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W Fig. 1. (a) experimental setup in the
| magnet shielding room. (b) passive-

| type reflective marker attached on
~ goggles (c) CCD camera with 850nm
| infrared illuminator. (d) calibration
| board
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o] A]A”lo] A% AH| = Philips 3T MRIZ AH&3t:
7oA T go] 28 CCD 7hd|gt AEE A28 A 7}
gt G4 A5 E wol AT 4= A fFE = d 1
H (frame grabber), 850 nm3+3-9] E4S 711 Qle=
2 9] A 241 AMD Athlon64 4400+(Intel Core2Duo
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PC7} Windows XP2% A2} A A= At

A E

7} 2t= SONY XC-EI502dS AHE3tgith 20 sjAr
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of e SF=7F Fig. 200 &71% 1 St

Zz|= 20| (Calibration)

ZH FH L B A Zzpe) FheEhof A =ik F 719
o] A& o] &35t Zo|(depth) FEE At W ol
E M2 OE fACA dE F N ol 23 G4l &
TFHO 712F o= F Y MZ GE YA A & olw]A|
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(imaging geometry)®] A o o8] L3 =1], o] uf <
& 7138t3te) w7 H(parameter)S©| 274 & ofof 2,
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71 2) B ¥ o] A (Calibration)©] & gttt (7-9). o] I 7}
w2} )-8 3Hcamera resectioning)2t1E &&=t 7}
w2k 2| 7F 7HA 3L Qs Mg grotdl= B ol 7
2t Waes AR 32hd A o' Hol 7h|eke] g
FAHE FA A Y BAE F2L e Hapolm, 7 ¥
o 95 M7t 2R} (10). o] F WH M4 3X3
FEd=z #2@E &+ A2 7o W F F L (intrinsic
parameter) 2 FEtt o] Wi FEL 727t 7= =

Camera recognizes reflective markers on
black-and-white image
¥
| Binarize images |

| White pixels have marked with vector |

| Scan each lines in width and height |

Does the vector line
have enough length?

| add each coordinate of pixels line by line

remove vector

| divide the sum with number of pixels

|

|
¥

|

|

| check the continuity of vector line

| figure out the number of marker

Can each
camera catch more than a
marker at the same time?

Calculate x,y coordinates for the number
of marker

Fig. 2. Flowchart of calibration and triangulation process
using camera.
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(skew point), &3

A7 2 (focal length), Y =
EA4S 7 o33 2ol

(principal point) 5¢ W+3
ol o= Qlt.

a C Ug

a=[o 8 v ] [1]
0 0 1
ol U3 WL 549 o} MAE I o, f & olul

o] T Z(u, v) ofl gt T8 E 23t 7H ol A 274
A 9] A& Uetll= 28 A= (focal length), c= F o7
A ZF(u, v)9 122 FE(skew amount)E YEIH& HE,
U, Vo= FA(principal point) & £t} (Fig. 3a).

Zkzo i ekzt 7FA I Gl A Q /-2 W uividA
+E 3 3 7 g o f P (extrinsic parameter)
T3}, o] R i PE-2 ¥4 RY TE Yepd
A=, RS AP (rotation matrix), T o|F FE
(translation matrix)2& E3tth, o] mj/jHEEL 712t
FAEI 7H g7t AA FEo|A o= £ st J=A|
£ yetdd, o] WiriHeEE 53 7}”1]3}«] H7AE A
Al AA #EAZ ohS2 Zo] HIAZ 4= Qi 234 A
oMo & HE m = [u,v]", 3%¢ ’3'01]/\194 HAEM =
[X,Y,z]"et2 & o}, m¥ M homogeneous coordi—
nates($2 ZF#A)2 yetd m = [u,v,1]", M =
(XY, Z1'2 29T 4= Qltt, dutd el A& (pin- hole) 7}
vt mdg AZAEES o), 33 Ao H M 59 E A
m Atololl= ot 22 IA 7 A F g

sm =A[R t] M [2]

o714 s&= 999 =3 AR scale factor) ©]Z, [R t]—

A

25}, R 3x19] SHHE 3%
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7|IRke 2 it} (11). ¥ HH(model plane)©] AAA
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T % YJAYE R iMA4 S rt 5 Eq.[2] o
A ohE3 2o g 4= qitt

u i{( X
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1 0 1
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U Eq.[2]91418 M& 2E FHoA 9] & & yet
Y& dloll AHg-ateh, sk et 2 HHo A= zgho] ARG
0017] gl M = [X,Y]'o| 3, Tef mek M = [X,Y, 11" ]
o whebd 2l g o] A M3 2o figt o)A m2
S22 (homology) Hell &3} ##:A= o} 7},

sm = HM, H = Alr; ry tl (3

971H He 3x3 A P& 7Hd 54 840|132
A gH Aol o] BAE vEhdith, 2 B A3t
oju| A& o] &3t HE AT 4 et H =[hy hy hy]
S 2 Yehlid Eq. [3]°] o8] tha3t 2ol 23 4 i,

[hy hy hyl = AAlry 1y t]

A71M 2e 499 2zt vy, ry7k At H 2
(orthonormal) & °lEth= 54L& 0|83t &3 22
A& olBod 4 Qi

hyT AT AL hy = 0 [4]

[k

Zheek o F v golth, t= 3x 18 WE = o]F P&
1 M
ﬂ ; Optical Axis
Lens i . Principal Point
< N (w0, vo)
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a Skemount

Cﬂmnr\
Rotation + Translation h

Fig. 3. (a) Intrinsic parameters of
camera. (b) Extrinsic parameters of
camera (c) Reflective marker tracking in
MRI.
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hT A-T A1, = hy? A-T A1 by [5]

Fo7 3t} TEEAE o] &5t YR i Hz F
718 Ak (constraint) W0 Hlth TEZA]+= 8749
DOF< Z+1 6719 97 uj7j 7 24317] o o W+
7] F AlekE 8 4= Sl

Bll B12 B13
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_ i _ C CVO_U()B 7
a? ap ap
| e c’ +L _ clevpmugh) v
| @B g f o ra
cvo—uoﬁ _ C(CVO—uoﬁ) _ Vo _ C(CVo_Uloﬁ')2 T Vo2 +1
L oB ap F aF ? _

2} & o B thalo] T 6D Welof o3} that o] 3
BEEY

b =[By Big Byy Byz Bgg Bgsl' [7]
HQ‘] 1@3‘11 ‘Eg ‘:-H-]E]‘g‘ hi = [hil hig hjg]Ta]' —3]'?]5.
hiT th = VijT b [8]

(vij = [hythyy, iy hjg+hig hyy, hyg hyg, hig hy+hyy his, hyg
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matx | FojZ TERAZREH U Eq. [3,4]9] 8 A
A E2 bE o] &3 shte FAA o2 YERE 4= Qi
Vig'

[ (VH_VIQ)T] b=0 191

gkef n7) 9] ojm| 2|7} mdl Fraof A HEE T, n7l 2
A& A Y= Zot Eq. [9] 9 FE=2 THET

Vb =0 [10]

o7]1M Vi 2nx69] Eo|t}, no| 3 o]Folzhd U3
£ 7Hd Zlo]a no] 281 ¢=0 & W3t Eq. [101& Al
ARl o= Sk, b7 FAE b 74 'S Ed= i
W5 FEAS 73k =S AZF FS A 2 ojw] x| o %t
o5 Mk 44 72 5 Ao Eq. 812 EUE,

r{ =AA7lhy, rg = AA1 hy, 13 = r X719, t = AA71 hyg

I S
A7 h | A7 hy

A& olg3te] ZhrEt &) F w7 Ha¢l R tE T3t

o|gA 7iwte mifH;ES Lotli7] H A EE o]
Aol 2ast JHE A7) A 710l He FHE HR7}
Zasitt, o] A& A3l 4719 A A WAAE FE3t A
AR Bofo R gheo] ARl ol d& et o 2
glBdo]d sdE vjE] AAE F 9 7HH=t dolA A
e FFo|i, v Ho v HEE 7|ET F ol b
o|E & o] &sto] AzjHeoldg At e Z 7hei=t

7H AR THE WS 9L 7H S E S WAL of

(=

59

&Kt 2Zlel

Xlol 7Lx| al

7| otz| A|AE

2 | HISH <

HE S 7|vte 2 W& a9} o5 w7 H=E A4bs]
Wk o] #4L& Zhang's Methods® 7123 Camera
Calibration ToolboxS I3ttt (11, 12). AAMZE 2
By o|d REF o] &3t} A Tz dE& S 4
S o885t A HgolAe JPstgion, A HYolA
B o= o]n| R 9] o] 2L} ¥ $HH o2 9] A
Q ABold sfdo] BAFFAN AAAFLR QA H=
A= e, ol™ Aol vAAA AR o tigh
ZRAAE HE 5 J=F A A Ee ol 7ol
EUH 7hete] Y& o4} o 7 o7 H 47} sht o
Hdo] 9A SYEHEE 519, o] #YS o]§sto] F 7}
H2ke] Z o] Hx 5 ot A4sHH 33t HEE dojd

Z} 7h| 2t e B o] d apAof| A L3t 7he 2t
7ot o A T AR Y-S E= AEE o835t 33k
Ao HAxE AL Y= Zolth (13). & 2H AL A
2 F Y S o]&sto] A Ao et 244t 2=
£ o] &sto] ALtE =, AH LR hHEtE T8 5912
= BE S HREE S5t Y| A= A2
- vl A&l do|t}, wrEhi] EAHS Zof 3 3 Y
EA4H o] o e EAQYo| t3st=d], o] HeH=2
HAE &= Aol Fastth, o] SHE=Y 7158ty #A
£ ol Ao| Ht= Sho| A AAbs W 7he] 2 v 7 4=0]
o},

2H|F 2 v A" A= ojugl gt Fo] ZIUETL Y
& 7| tol| Fdl= A2 3AEAY HE XL, LEF F
8l A= 3 #3# XRE 7H5H, T HY A2 %
%9 ytdeto] Z+Z ot HEE Hv= M-S 198 ¥t
< o, XL} XR2 v 22 A &5 (rigid—body
motion) 2.2 AP HT (Fig. 3b).

XR=Rod(om) X XL+T

Eq. [11]19] om< F 7}H|27} 3t 572 5
= A< o835ty Z 7tk R wiARe T FSY R
S o] &3t 32k T4 9 3x1 3 A dojdl
Aoltt, o] HE om< 3x3Y 3|A PE=E HEA7]7] 9
& =2 A= M3t (Rodrigues Transform, Rod)& o]&
SHEaL A7) AFES REA 2 M S3 3[4 =
7t 017 A¢=FEA Y 3x19 HEAHEE 7H7] AFej o A
S I M-S 3x39 PR B 5 e g
gl&oltt (14, 15).

V,ot=Veost + (kX V)sinf + k(k - V)(1-cos) [12]

7|4 Ve xRl A9 ME | ke I AAI7] L A2 W
Fo G H, 6= 4 =g =3t} Eq. [11]oA T+ 3x1
P49 o]F dFHo|t,

ALY =& F N7 QlolA AAZ AHES B o dAA

A, FE AFES Be 52 At

[11]
Al ®3 )
0
g

=2
=

o2 HolA st JTL
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guit} o2}, o] A& ¢F-$1(Ocular Domianace)g} gt
(16). 2H# 2 v = upR7kA| 2 F 7he|2t7h 74A] AL
Ue AR F 3 &2 YET ARSI F AR F o= &
= o] &3 FHstY, o] ATl AF FHHSHE FA
(dominant vision)2 2 AAsto] XLikE 0|42 22X 3

A9 Ang A sidn,

7l|2t E24Z (Camera Tracking)

Zhoj 2t Ed 7 2H L v A L-S 0] &35t ofw]
Aof Yehd upA o A& FAsH 4 YUES 33 FHE
Z AL 71538k ol EFA Y SE=E Fig. 4
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R 4 9o A=
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Aehe Al S et 553 WAL HEA e Fo] A
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Al 2707} Qe FHlEt = 2] E o met Y
o] 3|AZ Qs W] =AY Aot HY AYGe B ER
1%t 85 (fluctuation) B4 wZol vt o]u]A| & o] &3t
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2 553 WA v ntAE A E= AAS = A

S~

o oot

°

A
=4
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MRI 27 & FRojA 7i2tE Faf vhA & 22 dS &
B 5 YES 37 Yotol ehHl BEE WA oA Aol
o] 1QutE FZA A MRIY = Y A& O 2 upAE
TEE = JEF JAAH T MRIE AHE-SH= S 0lA
Y2} upAZFEH 7 o] o] FojR] = FHE Fig. 3collA
gl 4= Qith,

MRI 4= 853k ¢
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F71%} sto] ZE2IAHWE FA) AIRT 4= =T 5T
7189 2352 AV @AY 23 Y RS 44 &
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£ & 22 doll gt 7%k (threshold)& 24T 4= 9l
T& skl

o] A€ 2 HA A ARE o] &8 wjol= WA 7| 2trt
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O A= X & & &, HA BB oL T3l F 7
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o o] dojdl 33 FxE AAES HAATC R 7| FEH,
YEHIE B3 ohE PCE ALt o= A= F3 Y
< Ho|=A| & o] 7153dtth, CCD 7HH et 2t & &35t
Fd= ol off it F 9ol YA A 28
B3l FARE A Ao] npA A HEALE o] Tl Eke] ¢14]
H & A selet et 2 e Ao WS Ast =
et HAAE o835t o] X 3K binarizing)E A ¥,
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— T Te=

it 0o oY
o
i
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Zlo| Mol Kt
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Fig. 4. Flowchart of 3 dimensional camera tracking.
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Zojzku] 107} A4 Zol g A=kt 2A (500
mm)9k F7HA2 (1500 mm), 1237 AAB000 mm)el  MRI 24 25 B2olluje] TRl oial 2alel 2|
HAY 92 A5 QA Yot A2 0 mnd HE ) AT B FAT BHAN AU 012 S
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T AE Aol AL 7% HAFEMRD TRES

Opq 9Ix| Y2 Yt

AL 2 A4t vhA 9 7 HE S| AT 712 9
3 dEHoR FAHL YA FAsH] Al F ubA A
o9 A& SAst= HAEE AJsAt 102 mm9| 4

o2 2wty G ol THAS R F P $17 0]

A oA 339 HES T3 F 0| F ol §3te] £ u}
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Head Motion Detection and Alarm System during MRI scanning

Chongwon Pae"?, Hae-Jeong Park'?, Dae-Jin Kim??
'Brain Korea 21 Project for Medical Science, Yonsei University, Seoul, Korea
Department of Radiology and Division of Nuclear Medicine, College of Medicine, Yonsei University, Korea
*Psychological and Brain Sciences, Indiana University, 1101 East 10th Street, Bloomington Indiana 47401 USA

Purpose : During brain MRI scanning, subject’s head motion can adversely affect MRl images. To minimize MR
image distortion by head movement, we developed an optical tracking system to detect the 3-D movement of
subjects.

Materials and Methods: The system consisted of 2 CCD cameras, two infrared illuminators, reflective sphere-type
markers, and frame grabber with desktop PC. Using calibration which is the procedure to calculate intrinsic/extrin-
sic parameters of each camera and triangulation, the system was desiged to detect 3-D coordinates of subject’s
head movement. We evaluated the accuracy of 3-D position of reflective markers on both test board and the real
MRI scans.

Results: The stereo system computed the 3-D position of markers accurately for the test board and for the subject
with glasses with attached optical reflective marker, required to make regular head motion during MRI scanning.
This head motion tracking didn’t affect the resulting MR images even in the environment varying magnetic gradi-
ent and several RF pulses.

Conclusion: This system has an advantage to detect subject’s head motion in real-time. Using the developed sys-
tem,MRI operator is able to determine whether he/she should stop or intervene in MRI acquisition to prevent more
image distortions.

Index words : Magnetic resonance imaging, Functional MRI, Head motion, Motion detection
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