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TOMTAT

Bai bdo nay tap trung phat trién mot thuat toan méi gidp robot hudng dan cho nguai khiém thi
di chuyén trong méi truong cd vat can di dong. Phuong phap dé xudt tao ra mot co ché tuong tac hai
chiéu giita robot va nguoi khiém thi, cho phép nguai khiém thi di chuyén doc Iap khong can tiép xic
truc tiép vdi robot dan dudng. Cu thé, thudt todn dé xudt gidp robot di ddng cung cap thdng tin chi
dan dutng chi tiét cho nguoi khiém thi va giam sat chuyén dong thuc té cia ngudi d6 trong moi
trudng c6 vat can di dong. Cac két qua ki€m nghiém thuic té cho thdy robot da hé trg dugc nqudi
khiém thi di chuyén dc lap va tuong tac linh hoat véi ngudi kiém thi va mi trutng lam viéc. Thuat
toan dé xudt ¢4 thé duoc ting dung trong thuc t€ gitip ngudi khiém thi gidm su phu thudc vao tuong
tac truc tiép véi robot, qua do nang cao tinh tu Iap clia ho trong cudc séng hang ngay.

Tirkhod: Robot di dong; hé trg di chuyén; méi trudng trong nha; tuang tdc hai chiéu.

ABSTRACT

Our study develops an algorithm to aid a robot in guiding visually impaired people in an
environment with moving objects. The proposed method creates a two-way interaction between
the robot and the visually impaired person, which allows them to move independently without
touching the robot directly. Specifically, the proposed algorithm helps the mobile robot provide
detailed navigational information to the visually impaired person and monitor their actual
movements in the environment with the environment with moving objects. According to laboratory
experiments, the robot is highly effective at enabling visually impaired people to move
independently and flexibly interact with others. Developed and applied to mobile robots, this
algorithm can help visually impaired people reduce their dependence on direct interaction with a
robot and enhance their autonomy.

Keywords: Mobile robot; mobility support; indoor environment; two-way interaction; navigation.
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1. GIGI THIEU

Nhing ngudi khiém thi luén phai doi
mat v&i nhiing khé khan 16n trong viéc di
chuyén va tuong tac trong méi trudng
xung quanh. Trén toan cau cé khoang 314
triéu ngudi mu hoac cé thi luc yéu, trong
dé 45 triéu ngudi mu, chu yéu la nhiing
ngudi trén 50 tudi sinh séng tai cac nudc
nghéo va dang phat trién [1]. Da c6 nhiéu
cong trinh khoa hoc phat trién cac san
pham hé trg dé giup ngudi khiém thi
trong qua trinh di chuyén bang cach thu
thap thong tin vé méi trudng xung quanh
va ho trg ngudi khiém thi trong viéc ra
quyét dinh di chuyén, tranh va cham véi
cac vat thé [2]. C6 hai nhdm céng cu chinh
@ nhém céng cu "dinh hudng-tim
duong”, va nhédm cbéng cu tranh cac
chudng ngai vat goi la “di chuyén” [3]. Cac
cdng cu nay cd thé st dung cdng nghé
dinh vi nhu GPS (Global Positioning
System), hay SLAM (Simultaneous
Localization and Mapping) v&i cac moi
trudng doi héi dé chinh xac cao dé xac
dinh vi tri hién tai cha ngudi khiém thi va
cung cap hudng dan cho ho di dugc dich
dén mong muén. Céc cong cu xt ly anh
cling dugc st dung rat rong rai trong viéc
nhan biét méi trudng xung quanh va dua
ra cac khuyén cao hay chi dan cho nguai
khiém thi [4, 5].

Trong nhiéu thap ky qua, gay do
dudng va ché dan duong dugc st dung
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phé bién cho phép ngudi khiém thi c6 thé di chuyén déc
lap. Vi vay, nhiéu nghién ctru da phat trién cac loai gay do
dién t va robot ché dan duong cho nguai khiém thi [6-
8]. Gay do dudng, théng qua giac quan xuc giac, cung cap
théng tin vé moéi trudng xung quanh dé gitp ho kham
pha va phat hién cac vat can trén mat dat nhu dé dac, bac
thang,... [6, 7]. Trong khi d6, ch6 dan dudng hudng dan
ngudi khiém thi qua khéng gian hep va phc tap [8]. Tuy
nhién, cadc nghién ctru nay méi quan tam dén viéc do dac
va thu thap théng tin méi truong. Cac tuong tac véi ngudi
dung van chua dugc cha trong. Ngoai ra, ngugi dung
thuong phédi mang theo cac thiét bi riéng biét, gay bat
tién trong cac cong viéc hang ngay [9, 10]. Diéu nay doi
khi con can trd ngudi khac di chuyén cung khéng gian.

Robot di déng vai cac trang bi cdm bién can thiét ngay
nay c6 thé di chuyén moi vi tri trong méi trudng hoat
dong cta né, tu xac dinh vi tri va lap ké hoach di gilta cac
vi tri bang thuat toan SLAM [11]. Robot di dong thu thap
thong tin moi trudng xung quanh va ca théng tin doi
tugng, tur dé cung cap cac huéng dan cho ngudsi khiém
thi diéu hudng va tuong tac véi cac vat thé trong khoang
cach nhé, dap ung mot cach linh hoat [12]. Cac thuc
nghiém da chi ea rang robot diéu huéng di dong c6 thé
hé trg hiéu qua viéc di chuyén déc 1ap cha ngudi khiém
thi trong thuc té [13]. Tuy nhién, tuong tu nhu gay dién tu
va ché robot, dé nhan dugc su trg gilp, ngudi dung can
tuong tac truc tiép vaéi robot di dong. Piéu nay trong
nhiéu trudng hop gay chiém dung khéng gian va can tré
su di chuyén clia cac déi tugng khac trong cing mot
khéng gian hoat déng.

Dé khic phuc cac yéu diém ndi trén cta hé théng
robot di déng hé trg ngudi khiém thi, mot hé théng
khong yéu cau tiép xuc truc tiép (cam, ndm) gilta robot va
ngudi dung can dugc phat trién. Va trong hé théng nay
tuong tac hai chiéu gilta robot va ngusi khiém thi can
phéi dugc thiét 1ap. Robot hudng dan ngudi di chuyén
déng thai phai ndm dugc phuong hudng di chuyén thuc
t& cGia ngudi khiém thi. D& gidi quyét van dé néu trén, bai
bdo nay phat trién mét thuat toan mai dé robot dan
dudng cho ngudi khiém thi trong mét moi trudng co cac
vat can chuyén déng. Robot sé nhan biét méi trudng va
xay dung ban d6 di chuyén cho robot va ngudi khiém thi
st dung thuat toan SLAM. D& huéng dan ngudgi khiém thi
di theo quy dao robot da thiét ké, robot sé xac dinh vi tri
va huéng di hién tai clla ngusi khiém thi. Tuy vao hudng
cla ngudi khiém thi, robot sé ra Iénh théng qua I6i noi
huéng di chuyén (di thdng, quay trai hodc quay phai,...)
dé dam bao ngudi khiém thi ti€p can véi quy dao thiét ké.
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Cac két qua thuc nghiém cho thay su hiéu qua clia thuat
toan dan dudng dé xuat.
2. CAU TRUC HE THONG ROBOT
2.1. Cau hinh phan ciing

Robot di d6ng dugc xay dung trong nghién cdu nay la
robot di déng 4 banh mecanum véi cac thiét bi chinh nhu
hinh 1. Trong d6, camera 3D c6 kha nang chup anh va xac
dinh d6 sau cda anh dugc st dung dé phat hién va nhan
biét vi tri cGla d6i tugng. Ngoai ra cac thiét bi khac nhu 4
ddng ca cung driver dugc trang bi cho 4 banh mecanum
cho phép robot c6 thé di chuyén theo quy dao mong
mudn trong nha. Cdm bién Lidar 2D dugc st dung dé do
khoadng céch tirrobot t6i cac diém trong maéi trudng xung
quanh robot dé thuc hién cac thuat toan SLAM cho robot.
Bo diéu khién trung tam cla Robot gém 02 may tinh
Rasberry Pi IV. D& dam bao cac tac vu xt ly anh dugc thuc
hién theo thdai gian thuc, Coral USB dugc st dung. Ngoai
ra, cac thiét bi khac nhu loa hay micro ciing dugc trang bi
cho robot cho phép ngudi khi€m thi va robot c6 thé giao
ti€ép vdi nhau qua phuong tién am thanh.
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Hinh 1. Cau triic phan cting ca Mobile Robot

2.2. Nén tang phan mém
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Hinh 2. Nén tang phan mém

Trong nghién ctu nay, ROS (Robot Operating System),
phan mém hé diéu hanh cho robot dugc st dung lam moi
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trudng phat trién cac tinh nang cta robot [14]. ROS cung
cdp cac cong cuy, thu vién va hé théng dé phat trién, kiém
th{r va diéu khién robot.

Trong hé théng dé xuat nay géi phan mém SLAM c6
san trong ROS [15] dugc sir dung dé xay dung ban dé cda
moi trudng lam viéc va xac dinh vi tri cia robot. Thém vao
do, thu vién phan mém OpenCV [16] dugc st dung cho
xU ly anh va thi gidc may tinh. M6 hinh MoveNet hiéu suat
cao [17] dugc dung dé phat hién va theo déi cac diém dac
trung (keypoint) trén co thé ngudi. Sau d6, OpenCV dugc
st dung dé hién thi két qua hoac thuc hién cac xt ly ti€p
theo trén hinh anh hodac video.

3. XAC PINH HUGNG CUA POI TUGNG NGU Ol

Qua trinh xac dinh hudng di chuyén cla déi tugng
trong anh hoac video dugc chia thanh cac budc chinh
nhu sau:

¢ BuGc 1: Phat hién va nhan dang hinh dang ctia ngudi
trong hinh anh hodc video st dung cac thuat todn hoc
may nhu R-CNN, YOLO hodc Mask R-CNN.

e Bu6c 2: Xac dinh khung xuong ngudi véi cac diém
dac trung trén co thé sau khi da phat hién ra ngudsi trong
hinh anh.

e Budc 3: Xac dinh toa dé 4 diém dic trung tai vai va
eo. TU cac diém trén khung xuong da dugc udc tinh, ta cé
thé |3y toa do cla 4 diém dac trung tai vai trai, vai phai,
eo trdi va eo phai.

e BuGc 4: Tinh toan hudng di chuyén cla déi tugng tu
4 diém dac trung nay. VGi 4 diém nay ta c6 2 vector doc
[dp va tich c6 huéng ctia 02 vector nay chinh la huéng di
chuyén ctia déi tuong.
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Hinh 3. S¢ d6 cau trdc qua trinh xac dinh hudng

qiun

Dé phat hién ngudsi trong dnh hodc video thu dugc ti
camera, thuat toan YOLO [18] dugc st dung. Sau khi da
xac dinh dugc hinh dang ngudi trong anh, MoveNet [17]
dugc dung dé xac dinh cac diém dac trung (keypoint)
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trén ca thé ngudi. Toa dé cla cac diém dac trung trong
hé toa dé robot dugc tinh toan bang viéc két hgp anh tu
camera thudng va anh tir camera chiéu sau. Thém vao do,
b6 loc Gauss dugc dung dé nang cao chat lugng xt ly anh
chiéu sau tir d6 tang dé chinh xac clia viéc tinh toan toa
dé cac diém dac trung. Bang cach giam sat vi tri cGa cac
diém dac trung nay lién tuc, huéng di chuyén cla doi
tugng dugc xac dinh theo thai gian thuc. Cau tric qua
trinh xac dinh huéng dugc dé xuat nhu trong hinh 3.
4. THUAT TOAN PIEU HUGNG
4.1. Xac dinh vi tri bit dau cho qua trinh dan dudng
DE bat dau cho viéc hudng dan déi tugng di chuyén
dén mét dia diém mong mudn, robot sé xac dinh mot
diém khai dau tét nhat cho qua trinh dan dudng. Piém
khoi dau dugc xac dinh nhu sau. Dau tién, quy dao di
chuyén cho déi tugng can dan dudng dugc xay dung.
Tiép theo, mot vling an toan cho d6i tugng la hinh tron
vdi tam la d6i tugng va ban kinh 1,2m dugc thiét lap. Giao
diém ctia quy dao di chuyén va dudng tron nay chinh la
diém bat dau. Hinh 4 m6 ta viéc xac dinh diém bat dau A'.
Khi di chuyén tu diém hién tai t6i diém bat dau cho qua
trinh dan dudng, ngudi khiém thi sé ding yén va robot
khong phat ra cac chi dan cho nguai khiém thi. Diéu nay
dam bao robot hudng dan ngudi khiém thi di theo ding
quy dao thiét ké ma khéng phai di chuyén trong thai gian
robot diéu chinh vi tri clia né t6i quy dao can di chuyén
cla robot.

Hinh 4. Xac dinh diém bat dau cta robot va v tri dich

A, B: Vi tri diém ban dau clia robot va vi tri dich

A': Vi tri diém bat dau cho qué trinh dan duting
4.2. Xac dinh viing dan dudng

Phan ving dan duong la mét phuong phap gitp
ngudi khiém thi xac dinh viing khéng gian va tim dudng
di trong méi trudng. Mot cach phd bién dé phan vung
dan dudng la sit dung am thanh. Nguai khi€m thi c6 thé
st dung am thanh phét ra tir cac nguén cé dinh, chdng
han nhu dudng pho, tudng, cot dén, hoac tir am thanh tu
nhién nhu dong nudc, tiéng chim, dé xac dinh vi tri va
huéng di ca minh. Xuc gidc ciing dugc dung dé phan
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vlung dan dudng. Cé thé sirdung tay dé phat hién va cdm
nhan cac vat thé, cau tric va thay déi trong méi trudng
xung quanh. Vi du, ho c6 thé s& vao tudng hodc cac déi
tuong cd dinh dé xac dinh vi tri va tim dudng di. Hé théng
dinh vi toan cau GPS ciing dugc st dung dé phan vung
dan dudng. Trong nghién ctiu nay, phan ving dan dudng
dugc dua trén vi tri tuong d6i clia ngudi va robot.

4.2.1. Xdc dinh viing lam viéc

Trong nghién ctu nay, dau tién mat phang di chuyén
clia doi tugng dugc chia thanh 3 ving phu thudc vao
khoang céch giira déi tugng va robot:

- Vung 1: Khoang cach gilra ngudi va robot < 1Tm. Khi
do6, do khoang cach gilta robot va déi tugng qua gan, doi
tugng nam ngoai ving hoat dong ctia camera dé sau. Do
doé robot sé ra tin hiéu cho ngudi diing lai, robot tiép tuc
di dé d6i tugng roi vao viing 3 1a ving xac dinh huéng clia
déi tuong.

- Vung 2: Khoang cach gilra ngudi va robot > 2m. Khi
d6, do khoang céch gitia robot va déi tugng qua xa, déi
tugng nam ngoai ving hoat dong clia camera d6 sau.
Robot sé ding lai dé doi déi tuong tién lai gan robot va
déi tuong sé lot vao vung 3.

- Vung 3: Trong pham vi 1 - 2m tinh tU camera {C}
ngudi sé dugc dan dudng trong ving mau xanh va dan
dudng doéi tugng theo cac hudng di.

;
F’\ zc
a

Xc | 03m

2m Im {C}

-0.3m

Hinh 5. Viing xdc dinh hudng d6i tuong

X, Z: Hé toa do camera; d’: Veecto hinh chiéu;

oz GAc clia ngudi so véi camera

Nhu vay, viéc chia mat phang di chuyén thanh 3 viing
giup robot cho phép xac dinh chinh xéc vi tri d6i tugng &
khodng cach phu hgp (vung 3), tir d6 c6 thé dan dudng
hiéu qua cho ngudi va déi tuong.

4.2.2. Thudt todn dan duéng

Sau khi co6 dugc toa d6, xac dinh ving dan dudng doi
tugng nhu hinh 5, dua vao huéng ctia déi tugng, robot sé
dua ra cac chi dan cho déi tugng d6. Nghién ctu nay dé
xudt thuat toan dan dudng nhu sau. Khong gian diéu
hudng dugc chia thanh 6 vung riéng biét, mbi vung
tuong Uing v6i mot pham vi géc cu thé nhu trong hinh 6.
Vi moi vliing ta sé cé cac lénh dan dudng tuong Uing nhu
mo ta trong luu d6 thuat toan tai hinh 7.
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Hinh 6. Viing dan dutng

- Ving tir90° dén 70°: Quay phai

- Viing tir 70° dén 15° di chuyén léch phéi
- Viing tir 15° dén -15°: di thang
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Hinh 7. Luu d0 thuat toan dan duong

Viéc phan chia nay cho phép robot phat ra cac huéng
dan di chuyén chinh xac va linh hoat. Tuy nhién, moét
thach thiic phat sinh khi huéng clia muc tiéu nam trén
ranh giGi gitta hai vung, khién robot phat ra cac lénh
huéng dan mau thuan 13p di 13p lai. D& khdc phuc van dé
nay, thuat todn Schmitt Trigger dugc tich hgp tai cdc ranh
gidi gilta cac vung. Thuat toan nay gitip gidm nhiéu va
dam bao dau ra én dinh véi ngay ca nhimng thay déi nho
trong dau vao va dac biét hiéu qua khi muc tiéu nam &
ranh gidi gita hai vung. Mot vi du vé thuat toan Schmitt
Trigger gitfa vung di chuyén thang va vung léch phai
dugc mo ta trong hinh 8.

S
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Hinh 8. Thudt todn Schmitt Trigger gita hai viing di théng va 1&ch phai
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5. THUC NGHIEM
5.1. M6 ta thuc nghiém

Kich ban thuc nghiém 1: Thuc nghiém dan dudng dugc
tién hanh cho céc déi tugng bi che mat va di theo moét 16
trinh gém di thdng 5m, ré phai va di ti€p 3m. Mot sé s6
hinh anh vé thuc nghiém kich ban 1 tai 2 dia diém khac
nhau (hinh A va B ) dugc trinh bay trong hinh 9. Trong
hinh A(B1), robot xac nhan d6i tugng can dan dudng.
Trong hinh A;(B,), robot dan dudng va déi tuong di theo
chi dan ctia robot. Trong hinh A;(Bs), robot gap vat can.
Khi d6 robot sé tranh vat can va tiép tuc di chuyén.

Kich ban thuc nghiém 2: L6 trinh nhu thuc nghiém 1,
tuy nhién, mot sé vat can dong nhu nguai di ngang hay
vat can dugc bo tri trén dudng di ctia déi tugng, nhu trinh
bay trong Hinh 10. Trong hinh A4(B.), robot gdp vat can
déng. Trong hinh As(Bs), robot tu tranh vat cadn déng dé
di tiép. Robot van nhan biét dugc chinh xac d6i tugng can
dan duong.

-

Hinh 10. Vat c&n ddng va tinh trén dutng di cla doi tugng

Cac thuc nghiém da dugc thuc hién tai hai dia diém
khac nhau la WSR-Tang 3, nha C7, Pai hoc Bach khoa Ha
NOi va EDWS - Tang 5 nha A7 Trudng Dai hoc Céng
nghiép Ha Noi. Cac két qua cla bai bao nay da dugc ghi
lai dudi dang video tai dudng link sau day:
https://drive.google.com/drive/folders/1QTYehHifOeaD
NAIJL28AjxS86pPSV6Az?usp=sharing

5.2. Két qua thuc nghiém
Dé& kiém tra hiéu qua clia phuong phép dan dudng
cho robot, cac thuc nghiém da dugc tién hanh trén 8 déi
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tuong cé chiéu cao va dé tudi khac nhau va chia ra thuc
hién & hai dia diém nhu trén. Cac d6i tugng di theo mot
16 trinh cu thé da dugc thiét 1ap la di thang 5m réi ré phai
va di tiép 3m. So véi mot ngudi hoan toan binh thudng
thi thai gian di chuyén cho quang dudng trén la khoang
20 - 50s. Trong thuc nghiém nay, ta dat gia thiét khoang
thoi gian dé cac doi tugng khiém thi hoan thanh 16 trinh
nay téi da dugc thiét 1ap la 3 phut. Néu thoi gian di
chuyén vugt qua 3 phut, ching téi coi nhu ngudi dé chua
hoan thanh thanh céng va robot khéng thé hudng dan
ngudi khi€ém thi di chuyén dén dich. Téng hop cac két qua
cla cac thi nghiém trén dugc trinh bay trong hinh 11.

Dua vao két qua thuc nghiém c6 thé cé nhiing nhan
xét sau: Tat ca cac déi tugng déu dén dich thanh cong
trong thoi gian nhd hon 3 phat quy dinh cda thuc
nghiém. Diéu nay cho thay hé thong am thanh co hiéu
qua trong viéc ho trg ngudi khiém thi di chuyén an toan
va nhanh chéng.

e Trong lan thuc hién th nhat, déi tugng nhanh nhat
la d6i tugng sé 3 vai thai gian 1 phut 21 gidy, con doi
tugng cham nhat la d6i tugng sé 2 vdi thai gian 2 phat 35
giay. Su chénh léch nay c6 thé do muc dé quen thudc véi
hé th6ng am thanh, kha nang ti€p nhan va xtr ly théng tin,
cling nhu tinh trang stic khée va tam ly ctia cac doi tuong.

e Trong lan thuc hién thir hai, d6i tugng nhanh nhat la
déi tugng s6 3 vai thai gian 1 phat 20 gidy, con doi tugng
cham nhat la d6i tugng s6 6 véi thai gian 1 phut 45 giay.
Su chénh léch nay it hon so vdi lan thi nhat, cho thay céc
déi tuong da co su cai thién trong viéc sir dung hé théng
am thanh.
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Hinh 11. Két qua thai gian di tdi dich cla 8 doi tugng

Da s8 cac doi tuong déu co thai gian di chuyén nhanh
haon trong lan thi hai so véi lan thd nhat. Ly do ¢6 thé |a
do cac d6i tuong da quen hon véi hé thong am thanh, co
kha ndng phan xa va diéu chinh huéng di chuyén tét han,
cling nhu ¢6 su tu tin, kha nang di chuyén nhanh hon va
sat vGi quy dao tinh toan hon clia d6i tugng sau khi da co
kinh nghiém. Thai gian di chuyén trung binh clia cac doi
tuong trong hai lan la 1 phut 43 giay. Day dugc danh gia
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la mét két qua kha quan, cho thay hé théng am thanh cé
kha nang giup ngudi khiém thi di chuyén mét cach hap
ly va hiéu qua.
6. KET LUAN

Bai bao da dé xuat mot thuat toan cho robot chi dan
dudng cho ngudi khiém thi s dung cac théng tin vé
hudng, vi tri cila ngudi khiém thi ma robot di dong thu
thap va tinh toan dugc. Cac két qua kiém nghiém trong
phong thi nghiém da cho thay tinh ding dan va chinh xac
cla thuat toan dugc dé xuat. Tuy nhién, két qua thuc
nghiém ciing cho thdy mét sé thach thuc. Cu thé, su
chénh léch vé thai gian hoan thanh 16 trinh gilra cac doi
tuong kha 16n, c6 thé do muic dé quen thudc véi hé théng
am thanh, kha nang tiép nhan va x{ ly théng tin, ciing
nhu tinh trang stic khée va tam ly cia cac déi tugng. Biéu
nay cho can ti€p tuc cai thién thuat todn dé hé théng c6
thé hoat déng mugt ma hon trong cac tinh huéng déi
tugng déng va ctirdéng nhanh, cung cap moét trai nghiém
t6t hon cho ngudi dung. Viéc hoan thién va kiém nghiém
hé thong robot ho trg ngudi khiém thi st dung thuat toan
dé xuat véi so6 lugng I6n cac déi tugng khiém thi sé dugc
thuc hién trong thdi gian tai.
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