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ABSTRACT

In the field of minimally-invasive surgery (MIS) research, a double roller
pump is one of the medical therapy devices that have been used as an effective
method for automatic pressure control via controlling the flow of rinsing fluid.
For example, in knee arthroscopy, the inflated pressure inside the joint of the
knee needs to be controlled adaptively with the blood pressure of the patient
during the whole operation time. The stability of the pressure control takes an
important role in avoiding risky situations like hemorrhages and fluid
depletion. This paper is to present an application of the double roller pump
which is used for controlling the pressure in the knee arthroscopy process.
The pressure inside the knee joint was influenced by the actual flow of the
rinsing fluid. The operation of the process was simulated and linearized for
controller design. PID (Proportional Integrated Derivative) controller was
designed with an anti-windup strategy for reducing overshoot. Some
parameters of the controller were adjusted with different sets of pole
placement for the output responses comparison. Among these sets of poles
simulated, a better result was found for the effectiveness of the double roller
pump usage in pressure control of MIS.

TOM TAT

Trong nghién curu linh vuc pha~u thudt néi soi it xam ldn, bom con lan d6i la
mot trong nhiing thzet bi y té dwoc sir dung nhir mot phuwong phdp hiéu qua daé
diéu khién dp sudt tuw dong thong qua viéc diéu khién luu heong nudc riea tqi
viing phdu thudt. Vi dy dién hinh la khi phéu thudt néi soi khép goi, dp sudt
cang truong bén trong viing khép can dwoe diéu khién thich ung voi huyét ap
cua bénh nhén trong suét thoi gian phdu thudt. Viéc diéu khién én dinh dp
sudt déng vai tré quan trong nham tranh nhitng tinh huéng nguy hiém nhw
xudt huyét, tran dich vao mach mdu. Bai bdo ndy trinh bdy mét ing dung ciia
bom con lan déi trong diéu khién ap sudt bén trong khdp goi ciia qud trinh
phdu thudt néi soi. Ap sudt nay bi dnh hwéng boi heu leong nude rira. Hoat
déng cia qud trinh phdu thudt da dwoe mé phéng va tuyén tinh héa dé thiét
ké bé diéu khién. Bé diéu khién PID (Proportional Integrated Derivative
controller) két hop gidi thudt chong vot 16 da dwoc thiét ké. Cac thong sé ciia
bé diéu khién ciing dwoc diéu chinh bang phwong phdp phén bo cuee tqi nhitng
vi tri khdc nhau d@é so sanh két qua ddp img ngo ra. Trong s6 cdc bg cuc di
dugc chon mé phong, mot giai phap dwoc dé xudt dé dieu khién va da tim
duge két qua tot hon dé diéu khién ap sudt ding bom con lin hé tro trong
phéu thudt ngi soi it xam lan.
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1. GIOI THIEU

Phau thuat noi soi khép 1a mot ky thuat tién tién
hién duoc 4p dung phé bién trén thé gisi. Thong
thuong khi tién hanh qua trinh phau thuat noi soi,
tly theo viing phau thuat c6 khong gian rong hay
hep ma bén trong ving sé& dwoC tao 4p sudt cing
truong phut hop bang viéc ding khi trong y té hay
nudc roea bom vao (Ewing et al., 1986). Viéc nay
nham gitip béac si chan doan bénh chinh xac hon vi
trong vung khong gian kin nay s€ dugc dam bao
thong thoang dé hinh anh truyén tir ving md qua
thiét bi ghi hinh chuyén dung dwa vé man anh duoc
cai thién rd nét hon. B4i vai viéc chan doan bénh tai
cac khadp, noi c6 khong gian kha hep thi nudc ria
dugc ding dé tao ap suét cang truong khi thyc hign
noi soi chan doan. Thong qua cac 6ng ndi soi chuyén
dung, nudc rira cling dugc dua vao vung khép. Véi
céu tric mot duong dng dan vao va mot duong 6ng
dan ra, lwong nudc dwa vao ving ndi soi kin duoc
diéu khién nham giir 6n dinh ap suét cing truong
thich ung véi huyét ap hién tai cua bénh nhan va
ciing ddng thoi thao rira sach dwoc nhiing dich ban
khi can thiét. Ap sut cang truong phu hop s& lam
chat luong hinh anh tir bén trong viing ndi Soi truyén
vé man hinh dugc tét hon. Theo cac nghién ciu
Muellner (2001) va Hsiao et al. (2016), tir truGc ndm
1970, viéc bom cap nude vao ving phiu thuat noi
so0i chi don gian la dung phuong phap trong luc. Vi
cach nay, nudc rira dua vao duge diéu chinh thu
cong luu luong thong qua do cao ctia binh chira
nude va do mo cua van Sau do, khoang tir nhiing
nam 1970, hé thong bom ty dong cung dan duoc
phat trlen vatung dung cho viéc diéu chinh luu luong
va ap suat ciia nude dua vao vung phau thuat (Hsiao
et al., 2016). Tuy nhién viéc diéu khién luong nuéc
vao va ra la doc 1ap nhau, duoc thuc hién boi cac
déng co bom don 1é. Chinh vi vay, hiéu qua va do
chinh xéc trong diéu khién Iuu luong nudc va ap
Suit bén trong viing ndi soi chwa dwoc nang cao. Su
chénh 1&ch gitra 4p sut cing truong va huyét ap cua
bénh nhan dé dan dén nhing tinh huéng nhu hinh
anh truyén vé khong rd nét do xuét huyét tai diém
noi soi 1am ban dung dich, hogc tinh trang nudc rira
tran ngugc vao cac mao mach d& dan dén nhiém
tring bén trong mach méau. Didu nay co thé din dén
nhitng nguy hai cho bénh nhan. Nhiam gép phan
giam thiéu nguy co do sy chénh léch ap suat nhu da
néu, bom ldn d6i (Double roller pump - DRP) duoc
dé xuét sir dung dé diéu khién dong bo luu luong
nude vao rira va luu lugng nude thoat ra va dong
thoi giir 6n dinh duoc 4p sudt cing truong bén trong
ving ndi soi mot cach ty dong theo gia tri ap suat
tham chiéu. Ap suat nay dugc xem nhur dit ligu tham
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chiéu tir thong s vé huyét ap ciia bénh nhan hién
tai. Bai viét nay nhdm muyc tiéu cung cap mot giai
phap diéu khién ap suat thong qua viéc diéu khién
Iwu lwong nudce ding bom con lin c6 thé duoc trién
khai ap dung trong nhiéu truong hop phau thuat noi
soi, bao gom viéc chan doan ngi soi tai cac khop.

Dé c6 thé thu thap duoc két qua budc dau &
phong thi nghiém trudc khi dua vao thuc nghiém
truc tiép trén mo hinh vat 1y hay trén dong vat, mo
hinh todn hoc dugc xay dung de md phong thu
nghiém qua trinh noi soi khop gdi. Téng quat vé
hoat dong cia qua trinh dugc don gian héa nhu &
Hinh 1 (Smolinski et al., 2017; Nguyen & Jeinsch,
2017). Theo do, mdt bom lan dugce dung cho viéc
diéu khién cip nudc rira vao va tao ap suat, va mot
bom lan con lai stir dung cho viéc thao nudc ra khoi
viing phau thuat. Sau khi thyc hién mé phong thi
nghiém trén MATLAB/Simulink voi qua trinh da
duogc tuyén tinh hoa xap xi gan dung, bo diéu khién
PID duoc dé xuat thiét ké (Astrém et al, 1995, 2006;
Lutz & Wendt, 2014) dé co thé ap dung vao mé hinh
vat Iy. Két qua diéu khién 6n dinh 4p suét trong mo
hinh thi nghiém s€ 1a co s& danh gia tinh hi€u qua
trude khi thuc hién thir nghiém thuc té trén dong vat
hay bénh nhan.

2. PHUONG PHAP NGHIEN CUU
2.1. M0 ta h¢ théng

Qué trinh phau thuat noi soi khép gdi dién hinh
duoc mo ta ¢ Hinh 1.
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Hinh 1. M ti qua trinh phiu thuit ni soi
(Nguon: Smolinski et al, 2017; Nguyen & Jeinsch, 2017)

Céc dung cu phau thuat chuyén dung dugc dua
vao vung mo thong qua cdc ong giui thuc nho
(trocars). Vi cac ong thdong nay, nudc rira ving
khép duge dua vao béi bom 1 (Pumps) va théo ra
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boi bom 2 (Pumpy) theo hai 6ng dan nhya khac nhau
(tube). Viéc duy tri 6n dinh luu lwong nude vao va
ra (Qin, Qout) thich hop s& vira tao d6 cang truong
(pressure for expansion) tuong thich vai hién trang
huyét ap tham chiéu, va dong thoi tao dugc khong
gian thong thoang sach s (flushing for visibility) noi
ving khép dang dugc ndi soi chan doan (operation
area). Trong qua trinh thyc nghiém mé hinh tai
phong thi nghiém cua Nguyen and Jeinsch (2017),
vung khop goi ndi soi dugc gia 1ap béi mot khoi
nhya hinh cau két ndi véi cac dwong 6ng dan kin.
Trén mdi bom lin déu c6 cam bién do ap suat bén
trong mdi 6ng dan nude. Ap suit nay 1a théng tin
phan hoi dé diéu khién 4p suat dwa vao ving ndi soi.
Ap suét nay duge diéu khién théng qua toc dd bom
lan d6i ¢ing vai hai dong co dién mot Chiéu (M1 va
M2). Hinh 2 mé ta thyc té hai dong co gin két véi
hai kh01 dia thép tron co rénh chira cac con lian dé
chén 6ng nhya tao bom ap luc cho nudc dan dong
trong 6ng nhya mém khi dong co quay. bong co M1
chi quay theo mot chleu huéng vao dé tao ap luc lén
doan 5ng nhya mém cua mot bom lan nham cung
cép luu lugng nude vao Qin. Tuong tu, dong co M2
chi quay theo mot chiéu dan ra cung V6i ong nhua
va bom con lin con lai d@é cung cip luu lwong nuée
thao ra Qou. Luong Qou ndy c6 thé duoc kich hoat
hiéu chinh tic thoi khi can thiét, va dwge xem nhu
1a mét dang tin hiéu nhiéu tac dong vao hé théng lam
thay ddi 4p suit bén trong ving ndi soi. Nhu vay, dé
dam bao duoc ap suat cang truong thich hop, lIuu
luong nudc vao Qin can duge diéu khién mot cach
tu dong va kip thoi dé bu vao tng véi luong Qou di
duoc thao ra ngoai.
2.2. Mo hinh toan hoc

Hai dong co M1 va M2 (Hinh 2) gan véi hai dia
thép c6 cac con lan nho ép sat hai 6ng nhya mém
(tube 1, tube 2) tai ranh cua dia. Khi dong co quay
thi cac con lan ciing xoay va chén ¢p lén 6ng nhua
tao ap luc day nudce bén trong ng dan di theo huong
da dinh. Mdi dong co dugc nhan dang dap ung gan
dung tir thyc nghiém véi s6 vong quay theo dién ap
dau vao va duoc mé ta tuyén tinh hoa bsi phuong
trinh (1). Trong d6, thoi gian tré zu, hé s6 khuéch
dai Ky va thoi hing Ty duoc xac dinh tir thuc
nghiém cua Nguyen and Jeinsch (2017).

K
— ,—TMS _M
Gu(s) =e Tys+1

)
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Hinh 2. Bom lian déi véi hai dong co M1 va M2
kém hai 6ng nhwa Tube 1 va Tube 2

Tuy thudce vao toc do ciia mdi dong co M1 va M2
ma bom con lan trong ng S€ tao ap lyc sinh ra luu
luong Qpu va Qpe trong 6ng nhya mém. Véi luu
lugng nudc rua dua vao tir bom thur nhét 1a Qp qua
doan 6ng nhya dai ¢6 tro khang 1a Cpy da tiéu ton
mot lugng 4Qs thi luu luong nudce thuc sy dua vao
t61 ving ndi soi 1a Qin. Luong ti€u hao nay dugc mo
ta boi phuong trinh (2). Tuwong ty, lugng tiéu hao
AQ> tir bom va éng nhua thir hai (nuée thoat ra)
ciing dwoc xac dinh bai biéu thic (3).

AQl = (Qpl _Qin) (2)
AQ2 = (sz _Qout) (3)

Mot lwong thay dbi ap suat trong mdi dng dan
cling dugc xdc dinh béi phuong trinh (4) va (5).
Trong d6, Cp1 va Cp 14 dung khang tai mdi 6ng dan.
(4)

1
C_pl (Qpl - Qin )

Q) ©)
p2

V6i gia tri ap sudt hién tai 1a prnee tai ving mo
hinh khép gdi (operation area & Hinh 1), lwong
nuée dua vao thay doi s& anh huong dén ap suit
trong ving nay va thay doi mot luong 1a p inee: 11€0
thuc nghiém, su thay doi nay 1a phi tuyén, phu thuoc
vao tong luu lwong thuc t& Qrear = (Qin — Qour), tiy
thuoc vao dung khang Cynee Clla ving phau thuat va
duoc mo ta & phuong trinh (6).

. 1
Prnee = C_

knee

Qreal (6)

Mb hinh khép gdi noi soi duge md phong nhur
mot khéi hinh cau nhwa & Hinh 3. Trong luc dang
thir nghiém mo phong thi bén trong chira mét it nude
va mot it khong khi. Vi vay & trang thai ban dau, khi
chua ¢6 luu lwong nudC Qrear dua vao, thi ap suat
bén trong mo hinh dwgc mo ta boi phuong trinh
dang 4p (7) theo lwong khi hién ¢6 bén trong.
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Hinh 3. M6 phong Vung khong gian khop goi
két ndi véi cac 6ng din nwéc rira

mRTK

PineeVeas = MRT; hay: prnee = (7

Céc thong so: m, R, Tk twong tng 1a khdi lugng
khi hién tai, hang sé khi 1y twong, va nhiét do tuyét
ddi cua khi. Do lugng khi bén trong it nén khéi
luong m nay ciing duoc xem la thay d6i khong déng
ke Vi vay su bién dbi ap suét trong md hinh khop
gbi chii yéu phu thudc vao su bién ddi thé tich cua
khi. Mat khéc, ta ciing d& nhan thdy ring trong ving
khong gian hep Vvéi thé tich tong thé khong ddi cua
mé hinh khép gdi, luong bién d6i thé tich cua khi
giam do bi nén khi phat sinh luu lugng Qrea trong
vung khong gian kin nay.
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T hai phuong trinh (6) va (9), gié tri Cnee dugC
dinh nghia twong dwong véi phuong trinh (10).

Vias

C

knee —
pknee

(10)

Theo nghién cau cua Nguyen and Jeinsch
(2017), trong luc thuc hién thiét ké bo didu khién
cho m6 hinh, qua trinh phau thuat khép da duoc xay
dung trén MATLAB/Simulink dya trén mé hinh
toan hoc (Hinh 4). Thuc nghiém tir nhom tac gia trén
cho thiy mé hinh mé phong ¢ Hinh 4 cho dap ng
ngd ra la ap sudt ving khop pree (tai khoi
Reservoir_Knee ¢ Hinh 4) phan anh twong ddi gan
dung nhu mo hinh vat 1y. Sau d6 nhom tac gia tién
hanh khao sat, phan tich dap ng hé thng va thuc
hién tuyén tinh héa gin dang nhu mot ham truyén
dé thiét ké bo diéu khién. Ham truyén da dugc mo
ta don gian hoa boi hé bac 2 nhu & biéu thie (11).

K

CE=e” s(Ts+1)

(11)

Trong do, thoi gian tré  7=0.006 (s); thoi hang

Quy =V ) T=0.038 (s); va K=81.3 (Nguyen & Jeinsch, 2017).
NN \ LR Vi thoi gian tré 7 1a rat bé so véi thoi hang T nén
Tir bicu thire (7) va (8) ta c6 bieu thic (9). e xem nhat 70, Do vay, thanh phan o6 he
. RT e A e A , P
Punce = = (g Wows = G290y (9)  4U0€X2P X Gn ding bang 1.
Tube 2
"“"ag"z 4\:2 n2| ™2 >{n2 - Flow2| P2 ol ap2 o] o
Noise_u2 Motor M2 Pump2 | Pknee

Voltage1

Output pressure (Pknee)

—
n1 Qp1
nt n1 ° Flow1

Qreal Pknee

Qin Qreal
Qi .é >

From controller Motor M1 Pump1

Tube 1 Knee joint

Hinh 4. M6 hinh héa qua trinh phiu thuat ndi soi

2.3. Thiét ké by diéu khién

Bo diéu khién Ge(s) cuia hé thong can dugc thiét
ké theo so dd mé ta & Hinh 5. Trong dé, tin hiéu vao
Pret dwoc xem nhur gid tri 4p sudt tham chiéu mong
mudn tai ving ndi soi can duogc gitr 6n dinh; tin hidu
Prnee 12 dai dién cho 4p suét bén trong khép gbi noi
s0i can dugc diéu khién. Tin higu uy tir bo didu khién
dai dién cho muc dién ap dwa vao dong co M1. Tin
hiéu dién ap up cip cho dong co M2 duoc xem 1a
nhiéu 4p suat tic dong khi thay dbi luu luong nudc
thao ra boi ky thuat vién hay bac si phau thuat.

54

| &
¥

¥
J'I\"I.'l’
Giels) }”—’»{ G(s) ]I—’—h-

B diéu khién M& hinh qua trinh

Prei +: e [

Hinh 5. So d khéi diéu khién hé théng

Bo diéu khién PID duoc chon dé thir nghiém &
nghién ctu nay c6 dang nhu phuong trinh (12)
(Astrom, K. J. & Hagglund T., 20006).

Ge(s) =

Céc tham s6 Kp, K; va Kp lan luot 1a thanh phan
ti 1€, tich phéan va vi phan can tim. V&i mo hinh ham
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truyén duoc Xap xi tuyén tinh hoa & biéu thic (11),
bo diéu khién PI_SO (Proportional Integral -
Symmetric Optimum) da duoc dé xuat thir nghiém
cta Nguyen and Jeinsch (2017). Trong bai bao nay,
cac tham sé cua bo diéu khién PID duoc thiét ké
bang phuong phap phan bd cuc (phwong phép giai
tich) va thyuc hién véi ba treong hop chon vi tri bo
cuc mong mudn khac nhau dé khao sat. Cac tham s6
nay duoc xac dinh bang cach dong nhat cac hé sd
cua hai phuong trinh dac trung (13) va (14).

1+G.(s)G(s)=0 (13)

(s —1)(s —u)(s —p3) = 0 (14)

) Biéu thirc (13) 1a phuong trinh ddc trung cua hé
thong dieu khién vong kin md ta & Hinh 5 (khi xem
tin hiéu nhicu uz = 0). Mét khéc, bicu thirc (14) cling
la phuong trinh dac trung mong muon khi chon cac
cuc am [y, U, va s dé dam bao hé thong on dinh.

Két hop (11) va (12) thay vao (13), khi d6:
1+KKpy 7 KKp KK
st (FE)s+

Phuong trinh (14) va (15) 1a twong duong nhau.
Do vay, VaGi nj(“)i bd ba cuc (41, Ho, ug) dugc chon,
viéc dong nhat cac h¢ so cua hai phuong trinh nay
s€ tim duogc cac tham s6 Kp, K| va Kp.

3+ ( Yy=0 (15)

Trong mé phong két qua, ba truong hop da dugc
chon vj tri bd cuc mong muén khac nhau dé khao
sat dugc ky hiéu lan lugt 1a TH1 (truong hop 1 tng
véi ba cuc dugc chon la: yu, = -2, u, = —4, va
s = —8); TH2 (truong hop 2 véi ba cuc dugc chon
la: wy =-3, u, =—6, va u; =-9); va TH3
(truong hop 3 véi ba cuc dugc chon la: yu; = =5,
Uy = —10, va u; = —15). Cac tham s6 Kp, K va Kp
tuong Gmg duogc trinh bay trong Bang 1. Viéc chon
Vi tri cdc cuc 4m nay 1a nham dé khao sat va phan
tich dap tmg d6i véi hé thong. Néu chon bo cuc am
nhiéu hon thi h¢ thong s& dap (mg nhanh hon nhung
dé dan dén truong hop do vot 16 p sudt s& ting cao.
Diéu nay 1a khong t6t khi tng dung trong phiu thuat
noi soi thuc té.

Bing 1. Cac tham sé ciia bg diéu khién PI1D theo
3 trwong hop (TH1, TH2, va TH3)

Trwong hep Kp Ki Kb
TH1 0,07 0,0583 0,01
TH2 0,14 0,2 0,02
TH3 0,28 0,4667 0,023

Ngoai ra, dé khic phuc hién tugng dap tng ting
nhanh hozc giam nhanh dan dén vot 16 cao & ngd ra,
mot giai thuat “anti-windup” (Astrém et al., 1995)
ciing duge dé nghi tich hop vao bo didu khién PID
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dé phéi hop diéu khién thanh phan tich phan cua b
diéu khién nham thyc hién “déng - ngat” co diéu
kién theo muc dién 4p dén cac dong co bom. So dd
khbi mo ta giai thuat “anti-windup” duoc trinh bay
trong Hinh 6 v&i thanh phan diéu khién 1a Sw_Limit.
Nhiém vu chinh cua giai thuat nay 1a tu dong ngat
tin hiéu tich phan khi tin hiéu diéu khién u; nam
ngoai gidi han an toan cua mirc dién ap diéu khién
dong co bom con lan. Trong qua trinh thir nghiém,
tin hiéu uy két ndi diéu khién dong co M1 cin duoc
gidi han & muc dién ap tir 0 dén 2 V dé dam bao ap
suit duoc s& kiém soat kip thoi va tdi wu nhét.

Kp
D o0
2 . 3 > 1)
p— i vy o o

Y
Dirng khdi tich phin

Thanh pfnin Anti-windup

Hinh 6. B diéu khién PID tich hop giai thuat
anti-windup

Muc tiéu cua viéc diéu khién on dinh ap suét
cang truong tai ving ndi soi la luu lugng nudc cip
vao béi ngudn dién ap u; phai duoc giit can bang voi
Iwu lwgng nude théo ra boi ngudn dién ap uy. Khi co
su thay doi ¢ tin hiéu u, thi bo didu khién PID két
hop giai thuat “anti-windup” s& diéu khién tin higu
u; dé dam bao ap suat luén duoc on dinh & muc can
thiét phu hop véi huyét 4p hién tai cua bénh nhan.
Ap suit cing trrong nay can duge dap ung nhanh
v6i thoi gian 6n dinh dudi 5 gidy, va do vot 16 dudi
5%. Hiéu qua cua giai thuat nay duogc thé hién ¢ két
gua md phong tai myc 3.1 (Hinh 7).

3. KET QUA VA THAO LUAN
3.1. Két qua md phéng

Két qua mo6 phong hé thong da duoc thyc hién
trén MATLAB/Simulink va duoc thé hién ¢ Hinh 7.
Do thi & phan trén cua Hinh 7 1a phan hién thi két
qua didu khién ap suit twong tng tai mé hinh ving
noi soi khép. B4 thi bén dudi 1a tin hidu u; dugce diéu
khién so véi tin hiéu uy, trong d6 bao gém khoang
thoi diém thay ddi ap suat tham chiéu (tai thoi diém
40 gidy) va khi ap suat tham chiéu khong d6i nhung
tin hiéu uy c6 thay déi (nhidu tir bén ngoai do béc si
phau thuat thuc hién dong tac thay doi u; dé chinh
lru lwgng nudc thoat ra ngoai). Viéc thay doi ap suat
tham chiéu (tuong tg tinh trang huyét ap cua bénh
nhan ¢6 su thay doi) co thé din dén hién twong ting
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vot 16. Nho thanh phan “anti-windup” dugc tich hop
vao bo diéu khién PID nén ap suit duoc diéu khién
v6i do vot 1 giam dang ké (tir thoi diém 40 gidy dén
50 gidy). Tin hiéu dap tmg ap suat v6i duong dirt nét
trén Hinh 7 cho thay bo diéu khién c6 giai thuat anti-
windup da giam thiéu dugc d6 vot 15 rat nhiéu, chi
con khoang 15,82% vot 16 & gidy thir 46. Trong khi
d6, dudng dap ung lién nét 1a ap sudt duoc diéu
khién khi chura tich hop giai thuat “anti-windup” véi
d6 vot 16 kha cao, 1én dén khoang 50% ¢ gidy thir
45. Ngoai ra, khi tin hiéu nhiéu dugc dua vao tir viéc
thay dbi u, (tai thoi diém 10 gidy va 70 gidy voi ap
suat tham chiéu khong d6i) thi ap sudt ngd ra van
duoc diéu khién tét, c6 vot 16 rét it. Néu tin hiéu u;
khong duge diéu khién thich nghi theo u; thi sy sai
léch giira u; va up lam toc d6 cua hai dong co M1 va
M2 khac nhau dan dén sy sai biét rat 16n vé ap suit
trong viing md S0 V4i ap suat mong muén.

Hinh 8 thé hién két qua mo phong dugc thu
nghiém & cac truong hop chon vi tri phan bo cuc

<10°

Két qua md phéng digu khién ap suét ving ndi soi
T T T
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khac nhau dé tinh cac tham sé Kp, K va Kp (Bang
1) dua vao biéu thire (14) va biéu thie (15) di co
tich hop giai thuat “anti-windup”. Do vot 1 va thoi
gian xéc 1ap cua tin higu ap suat duoc diéu khién tng
Vi ba truong hop nay dugc trinh bay ¢ Bang 2. Cac
két qua cho thay & trudng hop 3 1a t6i uru voi do vot
16 chi & khoang 3,67%, trong khi & truong hop 1 thi
do vot 16 1a trén 15%. Thoi gian xac 1ap & ca ba
truong hop cling c6 thay ddi. Truong hop 3 ¢o thoi
gian xac 14p ngan, chi khodang 4,5 gidy, trong khi
truong hop 1 thi mat khoang 8,5 gidy méi on dinh
ap suat.

Bang 2. Két qua diéu khién véi 3 trwong hop

(TH1, TH2 va TH3)
Truong hep Povot 16 Thoi gian xdc lap
TH1 15,82% ~8,5 gidy
TH2 8,52% ~6,5 gidy
TH3 3,67% ~4,5 gidy
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Hinh 7. Két qua mé phéng khi c6 va khéng cé tich hop thanh phan Anti-windup
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Hinh 8. Két qua mé phéng véi ba trudng hop thay dbi théng sb bd diéu khién PID

3.2. Théo luan

Hé thong mo6 phong qua trinh phau thuat noi soi
khép gdi da dwoc mé hinh hoa véi MATLAB/
Simulink. Bo diéu khién PID ciing di duoc thiét ké
V6i céc thong so thay doi khac nhau dya trén sy thay
dbi vi tri phan bd cac cuc cua hé théng trong mién
phtc. Két qua mé phong ddi sanh véi bo didu khién
khi c6 va khong c6 tich hop giai thuat “anti-windup”
cling dugc thyuc hién. Hiéu qua caa viéc tich hop giai
thuat nay vao trong bo diéu khién duoc thé hién rd
nét nhu ¢ Hinh 8. Dg vot 16 da dugc giam thiéu dang
ké trong khi thoi gian tang truong hau nhu khong
anh huong dang ké. Thoi gian xéc 1ap cing giam khi
chon bd cuc mong mudn cang am (nhd vao giai
thuat chdng vot 16 “anti-windup”). Véi cac by cuc
dugc chon khac nhau dé tinh toan cac tham sé cua
b6 didu khién PID da thiét ké, thi két qua & truong
hop 3 (TH3) trong Bang 2 duoc xem 1a bo tham s6
t6i wu voi do vot 16 thap va thoi gian xac lap duoc
rt ngén dudi 5 gidy va do vot 16 dugi 5%, thoa méan
dwoc muc tiéu ban dau da dit ra. Diéu nay ching to
néu ding phuong phap phan bd cuc véi bd cuc am
hon thi dap tng cua hé thdng s& cang nhanh va thoi
gian xac 1ap cling ddng thoi dugc rat ngan. Tuy
nhién, néu hé théng khong c6 tich hop giai thuat
“anti-windup” vao bo diéu khién thi hién tuong vot
16 s& cang ting cao va do d6 thoi gian xac 1ap c6 thé
bi kéo dai cham thém khi b cyc dugc chon cang am
nhiéu (mac du thoi gian ting truéng c6 nhanh hon).
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4. KET LUAN

Qua nghién ciru nay, budc ddu nhom tac gia da
thu dwoc két qua kha quan trong viéc md phong hd
trg diéu 4p cho ving phiu thuit ndi soi thong qua
luwu luong chit 16ng vao va ra ding trong chan doan
& cac khép. Viée thiét ké bo dicu khién PID dung
phuong phap phén bd cuc don gian hon phuong
phap t6i wu ddi ximg (Symmetric Optimum) nhung
van mang lai hiéu qua cao trong két qua mo phong.
Viéc cai thién dugc do vot 16 nho (dudi 5%) va thoi
gian qua do6 dugc rit ngén (dudi 5 gidy) co y nghia
quan trong trong viéc lam giam thiéu nguy co xudt
huyét hay tran dich vao mach mau trong lac ndi soi
chan doan bénh. Diéu nay gop phan ting thém sy an
toan cho bénh nhan khi dugc ap dung phuong phap
diéu ap ndy trong phau thudt ndi soi khop. Nghién
ctru nay can duoc tiép tuc phat trién va thir nghiém
cho huéng diéu ap ding luu lugng khi thay cho chat
l6ng nham mé rong 4p dung phau thuat da dang &
cac viing ndi soi c6 khong gian rong hon nhu 6 bung,
bang quang,... trudc khi thyc thi thiét b thuc té dé
c6 thé ap dung thir nghiém trén dong vat.
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Nhom tac gia nghién ciru tran trong cam on Ban
Giam hi¢éu Trudng Dai hoc Cén Tho, Phong Quan
ly Khoa hoc, Phong Tai chinh da hé trg kinh phi va
céc thu tuc dé thuc hién dé tai nghién ctru khoa hoc
cip co s& danh cho can bd nam 2021 (Ma sé dé tai:
T2021-18).
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