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Tém tat: Bai bao nay trinh bay mot phuong phap
phat hi¢n va ude lugng khodang cach vat can su
dyng camera duy nhit gin trén robot ung dung
trong trg gitup dan duong cho ngudi khiém thi. Vi
vat can tinh it di chuyén vi tri trong moi truong,
chung t61 Iuu trit thong tin vé loai vat can, vi tri va
hinh anh cua vét can vao CSDL. Trong qué trinh di
chuyén, chung t6i thuc hién ddi sanh nhanh quan
sat hién tai voi quan sat tuong ung dugc xac dinh
boi giai thuat dinh vi [1]. Sau d6 sy ¢6 mt cua vat
can tai quan sat trong CSDL s& duogc kiém tra va
xac dinh vi tri trong quan sat hién tai. Voi vat can
dong, cu thé 1a nguoi di chuyén, ching toi sir dung
giai thuat HOG-SVM 1a mot bo phat hién nguoi
hiéu qua dé xuét bai Dalal va cac cong su [2]. Viée
udc lugng khoang cach tir camera toi vat can chi
su dung mot camera RGB 12 m{t bai toan khong
don glan Trong bai bdo nay, ching t6i dé xuit giai
phap xdy dung ban do chénh l¢ch tr quan sat hién
tai va quan sat trude do dé udc luong khoang cach
twrong ddi tur vat can toi robot. Cac két qua thyc
nghiém duoc tlen hanh khi camera di chuyen trén
hanh lang ¢6 chiéu dai 60 m trong cac diéu kién
chiéu sang khac nhau cho thiy phuo*ng phéap phat
hién va uoc lugng khoang cach vat can dé xuét 1a
phu hop, gitp cho nguoi khiém thi ¢ thé nhan biét
va tranh duoc cac vat can nguy hiém trong khi di
chuyén.
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I. GIOI THIEU

Phat hién va uéc lugng khoang cach vat can la
mot chii dé thu hiit su quan tim clia c4c nha khoa
hoc trong thdi gian dai bdi y nghia va tinh dng
dung clia né trong cac bai toan dan dudng tranh
vat can cho robot, xe ty hanh. Pa cé rat nhiéu
phuong phap dé xuét st dung cong nghé khac
nhau nhu GPS, LIDAR, RFID, Camera nhim tang
dd chinh xdc phat hién, gidm do sai s6 udc luong
va thoi gian tinh toan.

Muc tiéu cua ching t6i la nghién cttu va phat
trién hé thdng robot thong minh di dong, c6 kha
ning trg giip din dudng cho ngudi khiém thi
(NKT) trong mdi truong trong nha. Cac nghién
ctfu lién quan dén viéc biéu dién moi trusng, dinh
vi, dan huéng da dudc trinh bay trong céc bai bdo
truGe cda ching t6i [1]. Trong bai bao nay, ching
toi trinh bay mdt phuong phap phat hién va udc
luong khoang cach vat cin nham hoan thién hé
thong cubi cung 12 din dudng va canh bdo vt
can. Phuong phap ma ching tdi dé xuét chi st
dung mot camera RGB duy nhit gin trén robot.
Hinh 4anh thu nhin dudc tif camera sé dudc ddi
sanh dé€ xac dinh vi tri cta robot trén ban do, sau
d6 xdc dinh su c6 mit clia vat can. D€ udc lugng
khoang cach tir vat can dén ddi tuong, ching toi
dé xuét gidi phap st dung hai khung nhin cta
camera ¢ hai thoi diém khac nhau dé€ xay dung
ban d6 chénh léch, tit d6 udc luong do siu clia
vat can.

II. CAC NGHIEN CUU LIEN QUAN

Trong phan nay, ching tdi trinh bay mot sb
nghién ciu lién quan dén phat hién va uéc lugng
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khoang cach vat can trong ung dung dan dudng
cho robot. Cac hudng tiép cin dudc chia thanh
ba nhém chinh: (i) s& dung Ol camera ; (i) su
dung camera kép (camera-stereo); (iii) st dung
cam bién anh va do sau (RGB-D).

1) Hudng tiép cdn sit dung 01 camera: Hudng
tiép can st dung 01 camera kha phu hop véi bai
to4an phat hién d6i tuong dong va tinh. Tuy nhién
viéc st dung chi mdt camera gdp kho khén trong
viéc du doan khoang cach vat can. Jeongdae Kim
2012 [3] st dung 01 camera xdy dung ban do
chénh léch nham phat hién ngudi di chuyén trong
moi trudng bang cich du dodn chuyén dong cia
cac vung phat hién dudc (Block-Based Motion
Estimation). Taylor 2004 [4] dé xuAt phuong phap
ROP (Radial Obstacle Profile) xiy dung ban dd
vat can st dung 01 camera nham xac dinh pham
vi vat can gin nhét trong bat ky huéng nao khi
robot di chuyén. Erik Einhorn 2009 [5] trinh bay
phuong phap st dung cac dac trung SIFT, SURF
bat bién v6i cac phép bién d6i két hop véi bo loc
kalman mé rong (EKF) xt ly mot chudi cac hinh
anh chup bang may anh duy nhét dudc gan & phia
trude ctia mot robot di dong nham tdi tao lai moi
truong phuc vu cho bai toan phat hién ddi tuong.

2) Hudng tiép cdn sit dung camera kép:
Camera kép (camera-stereo) la thiét bi chuyén
dung cho cédc bai toan lién quan dén viéc udc
lugng khoang cach. Piém manh cta loai thiét bi
nay la kha nang tai tao chinh xac khong gian 3D
trén ban dd chénh léch cac diém anh. Tuy nhién
day 1a thiét bi gia thanh cao, viéc hiéu chinh tuong
dbi phiic tap.

Lazaros Nalpantidis 2009 [6] trinh bay thuat
toan ra quyét dinh (Decision Making) tranh vat
can dva vao thong tin hinh anh thu nhan tu
camera-stereo. Ming Bai 2010 [7] trinh bay
phuong phap phat hién vat can cho phép robot
tim dudng an toan trong cdc tinh hubng phiic
tap st dung thong tin hinh anh dugc thu thap
tu camera-stereo. Rostam Affendi Hamzah 2011
[8] st dung phuong phap xdy dung ban do chénh
léch tir hai quan sat nham wéc luong khoang cach
vat can phia truée giup robot tranh dugc va cham
khi di chuyén. Lagisetty 2013 [9] d& xuit phuong
phap phat hién va tranh vat can stt dung camera-
stereo gan trén robot di dong trong moi trudng cé
cAu tric nhiam gidi quyét 02 bai todn co ban la
xac dinh vi tri, huéng cua robot va xac dinh kich
thude, hinh dang, khoang cach pham vi cia vat
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can cé trong moi trudng.

3) Hudng tiép cdn sit dung cam bién hinh dnh
dé sdu (RGB-D): Cic cam bién cung cip hinh
anh va do sau nhu Microsoft Kinect ¢6 gia thanh
ré dang dudc st dung rt rong rii trong cic ung
dung giai tri va nghién cttu. Cic cam bién nay
thuong dugc ap dung cho modi trudng trong nha.
Khi 6 ngoai trdi c¢6 anh sang ty nhién (hanh lang)
thi thiét bi nay khong thich hop.

Diogo Santos 2012 [10] dé xuit phuong phap
nhan dang cic ciu triic khic nhau ctia mdi trudng
trong nha (con dudng phia trudc, bén phai, bén
trai) st dung k§ thuit mang neuron nhan tao trén
dit liéu hinh 4nh va do sau thu dudc tif cAm bién
Kinect. Sharon Nissimov 2015 [11] d& xuit mo
hinh xe gan cam bién Kinect dé phat hién vat can
phia trudc st dung dong bd thong tin mau (RGB)
va do sau (Depth). Viéc quyét dinh ving chifa vat
can dudc thuc hién bing cach si dung thong tin
cuong do diém 4nh nam trong viung do dbc xic
dinh so v6i cac di€m éanh 1an can. Brian Peasley
2013 [12] trinh bay phucong phéap phat hién vat
can st dung cam bién Kinect bang cich chiéu
cic diém anh 3D 1én mit phang nhim xdy dung
mot ban do 2D cho phép xac dinh xem c6 ton
tai vat can trong moi trudng. Sau d6 van toc tinh
tién va quay cla robot dudc hiéu chinh dé robot
c6 thé tranh dugc vat can. Cac thi nghiém véi
nhiéu kich ban trong nha bao gdm cic vit cin cb
dinh va di chuyén vé6i do cao khac nhau, dic biét
hé théng khong phu thudc nhiéu vao diéu kién
moi trudng nhu anh sang va hoat dong trong thdi
gian thyc.

Cén cu vao cac phan tich danh gid phia trén,
trong ngit canh trg gitip NKT trong mdi trudng
trong nha, ching toi lua chon di theo huéng tiép
can st dung 01 camera v6i muc dich thu nhan
dugc hinh anh c6 géc nhin t6t nhit va thoi gian
tinh toan nhanh cho ca hai bai toan phat hién va
uée lugng khoing cach. Phan tiép theo sé trinh
bay chi tiét cia phuong phap dé xuAt.

III. PHUONG PHAP DE XUAT

Viéc phat hién va ude lugng vat can dugc minh
hoa nhu trong Hinh 1. Trong md hinh nay, robot
gin camera RGB thong thuong di chuyén véi toc
dd nao d6. Trong qua trinh di chuyén, robot c6
thé gip cac vat can cb dinh trong mdi trudng
(chdu hoa, binh cttu hda, thung rac) hodc cac vat
can dong xuat hién bat ngd (ngudi). Gia thiét cla
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bai toan 1a robot di chuyén trén 01 mit san bing
phang. Chuyén dong cia robot theo mot 1§ trinh
da dudc xac dinh.

Hinh 1. M6 hinh phat hién va dinh vi vat can uéc lugng
khoang cach

A. Khung lam viéc tong quudt

Tai thoi diém k, camera trén robot thu nhan
hinh anh ;. V6i hinh anh nay, vi tri ctia robot
trong mdi trudng da dugc xac dinh bdi md dun
dinh vi (xem chi tiét trong bai bdo [13]). Vi tri
d6 la mot di€m P, , . trong hé quy chiéu da
dugc dinh nghia tir trudc; z = 0 vi gia thiét robot
chuyén dong trén mot mit phang. Bai toan phat
hién va uéc lugng khoang cach vat can duge dinh
nghia nhu sau:

+ Dci:u vao: Anh Iy, vi tri clia robot Play,2—0)-

+ Ddu ra: Tap cac vat can va vi tri cda no
trong hé quy chiéu da dinh nghia ti trudc:
O = {Ok(x,y),k € [1,n]}.

M6 hinh phat hién vat can dé xuit gom hai pha
nhu minh hoa trong Hinh 2 gom:

— Phat hién vat can: Chung toi phan cédc vat
can thanh hai nhom: vit can tinh va vit can
dong. Vat can tinh 1a cac dbi tugng trong moi
truong nhu chau hoa, binh ciu hda, thung rac
trong khi vt can dong 1a cac d6i tuong ngudi
di chuyén trong moi truong.

— Udc lugng khoang cach vat can: Ching toi
ldy y tudng du doan khodng cich tir hé thong
camera kép mo phong nhu d6i mat ctia ngudi.
Tuy nhién trong ngt canh cta bai toan ching
toi chi st dung duy nhit 01 camera duy nhét
gin trén robot chuyén dong, quan sat hinh
anh tai hai thdi diém khac nhau.

S6 1 ndm 2016

Phan duéi day, chiing toi trinh bay chi tiét k§ thuat
phat hién va uéc lugng khoang cach tur vat can téi
robot.

B. Phdt hién vt cdn

1) Phdt hién vit cdn c6 dinh: Muc tiéu 1 phat
hién cac do vat chinh xdc va nhanh nhét cé thé.
Y tudng co ban clia chiing t6i 1a hoc trude cac vt
can ciing nhu vi tri ctia ching trong hé quy chiéu
da dinh nghia, cac thong tin nay s€ dugc luu lai
trong CSDL biéu dién moi truong. V6i anh dau
vao, sau khi dd xdc dinh mot cach tuong ddi vi
tri ctia robot trén ban dd bang giai thuat dinh vi
trinh bay [1], tuong dng v6i né 1a cac dbi tuong
trong moi trudng. Pha phat hién vat can tinh chi
ki€m tra va dinh vi lai cho chinh xac hon.

Trong hinh 2, ban dd méi trudng dugc biéu dién
la mot tap cdc diém quan trong trong moi trudng
LN = {Ly,Ls,...L;,...Ly}. V6i mdi diém L;,
tuong tng 1a anh I;, dic td bdi quan sit Z° va
tp tat ca cac dbi tugng c6 thé quan st dugc tai
thai vi tri Li: {0y, Oy, ..., O;,, }. Tai thoi diém
k, camera thu nhan anh [y, nhg gidi thuét dinh vi
da dudgc trinh bay trong [1] [13], vi tri cia robot
dudc xdc dinh tuong tng L;. Tai vi tri L} nay,
tuong ing vdi quan sit cua robot I}, tp cdc vat
can trong mdi trudng ciing da dudc xac dinh va
lvu sdn: {Oy,, Oy,, ey O, }.

Céc buéc thuc hién dé€ phat hién su c6 mit clia
cac vat can tai thoi diém k nhu sau:

1) Trich chon dic trung trén hai dnh I}, va I}
va dbi sanh diém dic trung tuong dng trén
hai anh nay

2) Xéc dinh vat can trén anh I, tir két qua doi
sanh

3) Xic dinh ving chifa dbi tugng
Phan du6i day, chiing t6i trinh bay chi tiét k§ thuat
cac budc thuc hién.

— P6i sanh cac diém dic trung: Muc dich
clia cong viéc ndy 1a xac dinh cac cip di€ém
dic trung tuong dong gitta hai anh I, va I}
thong qua mot thi tuc dbi sanh FLANN [14].
Sau d6 st dung ngudng dé loai bd cic cip
diém dbi sanh sai nham tim ra dudc tap cic
cip diém tuong dong. Qud trinh niy gom cic
budc nhu sau:

+ Trich chon ddc trung va bé mo td: trong
bai bdo nay chung t6i st dung dic trung
cuc bo SIFT [15]. SIFT la mdt loai dac
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SO DO CAC BUGC TINH TOAN

Vl tri Lk :

(thoi gian)

Lk’ = {(‘rkvyk)a Zka (017 02, Ok:)}

Anh huén luyen trong CSDL

Quan sat hién tai

Anh I, dac trung (Iy, I})
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Udc lugng khoang cach
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|

Hinh 2. Céc budc phat hién va udc lugng khoang cach vat can
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trung da dugc chiing minh 13 bat bién
v6i su thay d6i vé ti 1€, chiéu sang, géc
nhin ctia d6i tugng trong anh. Chi tiét
ky thudt trich chon dac trung SIFT c6
trong [15].

+ Bdi sdnh cdc diém ddc trung: Y tudng
giai thuat FLANN [14] 1a tim tdp dac
trung tuong tng & hai anh I, va I}.
Gia st Fi, = {pk,, Pkys - Pk, } VA& F}F =
{pkf,pk;, ’pkj} Ia hai tap diém dac
trung trich chon tUr hai anh tuong tng
I, va Ij. Trong d6 i, j la sb diém dic
trung phat hién tr moi anh. Khoang
cach Euclid trong khong gian dic trung
gilta hai diém py,, va py., quy udc la
D(pk,,,pk:). Theo [14] hai di€ém dic

Mbi cip di€m dudc goi 1a matching yéu
néu nhu khoang cich Euclid gitta ching
nhé hon hai 1an khodng cdch nhd nhét
trong sO tt ca cdc cip diém hoic 16n
hon mot ngudng cb dinh Ty, = 0.2.
Hinh 3 minh hoa két qua dat dudc sau
khi loai bé cic cip matching yéu.

@) Quan sat hién tai (Anh 1) b) Anh trong CSDL ()

tru‘ng Dk VEI D+ du’(jc coi lé gléng nhau Hinh 3. Két qUé khi 10a1 bd mf)t S6 Cglp dlém dél sanh yéu

néu nhu D(py, ,py-) 12 nho nhét va ty

sb gitta khodng cdch nho nhét va khodang ~ — Phat hién vat can tir ket qua doi sanh
+ Xdc dinh cdp diém tuong iing cua vdt

cach nhd hon mdt ngudng cho trudc.
+ Loai b6 cdp diém sai sit dung nguong:
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xac dinh bdi bao dong chit nhat). Ching
to6i thuc hién khoanh ving cic diém dic
trung nam trong ving chifa vt cin trong
anh I}. Sau d6 tim diém tudng tng cua
chung trén anh Ij.

+ Tinh ma trén chuyén toa dé H: Muc dich
ctia viéc nay nham tinh toan toa do doi
tugng trong quan sat hién thoi I} dua
vao céc cip diém dic trung. Cu thé la
v6i céc cdp diém tuong dong (py: , Pk, ),
thuc hién udc luong ma tran chuyén déi
H dua vao rang budc:

Pk, = H - pix, (1)
Lk,
Trong d6 pr, = |Uk, |[:Dkz, =
1
Thr - W hi1 hiz hiz
Yk: ~w|; H= {ha1 hay hos
w h31  hsa  hsz

hi; 1a hé sb ctia ma tran H, (v, , Y, )
va (g, Yk ) 1a toa do cdp di€m tuong
ddng trong khong gian anh, w # 0 1a
thanh phan thi 3 trong hé toa do dong
nhit cta py.. Do ma tran H c6 8 bac ty
do, mbi cdp diém cho ta 2 phuong trinh
rang budc nén dé gidi dudc ma trin H ta
can it nhét 4 cip di€ém tuong dong [16].
Tuy nhién, trong thuc té néu chon chinh
xdc 4 cdp diém d€ xay dung ma tran H
thi c6 thé gay ra sai s6 rat 16n néu nhu c6
mot cip d6i sanh sai. Diéu nay rat hay
xay ra do trong mdi truéng toa nha co
kha nhiéu cdc vi tri ma tai d6 cac diém
dic trung c6 do tuong dong 16n. Vi vy,
mot k§ thuat phS bién va thuong hay
dugc st dung dé€ khic phuc trudng hop
nay khi xay dung ma trin H dé 1a k¥
thuat RANSAC [17] nhidm tim ra 4 cip
diém tuong dng xdy dung nén mot da
gidc, biang phuong phap hinh hoc chuin
héa vé dang hinh chif nhat bao lay ving
chifa dbi tuong.

— Xac dinh ving chita dbi tuwong Muc dich

clia viéc nay 1a xdc dinh vi tri ctia d6i tugng
trén anh [ clia quan sat hién tai. Tu 4 goéc
cua vat can trén anh [, xac dinh 4 gdc vat
can trén anh I} thong qua ma tran H vua
tinh & trén. Két qua xac dinh vat can cb dinh
dugc minh hoa & hinh 4, trong d6 tam cta dbi
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tuong dugc xdc dinh & st dung k¥ thuat dbi
sanh anh FLANN [14] xdc dinh d6i tugng
trong anh hién thoi.

a) Anh trong CSDL (I,) b) Quan sat hién tai (Anh 1)

Hinh 4. Minh hoa két qua xdc dinh viing chifa déi tugng

Hinh 4(a) Minh hoa &nh I} chda dbi tugng
v6i cdc di€ém dic trung trich chon va ving
chit nhat khoanh d6i tugng tir trude. Hinh
4(b) 1a &nh I, v6i cdc diém dic trung tuong
ting. Két qua hinh chit nhat mau dé khoanh
viing d6i tugng chuin héa bao 14y dbi tuong
va st dung ky thuat bién d6i hinh hoc dé
chuin héa vé da gidc mau xanh.

2) Phdt hién vdt cdn dong: D6i véi vat can
dong, chiing toi dé xuét phat hién ngudi (12 ngudi
di chuyén vé6i toc do trung binh v6i van toc
v=1.4m/s [18]) la dbi tuong hay gip trong cic
tinh hudng thit nghiém tai cdc mdi trudng thuc
té. Pay la chii dé thu hit dugc nhiéu nghién ciiu
trong thdi gian gan day [19] nhim ning cao hiéu
nang nhén dang.

C. Udc luong khodng cdch tir camera tdi vdt cdn

1) Nguyén Iy wdc luong khodng cdch tuw hai
camera: Muc dich cia viéc dy doan khoang cach
1a tdi tao lai khong gian 3 chiéu (3D), mo phong
lai hé thdng thi gidc clia con ngudi thong qua viéc
liy dong thoi 4nh tir hai camera cung quan st
mot khung canh tif cic géc nhin khdc nhau. Bing
phép bién ddi hinh hoc tinh toan dugc khoing
chénh léch gitta hai quan sit trén anh d€ tu do
udc lugng khoang cach trén thuc dia nhu minh
hoa trong hinh 5.

Trong do6:

+ Sp, va Sg hai camera dudc dit dong truc trén
cung mot mit phang.

+ B khoang cich nbéi tAm hai camera; B
khoidng cach tif tim chiéu d6i tuong tdi
camera thi nhét, B, khoang cach dén camera
thd hai.
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Hinh 5. M6 hinh udc lugng khoang cach tir hai quan sat

+ o géc quan sat dbi tuong tir 02 camera, ¢
va 9 la gdc gitia truc quang hoc clia camera
va cac ddi tuong quan sat.

+ f tiéu cu 6ng kinh hai camera; x( khoing
cach vung quan séat cia camera.

Xuét phat tit khodng cach dudng nbi tim cam-
era B dudc xac dinh tif hai thanh phan By va By
ta co:

B = By + By = Dtan(p1) + Dtan(ps) (2)

Do viy khoang cédch udc lugng tif camera dén
d6i tugng tinh bing cong thic sau:
B B
tan(pr) + tan(pz)

3)

Dé xdc dinh khoang céach nay, chiing ta sé phan
tich hinh anh ctia ddi tugng dudc quan sat dudgc &
hoanh do trén anh x; tif camera th nhit va hoanh
dd trén anh x5 ti camera thd hai.

\
\
Ap| 1Y\

e & B
5, 5,

(@). Goc thd nhdt quan sét déi tugng (b). G6e thi hai quan sat d6i tugng

Hinh 6. Hinh 4nh ctia d6i tugng quan sét tit hai géc thu nhan

Ap dung nguyén ly dong dang trong hinh hoc
nhu md ta trong hinh 6(a-b) ta c6:

1 tan(p1)

Zo = 0 (4)
(%) tan(%)
—x9  tan(p9)

Zo = 0 (5)
(%) tan ()

7a» vt KHOA HOC CONG NGHE
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(). B 16i khoding cdch cho 1 diém ént

Thay gia tri tan(yq), tan(ypz) trong cong thiic
4 va cong thic 5 vao cong thic 3, khoang cach
D dudc tinh toan nhu sau:

. B.To
~ 2tan (%) (1 — x2)

(6)

Vi g 1a chiéu rong ctia anh, (1 — x2) 12 chénh
léch (Disparity) vé vi tri clia dbi tuong quan st
trén camera thit nhit va thd hai cung tinh theo
tiing di€ém anh.

Tuy nhién, theo [20], [21], [22] da ching minh
dugc khoang cach D sé ty 1€ nghich véi hiéu (1 —
xo) Vi vay d€ bu 16i cho gbc quan sat g thi g
tuong ting v6i mdi di€ém anh sé dugc cong thém
mot dai luong Ag. Tiép tuc ap dung nguyén ly
dong dang trong hinh hoc nhu trong hinh 6(c) ta
co:

tan(¢o)  AD+D 7
tan(pg —Ap) D @)

St dung tinh dong nhét clia lugng gidc co ban
khodng céch 16i dugc tinh nhu sau:

2

D
AD = — tan(Ayp)

5 ®)

Nhu vy, khoang cach du doan D trong cong thiic
6 bién ddi thanh:

D= B:Eo
-~ 2tan(% 4+ Ap)(z1 — x2)

€))

T day cong thic 9 dua vé biéu dién vé dang ham
mi nhu sau:

D=kxz? (10)
Trong do:
+ k 1a hing s6 dugc tinh nhu sau:
B
. (n

k=
2tan(3 + Ap)

+ x = (21 — ), d 1a hing s6 xdc dinh gid tri
do chénh léch (Disparity) gitia cac di€ém anh
tif hai quan sat va dudc tinh todn trén ban do
chénh léch cta tiing diém anh khi hai camera
quan sat dbi tugng tai cac géc khac nhau.
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2) Xdy dung bdn do chénh léch: Nhu vy dé
x4c dinh do sau cda dbi tuong (khodng céach tir
dbi tuong téi camera), ban dd chénh 1éch gitta cac
di€ém 4nh trén hai quan sat phéi dudc tinh todn.
Nhiéu thuit toian di dudc dé xuit dé gidi quyét
van dé nay nhu trong [23], [24] nhim cai thién
do6 chinh xac du doan khoang cach.

Trong hé théng dé xuét, chiing toi di theo huéng
tiép can xac dinh ban d6 chénh léch st dung 01
camera duy nhit véi cic budc co ban nhu sau:

1) Thu thdp dit liéu: thu thap hinh anh & cac

thdi di€ém khdc nhau, ching tdi dinh nghia
hai quan sat md ta trong hinh 7. Trong do:

) )
: :
\ Y \
Thasi gian

[ T ] Il
. e . (giay)

Quan sd? Ly

t(giay)

Ly L

|
E

Quan sat L,

Hinh 7. Minh hoa thu thap di liéu khi camera chuyén dong

Ly 1a vi tri quan sat hién tai; Li_s,. 1a vi
tri quan sat trude do, véi 6 1la mot khoang
thdi gian xac dinh truéc di dé€ phan biét hai
anh Ik va Ik—5T-

2) Hiéu chinh dnh: Viéc hiéu chinh anh 1a rat
can thiét d€ gidm do phiic tap tinh toan diém
anh tuong ung G hai quan sat. Qua trinh hiéu
chinh gdm gdm c6 hai budc: (i) tinh todn
cdc tham s trong va ngoai clia camera; (ii)
hiéu chinh hinh anh thu nhédn st dung cac
bién d6i tuyén tinh xoay, dich va nghiéng
hinh anh sao cho dudng epipolar cia hinh
4nh lién két theo chiéu ngang.

— Tim dwong epipolar trén tirng anh:
ciac tham s6 clia camera dugc dinh
nghia nhu sau:

+ Goi Op va Op la tam chiéu cia hai
camera, [ [ va [, 1a cip mét phang
anh tuong dng.

+ Diém P trong thé gidi thuc c6 mot
phép chiéu mit phiang anh [] la
diém Pr va mit phing anh [], la
diém Pr.

+ Diém e goi la diém epipole dugc
dinh nghia 12 4nh cta tam chiéu Of
1én mit phang anh [[;; ep 1a anh
ctia tim chiéu Or 1én mit phang 4nh

I1r
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+ Duong epipolar Ir va I la dudng
nbi gitta hai diém erPr va epPr
nam trong hai mit phang anh.

Ching t6i thuc hién tim cac duong

epipolar trén hai quan sat khi camera

chuyén dong, két qua cho thiy caic
dudng epipolar tim dudc cat nhau qua
diém epipole e va €’ khi chiéu 1én mit

phang nam ngang thi e = ¢’ (hinh 8).

a) Mé hinh camera chuyén déng  b) Tinh todn trén hai quan sét trudc va sau
Hinh 8. Két qua tim dudng eplipolar khi camera chuyén dong

— Hiéu chinh lién két ngang cha cac
epipolar: 13 qui trinh chiéu hinh anh
trén cing mot mit phang sao cho cic
dudng epipolar clia hai diém song song
theo chiéu ngang nhim so sanh gitta hai
cap hinh anh.

+ Tinh todn ma trdn E (Essential ma-
trix): xdc dinh mbéi quan hé giita
diém P va hai diém Pr va Pr tu
phép chiéu 1én hai mit phang &nh
[Iz va [[; xdc dinh:

Pp=R(Pr—T) (12

Trong d6 mit phing anh [] chda
cac vector Pr va T, do d6 néu chon
mot vector (Pr x T') vudng géc véi
ca hai thi mot phuong trinh cho tit
ca cac diém Pr di qua T va chia cé
hai vector dugc xac dinh nhu sau:
(Pr—T)I (T x Pr)y=0 (13)
Thay (Pr —T) = R~'Pr va RT =
R~ vao cong thic 13 ta ¢
(RTPp)T (T x Pr) =0  (14)

Khi thyc hién phép nhan ma tran thi
ludn ton tai mdt dudng chéo ciia ma
tran két qua S nhan gia tri 0:

T x Pr=SPr (15)

7y cvi KHOA HOC CONG NGHE
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0 -T. T,
S=|T, 0 T, (16)
T, T, O

Céc cong thic trén dudc viét lai:

PLEP;r =0 (17)

Khi d6 ma tran E dudc tinh toan nhu
sau: £ = RS.

+ Tinh todn ma trdn co ban F (Fun-
damental matrix): Goi Mp va Mg
12 tham sb trong ctia camera Op va
Op, Pr va Pr 1a toa do cia Pr va
Pr.

Pr = MrPr

o (18)
Pr = MpPr

Ap dung cong thiic 17 d€ trién khai
v6i ma trdn F, ta co:
Py FPp =0 (19)
Khi &6 F = (MiY)TEM;' =
(Mz")TRSM;" 1a ma tran co ban.
Chuing t6i ap dung ky thuat cta Pollefeys
[25] d€ hiéu chinh hai 4nh thu nhan tif hai
quan sit trudc va sau khi camera chuyén
dong. Hinh 9(a) minh hoa phuong phap
chuyén ddi hinh anh tii toa do dé cac thong
thudng vé toa dd cdu sao cho hai diém
epiolar e va ¢’ trung nhau. Hinh 9(b) xoay
hai hinh anh vé toa d0 cuc sao cho céc
dudng epiolar song song véi nhau.

Quan sat truse Quansatsau I

L

S S

S

il

(a). Toa dd cyc frén anh
(lugng 10 héa: 4 mic theo r, 10 mc theo ¢ )

(b). Anh da chuyén di 2 quan sat
sang toa dé cyc

Hinh 9. Két qua hiéu chinh hinh 4nh

phép tong su khac biét tuyét d6i SAD [26]:

SAD(LU,y,d) = E ‘IT(%?J)_IF(%ZU_CM
z,yeWw
(20)

Trong d6: I va I la hai anh dua vao tinh
toan; (x,y) toa do diém anh; W 1a ctia s6
quét c6 kich thude (3 x 3), (5x5), (7Tx7);
pham vi chénh léch d < 120.

Gia frj d8isanh

ui’ Biém dnh

Hinh 10. Két qua dbi sanh 4nh sit dung gidi thuat SAD

Két qua ctia ham SAD cho biét tdng su khac
biét ctia cac khoi dit liéu do tim trén anh thi
hai khi dua vao tinh toan. Hinh 10 mo ta
qud trinh tinh toan trudt ctia s6 dé€ tim ra
khdi di liéu phu hop, gia tri 16n nhit trong
bi€u dd quyét dinh vi tri dbi sanh chinh x4c.
Tinh toan do sdu: Muc dich cta viéc nay
la tim ra do sdu cla cdc di€ém 4nh trén
ban d6 chénh léch (Disparity map) dua vao
phép d6i hinh hoc d€ tinh todn khoang cach
gilta cac di€m é&nh tuong ung trén dudng
epipoline.

< P
.}\O/\/.O/\‘ & <‘—, d
""""""’"7 Ia
X b /

/\

(a) Dy doan khoang cach tir hai quan sat

Z B

(b) Tinh toan do sau anh trong khong gian 3D

3) Dbi sanh hinh anh: Muyc dich la tinh todn  Hinh 11. Minh hoa phuong phap tinh bin do chénh léch

36

gid tri chénh léch ctia mot diém vat ly trén
hai anh I7 va I'r chung t6i stt dung phuong
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tif quan st e tinh tién dén quan sit e’. Céc
diém nam trén dudng epipole sé du doan
chinh xdc khoang cach d trong toa do thé
gi6i thuc. Hinh 11(b) mo ta chi tiét cach
tinh todn khoang cich tif hai quan sat dén
vat thé, xuat phat tif ciip tam gidc dong dang
[25].

IV. PANH GIA THUC NGHIEM

A. Moi truong thi nghiém va thu thdp div liéu
ddnh gid

MBbi trudng thit nghiém dugc tién hanh tai hanh
lang tang 10 — Vién MICA — Trudng Pai hoc Bich
khoa Ha Noi, tdng chiéu dai ctia hanh lang 13 60m
dugc mo ta trong hinh 12.

Hinh 12. Méi trudng thit nghiém robot din dudng

Chiing toi gan camera trén robot va cho robot
di chuyén & ba van tdbc khic nhau: v; =
100mm/s, vy = 200mm/s,vs = 300mm/s. Lo
trinh di chuyén cta robot Ia di tif A dén D trong
hinh 12. Téng s6 anh thu dugc trong ba lan di
chuyén la 2597 khung hinh.

1) Po khodng cdch tic camera téi vit cdn: DE
danh gia do sai s6 udc luong khoang cach, khoang
cach that tlf camera t6i vat can phai dugc do bang
tay sau nay sé dung dé dbi sanh véi két qua do
tu dong. V6i dif liéu thu thap dudc, ching toi tién
hanh do va dinh diu khoang cich vi tri vit can
c6 trong mdi trudng. Khoang cach ciia ddi tuong
so véi gbe toa do dudc xic dinh.

2) Chudn bi dit liéu phdt hién doi tugng: Trén
ludng di liéu khung cénh, chiing to6i khoanh ving
cac vat can da dinh nghia & trén va luu vao CSDL
bi€u dién moéi trudng. Qud trinh nay dugc thuc
hién bing tay nhu minh hoa trong hinh 13.

S6 1 nam 2016

=341 y=143)

(=206 y=226)

(x-557: y=333)

*,=310; y,=381)

(%,=609: y,=448)

(=423, y,=330)

(@) Khoanh vang dgi tugng (b) Toa dé cdac ddi tugng

Hinh 13. Minh hoa chuén bi di liéu danh gid phét hién

B. Két qud ddnh gid
1) D¢ do ddnh gid:

+ Phdt hién vdt cdn: st dung do triéu hoi
(Recall) va d0 chinh xac (Precision) dudc
dinh nghia trong cong thiic 21 va 22 dé danh
gia hiéu nang phat hién vat can.

t
Chinh xac (Precision) = P ©3))
tp+ fp
Triéu hdi (Recall) tp (22)
u eca =
i tp+ fn

tp goi 12 mot phat hién dudc coi 1a ding néu
hé s6 Jaccard Index [27] JI > 0.5, hé sb
nay dugc tinh bdi ty 1€ gitta vung giao trén
vung hdp cda hinh chit nhat phat hién dudgc
bang gidi thuat B, va ving chi nhat chia
dbi tugng dudc xac dinh bing tay Bg;.

area(B, N Byt)

JI =
area(B, U Bgy)

(23)

Nguoc lai fp 1a mot phat hién sai néu nhu
JI < 0.5 va fn khong phat hién dudc d6i
tuong.
Thuit todn phat hién dbi tuong dudc cai
dit 1én Robot PCBOT914 ciu hinh (CHIP
Intel(R) Core(TM)2 T7200@ 2.00 GHz x 2,
RAM 8GB), kich thuéc trung binh cua anh
640 x 480 diém anh, toc do iy mau 1Hz.

+ Udc luong khodng cdch vdt can: st dung do
do sai sb tiéu chudn (RMSE).

RMSE =

Trong dé 6 1a khoang cach do thuc dia t6i
vat can; 6 la khoang cach dy doan trén ban
dd chénh léch.

Taw chi KHOA HOC CONG NGHE
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2) Két qud ddnh gid phdt hién vt cdn: Bang
I trinh bay chi tiét ddnh gid phdt hién vat can
clia phuong phap dé xuét. Trén thuc té, két qua
phét hién vat can tinh phu thudc vao két qua doi
sanh anh trong CSDL vé6i 4nh hién tai. Néu nhu
diéu kién (thdi diém, chiéu sdng) thu thap dif liéu
dé biéu dién modi trudng gin v6i didu kién thi
nghiém thi két qua sé t6t nhit. Trong thi nghiém,
CSDL xay dung d€ biéu dién moi truong la vao
budi sang, vi vay giai thuat dat dugc do triéu hoi
va do chinh xdc cao nhit.

Bang 1
KET QUA PHAT HIEN POI TUOgNG PHUONG PHAP DE XUAT
Tén 16p Recall(%) | Precision(%) | Times(s)
Chau hoa 98.30 90.23
Binh citu hoda 94.59 89.42 047
Thung rac 85.71 92.31
Nguoi 92.72 89.74

V6i viéc phat hién vét can dong, hién tai mo
dun st dung dit liéu huén luyén dudc cung cap bdi
tac gia ctia thuat toan gdc trén OpenCV, vi viy két
qua phat hién ngudi ciing cé bi anh hudng. Sau
nay dé céi thién hiéu ning cla gidi thuat phat
hién vat can tinh, can tinh todn dén cic yéu to
4nh hudng nay va cé thé thuc hién huin luyén
lai bo phat hién ngudi v6i di liéu thu thap dugc
trong thoi gian tdi.

Tiép theo, chiing t6i dinh gid kha ning phat
hién v6i phuong phdap Haarlike-Adaboost [28]

Bang II
KET QUA PHAT PANH GIA SO SANH VOI PHUONG PHAP
HAAR-ADABOOST

Tén 16p Recall (%) | Precision (%) | Times(s)
Chau hoa 82.52 89.15
Binh ctu hda 71.22 76.37 134
Thung rac 75.49 78.15
Nguai 85.16 81.61

Bang II trinh bay k& qua danh gia phat
hién cac 16p d6i tuong. PO chinh xdc dat
Precision = 78.60%, do tricu hoi dat
Recall = 81.32%, thoi gian ¢t = 1.34s.
Biéu d6 day minh hoa so sanh 2 phuong phap dé
xuét phat hién vat can:

Hinh 14 minh hoa két qui danh gid so sanh 2
phuong phédp, trong d6 cic 16p dbi tugng cila
phuong phdp dé xuét cao hon so véi phuong
phap Haar-AdaBoost va thoi gian tinh toan la
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Chdau hoa Binh clu héa Thung réc Ngudi

= D6 frigu hoi
Recall (%)

® Do triéu hoi
Recall (%)

D6 chinh xdc
Precision (%)

D% chinh xdc
Precision (%)

Phuong phdp dé xuét
(Thai gian: 0.47 gidy/&nh)

Phudng phép Haar-AdaBoost
(Thai gian: 1.34 gidy/&nh)

Hinh 14. Biéu dd so sinh hai phuong phdp phit hién dbi
tuong

nhanh hon.

Mot sb két qua phat hién d6i tuong, trong
d6 hinh 15(a) minh hoa giai thuat phat hién vat
can dé xuit, trong d6 hinh chii nhit mau xanh
dugc khoanh viing va danh diu ti truéc chong
khit 1én hinh chif nhat mau do6 l1a két qua cida
giai thuat phat hién trd vé. Hinh 15(b) minh hoa
két qua phuong phap phat hién vat can st dung
Haar-AdaBoost, trong d6 tai mot s6 khung hinh
xuét hién trudng hop phat hién nham.

(@) Phuong phép dé xudt

(b) Phuong phép Haar-AdaBoost

Hinh 15. M6t s6 hinh anh minh hoa phat hién dbi tugng

3) Két qud ddnh gid woc luong khodng cdch:
két qua chi tiét c6 trong bang dudi day:

Déi vdi vit cdn dong (ngudi) sai sb tiéu chuin
RMSE ~ 0.4m giai thuat HoG-SVM phat hién
ngudi phat huy hiéu qua nhit & khoang cach tir vi
tri [9.85m — 13.96m] so v6i gbe toa do. Ngoai
viing quan st nay nhu qué gan hodc qué xa khong
phat hién dugc.

Déi véi cdc vt cdn tinh 16p chau hoa cho két
qua t6t hon cic 16p vat can khéc, 16p binh ciiu
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Bang III
KET QUA PANH GIA SAI SO UGC LUONG KHOANG CACH
VAT CAN
Tén 16p Sai s6 tiéu chuin th)éng cach
RMSE(m) phat hién(m)
Chau hoa 0.41 2.22
Binh ctu hda 0.65 3.75
Thung rac 0.47 4.04
Nguoi 0.44 4.12

héa c6 dd sai s6 16n nhit vi s6 lugng s6 diém diic
trung dugc dbi sanh gitta hai dnh chua di quyét
dinh viing chifa dbi tuong, ddi véi 16p thiing rac
cho két qua trung binh.
Phan duéi day trinh bay chi tiét két qua danh
gia uéc lugng khoang cach cac 16p vat can.
— Ldp chdu hoa: Véi khoang cach 2.22m c¢6
09 khung hinh phat hién dugc trong tdng sb
37 khung hinh thu nhén, do véy trong thuc
té robot di chuyén 24cm thi thuc hién 1 lan
(van tdc robot v = 300mm/s).

RMSE(m)
5
60 | 8 sm
559 \ = Thycdia -+ Dy dodn
55 523
547|536 ~__ 492

50 5.13

- 455
45 4.79 N
40 417 } \\?—x\j 75

3.83
35 3.61
3.44

3.0

Khung hinh
42
Hinh 16. Vi tri udc lugng khoang cach thudc 16p chau hoa

Két qua phat hién udc luong khodng céch 16p
chau hoa tai khung hinh s6 18 minh hoa hinh
dudi day.

a) Quan sat hién tqi (Anh 1) b) Uéc lugng khodng cdch

Hinh 17. Minh hoa udc lugng khoang céach 16p chau hoa

— Ldp binh citu hda: v6i khoang cach 3.75m
robot quan sat dugc 61 khung hinh trong
do6 c6 16 khung hinh phat hién va duy doan
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khoang céch vat can. Trong thuc t&, robot di
chuyén dugc 26¢m thi thuc hién phét hién va
uéc luong khoang cach mot 1an.

RMSE(m)

S 1722
e
7.0 ~§_ 666 . .
~ 642 W Thuc dia_# Dy doan
65 T~
oo 605
60 lo.22 580
% 1o 55
55 5.68 g 518
B 494
50 R S 475
9
.75
59

3.0 13.30
25 Khung hinh
9 12 15 18 22 28 32 36 39 42 46 49 52 85 60 65

Hinh 18. Vi tri udc lugng khoang cach 16p binh ciu hda

Két qua udc luong khoang céach tai khung
hinh s6 39 dudc minh hoa hinh 19.

a) Quan sat hién tqi (Anh 1) b) Uéc Iugng khodng cdch

Hinh 19. Minh hoa uéc lugng khoang céch 16p binh citu hda

— Ldp thiing rdc: v6i khoang cach 4.04m robot
quan sat dugc 89 khung hinh, trong d6 c6 20
khung hinh phat hién va udc lugng khoang
céch, trong thuc té ci robot di chuyén 22cm
thi thyc hién phat hién va udc lugng khoang
cach mot 1an.

RMSE(m)

10 (970
950

At
9 882
% goq 8 g5
T 82]
859 802
8 82!

807 794

TR 776
747
767 2y
7 7.25)

? 599

6 633 A}\ o
59 RS
8 } 519
5 52 5\5{% 470
48 T
4 44 43'} 5\403
40

37
Khung hinh

332 335 341 346 349 351 356 359 363 367 371 377 383 389 395 402 409 410 415 420
Hinh 20. Vi tri udc lugng khoang cach 16p thung rac
Két qua udc luong khoing cach tai khung

hinh 409 dugc minh hoa hinh 21, trong d6
hinh 21(a) quan sat hién tai thu thap hinh anh
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i, hinh 21(b) uéc lugng khoang cach tu vt
can t6i robot.

a) Quan sat hién tqi (Anh 1) b) Udc lugng khoding cach

Hinh 21. Minh hoa udc lugng khoang cach 16p thung rac

— Lép nguoi: O khoang cich 4.12m robot quan
sat dugc 63 khung hinh trong d6 c¢6 20 khung
hinh phat hién uéc lugng khoang céch.

RMSE(™)

7.5

—=-Thuc dia - Dy dodn

6.5
55
45

3.5

25

189 162 1656 169 173 175 179 182 185 188 190 193 196 199 202 206 209 213 217 221

Hinh 22. Vi tri udc lugng khoang cach 16p Nguoi

Két qua udc luong khoang cich tai khung
hinh 193 minh hoa & hinh 23, trong d6 hinh
23(a) quan sat hién tai thu thap hinh anh I,
hinh 23(b) u6c lugng khoang cach tir vat can
tGi robot.

a) Quan sat hién tqi (Anh 1) b) Udc lugng khodng cdch

Hinh 23. Minh hoa udc lugng khoang cach 16p Ngudi

V. KET LUAN
Bai bdo trinh bay mot phuong phap phat hién va
udc lugng khoang cach vat can dua vao k¥ thuat
XU ly anh st dung mot camera (thong thuong) duy
nhét. Cong viéc chinh 1a nghién citu cic phuong

7ap st KHOA HOC CQNG NGHE
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phap phat hién nhanh vt can tinh stt dung phuong
phdp dbi sinh miu trén bo dif liéu vi tri quan
trong da dugc danh diu cac vi tri huan huyén tit
truée. Két qua ctia phan nay lam nén ting dé du
doan khoang cach trén vung phat hién dudc bing
phuong phap xay dung ban dd chénh léch tir hai
quan sit chuyén dong tinh tién. Phuong phdp dé
xuat da dugc danh gia 1a kha thi gitp canh bdo
cho NKT céc loai vat can phia trudc, két qui nay
ciing gép phan quan trong trong hé théng dinh vi
hinh 4nh tr¢ gitip din dudng cho NKT st dung
robot.

LOI CAM ON
Cam on dé tai “Tro gilp dinh hudng nguoi
khiém thi sit dung cong nghé da phuwong thiic”
ma sb: ZEIN2012RIP19 - Hop tic qubc té cic
trudng Dai hoc tai Viét - Bi (VLIR) da hd trg
trong qud trinh thyc hién bai bao nay.

TAI LIEU THAM KHAO

[1] Q.-H. Nguyen, H. Vu, T.-H. Tran, and Q.-H. Nguyen,
“Developing a way-finding system on mobile robot
assisting visually impaired people in an indoor envi-
ronment,” Multimedia Tools and Applications, pp. 1-
25, 2016.

[2] N. Dalal and B. Triggs, Histograms of oriented gradi-
ents for human detection, 2005, vol. 1.

[3] J. Kim and Y. Do, “Moving obstacle avoidance of a
mobile robot using a single camera,” Procedia Engi-
neering, vol. 41, pp. 911-916, 2012.

[4] T. Taylor, S. Geva, and W. W. Boles, “Monocular
vision as a range sensor.”  International Conference
on Computational Intelligence for Modelling, Control
and Automation, 2004.

[5] E. Einhorn, C. Schroeter, and H.-M. Gross, “Monocu-
lar obstacle detection for real-world environments,” in
Autonome Mobile Systeme 2009. Springer, 2009, pp.
33-40.

[6] L. Nalpantidis, I. Kostavelis, and A. Gasteratos,
“Stereovision-based algorithm for obstacle avoidance,”
in Intelligent Robotics and Applications, 2009, vol.
5928, pp. 195-204.

[7]1 M. Bai, Y. Zhuang, and W. Wang, “Stereovision based
obstacle detection approach for mobile robot naviga-
tion,” in Intelligent Control and Information Processing
(ICICIP), 2010 International Conference on. 1EEE,
2010, pp. 328-333.

[8] R. A.Hamzah, H. N. Rosly, and S. Hamid, “An obstacle
detection and avoidance of a mobile robot with stereo
vision camera,” in Electronic Devices, Systems and
Applications (ICEDSA), 2011 International Conference
on. 1EEE, 2011, pp. 104-108.

[9] R. Lagisetty, N. Philip, R. Padhi, and M. Bhat, “Object
detection and obstacle avoidance for mobile robot using
stereo camera,” in Control Applications (CCA), 2013
IEEE International Conference on. 1EEE, 2013, pp.
605-610.

S6 1 nam 2016



Nguyén Quéc Hing, Trdn Thi Thanh Hai, Vi Hai, Hoang Vdn Nam, Nguyén Quang Hoan

[10] D. S. O. Correa, D. F. Sciotti, M. G. Prado, D. O.
Sales, D. F. Wolf, and F. S. Osério, “Mobile robots
navigation in indoor environments using kinect sensor,”
in Critical Embedded Systems (CBSEC), 2012 Second
Brazilian Conference on. 1EEE, 2012, pp. 36-41.

S. Nissimov, J. Goldberger, and V. Alchanatis, “Obsta-
cle detection in a greenhouse environment using the
kinect sensor,” Computers and Electronics in Agricul-
ture, vol. 113, pp. 104-115, 2015.

B. Peasley and S. Birchfield, “Real-time obstacle detec-
tion and avoidance in the presence of specular surfaces
using an active 3d sensor,” in Robot Vision (WORV),
2013 IEEE Workshop on. 1EEE, 2013, pp. 197-202.
Q.-H. Nguyen, H. Vu, T.-H. Tran, and Q.-H. Nguyen,
“A vision-based system supports mapping services for
visually impaired people in indoor environments,” in
Control Automation Robotics & Vision (ICARCV), 2014
13th International Conference on. 1EEE, 2014, pp.
1518-1523.

M. Muja and D. G. Lowe, “Scalable nearest neighbor
algorithms for high dimensional data,” Pattern Anal-
ysis and Machine Intelligence, IEEE Transactions on,
vol. 36, 2014.

D. G. Lowe, “Distinctive image features from scale-
invariant keypoints,” International journal of computer
vision, vol. 60, no. 2, pp. 91-110, 2004.

P. S. Heckbert, “Fundamentals of texture mapping and
image warping,” Master’s thesis, University of Califor-
nia, 1989.

M. A. Fischler and R. C. Bolles, “Random sample
consensus: a paradigm for model fitting with appli-
cations to image analysis and automated cartography,”
Communications of the ACM, vol. 24, no. 6, pp. 381-
395, 1981.

R. C. Browning, E. A. Baker, J. A. Herron, and
R. Kram, “Effects of obesity and sex on the energetic
cost and preferred speed of walking,” Journal of Ap-
plied Physiology, vol. 100, no. 2, pp. 390-398, 2006.
T. Santhanam, C. Sumathi, and S. Gomathi, “A survey
of techniques for human detection in static images,” in
Proceedings of the Second International Conference on
Computational Science, Engineering and Information
Technology, 2012, pp. 328-336.

M. A. Mahammed, A. I. Melhum, and F. A. Kochery,
“Object distance measurement by stereo vision,” Inter-
national Journal of Science and Applied Information
Technology (1JSAIT) Vol, vol. 2, pp. 05-08, 2013.

J. Mrovlje and D. Vrancic, “Distance measuring based
on stereoscopic pictures,” in 9th International PhD
Workshop on Systems and Control, Young Generation
Viewpoint. Izola, Slovenia, 2008.

A. J. Woods, T. Docherty, and R. Koch, “Image distor-
tions in stereoscopic video systems,” in IS&T/SPIE’s
Symposium on Electronic Imaging: Science and Tech-
nology. International Society for Optics and Photonics,
1993, pp. 36-48.

A. Coste, “3d computer vision-stereo and 3d recon-
struction from disparity,” Technical report, Tech. Rep.,
2013.

Y.-J. Zhang, Advances in image and video segmenta-

tion. 1GI Global, 2006.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

S6 1 nam 2016

[25] M. Pollefeys, R. Koch, and L. Van Gool, “A simple and

efficient rectification method for general motion,” in
Computer Vision, 1999. The Proceedings of the Seventh

IEEFE International Conference on, vol. 1. 1EEE, 1999,
pp. 496-501.

P. Kamencay, M. Breznan, R. Jarina, P. Lukac, and
M. Zachariasova, “Improved depth map estimation from
stereo images based on hybrid method,” Radioengineer-
ing, vol. 21, no. 1, pp. 70-78, 2012.

M. Everingham, L. Van Gool, C. K. Williams, J. Winn,
and A. Zisserman, “The pascal visual object classes
(voc) challenge,” International journal of computer
vision, vol. 88, no. 2, pp. 303-338, 2010.

P. Viola and M. J. Jones, “Robust real-time face detec-
tion,” International journal of computer vision, vol. 57,
no. 2, pp. 137-154, 2004.

[26]

[27]

[28]

OBSTACLE DETECTION AND DISTANCE
ESTIMATION USING MONOCULAR CAMERA
IN NAVIGATION SERVIES FOR VISUALLY
IMPAIRED PEOPLE

Abstract - In this paper, we propose a method for
obstacle detection and distance estimation us-ing
monocular camera mounted on a mobile robot. The
proposed system aims to support visually impaired
people navigating in indoor environ-ment. The
obstacles include static and dynamic objects on that

encumber human mobility. For static objects,
supporting information such as type of object,
positions, and corresponding images in relevant

scenes are stored in database (DB). To detect them,
the images captured during robot’s movements are
compared with the corresponding images through a
localization algorithm proposed in [1]. Then the
existing objects in DB will be identified and
distances from them to current robot’s position is
estimated. For dynamic objects, such as movements
of people in scenes, we use HOG-SVM algorithm
[2]. To estimate distance from camera to detected
obstacles, we utilize a disparity map which is
built from consecutive frames. The experiments are
evaluated in the hall of building floor of 60 meters
under different lighting conditions. The results
confirm that the proposed method could exactly
detect and esti-mate both static and dynamic objects.
This shows the feasibility to help visually impaired
people avoiding obstacles in navigation.
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