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

Imaging
Contribution modality Markers  Rate (Hz) DOF Motion Tracking Controller
ive 28 1 H See Cardiac

leeetal (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  None 20 3 R  Condensation Multi-rate delay

compensation

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

(|J MRCAS) 2014 (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.

HIFU dwrapy
Trackeng and follawing agan movenens, while siuka-
neowsly imadladng hih hoesshy focused wlxasound
[HIFU) oogo an affaad aea, generxes sevolng avors
puimady doe (o changes In e US mage a5 2 resul of
poaicon eras, bubbles oscllatons, ew In arder to
owrcoamnt Shede protens, lee o ol (31) dewloped a
visad savolng convoller fw ugeing bidney cooes
(dooipy), wha HIFU Rploa US images wae
cpaved wing wo US gedbes SSmulanecaudy ata rae
of 30 Hz w0 wacka dney mome In 3D, in onder 0 compan-
sam dor the phiysiologeal modons camad by mspladon
and barr bSex. A Nemrchical (comeason-dased)
tenplage maciing was oed for oaciog e Kdney sone
with a subpixed accuncy ineach mage

In anochey sudy, Kol eral. (32) proposed a4 non-
washe US thempy and dagnostie sysem thy racks
the movemet of 2 Bidoey sooe, fo we I Qugaing by
HIFU. Two approacies were applied simadumeously.
The firw apperoach wis (0 minleine e sarvoing aror
This was dooe Simugh 2 rodus detsetion mediad of che
Slan e pociton, Sased on shape infarmarion, by aking ad-
vamuge of e Grahamsean algod an (33), whiich genes
axs 2 coavexshaped dall of the gone. A fead. Sorward
comtyolier based on wilizing S guasi-periadical modon
of the aflected aws (matnly caused by respiadion) was
proposad and suplananed © enhance the serwing pes
Sormance (34). Ir was shown 202 1 mediod enhantad
the savaoing performance by 2 maxmom esvor of 24
mom and an awsgge avor o 011 mm The second ap-
proach was » raduce e oo of 1he sevolng arar (1o
esdance pximt sfey) by conpolling HIFU imadiadon
power In sccoedance widi the sarvoing aTor

Seo e al. (35) wad the coqguiated lesion amed by
HIFU as & gutal Lodmark 10 gack Se mocin of the
crgn i bplane US mages. The il Jocxion of 2 -
mony & estmased by regszadon of a preopermive inage
of the agan, e3. chained by a mulsdewcor CT, then
HIFUL applied tocrexe She il esion The 3D posicon
of e coagulaned lesion i then Tackad by applying a
moch ace modoninding dgoridan 1o the Nplanar US
mages in real cme The docal polne of e HIFU tras-
ducer Blocard & S Sarsecson of e US image planes
and 2w Nplanar US prdbe ina fixed confijuraion The
HIFU oasdacy and US paches ae caried by a dues
DOF wbor Vol sewoing & applied © minieize the
dinnce deween Die focdl pane of e HIFU and Sie 3D
posiSon o the coagnixad Jesion while the crgn &
movh § dus torespiragon. An RMS eqrar of approdimasely

2 mm was achisad In plamcen sudies (35). Tha
eduigque & espacially uioful for cases 2ach s mnal cell
cxrcinoena, where the tumonr boundarses are Afeul »
segmess and there i signdficans phrysiological meaion
(eg. due » respharion).
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