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Minima l l y invas i ve surger y ( MIS) i s a p art ic u lar wa y o f per f ormi ng

surger y by usi ng smal ler inst ruments and smal ler i nc is i ons with eq ual

than

tr adi t ional sur gi ca l methods . The r ob ot ic ass is tance tec hnolog ies

extended the c apa bi l i t i es o f surgeons by p rogress of comp uter- aid ed

tec hnol ogy and dexterous manipul ator. In master-s l ave r obot system,

surgeon steer two user inp uts to c ontr ol the correspondi ng s l ave

ma nipul ators , whi l e guid ed by v isua l feed back f rom a v is ua l modul e.

Although the mult ip l e Degr ee o f Fr eed oms (DoF) mani pula tor i mp roves

the dexter i ty on op er at ion , i t pos es new chal lenges on the rob oti c

contr o l . To a red und ant ser i al manipul ator, there ar e many so lut ions f or

the redunda nt jo i nts in the i nver se computat ion , even though the

pos i t i on a nd posture o f the f orc eps o f the dista l is uniq ue.

In th is stud y, the author ai m to d eve lop a r obot ic s ystem to ass is t

pedia t r ic Congenita l Esop ha geal Atres ia (CEA surgery. Ped ia tr ic CEA is

a bi rth de fect that bl oc ks esopha gus into two sep ara ted segments ,

oc curs in ap prox imatel y 1 i n 440 0 l ive b irths . Current l y, the most

immed iate and ef fect ive t reatment is a s urgic al r epair to c lose the

f is tu l as and r econnec t th e two ends of the esopha gus to each other.

Gener al ly, a 40~5 0 mm i nc is i on is c reated f or adult esophageal at res i a

repa ir surger y. H owever, to p ed iat r ic pat i ent , the works pace is a bout

30 x3 0x30 mm nea r the f our th i nterc os tal o f the r ight s ide o f chest ,

whi ch is very ti ght to pla ce two or three mani pul ator s and a n endosc ope

s imulta neous ly. Current r ob ot i c s ystem expos ed obv ious dr awba cks :

ma nipul ator with smal l geometr ic d imension ( di ameter <= 5 mm) is

danger due to hi gh r isk of dama gi ng p edi atr ic tender or ga n ;

ma nipul ator with la rge geometr ic d i mens ion ( dia meter >= 10 mm) is

di f f i c ul t to opera te in na rrow s pa ce due to the v is ion shi e ld ed by

ma nipul ator i n endosc opic surger y. In th is thes is , the a uthor prop os es a

comp act s urg ic al robot for pedi at r ic sur ger y, w hich c an r eal i ze

dexterous oper at ion b y two sl ave sur gic al manip ulators , eac h with a n

external di ameter of 8 mm . By integr at i ng vi sual i zat ion and op er ab i l ity,

an algor i thm is p roposed to contro l r ed unda nt manip ulator for

per formi ng t iss ue intervent i on in n arr ow worksp ac e.

The thes is cons is t s o f s ix chapters , organized as the fo l l owing s .

In c hapter one, the author i ntroduc es the state o f the ar t of M IS as

wel l as the ut i l i ty of s urg ical r obot , espec i al l y for pedi at r i c surger y. The

author presents the remai ni ng p rob lem a nd techniq ue i ssue of cur rent

robot ic systems, and s tates the p urpos e o f th is r es earc h a nd the
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resear ch f l ow.

In chapter two , the author states the typ ica l contro l method of r obot ic

ma nipul ator. S i nc e th is resear ch needs to ma p the traj ector y r e lat i on

between user i nput a nd s la ve ma nipul ator, the author prop os es a

methodo logy by integrat i ng the in f l uence o f the mechanis m

conf igura tion o f sur gic al robot in the contro l s t r ategy.

In c hapter three, the a uthor pr es ents the mec hatr oni cs des ign o f the

surg ica l robot s ystem. I t cons is t s of two i somorphi c s lave manip ul ators

and two visua l modules . Each s l ave ma nipul ator hav ing 9 DoFs in to ta l

is c ompos ed o f a p os i t i on ing mani pula tor a nd a s ur gi ca l too l

ma nipul ator. The pos i t ion i ng ma nipul ator has 4 DoFs , ca n arr ange

tr ans l at ional movements in 3D sp ac e. A s ing le surg ic al too l manip ul ator

wi th 5 DoFs a nd a n external dia meter o f 8 mm consist s of two bend ab le

jo ints a nd a r ota ta ble forc ep s . Ea ch bend ab le jo i nt c an rea l ize two

bendi ng movements in two orthogona l pl anes for arb it ra ry bending

movement by us ing doubl e scr ew dr ive (DSD) mechani sm . The rotatab le

forceps is composed o f a rotata bl e jo i nt and a cl ipper wi th opening and

clos i ng movement. The ki nema ti ca l s imul at ion resul ts show that the

robot can p erform surg ica l i nterventi on i n a 30x3 0x30 mm worksp ace in

pedia tr ic sur gery, whi le the act i ve bendi ng

l ink age is less tha n 3 mm. The exper iment to measur e the f l exi ble

load ed with in 20 0 g .

In cha pter four, the author p roposes a shap e opt imal al gor i thm to ma p

the re l at ion between master inp ut a nd the s la ve mani pula tor. The

purpose of th is a lgor i thm a ims to constr uct a tr i ang le format ion

between endosc op e a nd the s l ave ma nipul ators to p rovi de opera bi l i ty

and vis ual iza t ion for rob ot user. In the f ir s t s tep , the re la t ion between

inver se kinemat ic s so l ut i on and the d istur ba nce at

redunda nt j o int is esta bl i shed. The ver i f i c at ion s imul at ion shows that

the rob ot ic a rm with the inverse kinema ti c al gor i thm c an ac curate ly

tr ack the input ( mmsimlator 5.0 ) . Sub sequentl y, a shap e op t imal al gor i thm

consid er ing the vi sua l i zat ion a nd opera bi l i ty is deve l oped to construct a

tr ia ngle for mat ion between sla ve ma nip ul ators a nd endoscop e in

works pac e. G iven a to l er ab le err or ( 001.0 ) , the a dja cent ang le

devi at ion between two benda bl e j o ints sat is f y 5.0_ deviationangle . The

exper iment r es ult of p os i t i on track ing with the s hap e opt ima l a lgor i thm

demonst rated tha t the dis ta l of the mani pula tor c an ac hieve pos i t ion

er ror < 1 mm duri ng traj ectory planni ng when load ed with i n 50 g i n
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two- dimensional pl ane or l oa ded wi th in 2 0 g in three -d i mensi onal sp ace .

In chap ter f i ve , the author pr es ents a nove l a ppl icat i on for red uci ng

op erat i ng d i f f i cu l ty to the master -s l ave r obot user. Gener al ly, huma n

be ing ha ve one dexter ous ha nd tha n the other, theref or e, they are

wi l l i ng to us e the ir d exterous hand for i mp orta nt manip ul at ion , even

though both hands a re needed in norma l oper at ion. The author extend s

the al gor i thm re ferred in c ha pter four by usi ng two end osc op es i n the

pedia tr ic rob ot s ystem. The two endoscopes loc ated a t b oth s id es with

respect to the pl ane, wher e the both s l ave ma nipulators l oc ated .

There for e, there ar e two so l ut ions by combi ni ng a s i ngl e end os cope and

two sl ave ma nipul ators . The handedness c ontro l al gor i thm gua ra ntees

the robot oper ator use thei r d exterous hands f or importa nt opera t ion

even p erfor ming sutur e task on b oth s ides of a c ut . The exper i menta l

resu lt s s how that the t ime tak en f or the s ame task with the hand ed nes s

sutur e on a n es op hagus mod e l b y usi ng the deve lop ed al gor i thm.

In c ha pter s i x , the author concl udes th is res ea rc h and disc usses

futur e work , suc h as the eva luat i on of th is robot thr ough

exper iments , a nd the c l i n ical a ppl icat i ons o f us ing the pedi atr ic r ob ot

as wel l as the contro l al gor i thm in other rob ot i c mani pulator.

In s ummar y, th is thes i s suggests a comp act sur gic al rob ot to ass is t

surgeon for perf orm ing t iss ue inter vent ion in narr ow workspac e for

pedia t r ic sur ger y. The contr ib ut i on o f th i s thes i s i s to deve lop a

pedia tr ic surg ica l ass is t robot , and devel op a c ontr o l s t rategy to prov id e

good vi sual iza ti on a nd operab i l i ty for rob ot user by control l i ng the

redunda nt ma nip ulator in t ight wor kspa ce . As ment i oned, thi s thes is

contr ib ute s to the ad vanc ement o f robot ic technol ogy and p ed iatr ic

surg ica l ass i s t techno logy, a nd is worth to b e awarded the Doc tor o f

Engi neer ing .
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