BITCOM


orb #%00000001


stab BITCOM


;set BITCOM bit0

****************************************************************

B1



ldab BITCOM


andb #%00000010


;? is BITCOM bit1 == 0?


bne SETNX1


bra G1

SETNX1
ldaa 0,x


;this pin is complete keep storing 1's


ora #%00000010


staa 0,x


bra B2

G1


ldaa LASTBYT


anda #%00000010


;? is LASTBYT bit1 == 1?


beq SETNX1


ldaa 0,x


anda #%00000010


;? is bit1 == 0?


bne SETNX1

*
;this is a valid solenoid throw spot

*
;bit0 is already clear


ldab BITCOM


orb #%00000010


stab BITCOM


;set BITCOM bit1

****************************************************************

B2



ldab BITCOM


andb #%00000100


;? is BITCOM bit2 == 0?


bne SETNX2


bra G2

SETNX2
ldaa 0,x


;this pin is complete keep storing 1's


ora #%00000100


staa 0,x


bra B3

G2


ldaa LASTBYT


anda #%00000100


;? is LASTBYT bit2 == 1?


beq SETNX2


ldaa 0,x


anda #%00000100


;? is bit2 == 0?


bne SETNX2

*
;this is a valid solenoid throw spot

*
;bit2 is already clear


ldab BITCOM


orb #%00000100


stab BITCOM


;set BITCOM bit2

****************************************************************

B3



ldab BITCOM


andb #%00001000


;? is BITCOM bit3 == 0?


bne SETNX3


bra G3

SETNX3
ldaa 0,x


;this pin is complete keep storing 1's


ora #%00001000


staa 0,x


bra B4

G3


ldaa LASTBYT


anda #%00001000


;? is LASTBYT bit3 == 1?


beq SETNX3


ldaa 0,x


anda #%00001000


;? is bit3 == 0?


bne SETNX3

*
;this is a valid solenoid throw spot

*
;bit2 is already clear


ldab BITCOM


orb #%00001000


stab BITCOM


;set BITCOM bit3

****************************************************************

B4



ldab BITCOM


andb #%00010000


;? is BITCOM bit4 == 0?


bne SETNX4


bra G4

SETNX4
ldaa 0,x


;this pin is complete keep storing 1's


ora #%00010000


staa 0,x


bra B5

G4


ldaa LASTBYT


anda #%00010000


;? is LASTBYT bit4 == 1?


beq SETNX4


ldaa 0,x


anda #%00010000


;? is bit4 == 0?


bne SETNX4

*
;this is a valid solenoid throw spot

*
;bit4 is already clear


ldab BITCOM


orb #%00010000


stab BITCOM


;set BITCOM bit4

****************************************************************

B5



ldab BITCOM


andb #%00100000


;? is BITCOM bit5 == 0?


bne SETNX5


bra G5

SETNX5
ldaa 0,x


;this pin is complete keep storing 1's


ora #%00100000


staa 0,x


bra B6

G5


ldaa LASTBYT


anda #%00100000


;? is LASTBYT bit5 == 1?


beq SETNX5


ldaa 0,x


anda #%00100000


;? is bit5 == 0?


bne SETNX5

*
;this is a valid solenoid throw spot

*
;bit4 is already clear


ldab BITCOM


orb #%00100000


stab BITCOM


;set BITCOM bit5

*****************************************************************

B6



ldab BITCOM


andb #%01000000


;? is BITCOM bit6 == 0?


bne SETNX6


bra G6

SETNX6
ldaa 0,x


;this pin is complete keep storing 1's


ora #%01000000


staa 0,x


bra B7

G6


ldaa LASTBYT


anda #%01000000


;? is LASTBYT bit6 == 1?


beq SETNX6


ldaa 0,x


anda #%01000000


;? is bit6 == 0?


bne SETNX6

*
;this is a valid solenoid throw spot

*
;bit6 is already clear


ldab BITCOM


orb #%01000000


stab BITCOM


;set BITCOM bit6

*****************************************************************

B7



ldab BITCOM


andb #%10000000


;? is BITCOM bit7 == 0?


bne SETNX7


bra G7

SETNX7
ldaa 0,x


;this pin is complete keep storing 1's


ora #%10000000


staa 0,x


bra B8

G7


ldaa LASTBYT


anda #%10000000


;? is LASTBYT bit7 == 1?


beq SETNX7


ldaa 0,x


anda #%10000000


;? is bit7 == 0?


bne SETNX7

*
;this is a valid solenoid throw spot

*
;bit6 is already clear


ldab BITCOM


orb #%10000000


stab BITCOM


;set BITCOM bit7

*******************************************************************

B8



LDAA TEMP


STAA LASTBYT

;before inx store current byte as lastbyte


INX


INC CTR3


LDAA CTR3


CMPA #34


BNE AGAIN

;increment x and loop through all 34 time steps


BRA DONE

AGAIN
JMP B0

DONE


RTS

***************************************************

** SUBROUTINE ADVance – send 256 rising edge square wave

***************************************************

ADV
PSHX


LDX #BASE


LDAA #$ff


STAA CTR


ldaa #0


STAA STOP

* ENABLE OC2 INTERRUPT


BSET TMSK1,X BIT6

* TURN ON INTERRUPT SYSTEM


CLI

WAIT41
LDAB STOP


CMPB #1


BNE WAIT41

* TURN OFF INTERRUPT SYSTEM


SEI


PULX


RTS

***********************************************************************

** SUBROUTINE Record - records the 8 pin offsets

***********************************************************************

RECORD


LDX #BASE


LDAA PORTA,X

; set plate to go up


ORA #%00010000


STAA PORTA,X


LDX #$8000


jsr KILLT


LDAB $2000

;index 32


stab 0,X


JSR ADV


INX


jsr KILLT


LDAB $2000

;index 31


stab 0,X


JSR ADV


INX


jsr KILLT


LDAB $2000

;index 30


stab 0,X


JSR ADV

 
INX


jsr KILLT


LDAB $2000

;index 29


stab 0,X


JSR ADV


INX


jsr KILLT


LDAB $2000

;index 28


stab 0,X


JSR ADV


INX


jsr KILLT


LDAB $2000

;index 27


stab 0,X


JSR ADV


INX


jsr KILLT


LDAB $2000

;index 26


stab 0,X


JSR ADV


INX


jsr KILLT


LDAB $2000
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;home at 34 again


JSR ADV


; advance 512 counts


JSR ADV


JSR ADV


JSR ADV





JSR ADV


JSR ADV


;40th ADV


JSR ADV


;confused here? extra 2 ADV's seems to help (still slightly off)


JSR ADV


LDX #BASE


LDAA PORTA,X

; set plate to go down


ANDA #%11101111


STAA PORTA,X

DELAY
DEC CTR


;kill 256 E-clocks before direction change


BNE DELAY


JSR ADV


; advance 512 counts


JSR ADV


JSR ADV


JSR ADV


JSR ADV





JSR ADV


;total=34


LDAA PORTA,X

; set plate to go up


ORA #%00010000


STAA PORTA,X

DELY
DEC CTR


;kill 256 E-clocks before direction change


BNE DELY


RTS

***************************************************

** SUBROUTINE WAIT - wait for bump switch press

***************************************************

WAIT
ldx #BASE


LDAA PORTA,X

;turn on waiting light


ANDA #%11011111


STAA PORTA,X

contin
LDAA PORTA,X

;poll untill continue switch is pushed


ANDA #%00000010


BNE contin


LDAA PORTA,X

;turn waiting light off


ORA #%00100000


STAA PORTA,X


RTS

***********************************************************************

** SUBROUTINE CLEAR - moves stepper up 36 x 256 counts, down 512 counts

***********************************************************************

CLEAR


LDX #BASE


LDAA PORTA,X

; set plate to go up


ORA #%00010000


STAA PORTA,X


ldaa #40

; call ADV 40 times, later move back down 6 ADV's


staa CTR2

MAS
JSR ADV


DEC CTR2


BNE MAS


LDAA PORTA,X

; set plate to go down


ANDA #%11101111


STAA PORTA,X

DELY2
DEC CTR


;kill 256 E-clocks before direction change


BNE DELY2


JSR ADV


; advance 512 counts


JSR ADV


JSR ADV


;at zero here


JSR ADV





JSR ADV


;down one more


JSR ADV


LDAA PORTA,X

; set plate to go up


ORA #%00010000


STAA PORTA,X

DELY3
DEC CTR


;kill 256 E-clocks before direction change


BNE DELY3


RTS

***********************************************************************

** SUBROUTINE MODE - decide mode (display 3d or digitize 3d)

*   Send back decision in accum. A

* toggle switch (PA0), continue switch (PA1), LED (PA5)

***********************************************************************

MODE
ldaa #$15


staa CTR4

modlp
dec CTR4

;blink 15 cycles


beq mlpend


LDX #BASE


LDAA PORTA,X

;turn waiting light off


ORA #%00100000


STAA PORTA,X


LDAA PORTA,X

;different flash speeds for 2 modes


ANDA #%00000001


BNE notdis


ldaa #$00

;kill time with enter button to escape


ldab #$20

eat
psha


LDAA PORTA,X

;if enter is pushed get out


ANDA #%00000010


BEQ mlp


pula


deca


bne eat


decb


bne eat

notdis
ldaa #$00

;kill time with enter button to escape


ldab #$20

eat2
psha


LDAA PORTA,X

;if enter is pushed get out


ANDA #%00000010


BEQ mlp


pula


deca


bne eat2


decb


bne eat2


LDAA PORTA,X

;turn on waiting light


ANDA #%11011111


STAA PORTA,X


ldaa #$00

;kill time with enter button to escape


ldab #$20

eat3
psha


LDAA PORTA,X

;if enter is pushed get out


ANDA #%00000010


BEQ mlp


pula


deca


bne eat3


decb


bne eat3


bra modlp

; loop back for $5 times

mlp
pula

mlpend
LDAA PORTA,X

;turn waiting light off


ORA #%00100000


STAA PORTA,X


ldaa PORTA,X


RTS

***************************************************

** INTERRUPT SERVICE ROUTINE

***************************************************


ORG
$A000

* INTERRUPT FROM OC2?

OC2_ISR
LDX   
#BASE


BRCLR
TFLG1,X BIT6 RT_OC2
;IGNORE ILLEGAL

*




;   INTERRUPT


DEC CTR


BNE CONT


INC STOP

* Disable OC2 interrupt


BCLR TMSK1,X BIT6

CONT


*--------------------------------------------------

* SERVICE OUTPUT COMPARE 2

*--------------------------------------------------

* CLEAR OC2 FLAG


BCLR
TFLG1,X INV6

* WAS LAST OUTPUT HIGH? (Bit7:6=OM2:OL2  Hi=11,Lo=10)


BRSET
TCTL1,X BIT6 LASTHI ;BRANCH ON YES

* PROGRAM NEXT OUTPUT TO BE HIGH

*   SET OC2 OUTPUT ACTION


BSET
TCTL1,X BIT6
;OM2:OL2=11 (bit 7 already 1)

*   SET HIGH OUTPUT COMPARE TIME


LDD
TOC2,X


ADDD
PWMLO


STD
TOC2,X


BRA
RT_OC2

* PROGRAM NEXT OUTPUT TO BE LOW

*   SET OC2 OUTPUT ACTION

LASTHI
BCLR
TCTL1,X BIT6
;OM2:OL2=10

*   SET LOW OUTPUT COMPARE TIME


LDD
TOC2,X


ADDD
PWMHI


STD
TOC2,X

* RETURN FROM INTERRUPT

RT_OC2
RTI

***********************************************************************

** SUBROUTINE KILLT - wait

***********************************************************************

KILLT
ldaa #$00


ldab #$ff

burn2
deca


bne burn2


decb


bne burn2


RTS

************************************************************************

*                       SUBROUTINE - InitSCI         

* Description: This subroutine initializes the BAUD rate to 9600 and

*              sets up the SCI port for 1 start bit, 8 data bits and

*              1 stop bit.  It also enables the transmitter and receiver.

*              Effected registers are BAUD, SCCR1, and SCCR2.

* Input         : None.

* Output        : Initializes SCI.

* Destroys      : None.

* Calls         : None.

************************************************************************

*

InitSCI PSHA



; Save contents of A register 


PSHX


LDX #BASE



LDAA #$30


STAA BAUD,X


; Set BAUD rate to 9600


LDAA #$00


; Set SCI Mode to 1 start bit,  


STAA SCCR1,X


;     8 data bits, and 1 stop bit.


LDAA #%00001100


; Enable SCI Transmitter 


STAA SCCR2,X


;     and Receiver


PULX


PULA


; Restore A register


RTS


; Return from subtoutine

************************************************************************

*                SUBROUTINE  -  InChar

* Description: Receives the typed character into register A.

* Input         : None

* Output        : Register A = input from SCI

* Destroys      : Contents of Register A

* Calls         : None.

************************************************************************

*

InChar                        


LDX #BASE


LDAA SCSR,X


 ; Check status reg.


ANDA #%00100000                  ;     (load it into A reg)

*                      


 ; Check if receive buffer full


BEQ InChar                       ; Wait until data present


LDAA SCDR,X
                 ; SCI data ==> A register


RTS                              ; Return from subroutine

************************************************************************

*                       SUBROUTINE -  OutChar

* Description: Outputs the character in register A to the screen after 

*              checking if the Transmitter Data Register is Empty

* Input         : Data to be transmitted in register A.

* Output        : Transmit the data.

* Destroys      : None.

* Calls         : None.

************************************************************************

*

OutChar  PSHB



; Save contents of B register


ldy #BASE

Loop1   LDAB SCSR,Y


; Check status reg (load it into B reg)


ANDB #%1000000


; Check if transmit buffer is empty


BEQ Loop1


; Wait until empty


STAA SCDR,Y


; A register ==> SCI data


PULB



; Restore B register


RTS



; Return from subtoutine

*

************************************************************************

*                       SUBROUTINE -  OutStr

* Description: Outputs the string terminated by two EOS's. The starting location 

*              of the string is pointed by X register. Calls the OutChar

*              subroutine to display a character on the screen and

*              exit once EOS has been reached. 

* Input         : Starting location of the string to be transmitted 

*               : (passed in X register)

* Output        : Prints the string.

* Destroys      : Contents of X register.

* Calls         : OutChar.

************************************************************************

*

OutStr:
PSHA

OutStr1:


LDAA
0,X


; Get a character (put in A register)


CMPA
#EOS


; Check if it's EOS


BEQ
onemore


; check for two EOS's in a row


BRA
notend

onemore
INX


LDAA 
0,X


CMPA
#EOS


BEQ
Done


DEX


LDAA 0,X

notend  BSR     OutChar


; Print the character by calling OutChar

        INX


BRA     OutStr1

Done:



PULA

        RTS



; Return from subtoutine

************************************************************************

*                       END OF PROGRAM

************************************************************************
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