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ABSTRACT

The study for improve a method of Marker auto- identification

Lee, Hyun-Seob(Korea University)

Lee, H-S. The study for improve a method of Marker auto-identification. Korean Journal of Sport
Biomechanics, Vol. 13, No. 1, pp. ?7?_?2?2. The purpose of this study is to develop an improved marker
auto-identification algorithm for reduce of data processing time through improve the efficiency of noise
elimination and marker separation. The maker auto-identification algorithm was programming named KUMAS
used Delphi language.

For the study, various experiments were conducted for the verification of KUMAS. and compared two
systems of established with the KUMAS. Four different motions - cycling, gait, rotation, and pendulum -
were selected and tested. Motions were filmed 30Hz frames rate per second. y’-test used for statistical analysis.
Significant level were o= .05. The test results were as follow.

1. Increased the success ratio of marker auto-identification.

2. The efficiency of marker auto-identification was remarkably improved through marker separation, noise

elimination. 4

3. The marker auto-identification ability was improved in 2D-image plane include the 3D motion.

4. Significant different were found between KUMAS and B-SYS(established system) with non-input the

artificial noise frames, input the artificial noise frames and total frames.
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Dinn, Winter, & Trenholm(1970)0] #FE| 9} TV] QHHo]AE SAAA AAZF EA <] IlsAe
AA S & E2EAM XA (motion analysis system)2 A A G RofdlM Fo AF Ful7t HAh
o] ¥ Hlo]g % Al7}(data processing time)9] Y& Bgs}l7] g A AgSo] oo &
A o] AMEET Y= AL video-based ¥Al3} memory-based HHAlo|t}. A58l SAHEA A|AHE

o]
92 ofg A Adse] By 9o, not PR FHEA A2FE ] A B
& A7AEe] o WHos ATE sy Aok Ty FRdME A5 THEY A2 o
& A7 50| girs] o)FojA3 YA @oH, o) Aste Fo A P B3ty AHE A

®7t vHlEth H2d o A58 %7—‘}3?’51 Aedo g A7t 22 AFAS(FHDY), 243, °
3, F58, 1995 14435, 19%; 7u , 1998)0l| & s girk. £3], 0|59 :rl% 7)E W4
Eoll vl B4 5 ATHE 2A 95 ]ii‘jr—\: A3 71X 2 9tk Video-based W4 o] Fof
¥ memory-based ¥}4]2- CCDS&} image data acquisition boardE QE{Fol2 A|A F4& PC W2
1 30 90 G AARER R0 14 EAns A 28015k Memory-based %4 &
4y Aol 7bs 2} uhE wEx Y 4o 2NE uA e REE -’1‘-%3}
7ro.

ﬂﬂNc

2
< m’*
=
e

o ox 1 m[o
wlo

g53te AHE AT Bstn AAT B4 Zﬂ?kziﬁi“& 7}_53}1:}. 01&4—3— =9 o]
9 2A jAoe] HUS B GA2RH HARE AFLE FEIE AT ?l’—‘l(auto marker
identification) &2 &2 AAEA @tr] WFo|ch TR FAEA A 2L o]HF EAE 3
A7) Y3A O Fiich $aE AFESla Qo o] - e v A EAE %}‘2%6} I

3k 23 Buk opda} /4AL 3A 7AW A 87 43S oA . g Rk

of Abgo] BrhseiThe o) ATk AFUALA FAAN AF BAHE 24 P G4l o]
2(noise)7} AQAYAL M2 THE BiAS e 2HHAE A BAANE0] 343 dolnie Aol

t} ojgd FAHES 2 2o A3 3AE(Keemink, Hoek van Dijke, Snijders, 1991; Shapiro,
Blow, & Rash, 1987, Saface-Rad, Shwedyk, 1990)0] Tt g dA7E APsgoy 34 F= 2
g A 2aigon, FWANE wHAA g A R vh AR, 4, 1A S,
F, A, 1995; A8, 1718, o184, B4, 198). vpALA 715 st=dolA 449 o
e Agstd 9 }}E HolHE whEoiFE 7158 B3stn 7] dEd A5 4L AL

o 714 BYHY Frozy $ARH A2 43¢ Y F2 220
Al Eolls) o] SZEA) 18, %8 AFTHALA 2nAF Yol FALA 4289
53 AN FARA Aadezd 6 gdol 88 FEE AL U] B o] B

A7t g AYHojol g 53], YPH mol2y slAE] AR 23 e FRAE

4»



0P AHE elA] &t ol ek A 25

= RLs
et B 7Y BAL £F0E ARE FEGE 7§—?—§ 313315} s %1%
KX =

=2

1 AT % T
2 A7) e Delphi® ol §5tod AFTAAY duneBe FRRGOR, THY FnPFe A
S @ 2AE] A AEE T el FARY Aade S <E 13 2ok AFeiA ¢

D FS FE7] 9314 KUMASS oj502 7jdte 2299 jd §m <1y >3 2tk

E 10, BREA AlAY 7Y

System Hardware Model Specification Manufacture
Camera (S8320B CCD 4" Black/White NTSC ®H4 Teli Co.
Ne wan Frame grabber l\l\jllitliia[l[annel Monochrome - RGBinput, 30Hz Matrox
(A-SYS) Power supply CA130B Teli Co.
Cable CPC3440-03 12 pin Teli Co.
Computer CPU : 300MHz Pentium, 256MB
Camera cCD Black/White NTSC =4 TOSHIBA
7%3_%%7 P2 Frame grabber  VIDACOM motionJPEG | SPECOM
Computer CPU : 486
S reference frame Zo] Im¢] A5H ) A A&

Cycle ergomedic 818 MONARK
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3319 AL YA 71E ZH Y(reference frame)S o] et FIH AEE e, FHAS
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System X A} o]z X
A}o]Z-30RPM, 45RPM, 60RPM
A}o] Z-x0] 2-30RPM, 45RPM, 60RPM 0
71& BA7) T
o1E t
& $A7) 2 (galt)
79| E(gait)-i=o] = o

FAY AAEFL & A9 HAAEE2

Ao]E FR A 271 vl (skin marker)e ¥ (hip joint), £#A(knee joint), ¥ (ankl
joint), ¥ (calcaneus), $5F W4 (metatarsal joint), WE(toe)ol]l FAHLH, YA o]z <

a8 2, <2y >3 o] F7HA] U2 4¥HIA

% 2. Ao]2-10l 2 ¢ e T8 3. APO|2-0l= ¢ HE2
Alo]E F# el A 2271 u}# = hip joint, knee joint, ankle joint, calcaneus, metatarsal joint, toeel -
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3 THE ASoPHA UT2E U

AETALA LS AAHLE vHA 42 oA G, AFHR o7 AT2E FHE IxF e
Faolnt. & AelMde AFrAYAE AalM 2 zedde] HA 37 ZHY FEE AHAFL
o, 7t vpAol QAT olgH £ A RS duE JEHIHA FA3r] A3t <2y P
o 22 QARLE ARST. 4 54 zgqle] dpAGA Ade Tempd A3 AFAY
HolM AHEHE BEE BRE A7) Halie 7] A Zy Y vAFES ATHLE F5o}
o

: Head Top (HT)

: Head Right Side (HRS)

: Head Left Side (HLS)

: Head Bottom (HB)

: Trunk Top (TT)

: Trunk Up (TW)

: Trunk Down(TD)

: Right Shoulder Joint (RSJ)

: Right Elbow Joint (REJ)

: Right Wrist Joint (RWJ)

: Right Hand (RH)

: Left Shoulder Joint (LSJ)

: Left Elbow Joint (LEJ)

¢ Left Wrist Joint (LWJ)

: Left Hand (LH)

: Pelvic Center (PC)

: Right Hip Joint (RHJ)

: Right Knee Joint (RKJ)

: Right Ankle Joint (RAJ)

+ Right Heel (RH)

' Right Metatarsal Joint (RMJ)

: Right Toe (RT)

: Left Hip Joint (LHJ)

24 : Left Knee Joint (LK)

25 @ L eft Ankle Joint (LAS)

26 : Left Heel (LH)

27 : Left Metatarsal Joint (LMJ)

28 : Left Toe (LT)

29 : Other Marker with Right Hand (OMRH)
30 : Other Marker with Left Hand (OMLH)
31 : Other Marker with Right Toe (OMRT)
32 : Other Marker with Left Toe (OMLT)

WN—=ODOX~NITNAWN—O

(-O—32 |33 : 2nd Other Marker (20M)
gun F TR g bl o
: er Marker
O O Oss

1) 3w =299 o) 33

A HA TAYAAE AR} k92 ol8tel 4 viA% oHAS o1ES AHsn ol Ay
A AR HolHE olgstel oW mASe] QA LAbody segment)S FHHEAE oA o)2
g QA 29S olg3te] AKEA 23, AFHES st



30 of # 4

2) ¥ WA =g upH F4
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Y= Mg )+ (M (D =Moo () o Q)
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ASPAQAE Fhvete] Zzol we} o 53 Aurt b2A Yehgy] gEe] ASYSS) B-SYSE
I M FASHA ggton, B AN EE 223 47t viwshs W AEdT

1. AO|Z2 SEoll thE AS0i7i0l4] +3 Zap 3 24

ASYSY 5 FFHNA 2o 4@ oj=9} 4 oz s o] BibsaPon,
AN 7hEE 223 ASYS ol A o] 30RPMs} 45RPMo] H]3) 60RPMAA 3 S o]
AXe Aoz vt ol 60RPMAA ttA 7}t kel o8] 27|17t AR vhA A3 #4do] Yehy
7l WEelnt. RPMS] #isle) @2 53 A5 ¥ BSYS 7% 30RPM3Y 45RPMe]ME & ol
2ol 1A ghort 60RPMOIME W& $:3§ Holn o L‘zﬂ_oﬂ KUMAS: 60RPMOI M= 344
08 FHAFETS BT ok 13 32> ol P AYES 2 o, ko= agle) whA} A
A 02 AAE Z$ KUMASE RPMe| kg whx] 9k Ao yehdch

30RPM E145RPM O60RPM

120
100
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% 60
40
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100 ¢ g7 | 100100100
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Non noise B Noise
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34 Qgke e o 0% 59 $EE Holm You kolzg JHAAS WE S0 2} @
A% wolAE @€ Holn Ytk olHF ABE BSYSZ o)z} b 24 Bl U OA 5
o] ¢ UehiE Aolth KUMASE ASYSE 298 4olA%} BSYSIIA 898 34 B
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oA 3ol Holgd UERRE Rolth KUMASS] %% BSYSA Mo ASYSS) Gl %e &
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Non noise Bl Noise

80
70
60
50
% 40
30
20
10 00

A-SYS KUMAS B-SYS KUMAS
A-SYS o 4 B-SYS 944

a8 15 Gait SEHAl £0|= 23 oo WE d 23

ASYSE AtolF oAt o] FFd o)z %@103 QaiM 3ol % P58t rh. KUMAS
= ASYS GFAN w2 BE 235 UrEMS%i—“— i ol o)A|(take-off) 7k} 22g(swing) T2kl A
2 5 BSYSE RE &M we 3 295 B

°lx °LD4, 53] =027} %aﬁl *‘rﬂﬂlﬂi g R 53 AAE Holi itk =ol27t $HHA
3 & 7% 238 BQ AL takeoff 771 271904 2= W 29 o4 o5 o

27} dAst7] WEelth. KUMAS: BSYS /el M BSYS
U T R3S BSYSS FARD FRE kolzrt GYE e B w2 8 Y KR 3
E} TU S AHES A9 nefslE u) KUMASTE b2 5 A28 H3te) miA 4
Hol Hojutix & & glow, o ko= B vt 24 N i thA THol Holrs e

TA SAEF e AsuiAdY #9 23 BSYS 9o B AL S 1% FAHAET
2 2594 BSYSsH KUMASE 100% 4Eat8ou, ASYS 949 7%, ASYSE T Fad A%
Zo] AgeALAE T3 WA ZRL, KUMASE FAZALE 1ol 100%, 743 HEE 2904
475%4 38 THE HAR
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A-SYSS} BSYSo| A g gAe M2 o gaoz Ashd vnd ¢ 7] Wi 4 AlAY
¥ g2 KUMASS} Hlwshs W8 A839. a7 428 A3 ASYSE wo)27t /AQE FAd tia)
RAS 5 ggeH,

Fal WA FaH7 AEd FAY BHE T

Ax ARHA AFIHAYNE &
STk A G4l ol BSYSS KUMASY o2 24 Ze

B-SYS$} KUMAS 719 2248

¥ 33 2tk
¥ 3 MAGAol ChE B-SYSSE KUMASZHS] o B4 Zx}
System df N WEE(%) value P-value
B-5YS 27.20
1 1184 880.151 001
KUMAS 87.50

A2E] 2 24 e (1 N = 1184) = 801512 detgon, 9 &g 0012 f¢

__‘C“:_
ST 0580l F AL Zo)7 Sle Aoz yehh.
wojzrl ANHL R YA B AN F A2ERY £ FY Zihe B 49 2

E 4. Non-noise0il 2] B-SYS2} KUMASZES|] 2 &4 Zx}
System df N WE-E(%) value P-value
B-5YS 4489
1 704 436.071 .0
KUMAS 95.74

wolz7h Qsidoz QI B AN F A2URY £ BH A 21N =709 =
$B60712 Yepgon, 49 3L W01 F9 F£F 053lA F A28t 2joj7t A ReZ
23+¢s8

kolzE Aoz 4YT AN F A2ERY £ BY Ede & 59 2
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H 5 Noiseoll 2| B-SYS2F KUMASZHe| ¥ 24 A}
N

System daf WE-&(%) value P-value
B-SYS 1.25
1 480 558.472 001
KUMAS 7542

o)z A9des 4P I T A2URe 2 BA Ao 20N = 480) = 5584722
Uehgod, fo) BE M §9 47 0554 5 1= Aoe Yy,

2 Q7dlHE YA 2d(human modelo] 712 ¥ 2o) Wshe 3 siAe £ AY W

293 wAe WE e ol§d AFHAAN Yn

KUMAS®] 728 ol t1e3 & 288 28 4 A%tk
_/;:_ o]

L ASoALY 49 438 FAY & Ak
93l 48D wolze] U UA FHE FIAL & U

o 2 R U A 5ES 442 & Uss
25 A9 SEA JBY] AFTHALY 59 2
249 GAoE doldl 349 LEANE ASHAAY 59 5
A A4 FEe dEdlo] Aol e Wk

.c\m.»hw.ro

3o} AT ANES SN raw data(v}A S HE dojE)E nr) e 5T £ low, o data
processing time$ @508 B} Wy &5 £ ARE ANT £ Y&E i oy &

FEE FAEAY §4 Fob ) 2 2% 29 #83o 7|4 5 USE vdebdth

B ATE FHAM ASuAQA 2nEE RS SiA THEA AaEY s FHE F
UFE FUT F Al 22yt o3 st=gole] A5l ) AEriA A -’Ff@?ﬁol TS
TS BARAT 53] £F 27t F7hHC v1AY 2719 FHe W3] 4T BE AFrAU4
7159 £8 o] dojAe BAE BT oY B4 wiAY Aol B2 ‘%a‘ﬁiﬂfﬂ el
AA7) wzols wiA 9] W] gol WA ¥y g i A virle EA ARE AlLFAN 1
2 & 7] otk & Aol ALd duelFe wrvt HIRdH ez FA S 9 vAE A
FH e AskA] REck o2)d wAFA v B @ de HAHLS FaEFoR | dsd
€ ARt =l 4% oz Aste Zlo] Ko SRAQ sj7Ho] 3 AeE A7,
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