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NGHIEN CUU, THIET KE, CHE TAO ROBOT HO TRQ NHAN VIEN Y TE
TRONG VIEC KHU KHUAN LAU SAN NHA
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Tém tit:

Bai bao trinh bay vé ché tao robot hé tro y 1é, két hop voi cac gidi thugt SLAM dé dinh vi va xdy dung
ban do s6, dong thoi thudt toan D* Lite duwoc sir dung dé tinh toan, 16i weu héa quy dao di chuyén ciia robot.
Robot co voi tinh nang di chuyén tw dong, tranh vat can, lya chon dwong di nga’h nhat, tw dong sac va thuc
hién cdc tac vu hé troy té. Vit liéu ché tao robot phit hop véi méi truong y té. Hé thong phun khir khudn va

co cau lau san giup dam bdo tinh nang ho tro nhan vién y te trong viéc khir khuan va lau san nha.

Tir khéa: Robot hé tro y t, giadi thudt SLAM, thudt toan D* Lite.

1. Pit van dé

Trong hon ntra thé ky qua, nganh robotic di c6
nhitng budc phat trién va tién héa manh mé. Nho sy
t6i uru vé phan ctmg nhu: cac thiét bi cam bién va vi
xtr Iy ¢o tée do, d6 chinh xac ngay cang cao trong
khi gia thanh giam, cong nghé vién thong va dinh vi
cuc ky phat trién va da ung dung vao dan su, robot
dang ngay cang thay thé con ngudi trong rat nhidu
cong viéc. Theo dy bao [1] thi dén nam 2025, mdi
ngudi s& ¢o nhu cau sir dung robot ca nhan nhu can
mdt may tinh PC hién nay va robot s€ tré thanh mot
cudc cach mang cong nghé 16n sau Internet. Cling
chinh vi diéu nay, mét luong 16n cac nghién ciru
vé robot dd dugc cong bd, tp trung chu yéu vao
viéc g dung robot trong cic mit cia doi song. Co
thé ké dén mot sb cac nghién ctru vé cac loai robot
dang dugc quan tam hién nay nhu: Tay may robot
(Robot Manipulators) [2], robot di dong (Mobile
Robots) [3], robot m6 phong sinh hoc (Bio Inspired
Robots) [4] va robot ca nhan (Personal Robots) [5].
Vian d& chu yéu dugc quan tam 1a cac thuat toan hd
tro robot phuc vu con nguoi.

Trong bai bao nay, chung t6i nghién ciru,
thiét ké va ché tao robot hd tro y té (Robot-assisted
Medical) thugc dong robot di dong véi tinh nang
chinh 13 lau san va khir khudn tu dong. Giai thuat
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SLAM [6] dugc sir dung dé xir Iy bai toan xay dung
moi truong va dinh vi, thuat toan D* Lite [7] xt
Iy bai toan tim duong. Noi dung nghién ctru dugc
trinh bay dudi day va dugc thé hién qua cac két qua
dang tin cay.

2. N¢i dung nghién ciru
2.1. Thiét ké ché tao robot

V6i muc tiéu hd tro y té, robot duoc thiét ké
v6i khung ngoai bang nhwa PLA (khong doc), dang
tron gitip d& di chuyén, téi wu vé goc canh va khong
gian l4p dit bén trong. C4u tao bén ngoai bao gdm
cac bd phan: Cam bién LiDar, chan sac, cong téc
khoi dong, voi phun khtr khuan, cam bién vt can,
co cAu lau san va dé va cham (Hinh 2.1). Trong do,
robot hoat dong dua trén sy “quan sat” cia cam
bién LiDar va cac cam bién vat can hd trg. Phia
trude robot ¢6 dé va cham 1a cong tic hanh trinh,
giup robot khi va cham vao cac chudéng ngai vt
thi s& d6i huéng chuyén dong. Phia sau robot c6
bd chan sac, khi robot ¢ tin hi¢u can pin thi s€ tu
dong chay vé diém sac va két ndi voi dé sac dé sac
pin. Pong thoi, thyuce hién chic nang khir khuan voi
2 voi phun khtr khuan & mat trude va co cau lau san
& mat sau robot.
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Hinh 2.1. Hinh anh bén ngoai robot
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Hinh 2.2. So dé khéi phan cieng robot

Bén trong robot bao gdm 2 khdi chinh: khéi
mach dién va khéi khir khudn (Hinh 2.2). Trong
d6, khdi mach dién bao g(“)m: mach cam bién (xur
Iy tin hiéu tir cam bién LiDar, cam bién vat can, la
ban dién tir, cam bién do mirc dung dich, muc pin),
mach ngudn (cung cap ngudn cho dong co va bom),
mach diéu khién (diéu Kkhién bom va dong co, mach
sac acquy), mach giao tiép v6i may tinh nhung va
acquy. Khdi khir khuan bao gom binh dung dung
dich khir khudn, bom, hé théng voi va béc phun.
Toan bd khéi mach dién va khéi khir khuén duogc
dat gon bén trong robot nhu trén Hinh 2.2.

Phan mach dién cua robot bao gém nhiéu
module mach khac nhau. Tuy nhién, tht ca cac
thong tin vé& cam bién va bo diéu khién déu duge
dua vé may tinh nhung dé thuc hién tinh toan, xir
ly dir liéu va ra lénh diéu khién. Do sb lugng céc
module kha nhiéu nén thiét ké chi tiét cia module
s& khong duoc thé hién trong bai bao nay.

Phan cudi cung la dé sac cho robot (Hinh 2.3)
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v6i cu tric sac truc tiép thong qua tiép xuc giita hai
dién cyc trén robot va trén diém sac. D& duoc tich
hop cam bién hong ngoai dé xac dinh vi tri twong
ddi véi robot, dam bao viéce di chuyén chinh x4ac vao
vi trf sac. Trén than dé sac dugc tich hop mach sac
24V - 2 A va duoc gan ¢b dinh tai diém sac. Thoi
lugng sac cho robot tir 20% dung lugng acquy dén
100% dung luong acquy 1a 48 phut. Tuy nhién, do
hoat dong trong dién tich nho (phong bénh c& 25m?)
nén luén dam bao hoan thanh chu trinh lam viéc.

- Mé&t cdm bién-

| Chan sac

Hinh 2.3. Dé sac robot

2.2. Giai thuit SLAM

Bai toan diu tién trong viéc diéu khién robot
la dinh vi va xay dung mdi truong. Dé ¢ duge vi
tri cia robot thi can phai két hop 2 yéu té d6 la cam
bién (LiDar) va giai thut xtr 1y tin hiéu va s6 hoa
moi truong (SLAM). Trén thuc té, c6 2 phuong
phap tiéu biéu cho bai toan nay la: Po luong thi
giac (Visual Odometry, Fast Appearance based
Mapping) [8] va Pinh vi va 1ap ban dd thoi gian
thuc (SLAM) [6]. Trong bai bao nay, chiing toi st
dung giai thuat SLAM do su phu hop véi thiét b
phin ctg va tinh thoi gian thyc cta né. Cu thé hon,
chung toi st dung k¥ thuat FastSLAM [9] dya trén
b6 loc nhidu hat Rao-Blackwelizad [10] dé xur ly
dir liéu sau cam bién va xdy dung ban do sb. Két
qua cua k¥ thuat FastSLAM la ma trdn hau nghiém
Y, bao gdm [x,[k],(ﬂlk,,, ﬁ,),...,(uﬁ,,zlj,, )] v6i
k=1:M hatva j=1:N dic trung, x,[k] la trang
thai cua hat thir & tai thoi diém ¢ . Noi dung cy thé
cua giai thuat dugc trinh bay nhu sau:

Dau tién, ldy M (k=1:M) hat va cac dic
trung ciia nd [x,[ﬂ ,(,u]'f,,1 DI ),...,(,u;",,l 2 )]
tr ma tran  hau
uL - I: Py gl ok

-1 x(t-1) y(t-1) -1

thoi diém 7.

nghiém Y voi

t-1°

T
J la trang thai tht £ tai
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Budc thr hai, ta quan sat cac dac trung moi va
thém chung vao tap trang thai. Ta thém dai lugng
= r k AN TiA : k A
dédc trung chinh x;, va hi¢p phuong sai )y . Vao

vector cua cac hat theo phuong trinh:

[] (K]
[yf,t}z{ﬂf,j,,}z X, +rcos(9tk +¢)

)
7

xyj] +rcos (49,["] + ¢)
v6i 7 va ¢ lakhoang cach va goc léch do dugc. Dé
xac dinh ma tran Jacobian cta (1) voi khoang cach
va gbc tuong Ung, ta co:
cos (Q[k] + ¢) —rsin (Q[k] + ¢)
H, = 2
sin (9,["] + ¢) 7 cos (6’,["] + ¢)
Ma tran hiép phuong sai ciia ddc trung ciing c6 thé
tinh bang:
2. =H,0H, 3)
v6i Q, 1a ma tran hiép phuong sai cua nhiéu do.
Budc thtr ba, khi robot quan sat lai mot dac
trung cii (gia su da co6 di liéu tur budc trude), ta chi
can cap nhat lai cic thong sd quan trong cua hat.
Chung ta can tinh toan céc gia tri trang thai dua trén
vi tri cta hat st dung:

ot ) o, Y

z= koK 4
arctan(—ﬂi’j’t B ]—Q[k] @

/‘lx,j,t - 'xxt

Tiép theo, ta tinh ma trin Jacobian cua (4) d6i voi
dac trung st dung:

;uf,j,t - x£f] Iu;{,j,t - XE)];]
" ’ ’ 5)
= 5
_ My~ xy,‘] Hyyu = ]
r r
ok CAR (1)
r= (lux,j,t Xy ) +(/uy,j,t Xy ) (6)

Sau do, chung ta tinh ma tran hi€p phuong sai va
hé s6 Kalman:

O=HY' H +Q (7)
K=%, HQ" (®)
va cap nhat dac trung chinh va hiép phuong sai:
ﬂ,]'(,t = ﬂ,]'(,t-1 +K(z, —2) 9)
Xt=(I-KH)X! | (10)

Cudi cung, trong sd wl] [10], duogc tinh boi:

. -1 1 T o o
w[]=|27zQ|2 exp(—E(Z,—Z) 0 (Zz_Z)] (11)
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voi cac trang thai chura dugc quan sat, udc lugng vé
vi tri ctia chung khong doi. Giai thuat nay sé& duoc
chay lién tuc cho dén khi hét M hat. Tay vao lya
chon s6 lugng hat chiing ta s& c6 sy can ddi gitra tdc
do giai thuat va dg chinh xac cia giai thuat.

Trong phién ban robot nay, khi thuc hién xay
dung ban dd sd, robot thyuc hién chay mot lan xung
quanh khu vuc hanh lang bénh vién va dwa ra két
qua nhu Hinh 2.4. Ban d6 sau d6 s& dwoc chia thanh
dang ludi voi cac 6 c6 kich thude 1a 20x20 cm
(trong thuc té, xép xi v&i mot nira kich thude mat
ngoai cua robot) va thuc hién dinh vi trén ban dd
dang ludi nay.

Hinh 2.4. Két qua ban do s6

2.3. Thuat toan D* Lite

Thuat toan D* Lite [7] dugc Sven Koenig va
Maxim Likhachev d& xudt vao nam 2002. Thuat
toan c6 uu diém co6 thé sir dung cac thong tin cia
tuyén duong di trong lich sir & nhanh chong cap
nhat va dua ra tuyén duong méi khi cé nhiing yéu
t6 mai xuét hién trong qua trinh di chuyén (vat can,
su cd, ...). Thuat toan bit dau danh gia ham chi phi
tir cac diém lan can dén diém dich r6i do ngugc tro
vé dé dua ra con duong ngin nht tir diém xuat phat
dén diém dich. Truéc khi tién hanh, chia ban d6 sb
thu dugc tir giai thuat FastSLAM ¢ budc trén thanh
cac 0 co dién tich 20x20 cm. Ching t6i dinh nghia
cac ky hi¢u trong thuat toan nhu sau:

Bang 2.1. Ky hiéu trong thudt toan D* Lite

STT | Ky hi¢u Y nghia

1 XY Trang thai cua robot

2 |exy) Chi phi di chuyén thyc tir' Y dén
X

3 |rxY) C{u pf}l di F}luyen tur'Y déen X dua
trén cam bién

4 |1 Thong bao trang thai cia X
(NEW, OPEN, CLOSED)
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h(X)  |Chi phi di chuyén
k(X) |Gia tri nh6 nhét cia h(X)
2(X) Gié tri udc tinh cia ham muc tiéu
8 |ms) Ujdc tinh n}f)t budc cua gia tri
ham muc tiéu

Trang thai cua cac 6 trong nhu sau:

e Néu g = rhs thi 6 d6 ¢ trang thai “consistent”.

eNéu g > rhs thi 6 d6 & trang thai “over-
consistent”.

e Néu g < rhs thi 6 d6 ¢ trang thai “under-
consistent”.
Néu c6 mot tuyén duong truc tiép ndi hai diém a,b
trén ban do thi khi do, b duge goi 1a “successsor”
cua a va a dugc a dugc goi la “predecessor” cua b.
Gia tri rhs cia mdt 6 dugc tinh dya trén gia tri cua
g. Ban dau, gia tri g cia 6 dich 1 0.

rhs(u):Ung(ifl(i)(c(u’s')+g(s')) 12)

Su wu tién ctia mot 6 dugce xac dinh:

[min(g(s),rhs(s))+h(Smm,s);min(g(s),rhs(s))}
13)
Tiép theo 1a cac budc trién khai thuat toan:

Ban dau, rhs va g cla tat ca cac 6 duoc dat
bang « va OPEN list dwoc dé trong. Sau do, gia tri
g ctia 6 dich dwoc dit bang oo va gié tri rhs dugc dat
bang 0. O dich dugc dwa vao OPEN list va cd s&
duoc gén 6 6 dich.

Ta xét hai truong hop xay ra:

e Néu 6 chira cd c6 trang thai over-consistent
qué nhat quan thi gia tri g ciia 6 d6 dugc gan bang
gié tri rhs (g:=rhs). Sau d6 tit ca cac 0 lién ké dugc
dua vao OPEN list va gia tri rhs ctia cac 6 nay dugc
cap nhat. Tiép theo, 6 chira co dugc dua ra khoi
OPEN list.

e Néu 6 chira cd ¢6 trang thai under-consistent,
gi4 tri g cua nd duge dit bang co. Sau d6 tat ca cac
6 lién ké duoc dua vao OPEN list va gia tri rhs ctia
cac 0 nay dugc cap nhat. Tiép theo, 6 chira co duogc
dwa ra khoi OPEN list. Chon 6 tiép theo dé xac dinh
muc d§ uu tién cua cac 6 trong OPEN list.

Néu robot phat hién vat can, gia tri rhs ctia 6
chira vat can duoc dat béng oo. Chi phi cua cac 6
lién ké 6 chira vat can dugc dat béng o0, Vi vay con
duong dang xét qua 0 chira vat can s€ bi loai bo.

Lap lai budc 2 va 3 cho dén khi trang thai 6
chira c& gidng v&i trang thai 6 xuat phat hodc khong

Khoa hoc & Cong nghé - S6 29/Thang 3 - 2021

ISSN 2354-0575

¢6 duong di nao ton tai. Nhu vay, ching ta s& co
dugc con dudng di ngdn nhét.

Thuit toan 4p dung vao robot, két hop véi
thong s6 thu dugc tir cic cam bién vat can gitp toi
uu hon cho thuat toan tim duong va hd trg cho viéc
di chuyén ctia robot tré' nén muot ma hon. Cac ting
dung cu thé dugc trinh bay trong phan tiép theo.

3. Thir nghiém va danh gia

Dé danh gia tinh ding dén cia thuat toan va
kha nang hoat dong cua thuét toan, nhom tac gia
thyc hién hai kich ban thtr nghiém cho robot trong
didu kién thuc té va trong mo phong véi cong cu
Gazebo (cong cu khoi tao moi truong hoat dong),
Rviz (cong cu gia lap thong tin tir cac cam bién).

Hinh 3.1. M6i truong thir nghiém bang Gazebo

Két qua ban dd sb xay dung dugc dua trén ky thuat
FastSLAM nhu sau:

T o = T 1

s |
3

Hinh 3.2. Két qud ban dé soé trong mé phong

Sau do, tiép tuc dat vi tri dich va cc vat can xuét
hién ngau nhién trong qua trinh di chuyén, gia lap
c4c thong tin cam bién bang cong cu Rviz. Két qua
cho théy, robot dam bao di chuyén dén vi tri dich,
tranh duoc cac vat can c¢b dinh va ngau nhién. Quy
dao di chuyén nhu Hinh 3.3.
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Hinh 3.3. Quy dao di chuyén trong mé phong

Tir 46, khiang dinh tinh ding dan cua thuat toan, tiép
theo, nhom tac gia da tién hanh thir nghiém thyc té
tai Bénh vién Bénh Nhiét d6i Trung Uong — co &
Kim Chung — Déng Anh — Ha Noi. Trén Hinh 3.4 1a
so dd khu vuc tién hanh thir nghiém.

KHU VIJC CHUNG

Hinh 3.4. Khu viec thir nghiém tai bénh vién

Robot tién hanh quét méi tuong phong bénh nhan
va thu duoc két qua ban do s6 nhu sau:

Hinh 3.5. Két qua ban do sé ciia phong bénh

Va cudi cung 1a xdy dung quy dao lau san bét ky
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(dwa trén viéc thay doi cac diém dich cua quy dao)
cho robot va so sanh véi quy dao thyc té robot di
chuyén.

i I - ' ' 1

Hinh 3.6. Két qua chay ciia robot trong thuc té

Tur két qua chay thyc té, nhan théy réng vé téng
thé, robot van thuc hién dtng chu trinh lau san duoc
thiét 1ap, tuy nhién, van ton tai mot sé vi tri 1éch
khoi quy dao. Piéu nay dugc giai thich boi tAm lau
nha bén dudi robot bi chén 1€n banh xe va quan tinh
ctia lugng 16n dung dich, khdi luong acquy khién
gdy ra su trugt khoi quy dao khi di chuyén. Cac
nguyén nhan nay c6 thé khic phuc dwoc théng qua
chinh stra co khi trong céc thir nghi¢ém sau.

4. Két luan

Bai bao di trinh bay vé cac két qua trong viée
ché tao robot, dong thoi 4p dung cac thuat toan va
giai thuat vao trong thuc té va di cho dugc két qua
kha quan. Tiép theo, ching t6i s& ¢ géng hoan thién
va ti wu san phdm véi mong mudn nghién ctru nay
s& phuc vu t6t cho cong dong.

Loi cam on

Nghién ctru nay duoc tai tro boi dé tai cip bo
“Nghién ctru, thiét ké ché tao robot hd trg nhan vién
y té trong viéc khir khuan lau san nha”.
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RESEARCH, DESIGN AND MANUFACTURE THE ROBOT-ASSISTED MEDICAL STAFF
IN DISINFECT AND MOP THE FLOOR

Abstract:

The paper presents manufacturing the robot-assisted medical, combined with SLAM algorithms to
locate and build digital maps, and the D* Lite algorithm is used to calculate and optimize the motion
trajectory of the robot. The robot has the ability to move automatically, avoid obstacles, choose the shortest
path, automatically charge and perform medical assistance tasks. The robot's materials are suitable for
the medical environment. The disinfectant spray system and mopping mechanism help ensure paramedic
assistance in disinfecting and mopping the floor.

Keywords: Robot-assisted medical, SLAM algorithm, D* Lite algorithm.
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