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Development of a synchronizing signal generator
for 3D motion analysis with household camcorders

CHIKANOBU MATSUBARA

Abstract: To analyze 3D motion with 2 household degital camcorders, a synchronizing
signal generator constructed by 10 pairs of LEDs and the driving circuit was developed.
Ten pieces of red colored 5 cm wide line tape were attached on a L-shaped 1 m long white
angle bar at outside surfaces of L-shape with a distance of each 5 cm, and on each red area
2 green LEDs were mounted at both surfaces and these 2 LEDs were connected in series.
At video recording, each pair of LEDs (ten pairs in total) were lighted successively for each
1/600 second (1/10 single field time) once each cycle by a singlechip mycrocomputer, and
this cycle was repeated at intervals of 1 second. The angle bar was set in the vicinity of
right or left end of the camera angle, and both outside surfaces of L-shape were trained to
2 camcorders. When an exposure of a camcorder comes across the lighting cycle of LEDs,
a certain position and number of LEDs, corresponding to the delay from the lighting of the
first pair and the duration of the exposure respectively, are recorded to a camcorder. Based
on these records, the time difference of each exposure of 2 camcorders could be calculated,
and the coordinates of the subject in the screen image derived from one camcorder could be

converted to those synchronized to another camcorder by interpolation.
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Fig.l Circuit diagram of the synchronizing signal

generator for 3D motion analysis with 2 household
camcorders. Ten pairs of LEDs connected in series
light successively for each 1/600 second once each
cycle, and this cycle is repeated at intervals of 1
second.
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Fig.2 Conceptual diagram of exposure condition at a
certain shutter speed. In the upper part of this figure,
each column (vertical) indicates a line of 10 LEDs;
an open circle is a lighting LED and closed circle
not lighting. From left to right, each vertical line
means a certain state of successive 1/600 second. In
the lower part, an open square means exposure state
and closed square not being exposed. This figure
indicates the examples of experimental data that 3
LEDs are recorded.to a camcorder while the shutter
is open state. If LEDO, 1 and 2 are recorded as the
second row (horizontal) , the midst of exposure
time accorded to the lighting time of LEDI, and the
delay from the lighting time of LEDO is (1/600) x1
second as written at the left end of the lower part of
this figure.
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Appendix

; MPASM source code of syncro signal generator
LIST P=16C84,R=HEX ;

TMRO EQU 01H
STATUS EQU 03H ;
PORTA EQU 05H ;
PORTB EQU 06H ;

; special function registers

INTCON EQU 0BH

OPTIO EQU 01H
TRISA EQU 05H
TRISB EQU 06H

REGA EQU 0CH ; general purpose registers

REGB EQU ODH
REGC EQU O0EH
REGD EQU OFH
REGE EQU 10H
REGF EQU 11H
REGG EQU 12H

SW EQU 00H ; bit address of Port B

ORG 0000H ; code starts here

ST !
;ee=- Initial routine --e-e-eeeeeeememere s
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MOVLW OFH ; output data = (xxxx1111)
MOVWF PORTA ; (LEDO-3 OFF)
MOVLW 0FDH ; output data = (1111110x)
MOVWF PORTB ; (SP=0 LED4.9 OFF)
BSF STATUS,5 ; RP0=1
MOVLW 88H ; B'100x 1xxx'
MOVWF OPTIO ; (PORTB pull up disable
; TMRO don't care)
MOVLW 00H ; Initialize Port A
; (PA0-4 output)
MOVWF TRISA ;" (xxx00000)
; c " )
MOVLW 01H ; initialize Port B
MOVWF TRISB " (00000001)
MOVLW. 00H ; B'00000000' disable all interrupt
MOVWF INTCON ;
BCF STATUS,5 ; RP0O=0
BCF REGG,0 ; clear flag
BTFSS PORTB,SW ; sense SW
BSF REGG,0 ; set flag if SW-ON
j e light  creerse e
MOVLW O0FEH ; (11111110)
MOVWF REGE ; "
MOVF REGE,0 ; LEDO ON
MOVWF PORTA ; (11111110)
MOVLW 04H ; rotate left 4 times
MOVWF REGD ; "
INI20: )
MOVLW 0AH ; timer about 100 ms
MOVWF REGC ; "
INI40:
MOVLW 64H ; "
MOVWF REGB ; "
INI60:
MOVLW 64H ; "
MOVWF REGA ; "
INI&0:
DECFSZ REGA,1 ; "
GOTO INI80 ; "
DECFSZ REGB,1 ; "
GOTO  INI60 ; "
DECFSZ REGC,1 ; "
GOTO  INI40 ; "
BSF STATUS,0 ;
RLF PORTA,1 ; LED turn OFF/ON
DECFSZ REGD,1
GOTO  INI20
MOVLW OFFH ; LED3 OFF
MOVWF PORTA ; (11111111)
MOVLW 06H ; rotate left 6 times
MOVWF REGD ; "
MOVLW OFBH : (11111011)
MOVWF REGE ; "
INI100:
MOVF REGE,0 ;
ANDLW 0FDH ; WAND (11111101)

CRAERETA A A FiC X B 3RITEEDE, FNHESHAEKEORE

MOVWF PORTB ; LED turn OFF/ON

MOVLW 0AH ; timer about 300 ms

MOVWF REGC ; " (10 times)
INI110:

MOVLW 64H ; "

MOVWF REGB ; " (100 times)
INT120:

MOVLW 64H ; "

MOVWF REGA ; " (100 times)
INI130:

DECFSZ REGA,1 ; " 3us/cycle

GOTO  1INI130 ; "

DECFSZ REGB,1 ; "

GOTO  INI120 ; "

DECFSZ REGC,1 ; "

GOTO  INI110 ; "

BSF STATUS,0 ;

RLF REGE,1 ;

DECFSZ REGD,1 ;

GOTO  INI100 ;

MOVLW O0FDH ; turn OFF LED10

MOVWF PORTB ;
SWTEST:

BTFSC PORTB,SW ; sense SW

GOTO  SWTEST

BTFSC REGG,0 ; test flag

GOTO MAIN ;
s

CALL SOUNDO5 : sound for 0.5 s

CALL DELAYO05 :

CALL LIGHT ;

CALL DELAY10 ;delay for 1s

CALL LIGHT ;

CALL DELAY10 ;delay for 1s

CALL LIGHT ;-

CALL DELAY20 ;delay for 2s

CALL DELAY6M ; delay for 355 s
; ; = 360 s
MAIN:

CALL SOUNDO05 ; 05s

CALL DELAY05 ;

CALL LIGHT ;

CALL DELAY10 ; 1s

CALL LIGHT ;

CALL DELAY10 ; 1s

CALL LIGHT ;

CALL DELAY20 ; 2s

CALL SOUNDO1 ; 02s

CALL DELAYO01 ; 0.1s

CALL SOUNDO1 ; 02s

CALL DELAYOQ7 ; 05s

CALL LIGHT ;

CALL DELAY10 R 1s

CALL LIGHT ;

CALL DELAY10 ; 1s

CALL LIGHT ;

CALL DELAY20 ; 2s
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MOVLW

MOVWF
MAIN100:
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

DECFSZ
GOTO

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

MOVLW
MOVWF
MAIN200:
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

DECFSZ
GOTO

GOTO

0AH
REGG

SOUNDO1
DELAY09
LIGHT
DELAY10
LIGHT
DELAY10
LIGHT
DELAY20

SOUNDO1
DELAYO01
SOUNDO1
DELAY07
LIGHT

DELAY10
LIGHT

DELAY10
LIGHT

DELAY20

REGG,1
MAIN100

SOUNDO1
DELAY09
LIGHT
DELAY10
LIGHT
DELAY10
LIGHT
DELAY20

LSOUND
DELAYO1
LSOUND
DELAY07
LIGHT

DELAY10
LIGHT

DELAY10
LIGHT

DELAY20

0CH
REGG

SOUNDO1
DELAY09
LIGHT
DELAY10
LIGHT
DELAY10
LIGHT
DELAY20

REGG,1
MAIN200

MAIN

)
s

1

s

’

s

’

)

e SR N = S

repeat 10times
(10s*10=100s)

1ls

ls

ls

10 times ?

lower sound

; repeat 12 times (1 min)

12 times ?

i

Pa s

LGHT10:

LGHT20:

LGHT30:

LGHT40:

LGHT50:

LGHT®60:

LGHT70:

MOVLW
MOVWF

MOVF
MOVWF

MOVLW
MOVWF

DECFSZ
GOTO
NOP
MOVLW
MOVWF
MOVLW
MOVWF

DECFSZ
GOTO

MOVLW
MOVWF

DECFSZ
GOTO

MOVLW
MOVWF

DECFSZ
GOTO

.BSF

RLF

DECF
BTFSC
GOTO

MOVLW
MOVWF

DECFSZ
GOTO
NOP

GOTO

TSI - B

light (1/600s*10)  --eevee

OFEH
REGE

REGE,0
PORTA

03H
REGA

REGA,1
LGHT10

04H

REGD
OFAH
REGA

REGA,1
LGHTS30

O0FAH

REGA

REGA,1

LGHT40
32H
REGA

REGA,1
LGHT50

STATUS,0
PORTA,1

REGD,1
STATUS,2
LGHT70

02H
REGA

REGA1
LGHT60

LGHT20

#5875

: (11111110)

- LEDO ON
; (11111110)

; 2+3*3-1=10 us

; rotate left 4 times

"
3

; timer for 1/600 s
; (0FA=250)
; 2+3*250-1=751 us

(0FA=250)
2+3*%250-1=751 us

; (32H=50)
: 2+3%50-1=151 us

- LED turn OFF/ON
; IF ZF=0 then skip next

2+3*2-1=T us

MOVLW
MOVWF

MOVLW
MOVWF

NOP
MOVLW
MOVWF

06H
REGD

0FBH
REGE

0FFH
PORTA

; rotate left 6 times

. "
)

; (11111011)

. "
»

;LEDSOFF
: (11111111)
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LGHT80:
MOVF
ANDLW
MOVWF

MOVLW

MOVWF
LGHT90:

DECFSZ

GOTO

MOVLW

MOVWF
LGHT100:

DECFSZ

GOTO

MOVLW
MOVWF
LGHT110:
DECFSZ
GOTO

NOP
BSF
RLF
DECFSZ
GOTO

MOVLW
MOVWF

RETURN

BIFLE

REGE,0
0FDH
PORTB
OFAH
REGA

REGA)1
LGHT90

O0FAH
REGA

REGA,1
LGHT100

34H
REGA

REGA,1
LGHT110

STATUS,0
REGE,1
REGD,1
LGHT80

OFDH
PORTB

RARYTA A X710k 5 3RTLEEDITH, FBHESRELREDRE

. W AND (11111101)
: LED turn OFF/ON

; timer for 1/600 s

; (0FA=250)
2+3%250-1=751 us

)
’
)
)
)
’

(0FA=250)
2+3%250-1=751 us

; LED10 OFF

’

s I T

J remeeenn lower sound (0.1s)

LSOUND:

MOVLW

MOVWF
LS8100:

MOVLW

MOVWF

L.S200:
MOVLW
MOVWF

MOVLW

MOVWF
L.S300:

MOVLW

MOVWF
1.S400:

DECFSZ

GOTO

DECFSZ
GOTO

MOVLW
MOVWF

MOVLW
MOVWF

01H
REGC

32H
REGB
OFFH
PORTB

04H
REGD

52H
REGA

REGA,1
LS400

REGD,1
L3300

0FDH
PORTB

04H
REGD

; repeat 50 times (0.1 s)

)

; " 32H=16*3+2=50

;SP0->1 (Port B)
;" (11111111)

; repeat 4 times (250 us * 4)

; B' (01010010) =82
; 2+82*%3-1=247
; 250 us

1t

;SP1->0 (Port B)
" (11111101)

; repeat 4 times (250 us * 4)

3

1.S500:
MOVLW
MOVWF

52H
REGA ;
LS600: ;

DECFSZ
GOTO

REGA.1 :
L.S600 Do

DECFSZ
GOTO

REGD,1
LS500

DECFSZ
GOTO  LS200 ;
DECFSZ
GOTO

REGC,1 ;
LS100 ;"

RETURN
s T L
T sound (0.1s) ---eeee-

SOUNDO1:

MOVLW
MOVWF

02H
REGC ; "
SND10:
MOVLW
MOVWF

64H ; "
REGB ; "

SND20:
MOVLW
MOVWF

OFFH
PORTB :
MOVLW 52H
MOVWF REGA .
SND30: ;
DECFSZ REGA,1 Do
GOTO  SND30 Do
MOVLW
MOVWF

0FDH
PORTB ;

MOVLW
MOVWF

52H
REGA
SND40:

DECFSZ

REGA,1 Lo
GOTO :

SND40 "

DECFSZ
GOTO
DECFSZ
GOTO

REGB,1
SND20 ;"
REGC,1 ;
SND10 ; "

RETURN
S I
j e sound (0.5s)
SOUNDO5:

MOVLW 0AH

MOVWF REGC ; !

SND100: '
MOVLW 64H ; "

MOVWF REGB ; "

SND110: -
MOVLW OFFH

; repeat 1000 times

15

. B' (01010010) =82
250 us

REGB,1 ; 100 times ?

2 times ?

; repeat 200 times (0.1 s)

16*6+4=100

: SP 0->1 (Port B)
" (11111111)

; B' (01010010) =82

2+82%3-1=247

250 us

;SP 1->0 (Port B)
* (11111101)

; B' (01010010) =82
250 us

; 100 times ?

2 times ?

0AH=10

16*6+4=100

; SP 0->1 (Port B)
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MOVWF

MOVLW

MOVWF
SND120:

DECFSZ

GOTO

MOVLW
MOVWF

MOVLW
MOVWF
SND130:
DECFSZ
GOTO

DECFSZ
GOTO
DECFSZ
GOTO

RETURN

PORTB

52H
REGA

REGA,1
SND120

0FDH
PORTB

52H
REGA

REGA,1
SND130

REGB,1
SND110
REGC,1
SND100

FAERR LR E NG TARBREE - B #358%

;" (11111111)

; B' (01010010) =82
250 us

:SP 1->0 (Port B)
;" (11111101)

; B' (01010010) =82
250 us

>
"
)
"
H
3

"

; 100 times ?
; 10 times ?

"
B

SN delay for 0.1 s AT

DELAYO01:
: MOVLW
MOVWF
MOVLW
MOVWF
CALL

RETURN

01H
REGD
64H
REGC
DELAY

( 1time)

(100 times) =100 ms

I delay for 0.5 I

DELAYO05:
MOVLW
MOVWF
MOVLW
MOVWF
CALL

RETURN

05H
REGD
64H
REGC
DELAY

( 5times) =500 ms

(100 times) =100 ms

)

I delay for 0.7 s MM TN

DELAYO07:
MOVLW
MOVWF
MOVLW
MOVWF
CALL

RETURN

s HINN delay for 0.9 s

DELAY09:
MOVLW
MOVWF
MOVLW
MOVWF
CALL

RETURN

07H
REGD
64H
REGC
DELAY

09H
REGD
64H
REGC
DELAY

; ( 7times) =700 ms

; (100 times) = 100 ms

’
i
3
B

3

TR,

; ( 9times) =900 ms

: (100 times) =100 ms

)

U delay for (1 - 1/60 =0.983333) s MIHINTIHINTINIINIII

DELAY10:

MOVLW 09H ; ( 9times) =0.900 s
MOVWF REGD ;

MOVLW 64H : (100 times) =100 ms
MOVWF REGC ;

CALL DELAY ;

MOVLW 01H ; ( 1time) =0.083s
MOVWF REGD

MOVLW 53H ( 83 times) =83 ms

MOVWF REGC
CALL  DELAY

RETURN ;
i delay for (2 - 1/60 = 1.983333) s /MIIIIITIHIIINIIT
DELAY20:

; ---- delay for 1.900 s ----
MOVLW 13H ; (19 times) =1.900s
MOVWF REGD
MOVLW 64H
MOVWEF REGC
CALL DELAY

(100 times) =100 ms

; ---- delay for 0.083 s ----
MOVLW 01H ; ( 1time) =0.083s
MOVWF REGD
MOVLW 53H
MOVWF REGC
CALL  DELAY

( 83 times) =83 ms

RETURN ;
;MM delay for (6 min -5 = 355 ) M

DELAY6M:
MOVLW 47H ; (71 times) =5*71s=355s
MOVWF REGE ;
DLY6M10:
MOVLW 32H ; { 50times) = 5s
MOVWF REGD ;
MOVLW 64H ; (100 times) =100 ms
MOVWF REGC ;
CALL DELAY ;
DECFSZ REGE,1 ;
GOTO DLY6M10

RETURN ;
ST T TR T
DELAY: ; argument -> REGD,
; argument -> REGC, CALL
MOVF REGC,0 ; REGC -> REGB
MOVWF REGB ;o "
DLY10:
MOVLW 0F9H : OF9H=249
; 2+4*249-1+2=999 us
MOVWF REGA : REGA = 1st counter
. DLY20:
NOP ; lus
DECFSZ REGA,1 i 1lus
GOTO DLY20 ; 2us
DECFSZ REGB,1 ; REGB = 2nd counter
GOTO DLY10 ;
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DECFSZ REGD,1

; REGD = 3rd counter
GOTO DELAY ;

RETURN
s TR TR T

END

BRZHATEE, LEDRY —FREEDARD R
(L, BEPEANICIEEICHEEET 208 ) 2 EEET
b, FTIEDLEDSW > b LIEBRETT 3, #L
Ry vEFTE BRAO6 MG, Bio, EALEHR
DIFINX—HBEE*TROFHICL>THET S~
HOREFELET 2, XD 20Mix. 1 ¥HERTLED%

1/6008 3 DMERSITEH 3 13h, BEBR— L2 T
FA IV RBRTB-ODESEZR2HT 5, ZDEE,
SMEEIZ By W) 1IHOFTE TEvyFEy,; En
I2HDFTRBEDEL., 1 HADFEIIERIZANL —FK—
NDT V= FRARETOYE, 2 HDOGEIIEES
ED A ZITHE T, Bk »HERE OB O EE OB %
95, RO 145MIE. ZOMDRABED 2L ¥ —
HEEZHET /-0, 5HBEIC TEy ) EwHiFl
HFHEBOERT, LAY 2HL-F2BEEZ2H/ATS
&, BRYID 6 DD 3B I N, EEBEOEEHE
BERAC—HDOEZERG R SICHATES, kB, IO
7uy 7 L3, BERMOBESHICERT S L EEE
DEG TR ARE L,



