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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  Noene 30 3 H-R Template matching -

Koizumi et al. Bi-planar US  MNone 100 3 R Template matching Feed-forward

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

Seo et al. (35) Bi-planar U5  MNone 20 3 R Condensation Multi-rate delay

mmpensation

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

H, heart beat; R, respiration.

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

(IJMRCAS) 2014
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I+ 5& BN {ER
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MO EZENERE

(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 servoin|
therapeutic HIFU system by coagulated lesion tracking: «
Robot Comput Assist Surg (IIMRCAS) 2011.

HIFY dheragy

Tracking and follawing agan movement, while simoka.-
meomly wadiadeg high-nescly  foossed o brasoond
[HIFU) oo an affared ama, peneraes sevoing &mors,
primarily doe 1o changes in the US mage as a resul of
posigion @wars, bubbbes, oecllagons, ex In onder 1o
oo Sese prodens, lee o al (31) deweloped a
vivnadl sevolng conmoler for msmeing kidney soaes
(lzhomwipay), mwing HIFU. Hplma US images wee
capomred wsing nwo US prdbes smokareondy ar o s
of 30 He o maca iidney o in 30, in coder o eommpen-
sane dor the physiologeal mosions camed by mspimson
and beart bex. A hiemrchical [eorelationbased)
nemnplae mmching wasoad for wae king the kdney soe
with a sob-pivel aceumey in each mage.

In amocbey soody, Kodmord o ai. [32) proposed 2 mon-
invashe U5 thempy and diagneanie sysmem tha racks
ehe prveernexs of o kidney swomne;, for e n mrgeing by
HIFIL Two approaches were applied simobaeouly.
The firs appeoach was 10 minimine e sevoing eTo
This was o shevogh a robon deaton meshod of the
st poition, based on shape infonmanion, by midng ad-
vanmge of de Graham sean algoetin (33), which genes.
ams a eonves-shaped holl of the one. A fead. forward
v rodber based on orilivn g de goasl-perkediea] mocon
of the afleced ama (mainly camed by respinaton ) was
propoed and implemented W enhanoe S serening pes-
formance [34). Inwas shown Shar this medhod e aead
the sevoing performance by 4 maw mom emor of 24
mim and an awesage aror o 011 mm The second ap-
prcach wias oo nad ooe dhe e of the: servoing amar (1o
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Table 3. Classification of visual servoing techniques in medical robotics, based on their applications

Application Contributions Modality Tool DOF Rate (Hz)  Configuration Trials
Mitral valve repair Novotny et al. (9) 3D US Rod 1 28 B In vivo
Kesner and Howe (13); 3D US Catheter 1 28 B In vivo
Kesner et al. (14)
Intravascular interventions  Azizian et al. (36); XRF Catheter 2(7+3) 30 D, E Phantom
Jayender et al. (37,38)
Tamaz et al (50) MRI Bead 2 33.8ms E Phantom
Zhang et al. (48) MRI Catheter 3 1 D In vivo
Belharet et al. (51,52) MRI Bead 2 50 ms E None
Biopsy Xu et al. (55) CTF Needle 2+1 6 B In vivo
Needle-based therapy Hong et al. (26,27) us Needle 2 3.1 D Phantom
Percutaneous Hong et al. (28) us Needle 2 7.69 D In vivo
cholecystostomy
Lithotripsy Lee et al. (31) Biplanar US  HIFU 3(3) 30 B Phantom
Koizumi et al. (34) Biplanar US  HIFU 3(3) 100 B Phantom
Koizumi et al. (32) Biplanar US  HIFU 3(3) 100 B Phantom
Tumour ablation Seo et al. (35) . Biplanar US _ HIFU 3(3) 20 B Phantom
Diagnostics Abolmaesumi et al. (22) US US probe 3 (6) 30 D Phantom
Teleoperation Stoll et al. (8) us Rod 3(3) - D Phantom
Jayender et al. (39) XRF Catheter 2(7+43) 30 D Phantom

Active DOFs used for visual servoing are reported in column 5; total number of active DOFs are listed in round brackets. Column 4 specifies
the tool that is visually servoed; we have used the term ‘rod’ to refer to any long, cylindrical, rigid tube, which can denote a grasper, scis-
sors, cutter, needle driver, clip deployment device, etc. The servo rate is reported in the last column, in terms of either frequency (Hz) or

time period (ms). The column headed ‘Configuration’ refers to the configuration used for visual servoing (7).
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