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TOM TAT— Phuong phép dinh vi FAB-MAP sir dung théng tin hinh anh dwoc nghién citu va phdt trién cho méi truong
ngoai troi [14]. Y twéng chinh cia phwong phdp la xdc dinh vi tri ciia camera thdng qua viéc wde lwong xdc xudt ¢6 diéu kién giita
quan sdt hién tai voi tdp CAc quan sat triede dé. Trong cdc nghién civu trude ddy, ching t6i di dé xudt cdc cdi tién phwong phdp nay
aé dp dung cho moi truong trong nha va dat tén la FAP-MAP*. Cu thé chung toi lva chon cdac anh phan biét dua trén ddac trung
GIST true6e khi dwa vio pha xdy dung tir dién hinh dnh va dwa dinh vi vdo hoat déng triec tuyén. Trong bdi bdo ndy ching t6i danh
gid hiéu nang giai thudt FAB-MAP* trén CSDL dwoc thu thdp tai thu vién Ta Quang Buu (Viét Nam) va Milano-Bicocca (Italy). Két
qud cho thdy phwong phdp dinh vi FAB-MAP* kha thi cho cdc ving dung dinh vi dan dwong trong méi truong nha.

Tir khéa— Giai thugt FAB-MAP* Dinh vi hinh dnh, Robot.
I. GIOI THIEU CHUNG

Déan dudng robot dwoc md ta nhu mot qué trinh xac dinh duong di hop Iy va an toan tir diém khai dau dén mot diém
dich dé robot c6 thé di chuyén giira ching. Rat nhiéu cam bién khac nhau nhu GPS, Lidar, Wifi da dugc sir dung dé
giai quyét bai toan nay. Tuy nhién nhiing dir liéu d6 khong ludn c6 sin hoac thuan tién cho viéc thu thap, dic biét trong
mdi truong nhé hodc vira. Vi dy, hé thdng dinh vi GPS chi cung cap cac dich vu ban d trong diéu kién khét khe nhu
thoi tiét t6t, moi trudng 16n, ngoai troi va khong hd trg trong méi trudng nho nhu trong cac toa nha [1]. Cac hé théng
str dung Lidar doi hoi phai dau tu chi phi [2]. Hé théng dinh vi Wifi ciing khong d& dang trién khai, cai dat, ngay ca dbi
Véi cac moi truong dién hep [3].

Trong 30 nam tré lai dy, huéng tiép can dan huéng dya trén hinh anh da thu hat sy quan tim dac biét cua cac
nha nghién ctru va phat trién. Cac huéng tiép can dan hudng néi chung va sir dung hinh anh néi riéng c6 thé phan thanh
hai loai: loai tha nhat dua trén ban d6 moéi truong da dugc xay dung tir truge boi chinh robot hodc bai mot cong cu
khéc; loai thir hai vira dinh vi vira ty xay dung ban do (hay con goi chung 1a SLAM). Céac phuong phap thudc huéng
tiép can thir hai chi cho phép dan hudng cho robot nhung khong cho phép tim dudng di gitra hai vi tri trong moi
truong. Trong khi ngit canh bai toan dit ra 1a robot dan duong tir hai vi tri biét trudc vi vay phai ¢ mot ban d6 moi
truong dugc xay dung ¢ pha ngoai tuyén va duoc sir dung & pha truc tuyén dé dinh vi va tim duong.

Trong khudn khd bai bao nay, ching toi di theo hudng tiép can xay dung ban dd méi truong & pha ngoai
tuyén va dinh vi st dung ngudn thdng tin hinh anh thu thap dwoc tir camera. Uu diém chinh cua viéc s dung camera la
gia thanh ré hon rét nhiéu so vai cac cam bién khéc trong khi cung cdp ngudn thdng tin hinh anh c6 gié tri phuc vu cho
nhiéu bai toan khac nhau nhu xay dung ban dd, dinh vi va phat hién vat can bang céc thiét bj thong thudng nhu camera
cam tay. Trong cac nghién ctru trude, chung toi da giéi thiéu nhiing cai tién cua phuong phap FAB-MAP ding cho
dinh vi cho méi trudng trong nha. Trong bai bao nay, ching tdi trinh bay cac két qua danh gia hiéu niang cua FAB-
MAP cai tién trén cac CSDL thu thap tai thu vién Ta Quang Buru (Viét Nam) va Milano-Bicocca (ltaly) tir d6 cho thay
duoc diém manh cua giai thuat dé xuét.

Bai bao nay duoc bb cuc nhu sau: Phan | gisi thiéu bai toan dinh vi cho robot. Phan I1 trinh bay cac nghién
ctu lién quan. Phan 111 tém tit hé thong dé xuat, trong d6 trinh bay cac bai toan lién quan dén robot dan duong. Phan
IV dénh gia thir nghiém trén CSDL thu nhan tai thu vién Ta Quang Biru (Viét Nam) va Milano-Bicocca (Italy). Phan V
1a két luan va huéng phét trién trong twong lai.

II. MOT SO NGHIEN CUU LIEN QUAN

Nhur da gici thiéu ¢ trén, bai toan dinh vi va xay dung ban dd méi trudng cho robot cé thé st dung rat nhidu loai cam
bién khac nhau. Tuy nhién bai béo nay di theo hudéng tlep can sir dung camera. Vi vay, ching t6i chi tap trung trinh bay
nhirng nghién ctu lién quan vé dinh vi va xay dung ban d6 méi truong sir dung théng tin hinh anh.

A. Huwéng tiép cin chi siv dung 01 camera

Broida 1990 [4] Broida va Chellappa 1991 [5] dé xuit thuat toan dé quy su dung 01 camera thu thap chudi
hinh anh ciia mot ddi tuong di chuyén dé uéc lugng ciu trac va dong hoc cua ddi tuong. Day cé thé coi la nghién cau
dau tién theo hudng tiép can Monocular SLAM. Viéc du doan vi tri dwogc thuc hign két hop véi bo loc Kalman mé
rong (IEKF-Iterated Extended Kalman Filter) trén cac diém dac trung chuyén dong. Davison 2007 [6] trinh bay mot hé
thong dinh vi sir dung 01 camera hoat dong trong thoi gian thuc. Trong phuong phap nay, vi tri cua camera va ban do
3D danh dau cac diém quan trong trong méi truong duoc tinh toan va luu lai. Sau d6 giai thuat EKF-SLAM duoc sir
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dung dé cai thién két qua dinh vi. William 2007 [7] giai quyét van dé tai dinh vi ty dong. Clemente nam 2007 [8] 1ap
ban d6 tng dung véi quy mo 16n.

Ethan va Drummond 2007 [9] dé xuét hé thong dinh vi trong pham vi nho theo huéng tiép can 01 camera Vi
quy mo thir nghiém nho dugc mo hinh héa thanh cac nat khac nhau két hop trong mot d thi I6n bang ky thuat tbi uu
hoa phi tuyén. Dellaert 2006 [10], Strasdat nim 2010 [11] st dung k¥ thuat tdi wu hoa phi tuyén nhu BA (Bundle
Adjustment) hozc Smoothing va Mapping (SAM) dé theo ddi dic trung giira cac khung hinh lién tiép. Williams 2008
[12] trinh bay danh gia so sanh vai tro cua thu tuc vong lap dong (loop closure detection) xem xet cac Vi tri da di qua
hay chua trong cac hé théng SLAM sir dung 01 camera duy nhat (Monocular SLAM) ddi vai cac bai toan dinh vi hinh
anh str dung cac ky thuat dbi sanh anh Map -to-Map [8], Image-to-Map [13], Image -to-Image [14] [15]. Méi truong
thir nghiém dugc tién hanh trong nha va ngoal troi véi quy dao di chuyén la mot vong va nhiéu vong. Két qua cho thay
d6i sanh Image-to-Image cho két qua tét nhat, Map-to-Map va Image-to-Map cho két qua kém hon.

Perera 2011 [16] dé xuat thuat toan theo ddi giam sat cac ddi tuqng Chuyén dong trong moi trueong. Viéc phét
hién cac diém di chuyén tir mot camera chuyén dong duoc giai quyét boi cac rang bugc epipolar bang céch sir dung céc
thong tin do dugc voi céc thuat toan monoSLAM. Tuy nhién dé xéc dinh ngudng chinh x&c nham phan loai cac dlem di
chuyén, nguoi ta phai thuc hién nhiéu lan thir nghiém, tly thugc vao sé lugng diém du Kién s& twong xing vé diém
phét hién dugc trong moi truong.

B. Huéng tiép cén sir dung tiv 02 camera tré lén

Ozawa 2005 [17] dé xuat h¢ thong truc tuyén tai tao ban d6 3D st dung ky thuat do hanh trinh bang théng tin
thi giac (visual odometry). Hé théng gdm hai thanh phan chinh. Thanh phan thi nhét 1a xay dung ban d6 3D tir mot
chudi hinh anh thu thap tir camera-stereo dé mo ta chi tiét thé gii thuc va 1ap ké hoach di chuyén cho robot trén ban d6
3D tai tao. Thanh phan thir hai thyc hién do hanh trinh thi giac (visual odometry) dé két ndi chudi hinh anh 3D nham
dua ra md hinh chuyén dong cua camera theo huéng tiép can 6DOF (sau bac tu do) va thong tin méi truong 3D. Dé
lam dugc diéu ndy, mot sé ky thuat dwoc 4p dung nhu tinh toan chidu sdu caa anh thu nhan, tinh toan cac ludng dit liéu
3D dya vao viéc theo vét cac hinh anh dic trung ban dau, st dung ki thuat RANSAC [18] uéc lugng chuyén dong
camera theo md hinh 6DOF. Tiép theo Ia st dung dit liéu két qua trén ban db 3D dé thuc hién mét trinh tu tdi wu cac
dia diém ma robot phai qua. Viéc di chuyén cua robot dya trén mot ban d6 d6 cao cua dia hinh va mot tap hop roi rac
du doan nhitng budc tiép theo ma robot cé thé thyc hién.

Michel 2007 [19] trinh bay mot phuong phap theo vét robot chuyén dong va leo cau thang trong méi trudng
3D bang viéc sir dung chudi hinh anh dugc thu thap tir camera-stereo. Phuong phap c6 kha ning thyc hién thoi gian
thuc (Real-time) trén GPU (Graphic Processing Units). Nhitng han ché ctia phuong phap nay phu thudc vao ddi tugng
3D can theo vét va mo hinh 3D tuong ddi nho. Tuy nhién né rat hitu ich cho céc kich ban robot leo cau thang.

Khéc véi cac nghién ctu trén, trong bai bao nay ching toi tap trung vao giai quyét van dé dinh vi sir dung
thdng tin hinh anh bang viéc sir dung mot khung lam viéc tong quat vé mo hinh héa mdi truong va dinh vi dugc trinh
bay chi tiét ¢ phan dudi day.

III. GIAI THUAT PINH VI SU DUNG THONG TIN HINH ANH

Phan nay m6 ta khung lam viéc dé xay dung h¢ thong dinh vi trong cdc méi truong trong nha. Khac véi cac hé thong
dan duong thong thuong, hé thong dé xuat chi sir dung di liéu hinh anh ma khong doi hoi dir liéu dinh vi khac nhu
GPS, WIFI, LIDAR, v.v.

Trudc tién, ching t6i s& trinh bay y twong cua giai thuat FAB-MAP gbc, sau d6 chung toi s& trinh bay céc cai
thién nang cao do chinh xac khi thuc hién trong nha goi tat 1a FAB-MAP*. Chi tiét vé h¢ thong dé xuat duoc md ta
trong [20]. Cai tién 16n trong nghién ctru nay 14, ching t6i da dé xuat khung lam viéc téng quat cho robot di dong,
trong d6 mé dun dinh vi dua trén giai thuat FAB-MAP* [a mot thanh phan quan trong nhiam nang cao d6 chinh xac
dinh vi, gidp cho robot hiéu dugc méi trudng dua ra cac quyét dinh phu hop khi thuc hién cac nhiém vu trg gitp dan
duong.

A. Gidi thudt FAB-MAP

Giai thuat FAB-MAP (Fast Appearance based Mapping) [14] do Cummins va ddng nghiép d& xuét nam 2008 v&i y
tuong xac dinh vi tri cia camera bang céch tinh xac suit Ién nhat ma quan sat hién tai twong «ng voi mot vi tri ma no
da di qua. Mdi vi tri dugc biéu din bai mot vector nhi phan céc gia tri 0 hoac 1 biéu thi sy ving mat hay xuit hién cua
mot tir khong trong bo tir dién da duoc xay dung tir truée bai ki thuat tai tir (Bag of Word) [21].

Uu diém néi troi cia FAB-MAP 1a sir dung md hinh cay nhi phan Chow Liu [22] dé tinh toan mdi quan hé dong xuat
hién cua cé4c tir, vi thé cho phép xac dinh vi tri mot cach chinh xac hon. Ban chat cia FAB-MAP 1a xéac dinh vi tri cua
camera trong qua trinh di chuyén. N6 cap nhat ban d6 néu vi tri hién tai tring véi mot vi tri da di qua (loop closure
detection) hoc tao vi tri mai. FAB-MAP gdc chi lam viéc trén ban d6 cuc bo (tinh tir thoi diém ban dau dén vi tri hién
tai) chi tiét gom c6 cac budc sau:
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1. Xay dyng bg tir dién va biéu dién quan sat: M&i khung hinh s& duoc biéu dién bsi mo hinh tdi tr [21]. Y tuéng cia
m6 hinh nay Ia coi birc anh nhu mét tai liéu va biéu dién tai liéu nay boi tap cac tir (Words). Trong phan dudi day trinh
bay 02 budc chinh cua ky thuat tdi tir: i) xay dung bo tir dién; ii) biéu dién anh dya trén bo tir dién.

o Xdy dung bé tir dién: Gia st ¢ mot tap cac anh mau Iy, lz,...,In. Cac budce cia xay dung tir dién tir tip anh nay
nhu sau:
o Trich chon dac trung trén tung anh I, ¢ =1.n). Do uu diém tinh toan nhanh, ching t6i chon déc trung
SURF [23], mbi dic trung ndy la mot vector 128 chidu.
o Phén cum cac dic trung trong khong gian dic trung st dung phuong phap K-Means [24]. S6 lugng
phan cum K xac dinh tir truée. Mi cum s& duge dic trung béi tim va do rong ciia 2 hudng chinh.

e Biéu dién anh | dua trén bé tir dién cdc bude sau:

o Trich chon dac trung SURF trong anh I.

o Gan mdi dic trung vao cum ma khoang céch tir nd dén tim cum 1a ngén nhét.

o Biéu dién anh | boi mdt vector nhi phan Zx = {z1, 2,,..., Zc} ¢6 d6 dai K. Thanh phan zq nhan mot

trong hai gia tri {0, 1} twong tmg véi su c6 miat hay ving mit cta mdt tir g trong anh.

2. Xay dung cay nh; phan Chow Liu [22]: C4c tc gia trong FAB-MAP khai théc moi quan hé dong xuat hién cua cac
tir trong tir dién bang viéc xay dung cau trdc ~cay nhi phan Chow Liu [22]. Thuc chat day 1a mot cay khung nho nhét
trong bai toan do thi c6 hudng nham tao ra méi lién h¢ giira cac nat. Do vay, sau khi da xay dung tir dién gom K tir, cac
tir c6 thé c6 mai lién hé v6i nhau. Cu thé c6 nhitng cap tir xuat hién ddng thoi. DBé tinh dén mbi quan hé nay, xéac sut
P(2) v6i Z = (21, 72,...,z¢) cua K bién rai rac can phai xac dinh. Néu nhu P(Z) 1a mot phan bé téng quat khdng cé cu
trac dic biét, khdng gian can thiét dé biéu din cau trac nay 1a lily thira bac K. Bé don gian, céc nha khoa hoc thuong
xap xi P(Z) bai mot cau tric Q(Z) c6 cau trac dac biét gan giéng vaéi phan bd P(Z). Cu thé téi thiéu khoang céch
Kullback-Leibler:

Du(P.0) = Y P()log (1)

X€X

Y tuong chung 1a xap xi mot phan bé roi rac P(Z) boi mang Bayes c6 dang cau tric cay Q(Z)op. Ciu tric cia Q(Z)op
duoc xéc dinh bang cach xem xét mot d6 thi G. Boi véi mot phén bo trén n bién, G 1a d6 thi day da vai n nat va
"(n Canh trong d6 mdi canh (z;, zj) ¢6 trong sb 1a thong tin twong hd 1(zi,z;) giira bién i va j xac dinh bai cong thic:

p(z;, z;)
I(zl,zj)— Z P(zl,zj)log (Zl)p(]Z]) )

zj,ZjEQ

Chow Liu di chirng minh dugc cay khung cd trong s6 16n nhat caa do thi G s& ¢6 cau trac twong tu VSi Q(Z)opt.

3. Cdp nhdt vj tri da di qua hodc tgo méi trén ban do: Gia si tai thoi diém k, ban d6 moi truong da duoc xay dung
gom nk vi tri: {Li, L2,..., La}. Camera thu nhan khung hinh lx. Sir dung bo tir dién da duoc xay dung, biéu dién khung
hinh I boi vector Zx nhu da trinh bay ¢ phan trén. Goi Z* 1a vector quan sat tir luc bat dau dén thoi diém k: ZK =
{Z1,Z5,....23, Tinh xac suat ma quan sat I co thé & mot trong s6 cac Vi tri {Ly, L, ... L,, } theo cong thirc dudi day:

P(Z|Li, Z* " Hp(LilZ5 )

3
p(ZilZ*71) ©

P(Li|Z*) =

Véi i = 1, ng;
Dua trén giai thuat FAB-MAP gdc, chung toi dé xuit mot sé cai tién chinh nhu sau:

o« P¢ xudt ky thudt xdc dinh canh phén biét @é giam cdc quan sdt tring Idp.
. C/}uyén pha truc tuyen cua FAB-MAP vé hoat dong ngoai tuyén nham xdy dung cdc vi tri quan trong (danh
dau) trén hanh trinh cua robot.

e Dinh vivi tri robot trén ban doé moi truong da dinh nghia trudc cac vi tri quan trong.
Céc cai tién nay duogc trinh bay chi tiét trong cac phan dudi day. Ching toi dat tén giai thuat dinh vi robot cai tién nay
la FAB-MAP*,
B. Gidi thudt FAB-MAP*
Trong nghién ctru nay, ching toi dua trén y tuang cia FAB-MAP dé tinh xac suat ma quan sat hién tai cua robot tring
vGi mét quan sat tai vi tri nao d6 da duoc huan luyén trong CSDL. Giai thuat FAB-MAP* lam viéc trén tqan b6 cac vi
tri ciia ban do tong the da dugc xay dung tur trude. De xay dung bo tir dien, FAB-MAP* sir dung toan b so khung hinh
thu nhan dugc dé huan luyén. Tuy nhién véi méi truong trong nha, cic khung canh thuong lap di 1ap lai.
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Dé loai bo tinh lap cua cac miu, chiing t6i dé xut chi sir dung cac khung canh phan biét, cac khung canh nay duoc lya
chon bang céach stir dung khoang cach euclid cta hai vector dac trung GIST [25] trich chon tir hai anh lién tiép. Cach
lam nay cho phép giam thiéu cac tir bi lap, tir 46 ting hiéu niang (dd chinh x4c va do triéu hoi) cua giai thuat dinh vi.

1. Xic d.inh, canh phan biér dé giam cac quan sé} trung Igp: Bai toan xac dinh khung canh phan biét dugc mo ta nhu
sau: Gia thiét c6 mot chudi N khung hinh lien tiep I = {Iyl2,...,In}. Xéc dinh tép con cua lg € I V6i lg = {liz,liz,..., lia}
trong d6 c&c khung canh I 1a phan biét. bé xac dinh Ijj véi lik 1a phén biét, cd thé kiém chung bang ham khoang céch
D(lij, liw):

D; = ED (Gist(1I;;), Gist(Iy,)) 4

Trong d6: ED la khoang cach gitra hai vector trong khong gian. Viéc xac dinh cac khung canh riéng biét thuc hién
bang giai thuat sau day. Bau vao 1a mét chudi cac hinh anh lién tiép thu thap tir camera: | = {ly,1>...In} gom céc budc:

e Budbc 1: Tinh todn sai khéc giita hai khung hinh lién tiép I; Va |i—;. Sai khéc nay dwoc dinh nghia la khodng
céch Euclid Di gitra hai vector dac trung GIST tuwong vmng Fi,F;-;.

e Budc 2: Kiém tra néu Di > Ogis thl | dwoc lwa chon la khung hinh phén biét, trong d6 Ocis la ngudng xdc dinh
trueée bang thire nghiém quyét dinh sé lwong khung hinh giir lai.

2. Chuyén pha truc tuyén cia FAB-MAP vé hoat dong ngoai tuyén: Sau khi da xac dinh cac canh phan biét, cac anh
nay dugc dwa vao pha ngoai tuyén dé xay dung tir dién va cdy Chow Liu trude khi dua vao pha truc tuyén cua FAB-
MAP géc tao ra cac vi tri trén ban d6. So véi FAB-MAP, dau vao cua FAB-MAP* |4 tap c4c anh da thu thap tir truc
trén hanh trinh khai pha duong di trong moi truong.

Cong viéc huén luyén nay cé thé chay mét 14n hodc nhiéu 1an véi cac dit liéu duong di khac nhau dé 1am giau $6 vi tri
trén ban do. Mot thu tuc lap c6 tén “Loop Closure Detection” ¢6 nhiém vu danh chi muc cho cac vi tri madi phat hién
trung khép voi vi tri trén ban dd, duge thuc hién lién tuc va két thuc khi khong con phat hién céc vi tri méi.

3. Dinh vj vj tri robot trén ban do méi trwong: Sau khi da xay dung ban d6 topo s liéu ¢ pha ngoai tuyén, viéc dinh vi
& pha truc tuyén. O pha tryc tuyén, camera thu nhan anh Iy, quan st tir dau dén thoi diém k 1a ZX nhu dinh nghia & phan
trén. Thyc hién tinh x4c suit ma quan sat Z* c6 thé & vi tri L; trén ban d6 Ly = {Ly,L2,...,.Ln} VGi moi gid tri i = T, N,
trong d6 N 12 téng s vi tri da hoc trong mdi trudng xac dinh bang cong thirc:

p(Z|Li, ZM)p(Li|ZV)
p(Z|ZN)

So v6i cong thire 3, cong thirc nay khac ¢ chd Zy duoc thay béi Z;-; do luc nay ban ) toan bd moi truong da
dugc xdy dung. Chiing t6i tién hanh danh gid quan sat hién tai tai vi tri Lj trén ban d6 ciia mot xac suat khi duoc dua ra
cac quan sat tat ca 1én dén mot vi tri K. Trong hé thong nay, tai vi tri thtr i xac dinh mdt tham so k# la ngudng
argmax(p(ZyLi)) 1a du 16n (ngudng nay dugc xac dinh trude tir thuc nghiém Or4p-pap-= 0.4).

IV. KET QUA PANH GIA THU'C NGHIEM

P(Li|Z¥) = (®)

A. Di ligu dinh gid

Chung toi tién hanh danh gia phuong phap FAB-MAP trén hai CSDL thu thap tai: (i) thu vién Bicocca (ltaly) va (ii)
thur vién Tg Quang Buru (Viét Nam) duoc két qua chi tiét cd trong bang duéi day. Dt liéu tai méi truong E1 da duoc sir
dung bai c&c nghién cau trude do.

Bang 1. Dit liéu huén luyén va danh gi tai 02 moi trudng

Moi truwdng thue nghiém Huén luyén | Anh thir nghiém
(Anh) (Anh)

E1: Thu vién Bicocca 41 195 44 195

E2: Thu vién Ta Quang Biru 10 650 10 175

Puong di cua robot (Robocom va Pchot-914) thu thap tir 02 méi treong minh hoa ¢ hinh 1 dudi day:
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a) Moi truong E1: Thu vién Bicocca (Italy) b) Moi truong E2: Thw vién Ta Quang Buu (Viét nam)

Hinh 1. M0i truong thir nghiém giai thudt dinh vi FAB-MAP*
B. Két qua danh gid

béi voi giai thuat dinh vi, can danh gia kha nang dinh vi ding mét vi tri trén ban dd v&i mot quan sat dua vao I nao
d6. Trong so N vi tri trén ban do da xay dung, gia sir L}, 1a vi tri c6 P(Lk+|Z¥) 16n nhat. Dé danh gia kha ning dinh vi,
ching t6i str dung do triéu hoi R(Recall) va do chinh xac P(Precision) c6 trong [26] dugc tinh toan bang cong thirc sau:

TP
= 6
P TP + FP ©)
TP
= 7
R TP+ FN )

Trong do:

o Vi tri khéng nhdn dang (ky hiéu FN): Néu P(Lx<|Z*) < Oas_wap két ludn ddy la vi tri khéng c6 trén ban do.

o Vitri diing (ky hiéu TP): Néu P(Lk+|Z%) > Orag_map va do khodng céch giia Ly va vi tri thuc trén thuce dia, néu
khodng cach nay nhé hon mét gia tri ngudng cho treéc (trong thyc nghiém & = 0.4m ), khi @6 két ludn Ly 12
dinh vi dhing trén ban do.

e Vjtrisai (ky hiéu FP): Néu P(Lk+Z%) > Oras_map Va khoang céch giira Ly« va vi tri thyc trén thuee dia I6n hon
nguong & khi dé két lugn Ly la dinh vi sai trén ban do.

Béng 2 trinh bay chi tiét két qua dinh vi giai thuat FAB-MAP*. C6 thé nhan thay trong moi truong hop ciia Oras_vap,
khi str dung didc trung GIST trong viéc phan loai canh ludn cho két qua dinh vi tot hon. Két qua nay minh chimg cho
viée dé xuat sir dung didc trung GIST dé phan tach khung canh cé céu tric lap, gidng nhau trong méi trudng trong nha.

Bang 2. Dit liéu hudn luyén va danh gia tai 02 moi trudng

Thuw vién Bicocca (E1) Thu vién Ta Quang Biru (E2)
OraB_MAP FAB-MAP FAB-MAP* FAB-MAP FAB-MAP*

Recall Precision | Recall Precision | Recall Precision | Recall Precision
0.9 1.79% 100.00% | 9.94% 100.00% | 4.13% 98.24% 8.29% 100%
0.8 5.52% 97.56% 21.55% | 100.00% | 6.90% 97.41% | 15.47% 100%
0.7 9.10% 95.65% | 31.49% 96.61% 8.31% 96.85% | 24.86% 100%
0.6 12.69% | 93.88% | 43.65% 96.94% | 10.46% 95.11% | 33.15% 98.24%
0.5 17.93% 92.86% | 49.17% 96.84% | 12.42% 94.07% | 40.88% 98.37%
0.4 26.07% | 93.56% | 60.22% | 96.08% | 20.81% | 90.34% | 53.59% | 95.98%
0.3 37.24% 93.10% 76.01% 87.41% | 37.25% 88.22% | 74.03% 94.03%
0.2 51.72% 89.29% 82.68% 84.76% | 42.55% 86.96% | 81.22% 93.04%
0.1 69.93% 86.51% 88.45% 83.04% | 56.97% 85.71% | 89.50% 92.98%

Hinh 2 biéu dién két qua do triéu hdi va do chinh xéac véi tap ngudng Oras_map € {0.1,...,0.9}. Két qua nay cho thay khi
d6 ngudng Grap-map tang dan (rang budc cang chit) thi do tridu hdi giam nhanh va do chinh xac ting va nguoc lai.
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Hinh 2. Biéu db so sanh giai thuat dinh vi FAB-MAP* tai E1 va E2

Hinh dudi ddy 1a mét s6 hinh anh minh hoa danh gi4 véi ngudng Gras_mar=0.4 dat két qua cao trén 02 CSDL thu thap:

© FAB-MAP* ®  FAB-MAP
a) Moi truong E1: Thu vién Bicocca (Italy)

Correct Matching Current-fmage Cdrrect Madsadin o | Current Image

©  FAB-MAP* () FAB-MAP
b) Moi truong E2: Thu vién Ta Quang Buu (Viét nam)

Hinh 3. Mot sb hinh anh minh hoa dinh vi robot trén 02 méi truong thir nghiém
V. KET LUAN

Trong bai bdo nay, chiing t6i da tom lugc mo hinh két hop dinh vi sir dung thong tin hinh anh ddi v6i hai bai toan
truyén thong 1a xay dung ban d6 méi truong va dinh vi. Ban d6 méi truong trong nha dugc tao ra bang phuong phap do
hanh trinh bang thi giac may tinh két hop véi dic ta cac vi tri boi md hinh quan sat dya trén tir dién. Céc vi tri quan
trong trén ban d6 moi truong duge xac dinh bing mé hinh xac xuat co didu kién giita quan sat hién thoi véi tap cac
quan sat tir trude t6i thoi diém hién tai bang giai thuat dinh vi FAB-MAP két hop dé xuat st dung déc trung GIST
trong viéc phan tich khung canh giéng nhau (goi tit 1a FAB-MAP*). Thuc hién danh gia giai thuat FAB-MAP* trén
mdt sé CSDL tu xdy dung va CSDL dung chung cua cong ddng nghién ctru cho thy giai thuat dé ra tin cdy hon giai
thuat FAB-MAP gbc, c6 kha ning 4p dung cho cac bai toan dinh vi robot trong méi truong nhé hep.

VI. LOI CAM ON

Bai bao nay dugc thuc hién voi sy hd tro cua dé tai “Tro giup dinh hudng nguoi khiém thi sir dung cong
nghé da phuong thirc” ma sb: ZEIN2012RIP19 - Hop tac qudc té cac truong Dai hoc tai Viét - Bi (VLIR).
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PERFORMANCE EVALUATION OF FAB-MAP* FOR ROBOT
LOCALIZATION IN INDOOR ENVIRONMENT
USING MONOCULAR CAMERA

Quoc-Hung Nguyen, Hai Vu, Thanh-Hai Tran, Quang-Hoan Nguyen

ABSTRACT— FAB-MAP (Fast Appearance Based Mapping) is a method for vehicle localization using camera in outdoor
environment. The main idea of FAB-MAP is to estimate the conditional probability of a visual observation that matches with one of
the pre-built observation in the dataset. In our previous work, we have improved FAB-MAP (herein called FAB-MAP*) for indoor
environment. In FAP-MAP*, we proposed to take only distinctive samples based on GIST features to build visual dictionary. Then
we take the offline phase of FAB-MAP to online phase of FAB-MAP* for localization. This paper focuses on the evaluation of the
proposed method FAB-MAP* on two datasets, one is built by ourself and one is a benchmark dataset. The results show that the
FAB-MAP* is more efficient and has potential to be applied in indoor localization.
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