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TOM TAT— Bai bdo nay trinh bay tém lwoc gidi thudt FAB-MAP* dinh vi robot sir dung théng tin hinh anh trong méi tmdng trong
nha véi y twéng chinh la viéc xdc dinh vi tri robot béi viéc phép todn xdc xudt cé dieu kién gitta quan st hién tai véi tdp cac guan
sat ma robot di chuyen qua, cdc quan sdat nay dugc hudn luyén tr trudc dia vao dac trung phan loai canh va cdy khung nhoé nhat
lién két ciia cac tir dién méi trwong dong xudt hién. Tir d6 quyét dinh vi tri chinh xdc trén ban dé méi truong dd xdy dung tiv trude.
Trong bai bdo nay ching t6i tdp chung thuc hién danh gid hiéu nang gidi thudt FAB-MAP* trén CSDL dwoc thu thdp tai thu vién Ta
Quang Biru (Viét Nam) va Milano-Bicocca (Italy). Két qua cho thdy gidi thudt dinh vi FAB-MAP* ¢6 tinh kha thi trong bai todn
dinh vi doi twong trong nhad, lam co s6 xdy dung cdc vimg dung cdc bdi todn SLAM cho robot trong twong lai.

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

Dan duong robot dugc mo ta nhu mot qua trinh xac dinh duong di hop Iy va an toan tir diém khoi dau dén mot
diém dich dé robot c6 thé di chuyén gitta chlng. Rat nhiéu cam bién khac nhau nhu GPS, Lidar, Wifi d3 duoc st dung
dé giai quyét bai todn nay. Tuy nhién nhitng dit liéu d6 khong ludn c6 sdn hodc thuan tién cho viéc thu thap, dic biét
trong mdi trudng nho hodc vira. Vi du, hé thdng dinh vi GPS chi cung cip cac dich vu ban db trong diéu kién khit khe
nhu thoi tiét tét, méi truong 16n, ngodi troi va khdng hd tro trong moi tredng nhé nhu trong cac toa nha [1]. Cac hé
thong sir dung Lidar doi hoi phai du tu chi phi [2]. Hé thdng dinh vi Wifi ciing khong dé dang trién khai, cai dat, ngay
ca ddi véi cac moi truong dién hep [3].

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

Trong khuén khé bai bao ndy, chiing t6i di theo huéng tiép can xay dung ban dd méi truong & pha ngoai tuyén
va dinh vi st dung ngu0n thong tin hinh anh thu thap duoc tir camera. Uu diém chinh cua viéc sir dung camera la gia
thanh ré hon rat nhiéu so véi cac cam bién khac trong khi cung cip ngudn thdng tin hinh anh c6 gia tri phuc vu cho
nhiéu bai toan khac nhau nhu xay dung ban do, dinh vi va phat hién vat can bang céc thiét bj thong thudng nhu camera
cam tay. Dic biét 1a cac két qua danh gia giai thuat FAB-MAP* véi cdc CSDL thu thap tai thu vién Ta Quang Btu
(Viét Nam) va Milano-Bicocca (ltaly) tir d6 cho thdy dugc diém manh cua giai thuat duoc dé xuat.

Bai bao nay dugc bb cuc nhu sau: Phan | gigi thiéu bai ton dinh vi cho robot. Phan 11 trinh bay cac nghién
ctu lién quan. Phan 111 tom tit hé thong dé xuét, trong d6 trinh bay cac bai toan lién quan dén robot dan duong. Phan
IV danh gi4 thir nghiém trén CSDL thu nhan tai thu vién Ta Quang Buu (Viét Nam) va Milano-Bicocca (Italy). Phan V
1a két luan va huéng phét trién trong tuong lai.

IL. MOT SO NGHIEN CUU LIEN QUAN

Nhu da gi6i thigu ¢ trén, bai toan dinh vi va xay dung ban d6 méi truong cho robot c6 thé sir dung rat nhiéu
loai cdm bien khéac nhau. Tuy nhién bai bdo nay di theo hudng ti€p can s dung camera. Vi vay, ching i chi tap trung
trinh bay nhitng nghién ctu lién quan vé dinh vi va xay dung ban d6 méi truong st dung théng tin hinh anh.

A. Huwéng tiép cin chi sit dung 01 camera

Broida 1990 [4], Broida va Chellappa 1991 [5] d& xuat thuét toan dé quy tinh todn sir dung 01 camera thu thap
mot chudi hinh anh cia mot ddi twong di chuyén dé wéc tinh cu trac va dong hoc cua déi twong s dung Olcamera,
day c6 thé coi 1a nghién ciru dau tién theo hudng tiép can Monocular SLAM. Viéc thuc hién du doan vi tri dugc thuc
hién két hop véi bo loc Iip Kalman mé rong (IEKF-Iterated Extended Kalman Filter) cho cac diém dic trung va
chuyén dong. Davison 2007 [6] Ia h¢ thong dinh vi str dung 01 camera hoat dong trong thoi gian thyc, day 1a hé thong
dinh vi tét nhat chi sir dung 01 camera. Trong phuong phap nay, khung lam viéc tong quat bao gom nhiing vi tri cua
camera va mot ban d6 3D dugc danh dau rai rac cac diém quan trong duoc tinh toan ddng thoi sir dung mét bo loc
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Kalman mé rong (EKF-Extended Kalman Filter). VVa tir day chién lugc EKF-SLAM dugc sur dung réng rai va dugc cai
thién dang ké trong cac linh vyc khac nhau nhu William 2007 [7] giai quyét van dé tai dinh vi ty dong, Clemente nam
2007 [8] lap ban do6 ung dung vai quy mo Ion,...

Ethan va Drummond 2007 [9] dé xuat hé théng dinh vi trong pham vi nho theo hudng tiép can 01 camera véi
quy md thir nghiém nho duge md hinh héa thanh céc nit khéc nhau két hop trong mot d thi I6n bang ky thuat téi uu
hoa phi tuyén tinh. Dellaert 2006 [10], Strasdat nam 2010 [11] str dung k¥ thuat t5i wu hoa phi tuyén tinh nhu BA
(Bundle Adjustment) hodc Smoothing va Mapping (SAM) dugc cip trén vé do chinh xac dé loc cac phuong phap dua
trén va cho phép dé theo ddi hang tram dic trung gitra khung hinh lién tiép. Williams 2008 [12] trinh bay d4anh gia so
sdnh vai tro cua thu tuc vong lap dong kin (loop closure detection) xem xét cac vi tri da di qua hay chua trong cac hé
thong SLAM sir dung 01 camera duy nhat (Monocular SLAM) ddi véi cac bai toan dinh vi hinh anh sir dung cac ky
thuat déi sanh anh nhu sau: ban do véi ban dd (Map-to-Map) trong Clemente[8], anh véi ban db (Image-to-Map) trong
Williams [13] anh véi anh (Image-to- Image) trong Cummins [14], [15]. Mai truong thir nghiém duoc tién hanh trong
nha va ngoal troi vai kich ban mot vong va nhiéu vong quy dao di chuyen Puong ROC (Image-to-Image) la hoan
chinh nhat cho két qua tot nhat, ROC trong (Map-to-Map) cho thay c6 it diém hon tuy nhién véi cac ngudng khac nhau
thi 6 chinh xac giam manh, ROC trong (Image-to-Map) cho két qua chap nhan dwoc véi cac diém roi rac lién tuc.

Perera 2011 [16] d& xuét thuat toan theo ddi giam st cac di trong chuyén dong trong méi trudng, van dé khod
khin ctia viéc phét hién cac diém di chuyén tir mot camera chuyén dong duogc giai quyét boi cac rang budc epipolar
bang cach sir dung cac thong tin do luong di c6 sin véi cac thuat toan monoSLAM. Tuy nhién dé xac dinh dwoc
ngudng chinh xac dé phan loai cac diém di chuyén dugc thuc hién thi cong qua nhiéu lan thir nghiém, tiy thudc vao sé
luong diém du kién s& tuong xung vé diém phat hién dugc trong méi truong.

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

Ozawa 2005 [17] d& xuat hé thong truc tuyén cho 1ap ké hoach budc chan cua robot bang viéc tai tao ra mot
ban d6 3D sir dung k¥ thuat do hanh trinh bang thong tin thi giac (visual odometry). Hé thong gdom hai thanh chinh: th
nhat xay dung lai ban ¢4 3D tir mot chudi hinh anh thu thap tir camera-stereo dé md ta chi tiét thé gisi thuc va lap ra
mot ké hoach di chuyén cac budc chan cua robot trén ban d6 3D téi tao; thir hai phuong phap do hanh trinh thi giac
(visual odometry) s& két ndi vai chudi hinh anh 3D dé c6 dugc mo hinh chuyén dong cua camera theo hudng tiép can
6DOF (sau bac ty do) va thong tin moi trudng 3D day dic. Pé lam duoc diéu ndy, mot sb ky thuat dugc &p dung nhu
tinh toan chidu sau cua anh thu nhan, tinh toan cac luong dit liéu 3D dya vao viéc theo vét cac hinh anh dic trung ban
dau, st dung ky thuat RANSAC[18] u6c lugng chuyén dong camera theo mod hinh 6DOF. Tiép theo la sir dung dit liéu
két qua trén ban dd 3D dé thuc hién mot trinh tu tdi wu cac dia diém ma budc chan phai qua, cac ké hoach di chuyén
ctia budc chan dwoc cung cip mot ban d6 do cao cua dia hinh va mot tap hop roi rac du doan nhimng budc chan tiép
theo ma robot c6 thé thuc hién.

Michel 2007 [19] trinh bay mot dé xuat 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 trong viéc phan tich va theo vét cac md hinh caa mot
dbi tuong da biét va cd thé khoi phuc lai cac tu thé trén robot va dinh vi robot véi cac dbi twong d6. Hiéu nang hoat
dong trong thoi gian thuc (Real-time) dua vao tai nguyén tinh toan cua GPU (Graphic Processing Units) cho cac nhan
thirc, cho phép gia ting kha nang theo viét dbi twong trong cac loai camera st dung khi diéu hudng robot. Nhiing han
ché ciia phuong phap nay phu thude vao dbi twong 3D can theo vét va mé hinh 3D twong ddi nho, tuy nhién né rit hitu
ich cho céc kich ban robot leo cau thang.

Khac véi cac nghién ctu trén, trong bai bao nay chung toi tap trung vao giai quyét vin dé dinh vi s dung
thong tin hinh anh bang viéc sir dung mot khung lam viéc téng quat vé viéc mé hinh héa méi 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 mo ta khung Iam viéc dé xay dung hé thong dinh vi trong cdc moi truong trong nha. Khéc véi cac hé
thong dan dudng thong thuong, tién ich hé thong dé xuat chi dir liéu hinh anh, ma khong doi héi dir liéu dinh vi thong
thuong nhu GPS, WIFI, LIDAR,...

Trudc tién, chdng toi sé& trinh bay y twong cua giai thuat FAB-MAP gdc, sau d6 ching t6i s& trinh bay cac cai
thién nang cao d¢ chinh xéac khi thuc hién trong nha goi tit 1a FAB-MAP*. Céc chi tiét cua h¢ thong dé xuét cuia chiing
t6i dugc mo ta trong [20]. Cai tién 16n trong nghién ciru nay la, ching t6i da dé xuit khung l1am viéc téng quét cho
robot di dong, noi giai thuat dinh vi FAB-MAP* la mot yéu t quan trong nham nang cao d6 chinh xac dinh vi gidp
cho robot hiéu dugc moi truong dua ra cac quyét dinh pht hop khi thuc hién cac nhiém vu tro gidp dan duong.

A. Gidi thugt FAB-MAP [14] (Fast Appearance Based - MAPping) géc

Giai thuat FAB-MAP [14] do Cummins va ddng nghiép dé xuat nam 2008 véi y twong xac dinh vi tri cua
camera bang cach tinh xac suat 16n nhat ma quan sat hién tai twong tng vé&i mét vi tri ma né da di qua. Moi vi tri dugc
biéu gién b&i mot vécto nhi phan véi cac gia tri 0 hoac 1 biéu thi su vang mat hay xuat hién cia mét tir khdng trong bo
tir dién dd dugc xay dyng tir trude boi ky thuat tai tir (Bag of Word) [21].
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Mot wu diém ndi troi cua FAB-MAP la sir dung moé hinh cdy nhi phan Chow Liu [22] dé tinh todn mdi quan
hé ddng xuat hién cua cac tir, vi thé cho phép xéac dinh vi tri mot cach chinh xac hon. Ban chat cua FAB-MAP 13 xéac
dinh vi trf cua camera trong qué trinh di chuyén. N6 cap nhat ban @ néu vi tri hién tai tring v6i mot vi tri da di qua
mot thu tuc xac dinh vi tri da di qua loop closure detection) hodc tao vi tri mai. FAB-MAP gbc chi lam viéc trén ban d6
cuc bo (tinh tir thoi diém ban dau dén vi tri hién tai) chi tiét gom co cac budc sau:

Xay ding bg tir dién va biéu dién quan sat: M&i khung hinh s& dugc biéu dién béi mé hinh tdi tir [21]. Y
tuong cua md hinh nay 1 coi birc anh nhu mot tai ligu va biéu dién tai lidu nay bei tap cac tir (Words). Trong phan
dudi dy trinh bay 02 budc chinh cua k§ thuat tdi tur: i) xay dung bo tir dién; ii) biéu dién anh dua trén b tir dién.

o Xdy dung bé tir dién: Gia s c6 mot tap cac anh mau Iy, ly,...,Ix. Cac budc ciia xay dung tir dién tir tip anh nay
nhu sau:

o Trich chon dic trung trén ting anh I;, ¢ -1.x. Do uu diém tinh toan nhanh, chiing toi chon dic trung
SURF [23], mbi dic trung nay la mot vécto 128 chidu.

o Phan cum céc dic trung trong khong gian dic trung sir dung phwong phap k-Means [24]. S6 luong
phan cum K dugc dinh nghia, mdi cum s& dugc dic trung boi tam va do rong cia 2 hudng chinh.

e Biéu dién dnh dya trén b tir dién I(x, y) gom cdc buée sau:

o Trich chon dac trung SURF trong anh I(x, y).

o  Géan mdi dic trung vao cum ma khoang cach tir né dén tim cum 1a ngén nhét.

o Biéu dién anh I(x, y) béi mot vector nhi phan Z = {z1, z,, .. , Zi} ¢6 d6 dai |v|, trong do |v| 1a so tur
trong tir dién. Thanh phan thir zy nhan mot trong hai gia tri {0 1} twong tng v&i sy ¢6 mat hay ving
mat cia mot tr g trong anh.

Cay nh;j phan Chow Liu [22]: Céc tac gia trong FAB-MAP dé xuit thém khéi niém "tir ddng xut hién" nham
tao mdi lién két giira c4c tir trong b tir dién bang viéc xay dung ciu tric cay nhi phan Chow Liu [22], thuc chét day 1a
mot cay khung nho nhit trong bai toan dd thi c6 huéng nham tao ra méi lién hé giita cac ndt. Do vay, sau khi dd xay
dung tir dién gdm K tir, c4c tir ¢6 thé c6 mai lién hé véi nhau.

Cu thé cd nhirng cap tir xuat hién dong thoi. Dé tinh dén mdi quan hé nay, xéac suit P(Z) vé6i Z = (24, Zo....,2x)
cua K bién roi rac can phai xac dinh. Néu nhu P(Z) 12 mot phan bé téng quat khdng ¢ céu trac dic biét, khong gian
can thiét dé biéu didn cau triic nay 1a liy thira bac K. Dé don gian, cac nha khoa hoc thuong xap xi P(Z) boi mot cau
tric Q(Z) cd ciu trac dac biét gan gidng voi phan bd P(Z). Cu thé ti thiéu khoang cach Kullback-Leibler:

Da(P.0) = Y PG log 3 (1)

XEX

Y twong chung 1a xap xi mot phan b rai rac P(Z) b&i mang Bayes c6 dang céu tric cay Q(Z)Opt CAu tric cua
Q(Z)opt duge xac dinh bang cach xem xét mot d6 thi G. B4i vai mot phan bé trén n bién, G 1a d thi day di véi n nlt va

ae-1) canh, trong d6 mdi canh (z;, zj) cd trong s6 1a thong tin tuong hd 1(zi,z)) gitra bién i va j xac dinh béi cong thic:

(i, 7))
I(zl, z]) = z P(z;, z])logp(z )p(Jz]) 2)

z;,ZjEQ

Chow Liu da ching minh dugc cdy khung c6 trong s 16n nhat cua do thi G s& ¢6 cau triic tuong tu Vi
Q(Z)opt-
) Cdp nhdt vi tri da di qua hodc tgo méi trén ban do: Gia sir tai thoi diém Kk, ban dd moi truong da dugc xay
dung gom n vi tri: Lo = {Ly,Ls,...,Lw}. Camera thu nhan khung hinh I,.
Sir dung b¢ tir dién da duoc xay dung, biéu dién khung hinh I, boi vécto Z, nhu da trinh bay ¢ phan trén. Goi

Zk 1a vécto quan sét tir IGc bit dau dén thoi diém k: Z, = {Z1,Z5,...,Z3, Tinh xac suat ma quan sét I, co thé & mot trong
s Cac vi tri Ly, ={Lq, Ly, ... Ly, } theo cong thirc dudi day:

P(Z|Li, Z" Dp(Li|ZF7H)

PUIZD = = iz

©)

Trong dé: i =1,ny; p(L |Z%) tap quan sat hién thoi; p(ZJL;) kha ning quan sat; p(Li|Z“?) tap quan sat trudc;
P(ZJZ"™) toan b quan sat t&i vi tri thir k.

Dua trén giai thuat FAB-MAP gdc, chung toi dé xuit mot s6 cai tién chinh nhu sau:

o Dé xuat kjj thudt xdc dinh canh phdn biét dé giam cac quan sdt tring Idp.

o Chuyén pha truc tuyén ciia FAB-MAP vé hoat dong ngoai tuyén nham xdy dung cdc vi tri quan trong (ddanh
ddu) trén hanh trinh ciia robot.

e Dinh vivi tri robot trén ban dé méi truong da dinh nghia trucc cac vi tri quan trong.
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, Céc cai tién nay duoc trinh bay chi tiét trong cac phan dudi ddy. Chung t6i dat tén giai thuat dinh vi robot cai
tién nay la FAB-MAP*,

B. Gidi thudt FAB-MAP* xdy dung co so dir li¢u vi tri ddc ta moi truong

Trong nghién ctu ndy, ching toi dya trén y twong ciia FAB-MAP dé tinh xac suat ma quan sat hién tai cua
robot triing véi mot quan sét tai vi tri nao d6 da duoc huan luyén trong CSDL. Giai thuat FAB-MAP* [am viéc trén
toan bo cac vi tri cia ban dd tong thé da dugc xay dung tir trude. DE xay dung bo tir dién, FAB-MAP* sir dung toan b
s6 khung hinh thu nhan dugc dé huan luyén. Tuy nhién véi méi trudng trong nha, cac khung canh thuong lap di 1ap lai.

Dé loai bo tinh 1ap cua cac miu, chung toi dé xuat chi sir dung cac khung canh phan biét, cac khung canh
nay duoc lya chon bang cach sir dung khoang cach euclid cua hai vécto ddc trung GIST [25] trich chon tur hai anh
lién tiép. Céach 1am nay cho phép giam thiéu cac tir bi lap, tir d6 ting hiéu ning (d¢ chinh xac va do tridu hoi) cua
giai thuat dinh vi.

Xdc d.in’h canh phan biér d@é giam cac quan ,sét trung Igp: Bai toan xac dinh khung canh phan biét dugc mo ta
nhu sau: Gia thiét c6 mot chudi N khung hir)h liéntiep | = {ly,15,...,In}. Xac dinh tap con cua lg € [vdi lg = {liy, iz, lig}
trong d6 cac khung canh [;; la phan biét. Bé xac dinh [;; voi i la phan biét, co thé kiém chirng bang ham khoang cach
D(lij, liw):

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

_ Trong d6: ED la khodng cach giira hai vecto trong khdng gian. Viéc xac dinh cac khung canh riéng bi¢t thuc
hién bang giai thuat sau day. Pau vao la mot chuoéi cac hinh anh lién tiép thu thap tir camera: | = {l,1,...1y} gom cac
budc:

e Budc 1: Tinh todn sai khéc giita hai khung hinh lién tiép I, va \;_;: Sai khdc nay dwoc dinh nghia la khodng
cach Euclid D; giﬁa hai vécto ddc trung GIST twong ung F;,F;_;.

e Budc 2: Kiém tra néu D; > 6(;|5t thi I duac lya chon la khung hinh phan biét, trong do Ogiy la nguong xdc dinh
trueée bang thiee nghiém quyét dinh sé lwong khung hinh giit lai.

1. Chuyén pha truc tuyén cia FAB-MAP vé hoat déng ngoai tuyén: Sau khi da xac dinh cac canh phan biét, cac anh
nay dugc dua vao pha ngoai tuyén dé xay dung tir dién va cay Chow Liu trude khi dua vao pha truc tuyén cia FAB-
MAP gdc tao ra cac vi tri trén ban do. So voi FAB-MAP, dau vao cia FAB-MAP* 4 tip cac anh di thu thap tir trudc
trén hanh trinh khai pha duong di trong moi truong.

Cong viéc huin luyén nay c6 thé chay mot 1an hodc nhiéu lan véi cac dit lidu duong di khac nhau dé lam giau
0 vi tri trén ban d6. Mét thu tuc 1dp co tén “Loop Closure Detection” ¢6 nhiém vu danh chi muc cho céac vi tri maéi
phat hién tring khép véi vi tri trén ban do, duge thyc hién lién tuc va két thic khi khong con phat hién cac vi tri méi.

2. Dinh i v tri robot trén ban d6 méi triong: Sau khi da xay dung ban do topo s liéu & pha ngoai tuyén, viéc dinh vi
& pha truc tuyén. O pha truc tuyén, camera thu nhan anh I, quan st tir dau dén thoi diém k 13 Z, nhu dinh nghia & phan
trén. Thuc hién tmh X&C suat ma quan sat Z, cd thé & vi tri L trén ban dd Ly = {Ly,Ly,...,Ln} vOi moi gid tri i = T, N,
trong d6 N 12 tdng s vi tri dd hoc trong mdi trudng xac dinh bang cong thirc:

p(Z|Li, ZN)p(L:1ZV)
p(Z|ZN)

So v6i cong thirc 3, cong thirc nay khac ¢ chd Zy dugc thay béi Z;—; do lac nay ban do toan bd moi truong da
duoc xay dung. Chung t6i tién hanh danh gia quan sat hién tai tai vi tri L; trén ban d6 ciia mot xac suat khi dugc dua ra
cac quan sat tat ca 1én dén mot vi tri k. Zy chira toan bd cac tir xuat hién toan bd quan sat téi vi tri thir k — 7; Z tp céc
tir tai vi tri thi k.

P(Li|Z¥) = ()

Trong hé thdng nay, tai vi tri thir i x4c dinh mot tham sb k* 1a ngudng argmax(p(ZL)) 12 du 16n (ngudng nay
duoc xac dinh trude tir thuc nghiém Opyp-_y4p-= 0.4).

IV. KET QUA PANH GIA THUC NGHIEM
A. Thu thdp dii liéu

Chung t0i d& xuét tién hanh danh gia tai 02 moi truong khéc nhau: (i) thie vién Bicocca (ltaly) va (ii) thir vién
Ta Quang Buu (Viét Nam) duoc két qua chi tiét cé trong bang duai day:

Bing 1. Dit lidu huén luyén va danh gia tai 02 méi truong

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

E1: Thu vién Bicocca 41195 44 195

E2: Thu vién Ta Quang Buru 10 650 10175
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Puong di ctia robot (Robocom va Pchot-914) thu thap tir 02 moéi truong minh hoa & hinh 1 dudi day:

lir"*E T

?
tl

Pebat- 014

a) Moi truong E1: Thu vién Bicocca (Italy) b) Moi truong E2: Thw vién Ta Quang Buru (Viét Nam)

Hinh 1. M6i trudng thir nghiém giai thuat dinh vi FAB-MAP*
B. Két qua ddanh gid

béi véi giai thuat dinh vi, can danh gia kha nang dinh vi ding mot vi tri trén ban dd voi mot quan sat dua vao Iy
nao do. Trong s0 N vi tri trén ban do da xay dung, gia sir Ly 1a vi tri co P(Lk*|Zk) 16n nhat. Bé danh gia kha nang dinh vi,
chung t6i str dung do tri¢u hoi R(Recall) va d6 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:

e Vi tri khéng nhdn dang (ky hiéu FN): Néu P(Lk*|Zk) < Oras_maP két lugn ddy la vi tri khéng c6 trén ban do.

e Vi tri diing (ky hiéu TP): Néu P(Lk*lzk) > Opas_map va do khoang cach giira Ly. va vi tri thyc trén thuc dia, néu
khodng cach nay nhé hon mét gia tri nguong cho truéc (trong thuc nghiém & = 0.4m ), khi @6 két ludn L. 1a
dinh vi diing trén ban do.

e Vi trisai (ky hiéu FP) Néu P(Li.|Z%) > Orns_map Va khOang cach giwa Ly, va vi tri thuc trén thuce dia 16m hon
nguéng & khi dé két lugn Ly. la dinh vi sai trén ban do.

Bang 2 trinh bay chi tiét két qua dinh vi giai thuast FAB-MAP*. C6 thé nhan thay trong moi trudng hop cua
Orpg_map, khi str dung dac trung GIST trong viéc phan loai canh lu6n cho két qua dinh vi tot hon. Két qua nay minh
chimg cho viéc dé xuét sir dung déc trung GIST dé phén tach khung canh co cdu tric lap, gibng nhau trong méi trudng
trong nha.

Bang 2. Dit lidu huén luyén va danh gi4 tai 02 méi trudng

Thuw vién Bicocca (E1) Thu vién Ta Quang Biru (E2)
Orng_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 d6 chinh xac véi tap ngudng Orag_war €{0.1,...,0.9}. Két qua nay cho thay
khi d6 ngudng Orag map ting dan (rang budc cang chit) thi d6 triéu hdi giam nhanh va d6 chinh x4c ting va nguoc lai.
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a) Moi truong E1: Thu vién Bicocca (ltaly) b) Méi truong E2: Thu vién Ta Quang Buu (Viét Nam)

Hinh 2. Biéu d6 so sanh giai thuat dinh vi FAB-MAP* tai E1 va E2

Hinh dudi day la mot s6 hinh anh minh hoa danh gid voi ngudng Ogag map=0.4 dat Kkét qua cao trén 02 CSDL
thu thép:

©) FAB-MAP* @ FAB-MAP
a) Moéi truong E1: Thu vién Bicocca (Italy)

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

Hinh 3. M6t s6 hinh anh minh hoa dinh vi robot trén 02 méi truong thir nghiém
V.KET LUAN

Trong bai bao nay, ching t6i da tom lugc mo hinh két hop dinh vi str dung thong tin hinh anh ddi véi hai bai
toan truyén thong 1a xay dung ban d6 moi truong va dinh vi vi tri. Xay dung ban d6 méi truong trong nha bang viéc tao
ra cac diém danh du trong moi truong don gian va nhanh chong nham lam ting do chinh xac ciia ban d6 méi truong
dugc xdy dung. Biéu dién tai cac vi tri quan trong trén ban d6 moi truong bang mo hinh xac xuét c6 diéu kién giira
quan sat hién thdi vi tp cac quan sat tir trude t6i thoi diém hién tai bang giai thuat dinh vi FAB-MAP két hop dé xuit
sir dung dic trung GIST trong viéc phan tach khung canh gidng nhau (goi tit 1a FAB-MAP*). Thyc hién dénh gia giai
thuat FAB-MAP* trén mot so CSDL 16n trén thé gidi, két qua cho thiy giai thuat d& ra dang tin cdy, ap dung cho cac
bai toan dinh vi robot trong moi truong nhé hep.

VI. LOI CAM ON

Cam on d& tai “Tro gitp dinh hudng nguoi khiém thi sic dung cong nghé da phwong thirc” ma so:
ZEIN2012RIP19 - Hop tac quoc t€ cac truong Dai hoc tai Viét - Bi (VLIR) da ho trg trong qua trinh thyc hién bai
bao nay.
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PERFORMANCE EVALUATION OF FAB-MAP* FOR ROBOT
LOCALIZATION IN INDOOR ENVIRONMENT
USING MONOCULAR CAMERA

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

ABSTRACT— This paper present FAB-MAP* algorithm localization robots use visual information in an indoor environment with
the main idea is to locate the robot by the operation conditional probabilities between observations present a collection of
observations that robots move through, these observations from previous training based on specific classification trees frame the
scene and the smallest coalition of environmental Dictionary copper appears. Thereby determining the exact location on a map built
environment before. In this paper we focus implement performance evaluation FAB-MAP algorithm * on the database collected at
Ta Quang Buu Library (Vietham) and Milano-Bicocca (Italy). The results show that the algorithm positioning FAB-MAP * feasible
in problem locating objects in the home, as a basis for building applications for the robot SLAM problems in the future.



