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Abstract

Independent mobility is an essential part of the daily life of many visually impaired individuals. To assist them in navigation and improve
their quality of life, various designs have been developed, including portable devices such as electronic canes, navigation suitcases, and
guided robotic dogs. However, when it comes to indoor environments, constantly carrying an object alongside is not practical. Therefore,
there have been numerous studies on mobile robot systems for navigation and assistance in indoor environments. One of the requirements
for such a non-contact robot system is to determine the direction of the visually impaired individual to provide accurate assistance. This
article focuses on developing algorithms for determining the direction of the object that needs assistance in indoor environments. The object's
information is collected using a 3D camera, and then techniques such as object tracking, skeleton framework construction, and Gaussian
filtering of depth images are used to calculate the object's direction angle. The proposed algorithm was tested with a representative sample of
visually impaired individuals in a laboratory setting. The results showed high accuracy for static objects and acceptable performance for

dynamic objects. This forms the basis for applying this algorithm to mobile robot systems that assist visually impaired individuals.

Keywords: Visual Impaired, Mobile Robot, Object Tracking, Pose Estimation, Gauss Filter.

Tém tit

Viéc di chuyén doc lap 1a mot phan khong thé thiéu trong cudc song
hang ngay ctia nhidu nguoi khiém thi. Dé gitp nguoi khiém thi didu
huéng, cai thién chit luong cude séng, di co nhimg thiét ké khong
chi & dang mang theo nhur gy dién tir va vali dan duong, ché robot.
Tuy nhién, v6i moéi truong trong nha, viéc ludén phai mang theo mot
vét bén canh sé& thuc sy khong phu hop, vi thé da ¢6 nhiéu nghién
ctru vé céc 16 bét di dong didu hudng va hd tro ho trong mdi trudng
trong nha. Mot trong nhiing yéu cu cua hé thdng robot khong tiép
xuc nay la cin xac dinh huéng ciia ngudi khiém thi dé ra dugc cac
hd tro chinh x4c. Bai bao tap trung vao viéc phat trién cac thuat toan
xac dinh hudng dbi tuong cin hd tro di chuyén trong méi trudng
trong nha. Cac thong tin cua ddi trong duoc thu thap bing camera
3D, sau d6 céc k§ thuat bam ddi twong, xay dung khung xuwong két
hop véi b loc Gauss loc anh d6 sau dugc st dung d8 tinh toan ra
goc huéng ciia ddi twong. Thudt toan dé xuat da duge thir nghiém
v6i tap mau dai dién cho ngudi khiém thi trong phong thi nghiém.
Céc két qua thu duoc cho théy thuét toan dem lai d6 chinh xac cao
véi d6i tuong tinh va chép nhén duoc voi dbi tuong dong. Pay la co
sO' dé cho phép tmg dung thuat nay cho hé théng robot di dong tro
gitip ngudi khiém thi.

1. Giéi thidu

Nhing ngudi bi khuyét tat thi giac, mat kha niang cam nhan
thi giac mot phan hodc toan phan luoén dbi mat voi nhiing
thach thirc 16n trong viéc di chuyén va tuong tac trong moi
truong xung quanh. Theo T chuc y té thé gioi (WHO), trén
toan cau hién co khoang 314 tri€u nguoi mu hodc co thi luc
yéu trong d6 co khoang 45 triéu nguoi mu. Ngudi trén 50 tuéi
chiém ty 1& 80% trong sb nay, va o t61 90% nguoi mu song
0 cac nude nghéo va dang phat trlen noi ma viéc tiép can dich
vu y t& gap kho khan [1]. Do d6, vin dé hd trg ngudi khiém
thi trong cac cong viéc di chuyén sinh hoat hang ngay ludn
thu hat cac n6 lyc cua cac nha khoa hoc. Ba co nhiéu nghién
ctru d phat trién cac san pham ho trg dé gitp nguoi khiém thi
trong qua trinh di chuyén, chi yéu tap trung vao viéc thu thap
thong tin vé moi truong xung quanh va hd trg nguoi khiém thi
trong viéc ra quyét dinh di chuyén va tranh va cham véi cac
vat thé [2]. Cac cong cu nay thuong dugc phan loai thanh hai
nhom chinh la "dinh huéng" hay con goi la "tim dudng”,

nhom phat hién va tranh cac chuéng ngai vat gan do goi la “d1
chuyén” [3]. Céc cong cu nay c6 thé sir dung cong ngh¢ dinh
vi nhu GPS dé xac dinh vi tri hién tai cta nguoi khiém thi va
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cung cép hudéng dan chi tiét dé di dén duoc dich den mong
muon. Cac cong cu xur Iy anh cling duoc sir dung rat rong rai
trong viéc nhan biét moi truong xung quanh dé tir d6 dua ra
cac khuyen c4o hay chi din cho nguoi khiém thi [4], [5].
Trong nhiéu thap ky qua, gdy do duong va chd dan duong l1a
nhimg cach thirc rat phd blen ma ngudi mu di st dung dé co
thé ty di lai trong cudc song hang ngay. Vi ly do do, cac
nghién ctru cho ngudi khiém thi ciing tap trung vao xay dung
cac loai gdy dan duong dién tir hodc robot ché dan dudng [6-
8]. Gay din dudng cung cap cho nguoi ding thong tin vé moi
trudng xung quanh thong qua gidc quan xuc giac, gitp ho
kham pha va phat hién cac chudng ngai vat trén mat dat nhu
d6 dac, bac thang, ...[6], [7]. Cho dan dudng c6 kha ning
huéng dan con ngudi di qua cac khong gian hep va 1on xon,
mang lai loi ich 16n cho ngudi khiém thi [8]. Céc san pham
trén hau hét chi xét dén twong tac mot chiéu gitra dbi trong va
robot, nghia 1a robot chu yéu do ludng va thu thap cac thong
tin moi truong ma khong thu thap thong tin cia ddi tuong.
Thém vao dé, cac nghién ctru va san phim hién c6 dbi véi
ngudi khiém thi trong viée di chuyén thuong yéu cu nguoi
dung phai twong tac voi thiét bi d6 nhu mang theo céc thiét bi
cam nam cac thiét bi. Dleu nay tao ra kho khan cho nguoi
khiém thi trong cudc sdng hang ngay, dic biét la trong moi
truong trong nha [9], [10]. Thém vao do, cac dbi tuong khac
khi di chuyen trong cung mot khong gian v6i ngudi khiém thi
cling c6 thé bi can tro boi cac thiét bi nay.

Robot di dong v6i cac trang bi cam bién can thiét ngay nay co
thé di chuyén moi vi tri trong moi trrong hoat dong ctia no, ty
xéc dinh vi tri va 1ap ké hoach di giita cac vi tri bang thuat
toan SLAM (Simultaneous Localization And Mapping) [11].
Robot di dong c6 thé thu thp thong tin khong chi vé moi
treong xung quanh ma con vé cac dbi tuong, tir d6 cung cap
cac chi dan nhanh chong va chinh x4c, huéng dan nguoi
khiém thi didu hudng va twong tic v&i cac vat thé trong
khoang cach nho, dap ing mot cach linh hoat. Robot di dong
vi vay c6 the cung cap hudng dan chi tiét cho ngudi khiém
thi, bao gdom thong bao khi can & trai hodc r& phai, va dua ra
chi dan dén cac dia diém cu thé [12]. Céc két qua nghién ciru
va thir nghiém da cho thdy robot diéu huéng di dong c6 kha
ning hd tro hiéu qua cho viéc di chuyén doc 1ap cua nguoi
khiém thj trong mi truong thuc té [13]. Tuy nhién, twong tu
nhu gdy dién tir va ché robot, nguoi dung can tuong tac truc
tiép v6i robot di dong dé nhan dwoc sy trg gitp. Didu nay
trong nhiéu truong hop gay chiém dung khong gian va can tro
su di chuyén cua cic dbi twong khac trong cling mot khong
gian hoat dong.

Pé khic phuc nhuge diém néi trén ctia hé théng robot d1 dong
hd tro nguorl khiém thi, mot hé théng khong yéu cau tlep xuc
truc tiép gilra robot va nguoi dung can dugc phat trién. Va
trong hé thdng nay twong tac hai chidu giita robot va ngudi
khiém thi cn phai dwoc thiét 1ap. Robot huéng dan ngudi di
chuyen ddng thoi phai nim dugc phuong hudng di chuyén
thuc t& cua ngudi khiém thi.

Bai bao nay tap trung vao viéc xac dinh vi tri va phuong
hudng di chuyén thyc té cua ngudi khiém thi sir dung camera
3D va cac k¥ thuat xtr Iy anh. Thém vao d6, dé nang cao chat
lugng tin higu phan hoi hinh anh va hudng ciia ngudi khiém
thi, nhom nghién ciru da stir dung mot phuong phéap két hop
gitra bg loc Gauss cho anh d¢ sau va thuat toan udc tinh hudng
di chuyén. Viéc sir dung bd loc Gauss gitip tang tinh dong nhat
clia tin higu d6 sau dong thoi giam thiéu nhiéu va thong tin

khong can thiét. Tiép theo, thuat toan udc tinh huong di
chuyen dugc ap dung dé xac dinh hudng ctia ngudi khiém thi
phan h01 trang thai dap (mg cua ddi tuong vdi cac lénh chi dan
yéu cau tir robot. Nghién ctru ciing da tién hanh cac thir
nghiém va danh gia hiéu qua ciia phuong phap duoc dé xuat
trén mot s6 tap mau dai dién cho nguoi khiém thi tai phong
thi nghi¢m.

Bai bao dugc cdu tric thanh cic phan chinh nhu sau: Phan
mot trinh bay tong quan vé ndi dung nghién ctru, gisi thiéu
muc tiéu va pham vi ciia nghién ctru. Phan hai trinh bay cau
tric phan ctmg va phan mém cho robot di dong. Phan ba trinh
thuét toan xac dinh hudng ciia ddi tuong. Phan bon trinh bay
cac két qua thuc nghiém voi tap mau. Cudi cung, phan nim la
két luan, tong hop lai cac két qua va nhan manh dong gop va
han ché ciia nghién ctru, dong thoi dé xuat hudng phat trién
trong tuong lai.

2. H¢ théng robot tro gitip nguoi khiém thi

2.1. CAu hinh phin cirng

Micro thu am

|

Raspberry Pi 4B

Coral USB Camera do dg sau

Pin

Méy quét Lidar 2D Raspberry Pi 4B Robot 4 banh mecanum

|

Loa

Hinh 1. Hinh anh va c4u triic phan cimg ciia Mobile Robot.

Robot di dong duge phat trién trong nghién ctru nay 1a robot
di dong 4 banh mecanum véi ciu hinh bao gdom cac thiét bi
chinh nhu Hinh 1. Trong d6, phan cting dugc st dung dé phan
ho6i nhan dién ddi tuong 1a camera 3D c6 kha nang chup énh
va xac dinh do sdu cta anh dugc phat trién bai cong ty Orbbec.
Ngoai ra céc thiét bi khac nhu 4 dong co cing driver duogc
trang bi cho 4 bAnh mecanum cho phep robot cé thé di chuyén
trong moi trudong lam viée cua robot. Cam bién lidar 2D cho
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phép thu thap thong tin khodng cach tur robot tdi cac diém
trong moi truong xung quanh robot. Cac thong tin nay s€ duoc
sir dung dé thyc hién céc thuat toan SLAM cho robot. Robot
dugc diéu khién boi bo diéu khién trung tam 1a 02 méy tinh
Rasberry Pi IV. Ngoai ra Coral USB dugc sir dung dé ting toc
cac tac vu xur ly anh, dam bao cac tac vu xtr Iy anh c6 thé thuc
hién theo thoi gian thuc. Céc thiét bi nhu loa hay micro ciing
dugc trang bi cho robot cho phép ngudi khiém thi va robot co
thé giao tiép véi nhau qua phuong tiém am thanh.

2.2. Nén tang phin mém

Trong nghién ctru nay, ROS (Robot Operating System) duoc
sir dung dé nghién ctru moi truong va khong gian lam viée cua
robot [14]. ROS 1& mot phin mém ma nguén mo phé bién
trong linh vuc robot va tu ddng hoa, cung cap cac cong cu,
thu vién va hé thong dé phat trién, kiém thir va didu khién
robot. Cac goi phan mém SLAM c6 san trong ROS [15] dugc
sir dung dé xac dinh vi tri ctia robot, ciing nhu xdy dung ban
dd ciia moi truong xung quanh. Thong tin nay rit quan trong
trong viéc diéu hudng va diéu khién robot trong mdi truong
khong gian phuc tap.

Trong nghién ctru nay, mot thu vién ma nguén mé khac 1a
OpenCV [16] ciing dugc sir dung cho xir 1y anh va thi giac
may tinh. M6 hinh MoveNet hiéu suét cao [17] duoc sir dung
dé phat hién va theo ddi cac diém dic trung (keypoint) trén co
thé nguoi.

May quét

Lidar 2D Micro thu dm Camera
o \au dinh
Tao ban db doi twong
va duomg di OpenCV
E— b 3171}

::ROS

-\m thanh

dieu hudng

i Diéu khién
robot

Hinh 2. Nén tang phdn mém.

2.3. Nguyén ly lam viéc ciia hé thong robot

Robot di dong sé& di chuyén trong méi trudng hoat dong dé
dung 1én ban db ctia mdi truong hoat dong. Khi dwoc yéu cau
dua nguoi khiém thi dén mot vi tri nao do trong moi truong
hoat dong, robot sé xay dung qu¥ dao di chuyén tur vi tri hién
tai dén vi tri dich va bat dau di chuyén dong thoi hudéng dan
hay diéu huéng nguoi khiém thi di theo quy dao da dugc xay
dung. Viéc diéu huéng nguoi khiém thi s& duoc thuc hién
bang viéc phat ra cac chi thi di chuyén thich hop duéi dang
am thanh (di théng, dung, 1éch trai, 1éch phai, quay trai, quay
phai) dwa vao vi tri tuong di gitra ngudi va robot va quan
trong nhét 1a huéng di chuyén hién tai cua nguoi khlem thi.
Pé diéu hudng dbi tuong, viéc xac dinh thong tin vé huéng
va vi tri hién tai cla déi tugng so vdi robot 1a can thiét va 1énh

diéu hudng phu thudc vao thong tin nay cia abi tuong.
Trong nghién ctru nay, khong gian lam viéc dugc chia lam 3
vung nhu trong Hinh 3:
=  Vung l: Khoang céach gilta ngudi va robot <1m, robot
s& ra tin hiéu cho ngudi dimg lai, robot tiép tuc di
= Vung 2: Khoang cach gilta ngudi va robot >2m, robot
s& dimg lai, ngudi di tiép
*  Vung 3: Trong pham vi 1-2m tinh tir camera {C} nguoi
s& duogc didu hudng.

d
A -
o

Xc ] 03m

Zm lm 1}

-0.3m

Hinh 3. Viing diéu hudng.

Trong hinh 3, {Cx.y .z} la h¢ toa d cua robot (camera), d
1a véc to hinh chiéu cia véc to huong cua dbi twong 1én mat
phing XZ, va a 1a goc hudng cua dbi tuong.

Khi dbi tuong ¢ trong ving diéu hudng thi cac chi thi dinh
huéng sé dua vao hudng ciia ddi twong nhu trong Hinh 4.

A Di thang
A Léch trai
A Léch phai
A Quay trai
/;\\ Quay phai

Quay nguoc lai

Hinh 4. Viing diéu hudng.

Nhu vay dé robot ra chi thi diéu hudng mot ddi tugng, robot
can thu thap thong tin vé vi tri va huéng cua ddi tuong do.
Thong qua viéc tinh toan chinh xac gbc quay ctia nguoi, robot
¢6 thé didu huéng mot cach chinh xac va nhan biét muc do
tuan tha cac 1énh diéu hudng tir d6i twong.

3. Thuat toan xac dinh hudng ctia nguoi so voi
robot

Qué trinh x4c dinh hudng di chuyén cia dbi twong bao gom
viéc phat hién va nhan dang hinh dang dbi tugng (nguoi) trong
hinh anh hoac video. Khi vi tri da dugc xac dinh trong khung
hinh, budc tiép theo 1a xac dinh cac diém dic trung trén co thé
nguoi dé tir do co thé tinh toan hudng di chuyén. Dé xac dinh
dugc toa do cua cac diém dic trung trong hé toa d¢ robot, ta
can két hop anh tir camera thudng va anh tir camera chiéu sdu.
Bo loc Gauss dugc dé xuat dé cai thién chit lugng xtr Iy anh
chiéu sau. Bing cach theo ddi su thay doi vi tri cia cac diém
dic trung nay theo thoi gian, chung ta c6 thé tinh toan va xéac
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dinh huéng di chuyén ciia ngudi. Ciu tric qua trinh x4c dinh
hudéng dugc dé xuat nhu trong Hinh 5.

Anh mau Anh Depth
Hudéng déi
5 tuong
®
Nhé&n dién
déi twgng § u
) @
Co
Toa do hoa 4
Kh uwo "
e TR diém quan
£ tam
=
I|E )
4 diém M M B& loc Gauss

Hinh 5. So db cu tric qué trinh x4c dinh hudng dé xuit.
3.1. Thuit toan nhan dién va bam d6i twong

Trong nghién ctru nay st dung thuat toan MOSSE (Minimum
Output Sum of Squared Error) 1a mot phuong phap dé theo
ddi cac ddi tugng trong video [18]. Thuat ton nay tap trung
vao viée xac dinh vi tri cua mot déi tuong bﬁng cach str dung
b loc tuyén tinh. Y tudng co ban cia thuat toan ap dung 1a
hudn luyén mot bo loc t6i wu dé phan anh dic diém cy thé cua
déi twong muc tiéu

Tracking

Hinh 6. Xac dinh d6i tuong bang thudt toan MOSSE.

Két qua thuc nghiém ap dung MOSSE cho ddi tugng thi
nghiém nhu Hinh 6. Dé lam diéu nay, thuat toan sir dung k¥
thuat t6i wu hoa dé diéu chinh cac trong s6 ctia bo loc sao cho
tong binh phuong sai s6 dau ra 1a nho nhét khi ap dung bé loc
d6 1én cac khung hinh trong video. Mot wu diém cua viéc ap
dung thuat toan MOSSE la tde do xu ly nhanh do str dung bo
loc tuyén tinh va k¥ thuét t&i wu hoa hiéu qua.

3.2. Thuit toan xac dinh khung xwong ddi twgng

Dé xac dinh khung xuong ctia ddi twong, nghién ctru st dung
MoveNet, mét trong nhing thuat toan xac dinh tu thé (pose
estimation) tién tién sir dung deep learning, dwgc phat trién
boi Google Research [19]. MoveNet duoc thiét ké dé wdc
lwong vi tri cta cac diém quan trong (keypoint) trén co thé
nguoi tu dit liu video hodc hinh anh. MoveNet sir dung mo6
hinh neural network dé dy doan vi tri cua cac diém quan trong
trén co thé nhu mat, muii, dau vai, cd tay, va dau g0i. Thay vi
su dung cac mo hinh phuc tap, MoveNet tap trung vao viéc
t61 uu hoa hiéu suit va tbe do, dic biét 1a khi dugc trién khai
trén céc thiét bi co tai nguyén han ché nhu dién thoai di dong.
Két qua sir dung MoveNet cho ddi tugng thi nghiém nhw Hinh
7, cho ta 17 diém quan trong trén co thé nguoi. Mot trong
nhitng diém manh cia MoveNet 1a kha nang hoat dong véi toc
d6 nhanh va hiéu suét tt trong viéc udc lugng tu thé trén
video thoi gian thyc hoac anh tinh. Tuy nhién, nhu cac thuat
toan xac dinh tu thé khac, MoveNet c6 thé gap khé khin trong
viéc nhéan dién tu thé chinh xac néu d6i twong bi che khuat,
qué xa hodc gbéc nhin khong tdt [20].

0.Miii (Nose)

1.Mét tréi (Left Eye)

2.Mat phai (Right Eye)

3.Tai tréi (Left Ear)

4.Tai phai (Right Ear)

5.Vai trai (Left Shoulder)

6.Vai phai (Right Shoulder)
7.Khuyu tay trai (Left Elbow)
8.Khuyu tay phai (Right Elbow)
9.Cé tay trai (Left Wrist)

10.C4 tay phai (Right Wrist)
11.Hong tréi (Left Hip)

12.Héng phai (Right Hip)
13.Dau gbi trai (Left Knee)
14.Dau gbi phai (Right Knee)
15.Mat ca chan tréi (Left Ankle)
16.Mat ca chan phai (Right Ankle)

Hinh 7. 17 diém quan trong trén co thé ngudi trén MoveNet.

3.3. Xac dinh huéng ciia ngudi sir dung 4 diém quan trong
tir khung xwong

Viéc xac dinh hudng di cia mot nguoi dua trén vi tri va hudng
clia cac diém thuong 1a mot bai toan phc tap trong linh vuc
thi gidc mdy tinh va xtr Iy anh. Diéu nay phu thudc rat 16n vao
s6 lugng diém va cach lya chon, c6 thé thay déi tity thudc vao
phwong phép cu thé va muc dich img dung. Viéc 1y 3 diém
(hai vai va mét diém trong tdm) méc du ¢6 thé xac dinh dwoc
anh 2D, tuy nhién co6 thé chwa di dé xac dinh huéng di chinh
xac trong mot s6 trudng hop. Vi du, néu ching ta gia dinh
rang ngudi di chuyén theo mit phing ngang, ta c6 thé sir dung
3 diém dé x4c dinh hudéng di chuyén. Diém & than c6 thé dai
dién cho trong tam cua than, va viéc theo doi sy thay ddi vi tri
cta cac diém vai va diém than c6 thé dan dén viéc xac dinh
huéng di chuyén.

Tuy nhién, trong mot s6 truong hop phirc tap hon, vi du nhu
khi nguoi di chuyén trong khong gian 3D hodc c6 cac thay doi
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huong di, viée st dung 4 diém trén co thé gitp theo doi
chuyén dong cua vai va hong cung mot luc, tir d6 cung cap
thong tin chi tiét vé cach ma co thé di chuyen va xoay. Diéu
nay dic biét hitu ich trong cac tinh hudng phirc tap nhu di
chuyén trong khong gian 3D hodc khi ¢6 cac 1& nhanh trong
huéng di.

A(Xg,Ya,24) Blxs, ¥s,25) Xc
d
d |«
Clxc, e, 2c) D(xp,¥p,2p) zz (G

Hinh 8. Toa d6 hoa 4 diém quan tam.

Mat khac véi viée st dung tir 5 diém tré 1én trong viée xéac
dinh huéng di ctia co thé c6 thé gitip x4c dinh chinh x4c hudng
di chuyén cua nguoi hon trong mot sé truong hop. Nhung
diém cua viée str dung tir 5 diém tré 1én 1 ting phirc tap va
ton thoi gian trong qua trinh thu thap di liéu va xu 1y dit liéu
ddc biét voi viée sir dung Raspberry.

Trong nghién ctru nay, ching t61 dé xuit mot phuong an sir
dung bon diém it di chuyén cua than trén nhu trong Hinh 8.
Céc diémA, B, C,D tuong trng véi cac diém 5,6, 11, 12 trong
Hinh 7 14n luot 1a cac toa dd vai trai, vai phai, hong trai, hong
phai. Khi di xac dinh duoc 4 diém dic trung trén co thé thong
qua xac dinh tu thé, viéc toa do hoa cac diém nay la qua trinh
quan trong dé thu dugc thong tin vé huéng di chuyén. Toa do
hoa 4 diém dac trung nay dat nén moéng cho viéc tao ra mot
véc to hudng. Bang viée xac dinh duoc toa do 4 diém A, B,
C, D,
duoc xac dinh mot cach dé dang vi 1a hinh chiéu ciia véc to d
trén mat phang Oxz voi d = AD x BC.

a/ Xdc dinh toa do cdc diém trong khéng gian sir dung camera
chiéu sdu

véc to goc hudng ciia ngudi so v4i camera d’ ¢6 thé

O day, can xéc dinh toa do vi tri P (trong vi du Hinh 9) trong
hé toa d6 3D véi tam dat tai vi tri dat camera c6 thong sb trong
Bang 1 va Bang 2. o

Béng 1. Thong so Camera Astra S.

X
u f. v ¢ O
lel=10 7, o of [Fe Te]|¥
¢ 1 - y Y 01x3 1 VA )
0 0 1 0 1
u fx 0 O] [X
Z, [v]: 0 f, ¢ |Y )
1 | o 1117
Zeo U — Cy. Z
X fx
Y| = Z:.V — Cy'ZC (3)
VA fy
5 Z;

Phép chiéu (1) dugc sir dung dé anh xa tir toa d6 khong gian
sang toa do khung anh. Gia sir camera khong bi quay hay tinh
tién ta dugc (2). Sir dung (3) ta c6 thé tinh dugc toa do vi tri
quan tdim [X Y Z ]" mot cach chinh xac. Nhung bén canh
do van con nhiéu nhu nhiéu hinh anh boi cac diém anh khong
mong mudn hozc nhidu c6 thé xuat hién trong hinh anh tir
camera do siu. Diéu nay cé thé do nhiéu dién tir, nhidu tin
hiéu hoidc do nhidu quang hoc, cac yéu td d6 anh huong dén
két qua 1am viéc nén chung toi dé xuat két hop bo loc & phan
tiép theo.

—-"”:
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I RSN EES
E.-. [y
- 1! Xi Sy
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Hinh 9. Chuyén dbi toa d6 so v6i khung camera.

Bang 2. Céc thong sé khung chuyén dbi.

Product Name Astra S
Range 0.4m-2m
FOV  60°H x 49.5°V x 73°D

Size  165mm x 30mm x 40mm
640 x 480 @30fps
640 x 480 @30fps
+/-1-3mm @l m

RGB Image Resolution

Depth Image Resolution

Accuracy

Trong hé truc toa d6 thuan nhat (homogeneous coordinates),
vécto [u v 1] duoc st dung dé thé hién vi tri diém 2D
trong h¢ toa d¢ khung anh (image coordiante system),
[X Y Z 1] dugc sit dung dé thé hién vi tri diém 3D
trong toa d§ khong gian. Khi do mbi quan hé cua hai toa do
nay nhu sau (v6i z. 1a thong sb d6 sau cua anh lay tir camera
do6 sau):

H Kich thudc chiéu doc pixel ciia khung anh

W Kich thudc chidu ngang pixel cua khung anh
u, v Toa df trong hé toa do anh

z, z, = Z (hién tai)

fx  Tiéu cu theo Ox

fy Ti€ucy theo Oy

¢x,¢y, Toadd tdm cua khung anh trong trong h¢ toa
d6 anh
X,Y,Z Toadd vitri trong khong gian

b/ Xay dung bo loc Gauss cho anh d¢ sdu

Nhidu xut hién trong qué trinh tinh toan do sau nay la diéu
khong tranh khoi. Do vdy, dé ting d6 chinh x4c trong qué trinh
su dung dir li€u tir camera do sau dé xac dinh hudng cia nguoi
so v&i camera, ching toi dé xudt sir dung bd loc Gauss [21].

Y tuong chung 1a gia tri mdi diém anh s& phu thudc nh1eu vao
cac diém anh & gan hon la cac diém anh & xa. Trong so clia sy
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phu thude dugce léy theo ham Gauss (ciing dugc str dung trong
quy luat phan phdi chuan) [22]. Viéc loc anh dya trén ham
phan phdi Gauss hai chiéu biéu dién dudi dang:
1 _miin?®

hlm,n) = og2® )
v6i o 1a d6 1éch chuan cua phan bb Gauss.
Khi d6 gia tri cac diém anh dau ra g[i, j] sé& duogc tinh bang
tich chap gitra cac diém anh dau vao f[i, j] va ham phan phbi
Gauss c6 kich thudc [x, y] nhu sau:

X! y
z fli = mj=nlhfmn]

glijl = )

m=—-x/ n=-y/

hay

x' y'
o 1 _mZ+n?
g[l,J]=27w2 Z Z e 20 f

m=-x"n=-y'

[l - m,j—n]

(6)
v6ix’ va y’ 1a phan nguyén cua x/2 va y/2.
Két qua thyc nghiém sir dung Gauss ap dung cho viéc nhan
dang ngudi khiém thi nhu Hinh 10. C6 thé thdy véi viée sir
dung b0 loc Gauss cho anh dd sau la c6 hi€u qua, dam bao
loai boé nhitng map mé hay nép gip do quan 4o, nhiu anh
hudng t6i tinh toan toa do cac diém quan tim trén anh.

P

Nhi¥ng vj tri khéng
thé xéc dinh d9 séu

Trwée

‘Sau

Hinh 10. So sanh trudc va sau khi dung b6 loc Gauss.
4. Danh gia thuc nghi¢m

4.1. Mé ta thuc nghiém

Dé kiém tra cac dé xuét vé viéc nhan dang va xac dinh huéng
ctia ngudi khiém thi, mot mo hinh thyc nghiém da duoc thiét
1ap. Trong md hinh nay, robot dugc trang bi mdt camera Astra
S dat trén robot c6 kha nang do khoang céach trong pham vi
0,4-2 m. B phan giai anh mau va anh d¢ sau la 640 x 480 /
30fps. Sai sb clia camera trong khoang +(1-3mm)/1m.

Dé kiém nghiém do chinh xéac ciia thuat toan chung t6i dua ra
kich ban thyc nghiém vdi nhitng goéc do khac nhau. Cac goc
dugc sir dung 15°, 309, 45° va goc 70° nhu Hinh 11. D6 tuong
dung cach camera 1,5m véi cac hudéng khac nhau. Kiém
nghiém thuc hién véi hai kich ban. Trong kich ban 1, cac ddi
tuong tham gia do goc ¢ chidu cao khac nhau. Trong kich
ban 2, ddi twong xoay nguoi tir tir voi toe d6 7,5 do/ giay.

Camera
Goéc 15°
Géce 30°
Goc 45°
. d=15m

Al ol

Hinh 11. Anh setup kiém nghiém trén phong thi nghi¢m.
4.2. Két qua danh gia thwe nghiém

Kich bdn 1: Ap dung cho cic d6i twong c6 chidu cao khac
nhau dimg c¢6 dinh va dugc tién hanh theo cac budc sau:
Bude 1: Véi cac goc da duge thibt 1ap sdn: 0°, 15°, 309, 45°,
70°, cho dbi twong dimg c6 hudng trung véi hudng cua cac
vach gobc.

Bude 2: Str dung camera dé do goc ctia ngudi so v6i camera.
Két qua thu dugc cho timg truong hop ddi twong ¢ chiéu cao
khéc nhau duogc trinh bay trong Hinh 12.

Kich ban 1 dwoc thyc hién lap di 1ap lai nhidu lan cho ba ddi
tuong sau d6 1ay két qua trung binh ta thu dwoc két qua thuc
nghiém nhu trong Hinh 13. C6 thé thay thuét toan c¢6 d chinh
xéac kha cao (sai s6 <5%), va sai léch giita cac déi twong 1a
khong 16n. Didu d6 cho thay thuat toan dé xuét c6 thé ap dung
v6i cac dbi tugng c6 chiéu cao phd thong trong thuc té.

160cm

170cm

Hinh 12. Thiét 1ap thuc nghiém xéc dinh hudng trén 3 déi tugng c6 chiéu cao khac nhau.
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Ciéc treong hop do (d6)

B Ngudi cao 160cm B Nguoi cao 186cm
Hinh 13. Két qua thyc nghiém déi tuong ding cb dinh.

= Ngudi cao 170cm

Kich béin 2: Ap dung cho d6i twong dich chuyén quay

Buée 1: Di tuong ¢b chidu cao 1m60 quay tir goc ban dau 0°
dén goc cudi cung 1a 30° ddng thoi ghi lai thoi gian cua dbi
tugng bang cach sir dung dong hd bdm gid dé xac dinh thoi
gian tai cac vi tri 0 d9, 15 d6 va 30 do.

Buée 2: Camera ghi hinh d6i twong va thuét toan xac dinh
huodng tinh toan goc clia nguodi so voi camera.

Két qua thyc nghiém dugc biéu dién trong Hinh 14 va Hinh
15. Két qua thuc nghiém cho thay véi toc d6 di chuyén trung
binh ctia ddi tuong thi thuat toan dé xuat van dam bao xac
dinh dugc goc quay cua dbi twong. Tuy két qua c6 do chinh
xéc chua cao do sai s6 ctia camera va nhiéu tir qué trinh quay
khong thé chinh xéc lya chon diém, nhung trong khoang thoi
gian ngén, két qua thu dwoc van dang tin cdy va & mirc chinh
xéc chap nhan dugc cho tng dung hd trg nguoi khiém thi.

Hinh 14. Géc quay theo céc hudng tir 0°dén 30°.

Po thuin
80
70
60
50
40
30
20

Goc (dg )

0 2 4 ] 8 10 12

Thei gian (s)

—8—Goc do duge  —®—Goc quay

Hinh 15. Két qua thuc nghiém déi twong quay.

Céc thi nghiém véi truong hop khoang cach giita dbi twong
va camera la 1,2 m va 1,8 m cling da duogc tién hanh va cac
két qua thu dugc ciing c6 do chinh xac twong tw nhu trudng
hop khoang céch 1a 1,5 m. Ngoai ra, cac thi nghiém v6i trudong
hop dbi trong khong ndm gitra khung hinh ciing da dwoc tién
hanh va két qua thu dugc twong ty nhu trudng hop ddi twong
¢ chinh gitra khung hinh.

khiém thi ‘trong hé thdng robot di dong tro giup di chuyén
ngudi khiém thi. Thuat toan da tich hop cac cong nghé xu Iy
anh tién tién bao gdbm nhén dién va bam dbi tuong, xac dinh
khung xuong dbi tuong, két hop sir dung bo loc Gauss dé ting
chat lwong anh chiéu sau tir d6 tinh goc giita camera va ngudi
khiém thi sir dung 4 diém quan tim 1a vai trai, vai phai, héng
trai, hong phai. Két qua thuc nghiém cho thay dbi véi cac dbi
tuong dimg c¢b dinh, thuat toan cho két qua chinh xac véi sai
s6 dudi 5%. V6i céc thi nghiém cho ddi tuong di chuyén véi
toc do trung binh phu hop voi téc d6 di chuyén cua nguoi
khiém thi, két qua ciing la chap nhan duoc cho yéu cau cua
thudt toan tro gitip di chuyén. Cac két qua thuc nghiém tién
hanh trong phong thi nghiém da chimg minh tinh dung dén va
chinh x4c cua thuat toan dugc dé xuit. Thém vao do, cac thiét
bi str dung déu c6 chi phi thap htra hen kha ning thuong mai
hoéa cao.

Trong tuong lai, cac tac gia dé ra muc tiéu 1a cai thién thuat
toan cho két qua chinh xac hon trong cac tinh hudng ddi tuong
dong va cir dong nhanh. Piéu nay s& cung cip mot trai nghiém
t6t hon cho ngudi dung. Viée hoan thién va kiém nghiém hé
thdng robot trg gitp nguoi khiém thi st dung thuat toan dé
xudt trong bai bao ndy ciing s& duoc hoan thanh trong thoi
gian tai.
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