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A Big Challenge of Surgical Robot—Haptic Feedback

GUO Song YANG MingJie TAN Jun'
( Department of Spine Surgery East Hospital Tongji University Shanghai 200120 China)

Abstract: Due to high accuracy and minimal invasive robotic surgery has been widely accepted by surgeons.
However the lack of intraoperative sense of touch ( haptic feedback) can increase uncertainty and bring risks
in the surgery which is regarded as the biggest limitation of the robot surgery and require further development.
In this article haptic feedback system was reviewed from the system composition key techniques and current
research status. Haptic feedback includes force feedback and tactile feedback. The implementation of the
system relies on the haptic sense and display. Commonly used haptic sensor display device sensory
substitution techniques and the analysis on the corresponding advantages and disadvantages were introduced in
the review. Research progress of the haptic feedback system in surgical robot was outlined as well. At last the

future research direction was suggested on the basis of the previous studies.

Key words: robot-assisted minimally invasive surgery; haptic feedback; haptic sensor; haptic display

12011 360 000 o

doi: 10.3969/j. issn. 0258-8021. 2013. 04.017
120124220 120130648
( PWRD -2011 -02)
* o E-mail: dr. tan@ 139. com



500

32
, 8-9
)
(1)
1 (2) N R
;(3)
;(4) .
3-5 10
4-5 ,
1 50. 2%
1.1 84.1% »
(
) ( °
) 6-7
5
11
PHANTOM N
o Cyber Grasp
1.2

( force display)

( force sensor)

Grasp
Master IIND

Rutgers Master TIND ' . Cyber

N Rutgers

. King



501

15716 Bethea

( DLR)
7. Wagner
PHANTOM
18
o Reiley
Wagner Laprotek
Medical) PHANTOM

1.3

3 (1)
10
Ortmaier i (3)
( tactile sensor) : Lee
2
20
Hidaka
o Mukaibo
21
o 3
BioTac® BioTac®
BioTac®
22
; Leven
19
( Endovia o

23

( tactile display)

o



502 32

24 -26

o N

27-30
N o Ottermo

o

- Lee

Yamamoto

7 ; (4)

(1)

30

31

1 Kenoki O Makoto H. Robotic surgery for cancer J . The Cancer
Journal 2013 19(2) :130 -132.

2 Marescaux J Smith MK  Folscher D et al. Telerobotic
laparoscopic cholecystectomy: initial clinical experience with 25

° patients J . Ann Surg 2001 234(1): 1 -7.

3 Kobayashi Y Moreira P Liu Chao et al. Haptic feedback
control in medical robots through fractional viscoelastic tissue
model G //33rd Annual International Conference of the IEEE
EMBS. Boston: 2011: 6074 - 6078.

4 Tavakoli M Patel RV Moallem M. Haptic interaction in robot—
assisted endoscopic surgery: a sensorized end-effector J . Int ]
Med Robot 2005 1(2): 53 -63.

5 King CH Culjat MO Franco ML et al. Tactile feedback
induces reduced grasping force in robot-assisted surgery J .
IEEE Transactions on Haptics 2009 2(2): 103 -110.

6 Okamura AM. Methods for haptic feedback in teleoperated robot—
assisted surgery J . Ind Rob 2004 31(6): 499 -508.

7 Burdea GC. Force and Touch Feedback for Virtual Reality M .



- 503

12

13

14

15

16

17

18

19

John Wiley & Sons Inc 1996 : 3 —4.

Wagner CR Howe RD. Force feedback benefit depends on
experience in multiple degree of freedom robotic surgery task J .
IEEE Transactions on Robotics 2007 23(6) : 1235 — 1240.
Dargahi J Sedaghati R Singh H et al. Modeling and testing of
an  endoscopic tactile  sensor J

Mechatronics 2007 17(8) : 462 —467.
Bethea BT Okamura A M Kitagawa M et al. Application of

piezoelectric-based

haptic feedback to robotic surgery J . J Laparoendosc Adv Surg
Tech A 2004 14(3): 191 -195.

Wagner CR  Stylopoulos N Jackson PG et al. The benefit of
force feedback in surgery: Examination of blunt dissection J .
Presence: Teleoperators and Virtual Environments 2007 16( 3) :
252 — 262.

Massie TH ~ Salisbury JK. The PHANToM haptic interface: a
device for probing virtual objects// Proceedings of the ASME
Winter Annual Meeting Symposium on Haptic Interfaces for
Virtual Environment and Teleoperator System. Chicago: Kluwer
1994: 295 -300.

Yin Yingjie Luo Zhiwei Svinin M et al. Hybrid control of
multifingered robot hand for dexterous manipulation C //
IEEE International conference on System Man and Cybemetics.
Washington D. C: IEEE 2003: 3639 —3644.

Bouzit M Popescu G Burdea G et al. The rutgers masterll—
new design force-feedback glove J . IEEE/ASME Transactions
on Mechatronics 2002 7(2): 256 —263.

Sung GT Gill IS. Robotic laparoscopic surgery: a comparison of
the da Vinci and Zeus systems. ] . Urology 2001 58(6) : 893
- 898.
Hashizume M  Shimada M  Tomikawa M et al. Early
experiences of endoscopic procedures in general surgery assisted
by a computer-enhanced surgical system J . Surgical
Endoscopy 2002 16( 8) : 1187 —1189.

Ortmaier T Deml B  Kiibler B
feedback surgery M . Berlin: Springer-Verlag 2007: 361 —
379.

Wagner CR  Stylopoulos N Howe RD. The role of force

C //10th

et al. Robot assisted force

feedback in surgery: Analysis of blunt dissection
Symposium on Haptic Interfaces for Virtual Environment and
Teleoperator Systems. Orlando: IEEE 2002: 73 -79.

Reiley CE  Akinbiyi T Burschka D Effects of visual force
feedback on robot-assisted surgical task performance J . The
Journal of Thoracic and Cardiovascular Surgery 2008 135( 1) :
196 -202.

20

21

22

23

24

25

26

27

28

29

30

31

Lee MH Nicholls HR. Tactile sensing for mechatronics-a state of
the art survey J . Mechatronics 1999 9(1): 1 -31.

Hidaka Y Shiokawa Y Tashiro K et al. Development of an
elastic tactile sensor emulating human fingers for tele-presentation
systems C //IEEE Sensors 2009 Conference. Christchurch:
IEEE 2009 : 1919 -1922.

Su Zhe Fishel JA' Yamamoto T et al. Use of tactile feedback
to control exploratory movements to characterize object compliance

J . Frontiers in Neurorobotics 2012 6(7) : 1 -9.
Burschka D Kumar R

Leven ] et al. DaVinci canvas: a

telerobotic  surgical system with integrated  robot-assisted
laparoscopic ultrasound capability J . Med Image Comput Assist
Interv 2005 8(1): 811 -818.

Hosseini M Najarian S Motaghinasab S et al. Detection of
tumours using a computational tactile sensing approach J . The
International Journal of Medical Robotics and Computer Assisted
Surgery 2006 2(4) :333 -340.

Dargahi J Najarian S Ramezanifard R. Graphical display of
tactile sensing data with application in minimally invasive surgery
J . Canadian Journal of Electrical and Computer Engineering

2007 32: 151 -155.
Miller AP Hammoud Z Son JS et al. Tactile imaging
system for localizing lung nodules during video assisted
thoracoscopic surgery C // IEEE International Conference on
Robotics and Automation. Roma: IEEE 2007: 2996 -3001.
Ottermo MV Stavdahl O Johansen TA. Design and performance
of a prototype tactile shape display for minimally invasive surgery
J . HapticsE Journal 2008 4(4):1-13.
Howe RD Peine W] Kontarinis DA et al. Remote palpation
technology for surgical applications J . IEEE Engineering in
Medicine and Biology Magazine 1995 14(3): 318 — 323.
King CH Culjat M O Franco M L et al. Optimization of a
pneumatic balloon tactile display for robot-assisted surgery based
on human perception J . IEEE Trans Biomed Eng 2008 55
(11): 2593 -2600.
Lee DH Park J Yun K. Three-axis tactile display using PDMS
pneumatic actuator for robot-assisted surgery C //Proceedings
of the 16th International Conference of Solid-State Sensors
Actuators and Microsystems. Beijing: IEEE 2011:
2418 -2421.
Yamamoto T Vagvolgyi B Balaji K et al. Tissue property
estimation and graphical display for teleoperated robot-assisted
surgery G //Robotics and Automation. Kobe:
IEEE  2009: 4239 -4245.



