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(A Computer -—aided Analysis and Model of Human Motion)

Abstract

Film data photographed by Motor Drive Camera were gathered and recorded in the

FM Tape Recorder via computer-aided Location Analyzer and Voltage Generator.

The recorded analogue data are converted into digital voltage values corresponding
to the location of 14 landmarks by Analog-to-Digital Converter attached to. digital

computer.

Using these converted values, the human motions were reproduced by CalComp

Plotter and computer screen.

This author concludes that any human motions can be analyzed by computer and

we can find some methods of improvements of motions in work places, sports science,

or operations of military equipments.
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SR FRAME 1 FRAME 2 FRAME 3 FRAME 4
RH 2,230 3.100 1840 4.200 2 450 430 2 870 3.100
RW 2,330 3.000 1,960 4,200 2,470 4,200 2,880 2,900
RE 2,330 2.600 2,210 3,900 2,360 3.700 2,640 2.600
RS 1,870 2.600 1,920 3,500 2,060 3,400 2,230 2.700
LE 2,370 2,500 2,260 3,700 2,440 3.300 2,560 2,500
Lw 2,400 2.900 2,050 4,100 2,360 3,700 2.620 2.800
LH 2,390 - 3.100 1,970 4.200 2.360 3,900 2,650 3,000
RF 2,370 0.300 2,230 0.600 2,620 0.600 2,670 0.400
RA 2,100 0.500 2,070 1,000 2,340 0.800 2,400 0.500
RK 2,510 1,000 2.270 1.600 2,490 1,400 2,760 1.100
HP 1,890 1,400 2,120 2.400 2,240 2,200 2.240 1.600
LK 2,210 0.800 2.020 1.600 2,180 1.400 2,500 0.900
LA 1,630 0,600 1,760 1,100 1,930 0,900 2.000 0.500
LF 1,800 0.400 1.850 0.700 2,110 0.600 2,140 0.400
HD 1,920 3,100 1,850 4,100 2,060 3.800 2,350 3.100

* HD: =zl 54

48 —



23. = % 339 #HaE X2 (Cm)

e R FRAME 1 FRAVE 2 FRAME 3 FRAME 4
RH 114,879 159,697 9,788 216,364 | 126,212 221,515 | 147,848 159,697
RW 120,030 154,545 100,970 216,364 | 127,242 216,364 | 148,364 149,394
RE 120,030 133,939 113,848 200,909 | 121,576 190,606 | 136,000 133.939
RS 96,333 133,939 98,909 180,303 | 106,121 175,152 | 114,879 139,091
LE 122,091 128,788 | 116,424 190,606 | 125,697 170.000 | 131,879 128,788
LW 123,636 149,394 105.606 211,212 | 121.576 190,606 | 134,970 144,242
LH 123,121, 159,697 | 101,485 216,364 | 121,576 200,909 | 136,515 154,545
RF 122,091 15,455 | 114,879 30,909 | 134,970 30,909 | 137,545 20,606
RA 108,182 25,758 106,636 51,515 | 120,545 41,212 | 123,636 25,758
RK 129,303 51,515 | 116,939 82,424 | 128,273 72,121 142,182 56.667
HP 97,364 72,121 | 109,212 123,636 | 115,394 113,333 | 115,394 82,424
LK 113,848 41,212 104,061 82,424 | 112,303 72,364 128,788 46,364
LA 83.970 30,909 90,667 56,667 99,424 46,364 | 103,030 25,758
LF 92,727 20.606 95,303 36.061 | 108,697 30,909 | 110,242 20.608
HD 98,909 159,697 95,303 211,212 | 106,121 195,758 | 121,061 159,697
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H2 1. Soft ~copy Sz mz I 2~ £ (BASIC)
o] =23 e Apple II Plus 7Hol& AFelz Aa= sl

100 BEM  m-memmmmemse s e e

110 REM  ---HUMAN.BAS --- MAIN

120 DIM RL€10,15%,YL410,15)

130 REM ----- INPUT RAW OATA FROM DATA FILE------cm-emmmomamcceneonn

160 605UB 1000

170 REM  ----- SCALE THE SCREEN COORDINATES FOR GRAPHICS------e-v--vom--

186 - 6OSUB 2000

196 REM  ----- ORAW 40TIONS ON THE SCREEN--------mm-eommcmcmmcaaee e

200 60SUB 3000

¢10 END : REM  END OF MAIN PROGRAM

1000 REM ----- BEGIN INPUT SUBROUTINE-<--nmemmmmmmmemmmem e e

1016 D$ = CHR¢ (4i: REM CTRL-D

1620 INPUT °FILE MAME ?  “.F¢

1030 INPUT "NO.OF FRAMES ? ,NF: INPUT “NO.OF LANDMARKS/TRAME ® *;HL

$040- PRINT : PRINT : PRINT “PLEASE WAIT !,DATA FILE READING*

1050 PRINT D%, "OPEN";F4;",L20"

1660 FOR I = { TO KF: FOR J = { T0 AL

1678 PRINT DS, "BEAD™ . F$ ", R";{1 - 1) 4 KL + ]

1080 INPUT XL(I.J): INPUT YLU1,J) -

1090 NEXT J: HEXT I

1100 PRINT D¢, "CLOSE".F$

1120 PRINT D$;°NOMON C, 1"

1536 RETURN : REM  ---END OF IKPUT SUBROUTINE

2000 REM ----- BEGIN SCALE SUBROUTINE-----esvmommmmmmmmmom e

2010 X0 = XL(1,1):¥0 = YL{4,10:X9 = X0:Y9 = Y0

200 FORJ =1 TONF: FORJ = | TO ML

1036 IF AL{1,J) ¢ X0 THEK X0 = RL{I,J)

2040 IF XLUL,J) ) X% THEN X9 = XL(1,J)

2050 IF YL(I,J) ( YO THEM YD = YLil,J)

2060 IF YLU1,J) ) Y9 THEN Y§ = YL<1.J)

2070 NEXT J: NEXT I -

2080 PRINT °HI-RLSOLUTION GRAPHICS SIZL I5 279 BY 159"

2090 INPUT "YOUR GRAPHICS SIZE ? - (XMAX,YMAX) *;RK. VX

2100 XD = (X% - X0) / RX:YD = [YS - YOO / ¥X

2110 PRINT “SEPERATED FRAMES 3 (5)": PRINT "CONTINUOUS FRAMES ? (C)°

2120 6ET 2%

2130 . RIM 0.903% = RATIO OF BOTH ARM REACH PLUS CHEST BREATH (8).37
} TO PRONE LENGTH(90.1")

2140 IF Z% = “C° THEN XD = XD 4 XX /7 YX ¢ 0.9031

1150 IF 2§ = “5" THEK X[ = INT (XX / NF):XD = XD ¢ NF # 0.903!

2160 RETURN : REM - END OF SCALE SUBROUTINE

3000 REM ----- BEGIN PLOT GRAPHICS SUBROUTINE-------- R L L

n k)



3010 IF 28 = °5* THEN GOTG 356
1100 REM -----FOR CONTINUOUS FRAMES
1110 HOME : VIAB 24
3120 PRINT “CONTINGOUS MOTIONS OF ° NP, FRAMES"
3130 HGR : REM ---OPEN HIGH-RESGLUTION GRAPRICS
3140 HCOLOR= 7: REM  PEN COLOR IS VAITE 2
3150 HPLOT 0,0 TO 0, INT (YX) TO INT (A1), INT (YR)
3160 JCOL = ¢
3200 FORI =1 T0 KE
3201 JCOL = JCOL + |
3202 IF JCOL = 4 THEN JCOL = JCOL + |
3203 IF JCOL > 7 THEN JCOL = JCOL -
3204 HCOLOR= JCOL
3210 X% = (XL(I,1) - K0) / KD + 0.5:¥% = YK - (YL(I,1)
%, 1%
3220 FOR J = 2 T0 7:X% = (XLUL,J) - XO) / XD + 0.5:1%
0) /YD + 0.5: HPLOT TO X%,Y4. NEXT J
3230 X% = (RL(I,8) - K0) / XD + 0.5:¥% = ¥X - (YLUI,8)
18, 1%
3240 FORJ = 9 TO [4:X% = (XL(I,J) - KO) / KD + 0.5:¥% = YK - (YLuI,Js -
Y0) / YD + 0.5: HPLOT TO X%,Y%: NEKT J
3250 X% = (RLCI, 10} - X0) / XD ¢ 0.5:¥% = YK - (YL(I,10) - Y6) / YD + ¢.5:
HPLOT X%, Y%
3260 X% = (RLCI,4) - RO} 7 XD + 0.5:Y% = YX - (YLUI,4) - Y0) / YD + §.5. HPLOT
T0 %, Y% .
3270 X% = (KLCI,15) - RO) 4 XD « 0.5:¥% = ¥K - (YLUL,1S5 - Y0) /YD + 0.5
HPLOT TO X%,Y%
3260 1% = YK/ 8/ 3 + 0.5 REM GNLY FOR CIRCLE
3290 HPLOT TO X% - I%,Y% + I% TO K% - I%,Y% + 2 8 1% T0 X%,1% + 3 3 I4 0
I% ¢ I8, Y% + 3 8 INTOXS ¢ 2 0 I,¥5% + 23 INTO XS + 2 8 I%,Y% + 4
TO X% + I%, Y% TO X%, 1%
3300 NEXT I
3400 RETURN : REM  END OF COTINUGUS FRAMES
3500 REM -----FOR SEPEREATED FRAMES
3510 HOME : VTAB 24
3520 PRINT *SEPERATE MOTIONS OF °;AF;“ FRAMES®
3530 HGR : REN  OPEN HIGH-RESOLUTION GRAPHICS
3540 JCOL = 0
3600 FOR I =1 T0 KF
3610 HCOLOR= 7: REM  PEN COLOR IS WHITE 2 FOR CAPTOR
3620 XC = (1 - 1) & XF: HPLOT XC,0 T0 XC,YX TO XC + XF,YX
3630 JCOL = JCOL + !
3631 IF JCOL = 4 THEN JcoL
3632 IF JCOL ) 7 THEN JCOL
3633 HCOLOR= JCOL
3640 X% = (KLCI,1) - R0) / XD + 0.5 ¢ XC:¥% = YK - (YLEX,1) - YOI / YD + 8
5: HPLOT X%,Y%
3650 FOR J = 2 T0 7:X% = (XLCI,J) - X0) / XD + 0.5 + KC:Y% = YR - (YL(I,J
) - Y0)/ YD + 0.5: HPLOT TO X%,Y%: NEXT J
3670 X% = (KLCI,8) - X0) / XD + 0.5 + XC:Y% = YK - (YL(I,8) - ¥0) / YD + ¢
.5: HPLOT X%,1%
3660 FOR J = 9 TO 14:X% = (XL(I,J) - X0) / AD + 0.5 + XC:V% = ¥X - (YL(J,

Y0) / YD + 0.5: HPLOT

YXo- (YL1,0 - f

Y0) 7 YD + 0 S HPLOT

JCOL + 1
JeoL - 17
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Ji - Y0) F YD + 0.5: HPLOT TO X4, Y%: NEXT J

3690 X% = (KL(1,18) - X0 / XD + 0.5 + RKC:Y% = YK - (YL(I,11) - YO) / YD +
§.5: HPLOT X%, Y%

3700 X% = (XL€1.4) - X0) 7/ XD + 0.5 « RC:Y% = YK - (YL{I,4) - YO} 7/ YD + 0
.50 HPLOT 70 X%, Yh

3710 X% = (XL(I,15) - X00 / XD + 0.5 + XC:Y% = YK - (YL{I,15) - YO0} / YD +
§.5: HPLOT T0 X%, 1%

320 1% =YX 1 8/ 3+ 0.5: REM  OMLY FOR CIRCLE

3730 HPLOT TO X% - INY% « I TO X% - 1% Y% « 2 ¢ INTO X% Y% + 3¢ IR TO
I+ IR, Y% + 3 3 IS TOXR «+ 20 1%, Y% + 2 8 1% TOXN + 2 8 1%,1% + I
TO X% + I%, Y% T0 X%, 1%

3740 NEXT |

3800 RCTURN : REM  END OF SEPERATED PRAMES

££ 2, BHard-copy 21 =278 2|~= (FORTRAN )
o] =2 3¢ & PDP~- 11,44 Digital Computer 2 43 5 ¢ =},
C PLOT MOTION STATUS ON THE X-7 PLOVTER

€
SUBROUTINE PLOTHR(XTEMP, YTEHP, IRP NFR)
C
INTEGER*2 BLNK, ITITL(T7)
DIMENSION XTEM{102) ,YTEM{10E) XTEMP(5,2:1 YTEHPI5,20)
C
DATA XLPG,XUPG,YLPG,YUPG/C.(,53.8,0.0,28.0/
DATA BLNK/' '/
DATA ITITL/'CU','UR’,'EN’',’T *, 'HO','TI','ON'/
C

C TRANSFORM 2-DIMENSIOMAL ARRAY INTO) 1-DINENSIONAL ARRAY
c S
NDATA = 15
DO 200 I=1, NFR
DO 100 J=1,NDATA
XTEM({I-1)KNDATAYJ ) = XTEHR(I,J)
YTEM{ (I-1)XNDATA$J} = YTEME(I, J)
100 CONTINUE
200 CONTINUE
>
C INITIALIZE PLOTTER
C

IDOWN = 2

P = 3

LDEV = 5

IFCIRPI 9999,99,99

99 CALL PLOTS(0,0,LDEV)
9999 CALL NEWPEN(2)

C .
C SCALE FACTOR FOR X AND Y COORDINATES
.
C FOR X

AXLEN = XUPG-XLPG-7.0

52—



CALL SCALE{XTEM, AXLEN, NDATAXNFR, 1}
XFIRST = XTEM(NDATARNFREL)
XDELTA = XTEM(NDATAKNFRZ)

CFORY
AYLEN = YUPG-YLPG-5.0
CALL SCALEUYTEM,AYLEN, NDATAXNFR, 1)
YFIRST = YTEM(NDATAKNFREL)

YDELTA = YTEM(NDATAKNFR+Z)
c
C DRAW X AND Y AXIS WITH TICK MARKS
C
CALL AXISOXLPGHR. YLPGH2., ' X-AXIGIUNIT:CH}' -15,
1 AXLEN, 0.0 XFIRST  XDELTA)
CALL AXISIXLPGH2. YLPGHE.,'Y-AXIS{UNIT:CH) ', +15,
1 AYLEM 90 YFIRST,YDELTA)
C
C DRAW CAPTION OF PLOT
C
DO 1006 I=1,7
IF(ITITL(I).EQ.BLNK) GO TO 1041
1006 CONTINUE

1013 NCHAR = (I-11%2

CALL SYMBOL{XLPGH+Z.0,YUPG-3.0,0 508, ITITL,0.0,NCHAR)
CALL 5YMBOL(999.0,999.0,0.508," ',0.0,3)
CALL NEWPEN(0)

C PLOT CURRENT HOTION

C
XDIV
YDIV

AXLEN
AYLEN

u

DO 2000 NF=1,NFR
CALL NEWPEN(NF+1)
DELTIN = (NF-1)/3.5
XPAGE = (XTEMP(NF,1)=XFIRSTI¥XDIV/XRNG
YPAGE = {YTEMP(NF,1)-YFIRGT)XVDIV/YENG
CALL PLOTIXPAGE , YPAGE , IUP)
00 1031 15<1,7
XPAGE = (XTEMP(NF ,IS)-XFIRST)&XDIV/XRNG
YPAGE = (YTEMP(NF ,I5}-YFIRSTIAYDIV/YRNG
CALL PLOT(XPAGE, YPAGE , I00WN)
IF(IS.NE.4) GO 10 1031
KP4 = XPAGE
YP4 = YPAGE

1031 CONTINUE
XPAGE = (XTEMPINF,B8)-XFIRSTI4XDIU/XRNG
YPAGE = (YTEMPINF,B8)-YFIRST)KvDIV/YRNG
CALL PLOT(XPAGE ,YPAGE , IUP!
D0 1036 IJ=9,14
XPAGE = (XTEMPINF,IJI-XFIRST)XXDIV/XRNG
YPAGE = {YTEHPINF ,1J)-YFIRST ) KYDIV/YRNG
CALL PLOT{XPAGE , YPAGE , IDOWN)

1036 CONTINUE
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XPAGE = (XTEMP(NF,11)-XFIRST)XXDIV/XRNG
YPAGE = (YTEMP(NF,11)~YFIRST)XYDIV/YRNG
CALL PLOT(XPAGE, YPAGE , IUP)
CALL PLOT(XP4,YP4, IDOWN)
XPAGE = (XTEMP(NF,151-XFIRSTIXXDIV/XRNG
YPAGE = (YTEMP(NF,15)-YFIRST)¥YDIV/YRNG
CALL PLOT(XPAGE ,YPAGE , IDOWN)
CALL CIRCLE{XPAGE,YPAGE XPAGE+0.5,YPAGE+0.5,0.0,1)
CALL SYMBOL(XPAGE+1.0,YPAGE,0.381,' - AT TIME ',0.0,11)
CALL NUMBER(999.0,999.0,0.381,DELTIM,0.0,3)
CALL SYMBOL{999.0,999.0,0.381,7H SEC. ,0.0,7)
IF(IRP.EQ.0) XLPG = XLPG#2.5
2000 CONTINUE
C
€ CLOSE X-Y PLOTTER
c

CALL MNEWPEN(O)
RETURN
9999 CALL PLOT(10.0,10.0,999}
RETURN
END
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