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Table 1. Visual servoing technigues used for physiological motion compensation in medical robotic applications

Imaging

Contribution modality Markers  Rate (Hz) DOF Motion Tracking Controller

Howe (10) 3D Us Passive 28 1 H See Cardiac surgery and interventions

Lee et al. (31) Bi-planar US  None 30 3 H-R Template matching -

Koizumi et al. Bi-planar US  None 100 3 R Template matching Feed-forward

(32,34) and image moments control (see section
on HIFU therapy)

Seo et al. (35) Bi-planar US  MNone 20 3 R Condensation Multi-rate delay

ompensation

Column 5 shows the number of DOFs used for actuation; column 6 lists the source of physiological motion to be e

H, heart beat; R, respiration.

Azizian M (Intuitive Surgical Inc.), etal. visual servoing in medical robotic
Part II: tomographic imaging modalities — techniques and applications. Int J Med Robot Compu

(IJMRCAS) 2014

EEORYMIH
1+ 54 ENR{ER
WDINAFA=T
MO EZHNERE

(31) Lee D, Koizumi N, Ota K, et al. Ultrasound-based vi
lithotripsy. In IEEE/RSJ International Conference on Inte
(IROS2007).

(32) Koizumi N, Seo J, Lee D, et al. Robust kidney stone
ultrasound theragnostic system — servoing performance
IEEE International Conference on Robotics Automation (|

(34) Koizumi N, Seo J, Suzuki Y, et al. A control framew
ultrasound theragnostic system. In IEEE/RSJ Interantion
Robots and Systems (IROS2009).

(35) Seo J, Koizumi N, Funamoto T, et al. Visual servoinj
therapeutic HIFU system by coagulated lesion tracking:
Robot Comput Assist Surg (IJIMRCAS) 2011.

HIFY herapry
Tracking and following argam movement, while simoka-
meomly wadiatng high-beerciy foormed o lrasoumd
(AT} coro an afexed ama, geeraes sevollg ETors,
primarily due 1o changes in e US mage as a nesal of
pocidon anas, bobbles cedlladers, ew In ander o
omrcoane: these problems, Lee o al (31) dewdoped a
visnal sevoing conmoller for mmpeing iddney swaes
(Mekowipy), whg HFU Rplma US images wee
capmmred wing rwo US prdws simokaneondy ar a nae
o 30 Hz o waeka iodney some in 30, in order 0 eommsm-
sane for the physiologoa] mosons camed by mspimson
and beam Beax. A hiemochical [ooemedadonbased)
nemplase m anching wasnaed for maciing dhe iodney sone
with & sub-pived accwmcy ineach image.

In ameocbeey smod ¥, Kok aal. [32) proposed & mon-
imwashe US thempy and diagmesnic sysem tha mracks
ke mowement of a idney some, for mee in @rgeing by
HIFLL Two approaches wee appled smobaeoesly.
The firs appecach wies 1o mindmize S servodng amor
This was done: chovugh a robes d eeeton medhod of The
sane poition, based on shape informanion, by midng ad-
wim mge of e Graham scan algoe dun [33), which genes-
ams @ conves-shaped boll of the @one. A fead. forwand
erarodier based on milivng de guasi-pericdical moson
of the afemad ama [mainly cassed by respiragon ) was
propeoced and Sruplem ented oo enbanee e Serwdng s
forramee [34]. 11 was shown Sar this meshed anhaneed
the servoing performance by 4 maxmom ey of 2.4
mm and an average avor of 011 mm The seoond ap-
prcsch s oo ned ooe che eflec of the sarvoing aver (1o
enhance paient safey) by conmolling HIFU iradiason
poer in aocosdance with the servaing emor

S o ail. [35) mead the coagulaeed leson anmmed by
HIFU as & spasal landmark ro mack the morion of the
organ in biplnar US images. The indial locaion of a mw-
o b estimaned by negisrasion of 2 pre-cpera e mage
of the argan, eg. obmined by 2 mokdewmor CT, then
HIFUL appliedrooneans de inisa]leshon. The 3D pecison
of dhe cxagulaed lesion & then macked by applying a
smochaste moSonamciing algoridm 1o the Hplanar US
imnages in real Sme The fomal poing of che HIFU tras-
doer bleraned @ che intersecion of Se US image planes
and e Hiplanar US pocbe ina fioed condigoraion. The
HIFU maddocs and US probes are caried by a dhoes
DOF sobor Vieoal serwodng & apped o mindedse the
i beneeen e foral poing of S HIFU and e 3D
poaidon o the coagolaed leion while the orgn &
mowin g Sue 1o nespiraton. An RME errar of appromimane Iy
2 mm was achiewed i plamecan smodies [35) This
echnigue & especially meefol for cases aoch as enal cell
ecinoamg, wWhee the pomoor Soundaries are diffiol o
segmeeny and thee & sgnificans physodogisal maien
[eg. due w respimian).
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Table 4.4: Reflection coefficients in human abdomen

Renal calculi

= 35 Blood Fat Muscle Kidney Water  Renal calculi
Blood 0 (R R T 0 LRUSSEN (.325 to 0.601

Fat 0 0.104 0.08 0.0482  0.395 to 0.650
Muscle 0 0.024 0.056  0.303 to 0.586
Kidney 0 0.0318 0.325 to 0.601
Water 0 0.353 to 0.621
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