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Machine Control Language Based on FORTH

AN
Nobuo KOBAYASHI

To control the micro-processor based machine properly the control oriented
languages are desirable. In this papers the construction of such language is
attempted by means of FORTH system. By its unique extensibility and por-
tability the new language has its own vocaburaly and syntax, which makes
easy to learn program. The statements are expressd in a rather natural way.
And also it is well accomodated to meet the individual machine specifications.
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0 (I/O : SERIAL/PARARELL) HEX

1 ODD CONSTANT CNTL8251 ODC CONSTANT
DATA8251

2 : SOUT

3 BEGIN CNTL8251 P@ 2 AND UNTIL

4 DATAS8251 P! ;

5 : SIN

6 BEGIN CNTL8251 Pd 1 AND UNTIL

7 DATAS251 P@ ;

8

9 OFE CONSTANT CNTL8255 OFC CONSTANT
CNTL8255

10 : POUT

11 BEGIN CNTL8255 P@ 1 AND UNTIL

12 DATAR8255 P! ;

13 : PIN

14 BEGIN CNTL8255 P@ 4 AND UNTIL

15 DATAS8255 P@ ;

Fig.2 Program for data transfer
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Fig.3 Diagram of micro robot

SCR § 40

0 (ROBOT [PCLPOUT], LPOUT
82-12-9/83-3-11)

1 FORTH DEFINITIONS HEX

2 : ROBOT TASK ; (START ROBOT)

3 CREATE [PCLPOUT] (1 CHR OUTPUT TO
LP)

4 E1 C, 40DB, 01E6, FA20, 7D C, 10D3, 3A C,
EA67, FEES6,

5 40D3, O1F6, 40D3, E9FD, SMUDGE DECIMAL
6

7: LPOUT (ADR, CNT-); FROM ADR BY
CNT PC-LPOUT)

8 OVER + SWAP DO I @ [PCLPOUT] LOOP ;
9

10 50 USER CRP 52 USER STEPS 54 USER TEMP

11 : ICRP RP@ CRP ! ;

12 : ?CRP RP@ CRP @ - 39 ?ERROR ;

13
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SCR ¢ 41
0 (ROBOT ROBOT DEFINITION
82-12-9/83-3-11)
1
2 VOCABULARY ROBOT IMMEDIATE
3 ROBOT DEFINITIONS
4
5
6 : [GA];:[YORI]; : [O];:[KARA]J;
7:[E]; : [DAKE];
8
9 0 VARIABLE ROTATE-MODE ( 0=REL:
OTHER=ASBO)
10 0 VARIABLE JOINT ( 0-5)
11 0 VARIABLE CMDHLD
12
13 0 VARIABLE #CMD ( #OF CMD STRING)
14 -
15

SCR # 42
0 (ROBOT ARRAY, TABLE 82-12-9)
1 ( -—--DEFINE ARRAY----- :[DIMJARRAY
[NAMET)

2: ARRAY ( N-) ADR-2, N-1 IN EXEC)
3 (BUILDS 1+ 2% ALLOT DOES) SWAP 2% +
DUP @ ;
4 ( ----DEFINE TABLE--- : TABLE [NAME]
[N1J, [N2], ...)
5: TABLE (INDEX-YVALUE)
6 (BUILDS DOES) SWAP 2+ +@;
7 DECIMAL
8 6 ARRAY MAG ( CLEAR IT) 0 MAG DROP
12 ERASE
9 6 ARRAY POSITION ( CLEAR IT) 0 POSI-
TION DROP 12 ERASE
10
11 TABLE UPLIMIT 3000 , 1875 , 562 , 7200 ,
1800, 0,
12 TABLE LOWLIMI -3000 , -1875 , -937 ,
7200 , -1800 , -2000 ,
13 TABLE PITCH4,4,8,5,5,-5,
14 --)
15
SCR # 43
0 ( ROBOT ARROT 2 82-12-9)
1
2 : STRING-ARRAY ( DEFINE STRING ARR
AY : MAX LENGTH=12)
3 (N -» ADDR : IN EXEC MODE)
4 (BUILOT 12* ALLAY DOES) SWAP 12 +;
5
6 20 CONSTANT MAX. #CMD (MAX # OF
CMD STRING)
7 MAX. #CMDSTRING-ARRAY CMD-STRI
NG

15

SCR # 44

0 (ROBOT MAKE, SEND 82-12-9)

1

2: MAKE (N -) : MAKE CMD STRING AFT
ER PAD)

3 S-)D SWAP OVER DABS

4 (% 44 (,) HOLD S SIGN #) ( -> ADR,
CNT)

5 DUP CMDHLD @ + >R

6 CMDHLD @ SWAP CMOVE

7 Ry [0] CMDHLD [NI] ! ;

8:SEND ( ->: SEND CMD)

9 CMDHLD @ PAD - (CHR¥) PAD 1+ SW
AP ( -)ADDR, BYTES) LPOUT;

10 DECIMAL --»

11

12

13

14

15

SCR #45

0 (ROBOT I-CMD 82-12-9)

1:1-CMD ( ->: CREATE I CMD)

2 PAD 1+ CMDHLD ! (INIZ. CMDHLD)

373 (1 CMDHLD @ C! 1 CMDHLD +! ( INC
CMDHLD)

460 DO I MAG SWAP DROP MAKE LOOP

50 MAG DROP 12 ERASE (CLEAR MAG

6 13 CMDHLD @ 1- C! (ADD CR)

7 10 CMDHLD @ C! (ADD LF) SEND !

8

9 HEX

10 : SLPOUT 0AOE (CR/LF) PAD 2+ ! PAD 1+
ADDR.) 3 (BYTES)

11 LPOUT!

12 : SET-HOME (H COMMAND : SET HOSITI
ON)

13 48 (H PAD 1+ C! 3 LPOUT;

14 : HOME (N COMMAND : RETURN TO HO
ME POSITION)

15 4E (N) PAD 1+ C! 3LPOUT; DECIMAL--)

SCR # 46

0 (ROBOT [RELROT], RELROT, RELROT-IM
82-12-9)

1: (RELROT) (-):)

2 JOINT @ >R

3 R POSITION SWAP DROP [NI] STEPS 3
[0]+[0] TEMP [NIJ!

4 TEMP @ [GA] R UPLIMIT [YORI])

— 28 —



5 IF R UPLIMIT [KARA] STEPS @ [0] -[O]
STEPS!

6 ELSE TEMP @ [GA R LOWLIMIT [YORI] ¢

7 IF R LOWLIMIT [KARA] STEPS @ [O] -

[0] STEPS!
8 THEN THEN
9 STEPS @ [O]R) POSITION DROP [NI]+
10 : RELROT (=) : —-——- RELATIVE ROTATION

11 JOINT @ MAG IF I-CMD THEN (RELROT)
12 STEPS @ [0] JOINT @ MAG DROP [NIJ!;
13 : RELROT-IM (=) : ————- RELATIVE ROTA
TE IMMEDIATELY-----)

14 (RELROT) STEPS @ [O] JOINT @ MAG
D ROP [NI]! I-CMD;

15 DECIMAL --)

SCR # 48

0 (ROBOT DEGREE, WAIST,.., HAND 82-
12-9)

1: DEGREE (N-)N: CONVERT DEGREE UN
IT TO ABSOLUTE STEPS)

2 100 [O] JOINT @ PITCH #/ ;

3

4: WAIST 0 JOINT! ;
5: SHOULDER 1 JOINT! ;
6 : ELBOW 2 JOINT!;
7 : WRIST 3 JOINT!;
8 : HAND 5 JOINT! ;

9
10
1 --)

12
13
14
15
SCR # 49
0 (ROBOT ROTAE, BEND
1
2:ROTATE (N-):)
3 STEPS!
4 ROTATE-MODE @ IF ABSROT ELSE REL
ROT THEN!
5
6 : BEND (WRIST BEND)
7 JOINT @ 3=IF 4 JOINT! ROTATE THEN!
8 : TWIST WAIST ROTATE;
9: UP/DOWN SHOULDER ROTATE;
10 : SWING ELBOW ROTATE;
11 : GRASP -2000 HAND ROTATE;
12 : RELEASE 2000 HAND ROTATE;
13 -
14
15

82 12-9)

Fig. 4 Program to control micro robot
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3-3 Teaching Playback
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SCR % 52 5 0 POSITION DROP 12 ERASE
0 (ROBOT PLAY BACK 1 MANUAL-MOVE 6 0 MAG DROP 12 ERASE
83-3-22) 7 BEGIN @GET R R 69 (E)-WHILE
1: TEACH 8 R 13(CR)=IF 4CMD @ CR. CMD-STORE

2 CR CP “START MANUAL MOVE !” CR
30 CMD-STRING 12 ERASE SET-HOME
(CLEAR 0-TH CMD& SET HOME POS)

4 1 $CMD ! (INIZ.)

ELSE

9 R 49 (1)=IF WAIST -1 DEGREE STEPS !
RELROT-IM ELSE

10 R 50 (2) =IF WAIST 1 DEGREE STEPS !



RELROT-IM ELSE
11 THEN THEN THEN

DROP 12 CMOVE I-CMD LOOP ;
6 DECIMAL

12 R) DROP REPEAT S
13 R) DROP HOME CR, “END OF CMD” ; 8
DECIMAL 9
14 - 10
15 11
SCR § 53 12
0 (ROBOT PLAY BACK 2 PLAY BACK 13
83-3-22) 14
1 15
2 DECIMAL OK

3 : PLAY-BACK (-})
4 CR CR. “* START PLAY BACK **’ CR
54CMD @ 0 DOI CMD-STRING 0 MAG

Fig.5 Program for teaching-playback
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SCR # 61
0 (ARRAY DEFINITIONS ARRAY)
1
2 : ARRAY
3 (BUILDS OVER, * 2« ALLOTD}§OES)
4 DUP @ ROT % 2x + SWAP 2% + 2+;
5
6;S
7
8 IN DEFINITION : [ROW#] [COOL#]
ARRAY [NAME]

9 IN REFEERENCE : [ROW#] [COL#] [NA
ME] (ADDRESS ON STACK)

10 INDEX STARTS FROM O TO [N] —1

1

12

13

14

15

Fig.7 Definition of definig word: ARRAY

X, ZAERICOWTIE, BEVMNEER 2o 0oy, O/ 10000 f£iAr—VvF v U
TOBBUECHNEZ 0.1 U ROEE CEHEI R 2B TH 5, © (Fig. 8)
FBEHEOBOHEIIZIPZIYDRAT v F2EFTEDT, Y 7va 4 LNEICIIHERNICHIRASE

L 7s3,

SCR # 62
0 (SCALED INTEGER SINE FUNCTION)
1 10000 CONSTANT 10K (SCALING CONST
ANT)
2 VARIABLE XS (SQUARE OF SCALED AN
GLE)
3
4 (AB---M : M =10000—AX*xX/B... COMMON
TERM IN SERIES)
5:L XS @ SWAP / MINUS 10K %/ 10K + ;
6
7 (THETA --- 10000%«SIN : —15708¢THETA
{15708 RAD#*10000)
8: (SIN) DUP (SAVE X) DUP 10K %/ XS'!
(SAVE)
9 10K (PUT 1%10000 ON STACK TO START
SERIES)
10 72 L 42 L 20 L 6 L (SUM SERIES)
11 10K */ (FINALY MULTIPLY BY SAVED
X);
12
13 --)
14
15
SCR # 63
0 (SIN, COS, TAN FOR WHOLE ANGLE
[DEGREE UNIT] )

1

2 (THETA --- THETA : REDUCE Y-—AXIS
SYMMETRY ; 0-180 -) 0-90-0)

3 : ?MIRROR DUP 90 ) IF 180 SWAP-THEN;

4

5 (THETA [ANY] --- THETA [—-90 TO 90]
: ANGLE RANGE REDUCTION)

6 : REDUCE 360 MOD DUP 0¢ IF 360+THEN
DUP 180 ¢

7 IF (0—180) ?MIRROR ELSE 180—?MIRROR
MINUS THEN ;

8

9 (THETA --—- 100060xSIN ETC. ANGLE IN
DEGREE)

10 : SIN REDUCE 17453 160 %/ (DEG. TO RAD
%*10000) (SIN) ;

11 : COS 360 MOD (PREVENT POSSIBLE OV
ERFLOW) 90 SWAP—-SIN;

12

13 (THETA --- 10C+TAN : TAN SET + —30000
FOR + —90 DEG)

14 : TAN DUP SIN SWAP COS ?DUP IF 100
SWAP %/ ELSE 3% THEN;

15;S

Fig.8 Words to calcurate trigonometric
functions
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