[ Downloaded from mme.modares.ac.ir on 2024-11-19 ]

299-289 o yo 11 o losis 17 093 1396 (yoie (w30 SuilSo (wIiio dlxo

gl ole dsliale =—
OV W SWlSo wiigo

mme.modares.ac.ir

ll

T
Q:-

/’ﬂ-:-:_";az;)

520857 b Silgn BT A 50 dw Dby & (W9 Fle (21 yb 9 eCiloiw Julod
SFe S S
P15 L9 Paale saans wane I 5 AL Ld juens

Ol cyde Ca i olSisly (Sl s ¢(6 585 (gl —1

SR syta G oKty (Sle i jluils -2

OLRG pte Sy olSutily (Sl puodige bl ot =3
m.moghadam@modares.ac.ir 14115-111 i, Gadio o5 #

saSs dlis SleYlb!

JolS iy Al
1396 sl 24 1l
1396 ubi 27 eyl 5o &l

o Gl 3 jg) 4 jg) ol pac g (Al Siad Vb €8 pgmen Shogas s 4 (ol 3 Sl gt jlodliz]
Jos 5l Gy siuaebny QBl 9 S5 juis pis 9 (39 <l Juds 4 Slssad <8l 55y 2 (2 Jlesl )3 bt cnl 0y sl 4
4 Slides dbsye 0 Clasl g 520 sla Sl ly deomes (S law g (i oUlg b Kol (clapiumw 3539 cpl b ditud cawlio

PR o3> )\)'é)léj Jo k_iul)) (oo Li:)\ db‘)? C)‘)Ué:ﬂ aaz (9, dl.tz:@l)? sl sl s L d»,a}u”u:l P Ny pw 5l Ll

S ohed S 5 o) plKe S L demen 59y 2 2l by s o (308l 5 calo (oS 2k o el Sy 2l
b sl b s (gl eomo 6l3le5 5 lond L 5 il (L 90 & Sl ST 5 Silaiz Yoles 288 ol Solats SN
03 (b sl a5 Oy Ko 53,5 QD] s (0] Sl 9950 Clito slaygige Sl i slaSlos 295 oS 9 iz Jples L bl

hiteos ey T J1 S 55 5 b inlogl ogplyd gapes b bl il slasbg) 3,Skas ecgjlilely Ailyd 55 15 45l posizogl] iz ] g5
b coly bl ly g)lidley abuls (g )lislecu g (gjluloly 51 u Coles 50 03,5 edlatwl YU cejuw 5 liabl ol o

A S Lol J S 5 oygige

Kinematic analysis and mechatronic design of a 3-DOF parallel robot for
craniotomy surgery
Mohammadreza Dehghani Tafti, Majid Mohammadi Moghaddam®, Pourya Torabi

Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran.
*P.0.B. 14115-111 Tehran, Iran, m.moghadam@modares.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper

Received 15 August 2017

Accepted 09 October 2017
Auvailable Online 18 November 2017

Recently, robotic systems are widely used in surgery, due to their characteristics such as having high
precision, being tireless and making no mistakes. They are especially suitable for operation on hard
tissue, as the bone is stationary and does not change shape and therefore preoperative planning of the
system is much more straightforward. Nevertheless, proposed robotic systems for surgery on skull bone
are still in the research stage. In this study, by considering the requirements of craniotomy surgery, a
Remote Center of Motion spherical mechanism is used in design and prototyping of a surgical system.
The kinematic equations and Jacobian of the mechanism are calculated analytically and later verified
through software simulation. Detailed design and force analysis helped selection and use of appropriate
AC servo motors for actuation. An aluminum prototype is fabricated out of CNC machined parts.
Performance of different connection methods between PC and the robot were tested and a combination
of them is proposed for higher reliability and speed. Finally, a software library is generated in
LabVIEW environment to simplify the connection with servo motors and utilization and control of the
robotic system.
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Fig. 8 Rotation from link 2 to orientation of end-effector
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Fig. 10 Different workspaces resulted from different configurations
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Event Handler Loop

[0] "Stop Button": Value Change

f; 4 Reg Events ?!

—— User Event —

Stop Button

ﬂ Default

5

'Default’ case only runs if there is a message that
isn't defined in any of the other cases. Gutputa
programming error.

a§1:The invalid message string "%s" was .. ¥

1-  Queued reference
2-  User events object (producer of commands and data)

3-  Command processor (consumer process that handles commands and data)

4-  Parallel SubVI processes (producer of commands and data)

Fig. 17 Schematics of QMH in LabVIEW

[3] G. Fichtinger, P. Kazanzides, A. M. Okamura, G. D. Hager, L. L. Whitcomb,
R. H. Taylor, Surgical and interventional robotics: Part Il: Surgical CAD-
CAM systems, |IEEE Robotics & Automation Magazine, Vol. 15, No. 3, pp.

94-102, Sep. 2008.

[4] M. Engelhardt, P. Bast, W. Lauer, V. Rohde, K. Schmieder, K. Radermacher,
Manual vs. robotic milling parameters for development of a new robotic
system in cranial surgery, International Congress Series, Vol. 1268, pp.

533-538, 2004.

[5] P. Bast, A. Popovic, T. Wu, S. Heger, M. Engelhardt, W. Lauer, K.
Radermacher, K. Schmieder, Robot-and computer-assisted craniotomy:
resection planning, implant modelling and robot safety, International
Journal of Medical Robotics and Computer Assisted Surgery, Vol. 2, No. 2,

pp. 168-178, 2006.

[6] D. Engel, J. Raczkowsky, H. Worn, A safe robot system for craniofacial
surgery, Proceedings of IEEE International Conference on Robotics and

Automation, Vol. 2, pp. 20202024, 2001.

[7]1 A. Popovic, M. Engelhardt, T. Wu, F. Portheine, K. Schmieder, K.
Radermacher, CRANIO - computer-assisted planning for navigated and
robot-assisted surgery on the skull, International Congress Series, Vol. 1256,

pp. 1269-1275, 2003.

[8] S. Bai, M. Y. Teo, W. S. Ng, C. Sim, Workspace analysis of a parallel
manipulator with one redundant DOF for skull-base surgery, Proceedings of
IEEE International Conference on Intelligent Robots and Systems, Vol. 3, pp.

1694-1699, 2001.

[9] M. Dehghani, M. Moghaddam, Analysis and optimization of a parallel RCM
mechanism of a surgical robot for craniotomy surgery, Industrial Robot: An

International Journal, under publication, 2017.
[10] Size of a Human Skull, Tech-FAQ, Accessed on 8 January 2015;
http://www.dimensionsinfo.com/size-of-a-human-skull.

[11] A. F. Roche, D. Mukherjee, S. M. Guo, W. M. Moore, Head circumference
reference data: birth to 18 years, Pediatrics, Vol. 79, No. 5, pp. 706-712,

1987.

[12] J. B. Bevirt, D. F. Moore, J. Q. Norwood, L. B. Rosenberg, M. D. Levin,
Method and apparatus for providing an interface mechanism for a computer

simulation, US Patent No. 7249951, 2007.

11 o)leis 17 0993 1396 yoin (purde Suille wise

Sl 55 plo oo dil> IS sl 17 JSb

Pl 3 oolaiwl el oals 5155 piams (g3lailely g cle Coles (o
AL asle o)lal Gl (ST S50 4 ojlgen il oS 0gh o el 55,8
O3 Ol dazmez e ol S50 55, » olss Sl S e b
S e il o dezmen mhaw  Sges ojlsen 1) Il JuS 5
0,5 S 3l demen Glml Jdo @ cwl (e cnl slajls el
alold sgee slinly 5laz,020 U lpl sl (Saw bl 5l gan o« JolS
28,5 5 ol Uy 3,50 e ol 45 185,
ksl 2 s liFama ogon 5 &l oSl Silorew Ly, o al>pe jo
oas oolatwl Ol gl el (glwaige sl Luly, opl 5l el oo a3l
L, JAS slapi,sS il Cor aga Sl Sl o o
ous &l ) DUl soled a5 wl il g9 M58l 5 40 clie 508
S aalyog e b B3I o ams oo 518 )57 )Lt o 1) LS gl jogg s asgs
ol ool cwlio 0l )5 pizmen g Jbywe bl g wboge [SSg
S )0 )8 e )8 LSl oy 55e jlie S5e )5 LS8 a8
P ey Copse adl> gy 5l 58 g8l GRS 5 68 L,
GrSsle alhgiws slzl o las L 3l 468 0 5l a5 o solaul
s plxl gz onls 4 6,05 Ll o AlbulS 5l aslsl jo ayled o
A aelgs oolaiwl S slaes o5l g o ikl

&lp-7
[1] T. S. Lendvay, B. Hannaford, R. M. Satava, Future of robotic surgery,
Cancer Journal, Vol. 19, No. 2, pp. 109-119, 2013.
[2] R. A. Beasley, Medical robots: current systems and research directions,
Journal of Robotics, Vol. 2012, pp. 1-14, 2012.

298


https://dorl.net/dor/20.1001.1.10275940.1396.17.11.14.4
https://mme.modares.ac.ir/article-15-1223-en.html

[ Downloaded from mme.modares.ac.ir on 2024-11-19 ]

[ DOR: 20.1001.1.10275940.1396.17.11.14.4 ]

UlSed 5 i DS Ld)dexo R39S A1 3 b SJlge B3V 423 A Bl K STai9 Kl Alpb 9 Suslaiss Jukxs

kinematic analysis of a kind of 3-DOF translational parallel manipulator,
Modares Mechanical Engineering, Vol. 16, No. 7, pp. 327-334, 2016. (in

Persian _w,l8)
[16] A. Lukindo, LabVIEW queued state machine architecture, LabVIEW and
Visual Object-Oriented Programming Blog Community, 2007.

299

[13] M. W. Spong, S. Hutchinson, M. Vidyasagar, Robot Modeling and Control,
Vol. 3, pp. 70-73, New York: Wiley, 2006.

[14] B. Siciliano, O. Khatib, Springer Handbook of Robotics. Sensors
Peterborough NH, Springer, pp. 342-348, 2008.

[15] M. Mazare, M. Taghizadeh, M. R. Najafi, Design, manufacturing and

11 o)l 17 0593 1396 (youp (oo Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.11.14.4
https://mme.modares.ac.ir/article-15-1223-en.html
http://www.tcpdf.org

