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Medical Image Registration Methods
for Intra-Cavity Surgical Robots

Jaebum An’ and Sangyoon Lee”

ABSTRACT

As the use of robots in surgeries becomes more frequent, the registration of medical devices based on images
“becomes more important. This paper presents two numerical algorithms for the registration of cross-sectional medical
images such as CT (Computerized Tomography) or MRI (Magnetic Resonance Imaging) by using the geometrical
information from helix or line fiducials. Both registration algorithms are designed to be used for a surgical robot that
works inside a cavity of human body. This paper also reports details about the fiducial pattern that includes four helices
and one line. The algorithms and the fiducial pattern were tested in various computer-simulated situations, and the

results showed excellent overall registration accuracy.
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f; :position vector of a fiducial line or helix

R :3-D rotation matrix

b :3-D translation vector

n  : number of fiducials

x; :pointon a fiducial in the 3-D space

y; :pointin the image plane, corresponding to x;
s; :parameter of a line or a helix

@; :pitch of a helix

B : phase angle of a helix
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Fig. 1 CRW fiducial frame
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Helix 3 (f;)

Helix 4 (f,)

Helix 5 (f5)

Fig. 3 Fiducial frame composed of one line (Line 1) and
four helices (Helix 2-5)

Table 1 Helix parameters
2 3 4 5
60/360 57/360 63/360 53/360
| 70n/180 | 110n/180 | 250m/180 | 290m/180
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(a) Fiducial frame in 3-D space (b) Image plane

Fig. 4 Fiducial frame and image plane
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Table 2 Simulation results for translations along z-axis
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Table 3 Simulation results for rotations around z-axis

-90° | -60° | -30° | 30° | 60° | 90°
Al 4483 | 3712 | 3.892 | 3.846 | 3.768 | 4.819

x10* | xi10* | x10* | x10* | x10* | x10%
A2 8692 | 1.041 | 1.926 | 1.321 | 2.411 | 8.692

x10° | x107 | x10® | x107 | x10® | x10°®

Table 4 Simulation results for rotations around x-axis

2300 | -20° | -10° | 10° | 20° | 30°
Al 9.744 | 3.637 | 1.861 | 2.297 | 3.327 | 9.379
x1070 | x10" | x10® | x10® | x10! | 10"
A2 1.050 | 1.071 | 1.733 | 9.385 | 9.964 | 1.431
x107 | x107 | x10® | x10® | x10° | x10°
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x % 3 Ao thsl Table 5 & 2 FEEE ¥F2
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Table 5 Simulation resuits for rotations around x-axis
with error

-30° | -20° | -10° | ©° 10 20 30°
191 | 200 | 1.71 | 161 | 1.82 | 1.98 | 2.08
x10" | x10" | x10" | x10" | x10" | x10" | x10"!
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Al. #&{42(Quaternion)

AU L F4A5E duigdd ez 2 A4
YA FHE BHs] Hs 2HdE o] &3t
v R Po] FAFE o859 Mg FIY
o AlgEd FHULE 3 A 27 AR
(9,) & 98 B¥ q=[q..9,.9.]") &2 74HZ
gyt oz oga Zo] Yehith

g=q,+iq, +jq, +kq,

olg %Yl ¢=(q,,9) & Bl E7|3H, AU
< T da 939 @A AR

ivi=jejek-k=i-jk=-1

ij=-ji=k
jok=-k-j=i
k-i=-i-k=j

§=1(g,,9) 2 A AILL ¢ =(g,,~q) °|
i, F AHYL ¢=(3,9) % p=(p,p) A T3
WAL gden 2o

ap =(9,P, —94.P, —4,P, —4,P,)
+i(g,p, +9.P,+9,P,—4,P,)
+J(q,p, -9.P, +4,P, +4.P,)

+k(q,p, +q.p,-4,p, +4,P,)

gep=4q,p,+4.0,+49,p,+4.pP,



