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LOI NOI PAU

Thi gidc may tinh (Computer Vision) duoc khoi dau tir nim 70 cua thé Ky
truéc, cling Véi sy phat trién khdng ngung caa toc do xir i may tinh 1a dong luc quan
trong cho linh vuc nay. Khi sitc manh may tinh duoc cai thién, cong nghé thi giac may
tinh da tré nén kha thi ung dung cho nhiéu linh vuc.

M6t trong nhiing tng dung ndi bt cua linh vyc thi gidc may tinh 13 bai toan
phan doan chuyén dong video, da c6 nhitng thanh cdng 16n gép phan vao su phat trién
cua nganh cdng nghiép noi dung, cong nghiép dién ti - tiéu ding, cling nhu trong qudc
phong va an ninh...

Xuat phét tir do, t6i quyét dinh lya chon dé tai “Nghién cieu mét sé k¥ thuat
phéan doan chuyén dong video”. Mong mubn cua tdi 1a dugc nghién ctu nhiing ky
thuat tién tién trong linh vuc thi gidc may tinh — tng dung trong bai toan phan doan
chuyén dong video va phat trién mot sé ki thuat khac nham déng gop mét phan 1am
cho linh vuc nay tré nén phong phi va phat trién hiéu qua tién hon nita.

Loi dau, tdi mudn giri nhitng 10i cam on chan thanh dén Thac si Ngoé Puac Vinh
— truong khoa Cong nghé thong tin truong PH Cong nghiép Ha Noi da gilp t6i dinh
huéng dé tai, lya chon hudng nghién cuu, thuong xuyén danh gia va dong vién toi
trong suét thoi gian thuc hién db an. T6i cling biét on sy chi dan cia cac anh Nguyén
Duy Hoang, Bui Viét Hung — Trung tam Chi huy va diéu khién, Vién nghién ciu va
phét trién Viettel trong sudt thoi gian thuc tap, tir d6 gitp t6i hiéu rd va sau sac hon vé

mot s6 bo loc va bai toan phan tach, theo vét da ddi tuong chuyén dong.

Va khdng thé khdng cam on sy cong tac hiéu qua cua cac ban Pham Viét, Lé
Vin Hinh, Nguy&n Hong Gam trong sudt qua trinh thuc hién dé tai nghién ctu khoa

hoc — 1am tién dé cho qué trinh hoan tat do an trén.

Sau cuing, téi mudn gui tang tat ca nhitng diéu tét dep dén gia dinh, dén nhiing
ngudi than yéu luon ding sau 1a chd dya tinh than, 1a niém tin ciing nhu ngudén dong
lyc 16n lao trong subt qué trinh thuc hién va hoan tat db an ciing nhu sudt quang thoi

gian mang trén minh niém ty hao caa sinh vién Pai hoc Céng nghiép Ha Noi.



TOM TAT PO AN

Phat hién va phan doan chuyén dong cua ddi twong la mot trong nhitng nhiém
vy quan trong va can thiét caa cong nghé thi giac may tinh [17]. Phan doan chuyén
dong video 1a mot ky thuat co ban cho viéc phan tich mot chudi hinh anh cua hoat
canh thyc té dugc thu nhan lai [51]

Trong hé thdng giam sat, an ninh, céac thiét bi ghi nhan hinh anh thuong dugc
dit ¢b dinh va han ché dich chuyén. Do d6, cac k¥ thuat phan doan chuyén dong thyc
hién qua trinh phan tach cac dbi twong chuyén dong, bo qua viéc luu trit thdng tin vé
khong gian khdng c6 sy thay doi giira nhiéu khung hinh lién tiép.

Ngoai viéc nghién ctu tong quan cac ki thuat phan doan chuyén dong video,
toi lua chon viéc mo rong nghién ciru va g dung vao cac bai toan giam sat co ban,
trong d6 cac ddi twong di chuyén vai quy dao khong qua phic tap. Trong bai toan cu
thé dé viéc theo ddi ddi twong sir dung k§y thuat ludng quang hoc c6 thé dugc ap dung
triét dé.

Tuy nhién, gia thuyét dat ra caa ky thuat luong quang hoc 1a cudng do sang cua
cac diém anh trong mot dbi tuong xac dinh trong nhiéu khung hinh lién tiép 1a khdng
thay d6i. Trén thuc té, cuong d6 sang ciia mot d6i twong bi anh huong boi nhiéu yéu td
va khong dam bao diéu kién 1y twang cho ki thuat ludng quang hoc thuc thi mot cac
hiéu qua. Vi vay, cai tién thir nhat, tdi dé xuat ky thuat loc 15i trung vi nham cai tién
k¥ thuat ludng quang hoc.

Dong thoi toi ciing sir dung k¥ thuat udc luong nén dua trén phan bd Gaussian,
cu thé hon 12 mé hinh hdn hop Gaussian ap dung vao bai toan phan doan chuyén dong
VGi camera tinh. Sau do, t6i d& xuat mo hinh phan doan chuyén dong co ban, véi cai
tién thie hai — t6i 4p dung bo loc Kalman cho qua trinh theo vét cac ving chuyén
dong.

Két qua cua cac dé xuat dugc danh gia thong qua thuc nghiém vao bai toan
giam sét thyuc té (giam sat phuong tién giao thong, giam sat san truong khu A — truong
DH Cong nghiép Ha Noi), cho thiy viéc dé xuat cia tdi c6 nhitng vu diém: da loai bot
15i cua ky thuat ludng quang hoc trong mot sé6 moi truong nhat dinh, bo loc Kalman
gilip theo dbi quy dao cua cac vung chuyén dong chinh xac hon. Pong thoi ciing boc
16 nhuoc diém: Do phirc tap cao vi phai thuc hién hai 1an cac phép tinh toan cua ludng
quang hoc.

Két qua thuc nghiém cho thiy, c6 thé mé rong nghién ctru theo cac hudng dé xuat.



ABSTRACT

Motion detection and segmentation is one of the most important and essential task
of computer vision technology. Motion segmentation in the video is the basic
technique for image sequences analysis obtained from actual scene.

In surveillance system, security, image capturing devices put fixedly and restrict
motion. So, motion segmentation techniques segment moving objects, skip archiving
information of the non-change regions between sequences frames.

Beside the study about general approaches of motion segmentation in the video, |
extend in applying to surveillance which has objects moving with the non-complex
orbit. Actually, in this case, optical flow can be applied effectively.

However, the hypothesis for optical flow can be applied is that the brightness of
pixels of moving objects are not change between a sequence of frames. In fact, the
brightness of pixels of an object obtained from camera is affected by many factors and
does not guarantee ideal conditions for optical flow implemented effectively. So, my
first proposal is median filtering process to reduce errors of optical flow when
working at non-ideal conditions.

Simultaneously, | apply foreground estimation based on gaussian mixture models
for motion segmentation with fixed camera. After that, | propose the model of basic
motion segmentation process with my second proposal — applying Kalman filter in
regions tracking.

Results of my proposals judged through experiments in actual surveillance
problem (vehicle surveillance, surveillance in school yard — Hanoi university of
industry), showed that proposals have advantages: reduced the error of optical flow in
some conditions, Kalman filter make regions tracking process to be more exactly.
Beside the disadvantage that the complexities of my proposal is increased because the
optical flow calculation processed twice.

The experimental results show that the study can expanded under the direction
proposed.
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Chwong 1: MO PAU
1.1. Ly do chon dé tai

Thi giac may tinh (Computer Vision) dugc khai dau tir nam 70 cua thé ky trudce,
cling véi su phat trién khong nging cua tde do xir 1i may tinh 1a dong luc quan trong cho
linh vuc nay. Khi sicc manh may tinh duogc cai thién, cong nghé thi gidc may tinh da tré
nén kha thi @ng dung cho nhiéu linh vurc.

Mot trong nhitng tng dung ndi bat caa linh vyc thi gidc may tinh 12 bai toan phan
doan chuyén dong video, da c6 nhitng thanh cong Ién gop phan vao sy phat trién cua
nganh cong nghiép noi dung, cong nghiép dién tir - tiéu dung, ciing nhu trong qudc phong
va an ninh...

Xuat phat tir d6, toi quyét dinh lya chon dé tai “Nghién ciu mét sé ky thuat
phan doan chuyén ddng video”. Mong mudn cua t6i 1a duogc nghién ciu nhiing ky thuat
tién tién trong linh vuc thi gidc may tinh — ang dung trong bai todn phan doan chuyén
dong video va phat trién mot sb ki thuat khac nham dong gop mot phan 1am cho linh vuc
nay tré nén phong pht va phat trién hiéu qua tién hon nia.

1.2. Phwong phap va muc tiéu nghién cwu
1.2.1. Muc tiéu nghién ciru

- Nghién ctru va danh gia cac ky thuat phan doan chuyén dong video va cac xu
hudng nghién cu trong linh vuc phan doan chuyén dong

- Nghién ctru, danh gia ki thuat ludng quang hoc ddng thoi dua ra cai tién

- Pé xuit mot s mé hinh phan doan chuyén dong cho bai todn giam sat véi camera
tinh

- Thu nghiém va dua ra két luan.

1.2.2. Phwong phap nghién ctru

- Tim hiéu kién thirc vé xir ly anh thong qua céc giéo trinh X ly anh, céc bai viét
vé xir ly anh trén céc dién dan — song song vai viéc tham khao céc tai liéu do giéo
vién hudng dan cung cép.

- Tham khao cac ma ngudn mé vé xir Iy anh trén cac website nhu codeproject.com,
codeplex.com, sourceforge.net, github.com... Nham muc dich tim hiéu qué trinh
cai dat cac thuat toan xur ly anh co ban va nang cao trén ngon ngir lap trinh C/C++
va C#

- Nghién ctu dya trén cac bai béo, tap chi khoa hoc vé thi gidc may tinh tir d6 xay
dung goc nhin tong quan vé linh vuc dang nghién ciu.



Nghién cttu vé cac bo loc ung dua trén cac thu vién cia mot sé trudng dai hoc,
mét s6 vién nghién ctiu va cac phong thi nghiém.

Ting budc nghién ctru, danh gia va dé xuat cac ki thuat cai thién cho noi dung
nghién cuu.

Thuc nghiém dya trén xay dung ang dung (st dung thu vién xir Iy anh nguén mo
OpenCV) va danh gia cac két qua nghién cuu.

1.2.3. Doi tweng nghién ciru

Téng hop cac nghién ctu cua ky thuat phat hién d6i twong chuyén dong trong
video tir nim 1989 dén 2011

Mot s6 md hinh thdng ké cho k§ thuat phan doan chuyén dong (RANSAC)

K thuat trir anh va trng dung

M6 hinh hdn hop Gaussian cho bai toan udc lugng nén

Mot s6 b loc trong xtr Iy tin hiéu sé (loc Kalman, loc Particle)

Nghién ctiu ki thuat ludng quang hoc va danh gia, déng thoi ap dung tu tuéng tinh
ludng quang hoc theo chiéu nguoc lai dé xac dinh 1i.

Nghién ctiru mot s6 ki thuat tim thanh phan lién théng trén anh nhij phan, dong thoi
dé xuét &p dung giai thuat tim thanh phan lién théng véi do phirc tap O(N?)
Nghién ctru &ng dung b loc trong bai toan theo ddi da ddi tuong chuyén dong

Cai tién va tng dung k§y thuat hoc truc tiép cho bai toan gan nhan ddi tuong.

1.2.4. Du kién két qua nghién ciru

Nghién ctru mét vai ang dung cua b loc trong ki thuat phan doan chuyén dong.
Pé xuat mot ki thuat cai tién: Ap dung k¥ thuat loc 16i trung vi nham cai tién ky
thuat ludng quang hoc.

Pé xuat &p dung thuat toan tim thanh phan lién théng trén anh nhi phan thay cho
phuong phap loang théng thudng trong mot sé nghién ciu trude do.

Thuc nghiém trong hé théng theo ddi phwong tién giao thong va theo ddi san
truong DH Cong nghiép Ha Noi.

Danh gid mo hinh dé xuat va dua ra két luan

1.3. CAu tric bao cao

Chuwong 1: Tong quan vé dé tai

Chuwong 2: Trinh bay vé co so ly thuyét cua dé tai, cac ky thuat hién tai va nhitng ton

tai.

Chuwong 3: Mot s6 dé xuat va cac buéc thyuc hién

Chuwong 4: Thuc nghiém va két luan



Chwong 2: NOI DUNG NGHIEN CUU

Trong phan nay, tdi dé cap dén nhitng nén tang cua nghién ctru, trong d6 dé cap dén
bdn ndi dung nghién ctu chinh:

- Khai quat chung vé ky thuat phan doan chuyén déng: Dua ra mot s6 nghién
ctru hién tai, tong quan vé cac hudng nghién ctru chinh ciing nhu mét sé nghién
ctru ndi bat.

- Phan doan chuyén ddng tiép can dwa trén sy sai biét anh giira nhiéu thoi
diém khac nhau: Cu thé hon, tdi dwa ra nén tang cua ky thuat trir anh trudce, trir
anh trung vi, trir anh trung binh. Sau cuing tdi trinh bay vé mé hinh hdn hop Gauss.

- Phén doan chuyén dong tiép can dya trén lusng quang hoc

- Phén doan chuyén dong dua trén cac md hinh thong ké: GMM, RANSAC

- Mot sb bo loc trong xtr ly tin hiéu s6: Bo loc trong xu ly tin hiéu sb két hop cung
mot s6 thuat toan theo vét d6i twong chuyén dong nhu MeanShift, CAMShift,
ludng quang hoc, ... La cong cu dac lyc cho viéc theo séat cac viing chuyén dong.

2.1. Tong quan Vvé linh vuc nghién ciu

Trong linh vuc thi gidc may tinh, phan doan anh nham muc dich phan chia mot buc
anh sé thanh nhiéu ving (mdi ving bao gom moét tap cac diém anh) cé y nghia khac nhau
cho tirng ung dung cu thé.

Qua trinh xur ly trén video c6 dac trung khac doi chit so véi viéc xu ly trén anh thong
thuong 1a ching ta luén phai quan tam dén mot chudi hinh anh, thay vi mét anh. Tuy
nhién, vé mit ban chit, xt 1y video ciing twong tu V&i xir ly ting anh, phan doan anh
cling vay.

Vi phan doan anh, muc tiéu 1a don gian hoé viéc biéu dién mot birc anh thanh mot
s6 thanh phén c6 y nghia hon va d& dang hon cho viéc phan tich, luu trit, truyén tai, mo ta
birc anh... Thong thuong, viéc phan doan anh duge coi 1a budc tién xir Iy cho cac bai
toan thi gidc may tinh. Quy trinh thuong dugc mo ta nhu sau:

|
‘( Trich chon dac trung ‘ Phan doan anh ‘ Phéan lop
Anh ban Déi Véc-to dac Kiéu dbi
dau tuong trung tuong

Figure 1: Quy trinh chung caa bai todn thj giac may tinh



Két qua cta qua trinh phan doan anh 1a mot tap cac ving cé du kha niang biéu dién lai
thong tin cua toan bo tim anh, hoic mat khac két qua cia qua trinh phan doan anh c6 thé
la mot tap cac duong bién dugc trich xuat ra. Tung diém anh trong cing mét ving duoc
gan nhan gidng nhau. Tung diém anh trong cling mot ving c6 chung cac dic tinh co thé
la mau sic, két cau, do sau hoic chuyén dong.

Vi vay, phan doan anh thuc su hitu ich va can thiét nham, vi du, dé tai ciu trac ddi
tugng trong khong gian ba chiéu, tu dong chuan doan cac sai st trong san xuat cong
nghiép (phat hién su khiém khuyét cua vat liéu) hoic giam dung luong phuc vu cho
truyén dan va luu trit dir liéu.

Chtc ning quan trong nhat caa hé théng thi gidc may tinh 1a nhim dé nhan dang céc
d6i tuong chuyén dong trong khung canh, dic biét trong nhimg nim gan day, cic hé
thdng lai xe tu dong, hé thong hd tro 14i xe, chu dé nay nhan dwogc rat nhiéu sy quan tam
khip noi trén thé gigi. Qué trinh xt Iy nay thuc sy don gian vai viéc cac camera thu nhan
hinh anh duogc dit ¢ dinh, vi chi dua trén ky thuat don gian 1a so sanh céc khung hinh
thu nhan duogc tai nhiéu thoi diém. Tuy nhién, bai toan voi camera chuyén dong, khong
cd dinh thuc su phuc tap, bai khi camera dich chuyén thi sy chuyén dong caa camera doc
lap véi sy chuyén dong cua d6i tuong. [11]

2.1.1. M@t sbé nghién ciru hién tai
2.1.1.1. Mot sb dic diém chinh ciia phan doan chuyén déng

Pé mot phuong phap — thuat toan phan doan chuyén dong duoc ap dung, ta thudng
danh gia cac kha ning thuc thi cua thuat toan do6 trong cac diéu kién:

- Nhiéu: Mot trong nhitng van dé chinh 1a xuat hién nhiéu trong anh thu nhan
dugc. Trong mot sb (g dung nhat dinh, nhidu c6 thé anh huong truc tiép dén hiéu
qua thuat toan.

- Dir liéu khong day da: Sai sot trong qua trinh thu nhan/truyén tai/tién xir ly dix
lieu cd thé gay ra sy mat mét dir liéu trén anh. Tir d6, vé6i dit liéu khong day du,
hoac khéng tron ven (bi chen thém watermake, bi ngugc sang, ...), doi hoi thém
khét khe cac phwong phap phan doan.

- Sw thiéu sot cac tri thic tién nghiém: Khong phai lac nao ching ta ciing co
trueéc tri thirc tién nghiém vé cac déi teong hodc vé sé luong cac ddi twong dang
hién hiru. [9]

Tir d6, ta ¢é cac dic trung chinh cta thuat toan phan doan chuyén déng:

- Dua trén dac trung hoac dwa trén mat d¢: Trong phuong phap dua trén dac

trung, cac d6i tuong duoc biéu dién bai mot sé lwong gidi han cac diém nhu cac



goc, cac diém noi bat, trong khi d6 phuong phap dua trén mat do tinh toan mot tap
cac diém anh c6 chuyén dong [27]

Sw bit kin: Xuat hién sy dan xen ctia nhiéu ddi turong trong mot ving

Pa déi twong

Khong gian lién tuc

Tam dirng thai gian: Pbi twong nging chuyén dong trong mot khoang thoi gian
Manh mé: C6 thé xtr Iy dugc nhiu

Tinh tuén tu

Xir ly dir ligu khéng day di: Dam bao xir 1y dwoc cac dir liéu bi mat mat

Cic dbi twong dich chuyén cé khép chuyén déng

M hinh camera: Thuat toan thuc thi yéu cau loai camera nao (truc giao, phdi
canh va ban phdi canh)

2.1.1.2. Mot sé hwéng tiép can chinh

Huéng nghién ciu vé phan doan chuyén dong rat rong, vi vay dé khai quat céc
huéng tiép can dé& dang cho ching ta nghién ciu, toi s& phan loai cac phuong phap dua
trén nhitng Iy thuyét chinh cuaa céch tiép can do.

C6 thé chia thanh 6 huwdng tiép cdn chinh:

Dua trén su sai biét cua anh thu nhan duoc giira 2 hoic nhiéu thoi diém

Dua trén thong ké

Dua trén k§ thuat ludng quang hoc

Dua trén bién ddi wavelets

Dua trén viéc phan lop, phéan ving

Dya trén phan tich phan tir

Bang dudi day tong hop mot sé phuong phap nghién ctru chinh trong phan doan
chuyén dong video
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Figure 2: Bang tong hop mat sé ky thuat phan doan chuyén déng néi bat tir 2005-2008




2.1.2. M@t sb ki thuat phan doan ddi twong chuyén dong noi bat

- Phédn doan chuyén déng dua trén s sai biét cia dnh thu nhédn dwoec gi@a hai

hogc nhiéu thei diém:

A. Colombari [12] va cong su dé xuat ky thuat theo ddi da ddi twong &p dung cho
phan doan cac d6i teong chuyén dong trong video. Giai phap ma ho dua ra gdbm c6: M6
hinh héa anh nén sir dung phuong phap mé hinh hda hiéu qua, tim va so khép cac ving
anh duoc phan tach sau qua trinh trir anh va phan cum déi twong. Thuat toan so khép
viung dugc sir dung dua trén khoang cach Mahalanobis gitta 2 chudi khung hinh va str
dung phan tach gia tri dé tinh todn mot tap hop cac nguyén Iy cua khoang cach va nguyén
ly caa loai trir trong tng.

Céc khung hinh

Bu chuyén dong
H, H, H;
Hiép phuong sai | H:_l H:_: H:__:
\Hy, H;, Hj;

M6 hinh héa nén

Phan doan doi

tuwong

Céac vung
dbi tuong

Figure 3: M6 hinh ciia A. Colombari va cong su dé xuét



- Phdn doan chuyén déng dwa trén trwong chuyén dgng cia kj thugdt luong
quang hec
Ky thuat trén duoc gidi thiéu boi Alessandro Verri va cong su nam 1989 [70]
Tu tudng chinh cua k¥ thuat phan doan dua trén 2 phuong phap:
+ Duwa trén ma tran Jacobi cia dao ham riéng cua cac thanh phan trong ludng
quang hoc. Ttr d6 tinh s6 lwong c4c ving mé rong, goc quay va cac lat cat
+ Dua trén dac tinh cuc bo caa ludng quang hoc, tht bat bién véi bién doi tuyén
tinh dugc tinh toan tir vét chuyén dong va tinh quyét dinh caa ma tran do.
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Figure 4: M6 hinh ciia Aessandro Verri va cong sw dé xuét
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- Phan doan chuyén dgng Dwa trén bién déi wavelets
Nam 1997, Laurenz Wiskott [63] két hop hai ky thuat khac nhau dya trén bién doi

Gabor-wavelet va Mallat-wavelet dé khic phuc nhitng van dé vé do mo va su
tuong ung.

a)

AL ‘-;f/

- Phdn doan chuyén dpng dua trén si phan lép, phan ving

Yucel Altunbasak dé xuat ki thuat phan doan chuyén dong dya trén ving mau sic c6
tham sb [60]. Tu tuwong chinh cua ho 1a lap di 13p lai qua trinh tinh toan phan doan
chuyén dong c6 tham sb dua vao véc-to chuyén dong, tinh va so khép cuong do chuyén



dong. Sau d6 phan tach thanh ting ving cé kich thude thay dbi, nhan dang va phan loai
c4c ving dua theo hinh dang bién bao boc lay ddi tuong.

Ren’e Vidal coi video 1a su chdng 18n nhau cua cac ddi twong (cac ving déi twong),
mdi d6i twong hay mdi viing 1a mot khong gian con. Viéc phan doan chuyén dong IGc nay
chuyén vé bai toan theo ddi va phan doan cac khong gian con, dé phan 16p mdi diém trén
khong gian con nay. Ky thuat GPCA duoc st dung dé giam thiéu s khdng gian con,
phuc vu cho cac budc tiép theo cua phan doan chuyén dong video theo ving.
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Figure 5: Ap dung GPCA dé giam thiéu sé chiéu cia khong gian con
M. Pawan Kumar chia khung hinh video thanh nhiéu I6p (viing). Mdi ving s& duoc dua
vao bd may hoc — mé hinh hoc khéng gidm séat, nham téi vu viéc theo ddi cac ddi tuong
c6 chuyén dong phic tap va c6 hinh trang khong doan biét truéc. [9] Céc budc cua thuat
toan gdom co:
+ Pua ra thuat todn méi nhiam thu duoc wdc luong khoi tao cho mé hinh, st
dung phép lan truyén dac biét.

+ Str dung thuat toan trao doi af va thuat toan maé rong a.

Figure 6: Ap dung ky thuat hoc khong giam sat cho bai toan phan doan chuyén déng

- Phan doan va theo ddi cac dbi twong chuyén déng dwa trong video

Bing Han str dung k¥ thuat theo ddi dbi twrong chuyén dong (cu thé 1a ky thuat ludng
quang hoc) dé tinh toan truong chuyén dong. Tir d6 lam nén tang cho viéc bam sét cac
dbi twong dich chuyén. [17].
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Figure 7: Thuat toan dé xuit cia Bing Han

Véi céc ki thuat da tim hiéu phia trén, t6i nhan thay: Viéc ap dung céc bo loc tin hiéu
két hop cung xur ly anh dem lai hiéu qua kha quan. Vi vy trong chuwong hai, t6i s& tap
trung trinh bay vé cac k¥ thuat loc ciing nhu mé hinh dé xuat cho bai toan phan doan doi
twong chuyén dong trong video dua trén ki thuat phan doan va theo déi da déi tuong
chuyén dong.

A. Colombari d& xuat ki thuat theo doi da dbi twong ap dung cho phan doan cac ddi
tuong chuyén dong trong video. Giai phap ma ho dua ra gdm c6: M6 hinh héa anh nén sir
dung phuong phap mé hinh hoa hiéu qua, tim va khdp cac vung anh dugc phéan tach sau
qua trinh trir anh va phan cum d6i tuong. [12] Thuat toan khdp ving duoc sir dung duwa
trén khoang cach Mahalanobis gitra 2 chudi khung hinh va sir dung phan tach gia tri dé
tinh todn mot tap hop cac nguyén ly cua khoang cach va nguyén ly cua loai trir trong
ung.

Figure 8: Ky thuét dé xuat cia A. Colombari

Véi cac ky thuat da tim hiéu phia trén, toi nhan thay: Viéc ap dung cac bo loc tin hiéu
két hop clng xur 1y anh dem lai hiéu qua kha quan. Vi vay trong chuong hai, ti s& tap
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trung trinh bay vé cac ky thuat loc ciing nhu mé hinh dé xuét cho bai toan phan doan dbi
tugng chuyén dong trong video dya trén ky thuat phan doan va theo déi da d6i twong
chuyén dong.
2.1.3. Vai tro va wng dung cia ky thuat phan doan chuyén dong

K¥ thuat xi ly video la moét trong nhitng linh vuc nghién ciru quan trong trong xur ly
da phuong tién — phuc vu déc luc cho sy phat trién kinh té, xa hoi. X ly video bao gém
viéc thao tac cac dit liéu truc quan nham phan tich, phat hién, danh chi muc... Phat hién
va phan doan chuyén dong cua dbi twong 12 mét trong nhitng nhiém vu quan trong va can
thiét cua cong nghé thi giac may tinh [17].
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Figure 9: K§ thuat phan doan chuyén déng video ing dung theo ddi phwong tién giao thong
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K§ thuat phan doan chuyén dong ung dung trong cong nghiép giai tri va truyén
thong cé thé noi 1a rong nhat va dem lai nhiéu loi ich kinh té cling nhu y nghia thuc tién
nhét. Viéc ap dung k¥ thuat phan doan chuyén dong gilp ta nén cac chudi hinh anh lién
tiép c6 kich thudc rat 16n, khéng phi hop véi viée luu trix, truyén tai vao tap cac diém
anh chuyén dong két hop véi chudi hinh anh twong ung [51]. Tir d6, giam thiéu kich
thuéc cua video phuc vu viée luu trit, truyén dan, to chic dir liéu video. Gop phan tao
nén su phat trién bung noé cua hé thong giai tri da phuong tién, dam thoai video, hoi nghi
tryc tuyén, hé thong hoc liéu truc tuyén, ciing nhu cac mang xa hoi ... — trg thanh buéc
dém vo cuing 16n cho su thay d6i co ban cuc dién cong nghé thdng tin — truyén thong.

Trong quéc phong, cac hé thong radar theo ddi va phan doan chuyén dong cac di
tugng, trong hé thdng phong thu tén lira, cac radar theo ddi va phan tach cac dbi tuong
chuyén dong véi van téc cuc nhanh, nham dwa ra nhitng phan ang kip thoi

11



Trong An ninh, giam sat, hé théng s& phan tich va bam sat cac dbi tuong chuyén
dong phuc vu quéa trinh quan sat hanh vi cia cac ddi twong dang hién hiru truéc dng kinh
camera; Trong doi séng hang ngay, cac chi robot thdng minh phan tich cac chuyén dong
xung quanh, tir d6 dua ra nhitng quyét dinh dé thao tac, xir Iy céc cong viéc phuc vu con
nguoi.

2.2. Phwong phap tiép can thit nhat — Dya trén su sai biét anh

Phuong phap tiép can duya trén sai biét anh, c6 thé goi bang cach khac 1a phan doan
dwa trén sw thay déi [17].

Phat hién cac ving c6 su thay ddi trong anh thu nhan duoc ¢ céc thoi diém khac nhau
la mot linh vuc nghién ciru duoc rat nhiéu nha khoa hoc quan tdm bai né c6 tinh ung
dung rat cao. Ung dung quan trong cua phat hién su thay doi bao gom: Giam sét video,
cam bién tir xa, chuan doan va diéu tri y hoc, cam bién duéi nudc. [17]

Phat hién su thay d6i thuong bao gom 3 budc:

- Sy diéu chinh vé hinh hoc: Loai bo mot s6 su thay doi khong ¢ ¥ nghia (khi
camera bi dich chuyén, cac dbi twong ding yén nhung ta van thu nhan dugc su
thay d6i).

- Piéu chinh cwomg d9: Nham giam thiéu anh huong cua su thay dbi diéu kién
chiéu sang va nhiéu thu nhan

- Sir dung md hinh ngiu nhién dé kiém dinh céc gia thuyét: Tir d6 quyét dinh
xem ving nao/diém anh ndo cd sy thay d6i ma chdng ta can quan tam

2.2.1. Téng quan vé k¥ thuat trir nén

Muc tiéu cta bai todn trir anh la xac dinh dugc cac vung anh sai biét gitra 2 hoac
nhiéu anh thu nhan dugc & céc thoi diém khéc nhau.

Bai toan dugc dé xuat va duoc rat nhiéu nha khoa hoc day cong nghién ctu tir giai
doan dau tién cua cac hé thong giam sat 1960-1980 [72]. Tir d6 dén nay, da c6 rat nhiéu
nghién ctru c6 gia tri thuc tidn va van dang tiép tuc duoc phat trién theo chiéu sau.

Véi ki thuat phét hién ddi twong chuyén dong, nguoi ta chia thanh 2 phan nhanh
chinh:

- Néncb dinh

- Nén thay doi

Vi bai toan nén ¢ dinh, ta co thé &p dung k¥ thuat sai phan tam thoi hoac thuat toan
trir nén [72]. Tuy nhién, vai bai toan c6 nén thay doi — chling ta phai ap dung rat nhiéu ky
thuat phtc tap. Nhanh nghién ctu véi nén thay doi doi hoi sy thach thic 16n hon.

C4c bai toan véi nén cb dinh cd thé giai quyét bang mot s6 k¥ thuét co ban nhu sau:
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Thuat toan trir anh:
o Trir anh dé tim anh sai biét giira 2 anh lién tiép
o Trir anh voi cac diém anh c6 gia tri trung vi caa K thoi diém truéc do
o Trir anh Vi céc gid tri diém anh 1a trung binh cia K thoi diém trwéc. . .[12]
Dua trén phan bd Gaussian [32]
Dua trén udc Iwgng MeanShift
Duwa vao nén riéng (Eigenbackgrounds) [32]

Ngoai ra, c6 cac van dé di song song cung vdi bai todn trén 1a cac ky thuat loai bo
bong khoi déi twgng khi thu nhan hinh anh cua dbi twong dudi cac géc cua cac ngudn
séng. Day ciing 1a loat bai toan rat tha vi va rat hap din ddi véi cac phong nghién ciru cua
mot s6 trudng DH trén thé gidi.

Trong pham vi bai bdo cdo nay, toi s& trinh bay thuat toan trir nén véi 2 ki thuat cha
dao 14 trir nén trude, trir nén trung vi, trir nén trung binh va sit dung md hinh hdn hop
Gauss (Mixture of Gaussian) — riéng ki thudt sz dung mé hinh hén hop Gaussian toi sé
két hop trinh bay ¢ phan Error! Reference source not found.. Tir d6 dua ra dénh gia vé
4c k¥ thuat trén, cling nhu mirc d6 phd hop cho bai toan phan doan chuyén déng video.

Cac giai doan chinh

————> Anh hién tai Lam tron va
Triranh  —— khoanh vung
5 Anhnén doi twong

( Cap nhat nén }(—I
L

Figure 10: M6 hinh chung ciia phwong phap tiép can dwa trén sai biét

Buwéc 1: Trir anh
Trong budc nay, ta thuc hién viéc duyét qua ting diém anh cta 2 anh dua vao
thuc hién phép trir. Ta so sanh tri tuyét dbi giira gia tri diém anh nay véi mot ngudng cho
trude nao d6. Néu tri tuyét dbi sai biét 16n hon ngudng thi ta gan mau cho anh sai biét tai

diém dang xét 13 trang, nguoc lai 1a mau den.
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Anh nén tur thoi
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k: sé anh trong vét diroc huu §

Anh sai bi¢t
Figure 11: Mgt vi du vé ky thuét trir anh
Bwéc 2: Lam tron anh
Trén thyc té, viéc thu nhan hinh anh tir cac thiét bi ghi hinh c6 thé gap sai sot.
Hoac bi anh hudng trong qué trinh nén va giai nén video. Nén s& c6 rat nhiéu diém nhiéu,
ta thuong goi la nhiéu san, ...

Dé loai bo yéu t6 trén, ta c6 thé sir dung céc k¥ thuat loc anh dé 1am tron anh.

Figure 12: Vi du vé lam tron 4nh sir dung b lgc dnh

Budc 3: Khoanh ving va gan nhan ddi tuong
Day 1a khau cudi gitip ta khoanh ving dé xac dinh duoc ddi twong chuyén dong
trong video. Bai toan khoanh vung va gan nhan — tuwong Gng vai bai toan loang. Tuy
nhién, néu goi 10i goi dé quy cho k§ thuat loang théng thudng, do phic tap caa bai toan
s& cao va khong 6n dinh [1]. Vi vay, t6i nghién ctu va lya chon mot ki thuat khoanh
vung va gan nhan khac hi¢u qua hon.
14



Figure 13: Vi du vé k§ thuat khoanh ving déi tweng chuyén dong

Thuat toan khoanh ving déi twong nhanh — do phc tap O(n?)

Input : Anh sai biét (I diff)
Output : Danh sach cac d&bi tuong (listObject)
BEGIN
L =1 // Khéi tao sb thi tu nhan

Duyét qua tung pixel cua anh I diff
if pixel X khéng phai la nén

if 14n cén A,B,C & D d& dugc géan nhan( = 0)
gan nhan pixel X la L
L = L+1

else

num = MIN(nh&n cua cac l&n can A,B,C & D) diéu kién #0
ga4n nhin pixel X va pixels A, B, C & D if khéng phdi 1la nén véi
gid tri num
end if
end if
done

Duyét qua tung pixel(x, y) cua anh I diff
Index = nhén cua (x, V)
if (Index > 0) cdp nhat toa dd, kich thudc cua listObject[Index]
END

Bwéc 4: Cap nhat anh nén
Véi ky thudt trie nén, chiing ta thwong ¢ 3 cach trién khai co ban nhat:
- Anh nén I anh trudc d6
- Anh nén Ia anh trung binh tai K thoi diém trude do
- Anh nén 1a anh véi timg diém anh 1a trung vi cua cac diém anh twong ung trong K
anh trudc do
2.2.2. Trirnén don gian
Trong k¥ thuat nay, ta duyét qua timg diém anh va lay tri tuyét déi cua diém anh hién
tai trén 2 anh previous va current. Néu do chénh léch trén diém (x, y) d6 16n hon ngudng
motionThreshold thi ta gan mau caa anh sai biét 1a tring. Nguoc lai gan mau den cho
anh sai biét.
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Figure 14: Anh md phong thuat toan trir nén don gian

Thuit toan trir nén don gian

Input : Anh frame trudc (Iprevious) & Anh hién tai (Icurrent)
Output : Anh sai biét (Igirf)
BEGIN

for pixel (x, y) in Icurrent
if (| get(Icurrent, X, ¥) = g€t(Icurrent, X, y) | > motionThreshold )
Set (Tgifrer X, Y, white) ;
else
Set (Igirrr X, y, black)
END.

-
o [DST] Motion detection by Image substraction

Figure 15: Ky thuat trir nén truéc béc 1§ nhwge diém
Thuat toan trir anh don gian ¢6 nhiing dic diém co ban:
- Lya chon ngudng Th anh huong dén két qua
- Phuy thudc vao cu tric ddi tugng, toc do
- Céch tiép can nay thuong khong duoc st dung
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Th =25 Th =50

Th = 100 Th = 200

Figure 16: Vi du vé két qua cia ky thuat trir nén don gian

2.2.3. Trirnén trung vi va nén trung binh

2.2.3.1. Trirnén trung vi

Véi ky thuat trir nén trung binh, ta ludn luu lai tap céc anh tai K thoi diém lién tiép
trude d6. Trudce tién, ta s& tinh anh trung vi (median) tir tap cac anh tai K thoi diém ngay
trudce do.

Nén trung vi dugc tinh bing cong thirc

B(x,y,t) = median’ ,{I(x,y,t — i)}

Pé tinh anh sai biét, ta duyét qua tirng diém anh va lay tri tuyét d6i caa diém anh hién
tai trén 2 anh median va current. Néu d6 chénh léch trén diém (x, y) d6 16n hon ngudng
motionThreshold thi ta gan mau cua anh sai biét Ia tring. Nguoc lai gan mau den cho
anh sai biét.

Vi ki thuat trir nén trung vi

[1(x,y,t) — median’ ,{I(x,y,t —i)}| > Th
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Thuat toan dwec thyc hién nhw sau:

Input : anh nén (median) & Anh hién tai (current)
Output : Anh sai biét (diff)
BEGIN

for pixel (x, y) 1in current
if ( | get(current, x, y) - get(median, x, y) | > motionThreshold )
Set(diff, x, vy, white) ;
else
Set(diff, x, y, black)
median <= updateImages (current)

END.

Vi du: Véi ki thuat trir nén trung vi
+ Chon N =10

Figure 17: Vi du vé két qua ciia k§ thuat trir nén trung vi
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2.2.3.2. Trirnén trung binh
V6i k§ thuat trir nén trung binh, ta ludn luu lai tap cac anh tai K thoi diém lién tiép
trude d6. Trudc tién, ta s& tinh anh trung binh (avg) tir tap c4c anh tai K thoi diém ngay
trude do.
Nén trung binh dugc tinh bang céng thic sau:
K

1
B(x,y,t) = Ez__ol(x,y,t — 1)

Pé tinh anh sai biét, ta duyét qua tirng diém anh va lay tri tuyét d6i caa diém anh hién
tai trén 2 anh avg va current. Néu d6 chénh léch trén diém (x, y) d6 16n hon ngudng
motionThreshold thi ta gan mau caa anh sai biét Ia tring. Nguoc lai gan mau den cho
anh sai biét.

1 ~—K
|I(x,y,t) _Ez 0I(x,y,t — )| >Th
L=

Vi du: V&i ki thuat trir nén trung binh
+ Chon K =10
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+ Chon K =50

Figure 18: Vi du vé két qua caa ky thuat trir nén trung binh

Thuét toan dwgc thuc hién nhw sau:

Input : anh nén (avg) & Anh hién tai (current)
Output : Anh sai biét (diff)
BEGIN

for pixel (x, y) in current
if ( | get(current, x, y) - get(avg, x, y) | > motionThreshold )
Set(diff, x, y, white) ;
else
Set(diff, x, y, black)
avg <= updatelImages (current)

END.

2.2.3.3. Cap nhatnén
Dé cap nhat nén, cach don gian nhét, ta si dung hang doi kép, madi lan cdp nhdt ta
lay anh & ddu hang doi ra, va thém dnh can cdp nhdt vao cudi hang doi. Nhuge diém cua
viéc nay la tén bo nhé va do phuc tap cao (vi mdi lan cap nhat ta lai phai tinh anh trung
binh méi bang céach lap qua K anh dé tinh trung binh)
Dé khic phuc nhuoc diém tén bo nhé, chung ta khéng lwu trix lai lich st céc anh, ma
sé sur dung phuong phap hoc cap nhat:

t—1
B(x,y,t) = TB(x,y,t — 1)+ I(x,y,t)

Hoac tong quat hon
B(x,y,t) = (1 —a)B(x,y,t — 1)+ al(x,y,t)
Vi a 14 tde dd hoc

a duoc chon dua trén thyc nghiém
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2.2.3.4. Danh gia

Uu diém:
- That sir d@ trién khai va sir dung
- Téc do tot
- Nén khéng cb dinh, dwgc cap nhat thudng xuyén

Nhuoc diém:
- Do chinh xac phu thudc vao su sai biét gitra cac anh thu duoc
- Do chinh xac con phy thudc vao tée do chuyén dong cua déi tueong
- Tbn bd nhé (vi phai luu trit nhiéu anh), tuy nhién c6 thé st dung hé sé hoc dé

giai quyét van dé trén
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2.3. Phwong phap tiép can thir hai — Dwa trén k§y thuét ludng quang
hoc
2.3.1. Téng quan vé ludng quang hoc

Ludng quang hoc (Optical flow) 13 khai niém chi su chuyén dong tuwong ddi cua céac
diém trén bé mat d6i twong, vat thé ndo d6 gy ra dudi goc quan sat ciia mot diém moc.
Thuat toan ludng quang hoc 1a dung dé xac dinh xap xi cac chuyén dong cua cac diém

anh tir thoi diém nay sang thoi diém khac trong mot khoang thoi gian t.

I
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g N
\\o.,«_o—o--v"o’/o
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L e e T o e

D
D
R R

Anh tai thoi diém t Trudng chuyén dong Anh tai thoi diém t+1
Figure 19: Truong chuyén dong trong kj thuat ludng quang hec
Optical flow duoc gidi thiéu lan dau tién trong nghién cau caa James J. Gibson,
cong bd boi Nha XB Tam ly hoc M§ nhimg nam 1940. [16]
Optical thuong dugc 4p dung trong cac bai toan nhu: phat hién chuyén dong, phan
doan dbi tuong, ...
2.3.2. Truwong chuyén dong
Anh ctia mot d6i tuong di chuyén trude camera s& co su thay d6i twong tng theo thoi
gian. Xét mot tap cac diém p; di chuyén véi van tée v; gidng nhu hinh duéi day, thi tap
cac diém nhu vay dugc goi 1a truong chuyén dong. Muc dich cia ludng quang hoc 1a tim
truong chuyén dong nay

..........
.........................

thoi diém n thoi diém t+1 truong chuyén dong
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Ta ¢ cac nhan xét sau vé trudng chuyén dong [62]
- Huédng cta chuyén dong 12 hudng ctia cac vector van toc v;
- D0 16n cua vector vi chinh 1 quing dudng chuyén dong cua vat thé
- Trong trudng hop cac miii tén toa ra cac phia = chuyén dong vao gan camera
- Trong trudng hop huéng miii tén hoi tu = chuyén dong ra xa camera
2.3.3. Phwong trinh ludng quang hoc

C6 nhiéu ki thuat xac dinh ludng quang hoc khac nhau nhu: Correlation, matching,
feature tracking, energry based... nhung bai nay sé tap trung vao cac phuong phap dya
trén gradient. Y tuong quan trong cia phwong phép dua trén gradient 1a gia dinh sau:

“Bé mdt ngodi ciia doi twong khéng cé nhiéu thay doi vé cwong dp sing khi xét
sw thay déi tir thoi diém t sang thoi diém t+1”.

Nghia la:

X, y, ) =I(X+uy+vt+1)
(2.3.4.1)

Trong d6 I(x, y, t) 1a ham tra vé cudng do sang cia diém anh tai toa do (x, y) ¢ thoi
diém t ( thoi diém tht t). (u, v) 12 Véc-to van tdc, thé hién sy thay d6i vi tri ctia diém anh
tir thoi diém thu t sang thoi diém tha t + 1.

Str dung khai trién Taylor ta dugc:

Ix+tuy+v,t+1)=IXx,y,t)+ [ v) *I(x,y,t)+O((u, V)2 *I(x,y, 1))

B0 qua céac phan tir ¢ dao ham cao hon 1 ta dugc xdp xi:

ol ol ol
Ix+tu,y+v,t+1D=~IX,y,t) + —*u+—>*v+—=1(X,y,t) + L*u+ I,*v + |
(c+u,y )20y )+ S U S0y ) U Y

(2.34.2)
Trong 4o Iy, ly, It lan luot 1a dao ham riéng cua I(x, y, t) theo x, y, t.
Twr (2.3.4.1) va (2.3.4.2) ta co:
u*lk+v*l,+1=0 (2.3.4.3)
Phuong trinh (2.3.4.3) chinh 13 phuong trinh ludng quang hoc. Trong d6 (u, v) chinh
1a ludng can tim.
Phuong trinh 2.3.4.3 ciing co6 thé dat duoc bang cach dan xuat ngay tir gia thiét ban
dau cua chung ta gia tri do sang cua diém anh (x, y) khong thay doi tir thoi diém t sang
thoi diem t + 1.
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Figure 20: Phwong trinh Optical flow biéu dién trén hé truc toa d

O phan trén chung ta di tim duoc phuong trinh optical flow. Tuy nhién phuong trinh
nay c¢6 dang A* u+ B * v+ C =0 v4i 2 an 1a u, v nén ta khong thé giai dugc. Chiing ta
cling nhan thiy phuong trinh (3) véi an 13 (u, v) 1a mot duong thing trong khong gian 2D
v6i vector phap tuyén 1a I'(x, y, t). Moi phuong phap uéc lugng optical flow déu xoay
quanh viéc tim thém mot phuong trinh nita dé tinh (u, v). Trong bai nay ching tdi xin
gidi thiéu cac phuong phap ude lwong Cuc tiéu binh phuong.

+ Phwong phap Cuec tiéu binh phwong (Least-Squares estimation)

Pé tim thém mot phuong trinh nita cho (U, V), ta c6 dung cac diém anh 1an can diém
anh dang xét, véi gia sir cac diém anh lan can ndy ciing nam trén vat thé va chuyén dong
cung voi van toc dang xét. Trong thyuc té cac diém lan can c6 thé chuyén dong khong
cung van tbc voi diém anh dang xét, vi vay ta tim vector van tdc lam cuc tiéu binh

phuong 16i.

E(u,v)=Zg[u*IX+v"°ly+lt]2 (4)
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Trong d6 g xac dinh “dd rong” cua cac diém 1an can diém dang xét hay néi cach khac
g 12 cira s6 bao quanh diém dang xét. Van tdc can tim 1a vector (U, v) lam cuc tiéu E(u, v).
Nguoi ta di chimg minh duoc E(u, v) cuc tiéu tai dao ham riéng cua no6 bang 0. Tirc
la:
oE(u,v)
A

SE(u,Vv)
N

Sgluxtz+v*1 1 +1,1,]=0
%

=S glvx1Z+uxnd +11,]=0
%
Hai phuong trinh nay c6 thé viét dudi dang ma tran.
M*v=Db (5)
Trong do:

2.9, 29l
V]
&

Nghiém cua (5) 1a : v=M"1*p

" _{ >gl? Zglxly}

<i
I

Tl

Chu y:
- Thong thuong ta phai tinh M va b tai mdi diém (X, y) trén anh. Do d6 dé tang toc
ta c6 thé tinh truéc dao ham cta anh (1,17, L1201, 18).

- Néu di liéu trén anh da phan bién thién theo mét chiéu nhat dinh thi M c6 thé
khong kha nghich dan dén hé phuong trinh khong thé giai dugc.

2.3.4. Panh gia

Véi gia thuyét dat ra cho phuwong trinh ludng quang hoc, ta phai coi cuong do sang
cua anh khong thay doi tir frame nay sang frame kia. Trén thuc té, cudng do sang cua
cling mot ddi twong — trong céac thoi diém khac nhau thi khong gidng nhau. C6 thé cé
nhiéu trong qué trinh thu nhan tir cac thiét bi ghi hinh... Vi vay, ludng quang hoc hoat
dong kém hiéu qua trong mot s6 truong hop phéd bién nhu:

- Cudng d6 sang khdng 6n dinh

- CO it sy phan biét vé mau sic gitra doi tugng va nén
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2.3.5. Ap dung ludng quang hoc trong phan doan chuyén ddng video

\ S\

Thoi diém t Thoi diém t+1

Pau tién, véi chudi anh thu dugc tir video, ta tinh truong chuyén dong cua chiing
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Figure 21: Ung dung ludng quang hoc vao phan doan chuyén déng

Sau d6, ching ta sir dung cac ki thuat phu trg khac dé gom cum céc véc-to chuyén
dong lai. Két qua cac cum la céc ving chuyén dong da duoc phan doan.
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2.4. Phuong phap tiép can thir ba — Dua trén mo hinh thong ké
2.4.1. M0 hinh hén hep Gaussians

2.4.1.1. M6 hinh Gaussian don
Phan phéi Gauss, 1a mot phan phdi xac suat cuc ki quan trong trong nhiéu linh vuc.
NG 1a ho phan phéi c6 dang tong quat giong nhau, chi khac tham sé v; tri (gié tri trung
binh p) va ti 1¢é (phuong sai 6°). Pay 1a dang phan phéi dé tinh toan va thuong dwoc sir
dung nhat. Phan phdi Gauss c6 trung binh, trung vi va yéu vi tring nhau, va c6 d6 thi déi
xung dang hinh chudng.

10k

[N

Py g (X)

02—

on

Figure 22 P6 thi ham mat d¢ Gauss
Hinh trén minh hoa bén ham mat d6 Gauss véi cac tham s khac nhau. Mot cach

hinh thirc, ham mat d6 xac suét cia phan phdi Gauss fu(x, i, 6%) dwoc cho bai cong thirc:

((X ﬂ))

p(X) = —r—e

o2r

trong d6, p 1a gia tri trung binh, ¢ 1a do léch chuan. Trong truong hop x 1a vector

gom D thanh phan, ham mat do xé&c sut cta phan phdi Gauss fy(x, n, X) dugc cho boi
cong thuec:

p(X) = e (x Y T (x- )
(2 )DIZ(Z )1 z

Trong d6 x la vector trung binh, ¥ Ia ma tran hi€p phuong sai.
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2.4.1.2. M0 hinh hdn hep Gaussian

Vé co ban, md hinh hdn hop Gaussians (Gaussian Mixture Model — GMM) xap xi
mot ham mat do xac suat bang hop cac ham mat do Gauss.

Pem
Pm
Figure 23 M6 hinh GMM
Cho tru6c M phan phdi Gauss py, P, ..., pm, ham mat do xac suat caa mé hinh

GMM chinh la téng trong caa M phan phdi Gauss theo cong thic:
M
Pemm) (X) = Zwi P (X)
i=1
Trong d6 w; la trong sé cua phan phdi Gauss thu i, thoa man rang buoc 0 <w; < 1 va

iwi =1. Céc trong s6 nay thé hién mirc d6 anh huong cia mdi phan phdi Gauss di voi
=
mo hinh GMM. Nhu vay, phan phdi Gauss c6 phuong sai va trong s6 16n bao nhiéu thi c6
mtc 6 anh huong 16n bay nhiéu di véi két xuat caa mo hinh.

M6t md hinh GMM c¢6 M phan phéi Gauss sé& dugc biéu dién bai mot bo tham s A =
{w;, Wi, Zi}, i e [1, M].

Tuy thudc vao cach to chirc ciia ma tran hiép phuong sai (covariance matrix), GMM
c6 thé c6 mot sd bién thé khac nhau:

- Nodal covariance matrices GMM: mdi phan phdi Gauss trong GMM ¢6 mot ma

tran hiép phuong sai riéng.

- Grand covariance matrix GMM: moi phan phéi Gauss trong mét GMM ding
chung mot ma tran hi¢p phuong sai.

- Global covariance matrix GMM: moi phan phdi Gauss trong tat ca caic GMM
dung chung mét ma tran hiép phuong sai.

28



Ngoai ra, xét vé dang thirc, ma tran hiép phuong sai gdm hai loai: full (dang day du)
va diagonal (dang ma tran duong chéo). Thong thuong, dang nodal-diagonal covariance
matrices GMM duoc st dung phd bién nhat.

2.4.1.3. Ap dung GMM cho bai toin wée hwrgng nén
a. M0 hinh Gauss hén hop
Tai thoi diém t, Gié tri cia mot diém anh trong hé mau RGB duoc biéu dién bang X,.
Nhu vay ta cd thé biéu dién tap gi tri tai diém anh {X,, Yo} tir thoi diém 1 dén t:
A={Xy, X, XF={1(Xo, Yo, i) : 1 <i <t}
Tap A c6 thé dugc md phong béi md hinh hdn hop gdm k ham phan phdi Gauss:
p(xT)=gwi,t “N(X, | 0250

Trong do:

N (X, |/ui,t12i,t) = L )1/2 eXp(_%(Xt _:ui,t)lzi,t_l(xt _,Ui,t))

(Zﬂ)D/Z(z"

b. Piéu chinh mé hinh

Trong thuc té, &nh sang trong khung canh c6 thé bi thay doi dan dan (ban ngay, diéu
kién thoi tiét d6i voi khung canh ngoai troi...) hodc thay doi dot ngot (bat, tat dén ddi véi
khung canh trong nha...). Piéu nay lam cho cac ddi twong maéi (foreground) co thé duoc
dua vao canh hoic cac ddi twong hién tai c6 thé bi mat di. Dé thich ung véi thay doi nay
ching ta c6 thé ap dung thuat toan K-means dé cap nhat cac ham phan phéi Gauss thanh
phan.

- Néu gié tri caa mot diém anh méi Xy tring khép véi mot trong cac ham phan
phdi Gauss. Gia stir ham phan phdi Gauss tring khép 12 ham phan phéi thi j thi gia
tri trung binh va do léch chuan cua ham phan phdi d6 tai thoi diém t + 1 s& duoc
sta lai nhu sau:

Hita = (1_P)ﬂj,t + X
Va O_jz,t+1 =Q1- p)o_jz,t + p(xt+1_/“lj,t+1)2
Trong d6 p=oN(X,, | u;,,07,) vaalatde do hoc.

o Trong s6 cua tat ca cac ham Gauss trong hdn hop Gauss duoc sira theo cong
thire dudi day.

Wy =Q-a)W, +aoM,
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V6i 1 <i <M, M 1 =1 cho ham phan phdi tring khép véi X, ., va
bang 0 cho cac ham phan phdi con lai.

- Néu Xy khong tring khép vai bat ky ham phan phéi nao trong hdn hop Gauss thi
ham phan phéi c¢6 do chic chin nhé nhét s& duoc thay thé boi ham phan phéi moi
co:

g = X1, Wi 1a trong s6 nhé nhat trude do, o 1a gia tri khoi tao.
c. Uéc lhegng nén
Théng thuong cac dbi twong foreground s& dugc dai dién boi mot sb cac phan phdi
cd trong s6 nho. Vi vay, ching ta c6 thé xap xi md hinh nén bai b phan phéi I6n nhét.

- Céc phan phdi Gauss s& dugc sap xép giam dan theo w/o.

- b phan phéi dau tién s& dugc chon cho mé hinh background:
1 b
B=agr mmewi >T
i=1

Trong d6 T 1a gia tri nho nhat dugc cho la background.
2.4.2. M6 hinh RANSAC

2.4.2.1. Téng quan vé md hinh RANSAC

Gia sir Viét Nam c6 19 ngudi nghéo va 1 ti phi. Mdi ngudi nghéo ¢6 thu nhap 5
dong, ti phi c6 thu nhap 1 ti. Néu tinh theo phuong phéap trung binh cong, thi thu nhap
trung binh cua dan Viét Nam vao khoang 50 triéu. Néu tinh theo phuong phap trung vi,
thi ra 5 dong. Céch tinh thix 2 cho phép giam nhiéu, va nhiéu ¢ diy chinh 1a 01 ngudi ti
phu.

Phuong phép trung vi that ra chi han ché chtr van bao gdm ca nhidu. Hau hét giai
thuat 1ap trinh binh thudng biét chi lién quan dén dir liéu hoan hao, chinh xéac tuyét ddi,
khong chira nhiéu (ndi cach khac, coi nhiéu ciing 1a dir liéu chinh xac) [2]. Vi vay, trong
phan nay toi gisi thiéu giai thuat khir nhidu RANSAC, c6 tinh tng dung cao 1am nén tang
cho phan doan chuyén dong video.
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Figure 24: Vi du 1 vé bai toan 4p dung RANSAC

Khai quat vé khai ni¢gm mo hinh

V& mat todn hoc, md hinh 1a hinh thirc biéu didn mot cach tong quét quan hé gitra cac
thudc tinh ciia cting mét phan ti, thuong bang dang thuc.

Vi dy dé biéu dién tap hop cac diém (X, y) nam trén duong tron tam (a, b) ban kinh r,
ta dung mo hinh sau:

(x-a)°+(y-b)’=r’

Mo hinh trén duoc tham sé hoa bai bo ba (a, b, r). Tuy cach hiéu ma c6 mé hinh khéc
nhau, vi du chi can thay doi hé qui chiéu la ta c6 bo ba (a, b, r) mai.

Viéc tim ra md hinh tong quat dua vao thudc tinh cua cac phan tir cua tap hop hitu
han 12 noi suy, vi ta suy tir nhitng cai cu thé ra cai tong quat, tir trong ra. Sau khi suy ra
m6 hinh, khdng nhat thiét tat ca cac phan tir déu phai khép nguoc tro lai vao md hinh. Vi
du md hinh suy ra tir 19 ngudi nghéo va ti phd 1a: Thu nhap = 5 [ddng], nhung ti phd
khong khaop vao mo hinh nay.

Vé mit xac suat théng ké, khi kiém tra phan tir c6 khop vao mé hinh hay khéng, ta
khong ding du =, ma ding dau gan bang, nghia 1a c6 xét dén nhiéu. Phan tir khdng khép
goi la phan tir gay nhiéu (outlier)

2.4.2.2. RANSAC la gi?
RANSAC la viét tat cha RANdom SAmple Consensus.

+ Xét bai toan

Pé dé hiéu, phan tiép theo sir dung bai toan cu thé. T cy thé ta suy ra tong quét.

e Cho toa do cua N diém trén mat phang.

o Gia sir c6 mot s6 diém nam trén duong thang, con cac diém khac 1a nhiéu (nghia 1a

biét chac c6 2 tap hop con, con goi la cluster).
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e Hiy tim phuong trinh duong thang, va cho biét nhitng diém nao dugc coi 1a nam
trén duong thang, nhirg diém nao dugc coi la nhidu.

Figure 25: Vi du 1 vé bai toan loc nhiéu mé hinh bing RANSAC

Nguoi ta phan biét 2 loai cach giai: theo xac suat théng ké co dién (classical
statistics) va theo xac suat thong ké chong nhiéu (robust statistics). Pac diém cia cac
phuong phap theo xéac suat thong ké ¢6 dién 1a luén gom ludn ca nhidu, nén dap sé bi anh
huong bgi nhiéu.

+ Giai bang phwong phap binh phwong téi thiéu

Céch giai thudc loai xac suat théng ké co dién noi bat nhat co I 1a phuwong phép binh
phuong t6i thiéu. N6 cho phép tim ra mot duong khop nhat cho tat ca cac diém, véi tong
cac khoang cach (sai s6) tir ting diém dén duong thang 1a nho nhat. Tuy nhién néu dix
liéu chra qua nhiéu outlier (vi du mot ntra sé diém), thi tat ca cach giai thuoc loai xac
suat thong ke co dién déu cho két qua sai léch lon.

10t

Figure 26: Két qua vi du vé bai toan loc nhiu md hinh bing RANSAC
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+ Thuat toan RANSAC
Bi quyét cua cac cach giai thudc loai xac suat thong ké chéng nhiéu 1a 1am sao loai
bé outlier, dé khong sir dung outlier khi tinh toan mé hinh.

Giai thuat nhu sau:

Pau vao:

data - tdp hop céac diém

k - sb 1an 13p

t - ngudng (threshold) sai sb d& xac dinh diém nao d6 cé khép mé hinh khéng
Pau ra:

best model - mé hinh tét nhéit

best consensus_set - tap hop cac diém khép véi best model
best model = nil

best consensus set = nil

best num points =0

loop k 1lan
consensus_set = tdp hop 2 diém ngdu nhién thudc data
model = mé hinh dudng thdng suy ra tu 2 diém trén

voi mdi diém point thudc data nhung khéng thudc consensus_set
distance = khoang céach tiut point d&én dudng thing
if distance < t (point dugc coi 1a khép véi model néu sai sb& nhd hon t)

thém point vao consensus_set

num_points = sb lugng phdn tu trong consensus_set

if num points > best num points

best model = model
best consensus_set = consensus_set
best num points = num_points

return best model va best consensus_set

Trong giai thuat, ta chon ra 2 diém ngau nhién, vi 2 1 s lwong diém tdi thiéu dé co
thé tinh toan mé hinh duong thang. Véi bai toan tong quat, ta can chon ra sé phan tir toi
thiéu dé c6 thé tinh toan mo hinh.
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Figure 27: Két qua cta vi du vé bai toan lgc nhiéu mo hinh bang RANSAC
2.4.2.3. Ap dung RANSAC cho bai toan phan doan chuyén déng

Céc nghién ciru [11] dé xuét viéc ap dung ky thuat ludng quang hoc dé tim ra truong
chuyén dong gitta anh thu dugc tir hai thoi diém.

Figure 28: Trwong chuyén dong khi 6-t0 ré trai
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Tir trudng chuyén dong, ching ta trich xuét ra duoc cac véc-to chuyén dong.

Anh thu nhan khi xe may di thang Céc véc-to chuyén dong trich xuat duoc

Khi 2 xe dap di ngugc chiéu nhau Céc véc-to chuyén dong trich xuat duoc
Piém mau chdt dé ta 4p dung RANSAC trong bai toan phan doan chuyén dong la di
ligu thu nhdn dwec ludbn bao gom nhiéu
Va RANSAC gilp chiing ta loai bé nhiéu trong mé hinh dé.
Quay tré lai véi vi du trén, ta nhan thay:

e Viéc thu nhan hinh anh tir camera thuong c6 nhiéu. Tir d6, két qua cua qué
trinh tinh toan truong chuyén dong dé tim ra véc-to chuyén dong bi anh
huong.

e Thuat toan ludng quang hoc 1a mét phép udce lugng, vi vay két qua ludn ludn
bao gom nhiéu.

e Nhiéu trong vi du trén ton tai trong: Véc-to' dich chuyén

Vi vay, ching ta s& 4p dung mé hinh RAINSAC dé loai bot cac véc-to dich chuyén
la nhiéu trong mo hinh.,

35



Tro lai vi du ban dau, truong chuyén dong thu duoc khi 6-td ré trai nhu sau:

Figure 29: Vi du véc-to chuyén déng dwoc trich ra khi 6-t6 ré trai

Trong s6 cac véc-to chuyén dong thu dugc, ta dilng mé hinh RANSAC dé loc
nhiéu, va thu dugc:
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Figure 30: Két qua loc sir dung RANSAC cho vi du véc-to' chuyén déng dwgc trich ra khi 6-td ré trai

Vi cac véc-to mau xanh la nhiéu duoc loali bo, giit lai nhitng véc-to mau dé l1a
véc-to chuyén dong thuc té thu duoc khi chiéc 6-t6 ré trai.



2.5. M@t s6 kién thiec nén tang hé tre cho quéa trinh nghién ciu
2.5.1. M@t s6 bd loc trong xir ly tin hiéu sé

Véi ky thuat loc trong xt ly tin hiéu sd, ngudi ta thudng phan ra 2 loai bo loc:

- B¢ loc tuyén tinh (Kalman Filter, Median Filter...)

- B¢ loc phi tuyén (Extended Kalman Filter, Unscented Kalman Filter, Particle
Filter...)

Vi ky thuat loc, thuong duoc phén tach ra thanh 2 loai:

- Loc don mé hinh: Duy tri mét bé loc cho quac trinh xi# Iy ciia hé thong

- Loc da mé hinh: Duy tri nhiéu hon I bé loc tai mét thoi diém xir ly cuia hé thong

Véi bai toan theo ddi dbi twong chuyén dong don gian, ching ta thudng st dung ki
thuat loc don mé hinh (St dung mét loai bo loc tuyén tinh hoic loc phi tuyén)

Tuy nhién, trong thyc té véi bai toan theo ddi ddi tugng chuyén dong phic tap nhu
bai toan theo ddi d6i tugng chuyén dong Radar, nguoi ta thuong duy tri nhiéu bo loc (st
dung ca hai loai bo loc tuyén tinh va phi tuyén) trong mot md hinh. [75]

Trong phan nay, toi dua ra nguyén 1y va mot s6 van dé co ban caa 3/4 loai bo loc phd
bién, dong thoi dua ra so sanh va danh gia mtc do phl hop cua ting bo loc vai cac bai
toan cu thé.

2.5.2. Tong quan vé cac ky thuat lec

Véi mot hé théng bat ky, trang thai hé thong 1a diéu ma ching ta quan tam, ciing 1a
trung tam cua cac bai toan can giai quyét.

Vi du:

- Véi hé théng giam sat tai San bay, trang thai cua hé thong la thong tin vé cac doi
tuong hién hitu trong khung hinh cua camera (Bao gom: Toa do, kich thuéc, van
téc di chuyén, gia toc...)

- V6i hé thdng radar, trang thai cua hé théng 1a d6 phuong vi cia d6i twong (Toa do
tuong d6i so voi radar va trang thai goc cua ddi tuong. ..) [50]

Trang thai hé thng duoc chiing ta md hinh hod * twong &ng véi ting bai todn nhit

dinh. Trang thai hé thong phai dam bao cac yéu t6 sau:

- Miéu td du cac thugc tinh phuc v cho yéu cdu bai toan

! Trang théi cua hé théng duoc mo hinh hoé theo tirng bai todn nhat dinh. Vi du: V6i bai toan theo doi dbi
tuong chuyén dong, ta s& md hinh hod trang thai hé thong don gian nhat theo phuong trinh X(t) = X, + v * t

Viéc mo hinh hoa hé thdng, chua c6 co s& toan hoc thuc té dé chimg minh tinh ding dan cia mé hinh do, vi
vay tat ca cac mo hinh hé théng déu duoc thyc hién dya trén co so thyc nghiém
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- Ddc ta tot nhat cho hé théng thuc té sau khi dwoc md hinh hod
- COthé trién khai dwoc cac bé loc
Trang thai hé théng duoc chia thanh 2 loai chinh:
- Trang thai roi rac theo thoi gian
- Trang thai lién tuc theo thoi gian
Trong giGi han cua dé tai ndy va ky thuat phan doan chuyén dong video, toi chi dua
ra cac nghién ctru va danh gia vé k§y thuat loc véi trang thai roi rac theo thoi gian.
2.5.2.1. M0 hinh khong gian trang thai roi rac theo thai gian
Xy ~ P (xpe[x—1)
zy ~ D (Zg|xx)
Trong do:
x;,, € R™ la trang thai caa hé thong tai thoi diém k
Z, € R™ la két qua do dat duoc cua hé thong tai thoi diém k
p(xx|x,—1) 1a mo6 hinh dong thé hién cac dic tinh caa hé thdng, ciing nhu
cach ma hé thong thay ddi theo thoi gian
p(zx|x;,) 1a m6 hinh cho qua trinh do dac, mé ta cach ma cac do dac phan
bd (phu thudc) vao trang thai hé thong
Mot hé théng dugc dinh nghia theo cach trén, duoc goi la thudc tinh Markov. C6
nghia 1a trang thai x; dya trén x;_,va doc lap vai céc trang thai va do dac trong qué khir.
DX k-1, V1k-1) = P el xke—1)
2.5.2.2. Uéc lwong trang thai tuyén tinh
Trang thai tuyén tinh, duoc thé hién qua phuong trinh sau
Xg = Ap-1Xp—1 + Wi—q
Z, = Hyx,, + vy
Trong do:

x,, € R™ la trang thai caa hé thdng tai thoi diém k

e z, € R™ lakét qua do dat duoc cua hé thdng tai thoi diém k
e wy_,~N(0,Q,_,) 1anhidu hé thdng tai thoi diém k-1

o v, ~N(0,R;) lanhidu do dac tai thoi diém k

e A,_,la matran chuyén trang thai caa hé théng

e H, la matran cia m6 hinh do dac
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2.5.2.3. Tiéu chi danh gia cac b loc

Pé danh gia mot bo loc, hién nhién ching ta s& quan tim dén do chinh xac cua bo
loc. Va dé danh gia @6 chinh xac cia mot bo loc, ta s& sir dung tiéu chuan MSE (mean-
square error). [50]

Phuong phéap danh gia : Sinh ra mét tap dir liéu mau phd hop véi hé théng. Thém
nhiéu va dua vao hé thong xu ly. Két qua ldy su sai biét cua trang thai hé théng xir 1y véi
trang thai cua hé thong udc doan dugc — Iy 1am tiéu chi dé danh gia mot bo loc.

Bo6 loc nao c6 MSE cang thap, chiing to do léch giira gié tri thuc té véi gia tri uoc
luong gan sat nhau. Vi vay bo loc dé dap tng duoc yéu cau caa hé thong.

2.5.3. B¢ loc Kalman

B6 loc Kalman duoc R. E. Kalman gidi thiéu lan dau tién vao nim 1960, trong mot
bai bao tai hoi thao khoa hoc cua éng [76]. Muc tiéu cua loc Kalman roi rac theo thoi
gian 1 dua ra cong thic d¢ quy cho qua trinh wéc lwong cua cac hé thdng roi rac.

Loc Kalman roi rac 12 mot bo loc tuyén tinh. Trong giGi han bai bao céo cua toi, ly do
dé néu 1én Kalman roi rac 1a mot b loc tuyén tinh, s& duoc trinh bay & phan sau.

Tu tudng co ban caa loc Kalman gan gidng véi viéc xap xi duong cong cia cac diém
dir liéu, str dung phuong phap cuc tiéu binh phwong xap xi. Va cho phép dy doan trang
thai tai thoi diém ké tiép. [76]

! mouse kalman = | 5 |y

Figure 31: Ung dung loc Kalman dé loc tin hi¢u thu dwoc tir toa dd con tré ciia ngwdi dung
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2.5.3.1. Ban chit ciia bd loc Kalman

Tin hi¢u do X

B loc
Kalman

v
X |

Mo hinh hé
théng

Figure 32: M hinh hoat dong ciia mach loc Kalman
Chung ta c6 tin hiéu do duoc va mo hinh cua tin hiéu do dugc (doi hoi tuyén tinh) va
sau d6 14 4p dung vao trong hé thong phuong trinh ciia mach loc dé udc lugng trang thai
quan tdm. Thuc ra tin hiéu do 1a khong kho, phuong trinh da c6 san, cai chiing ta can
chinh 1a md hinh hoa hé thdng [50]. Bé cé thé tng dung mot cach hiéu qua mach loc
Kalman thi ching ta phai mé hinh héa dugc mot cach tuyén tinh su thay do6i cua trang
thai can udc luong (estimate) hoic udc doan (predict).
2.5.3.2. Phwong trinh Kalman roi rac
a. Qua trinh wéc doan
Bo loc Kalman dé cap dén bai toan tong quat di ude luong trang thai cua mot qua
trinh duwgc md hinh héa mét cach roi rac theo thoi gian bang mot phuong trinh ngau
nhién tuyén tinh nhu sau:
X = AXg —1 + W1
va két qua do dac
Zy = H * X + v
Trong d6 w va v 1a hai vecto bién ngau nhién dai dién cho nhiéu hé théng va nhiéu
do dac.
Hai bién ngiu nhién nay doc 1ap va gia st tuan theo luat phan phdi chuén, vai gia
tri trung binh = 0 va ma tran hiép bién (covariance) lan Iuot Ia Q va R
p(w) ~N(0, Q)
p(v) ~N(O, R)
Néu vector trang thai x ¢6 kich thudc 1a n, thi ma tran A s& c6 kich thuéc lan x n. B
(n x 1) 1a ma tran phy thudc vao diéu khién téi wu u vai u la vector cé kich thuéc 1a I
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Vector do dac z ¢6 kich thudc la m nén ma tran H s& 1a m x n. Cha ¥ rang cac ma tran Q,
R, A, H c6 thé thay d6i theo thoi gian (timg budc k).

Pén ddy ta thdy bai todn loc Kalman chinh la di tim gid tri woc lwong va wée dodn
cua trang thai x khi ta biét diroc su bién thién cia né va ta do dwoc mét dai lwong z ma
phu thugc tuyén tinh vao x. [75]

b. Cac tinh toan cia bo loc

Néu ta gia sit ¥  va X i 1an luot 12 tién nghiém va hau nghiém uéc luong cia gia tri
X tai thoi diém k. Gia tri tién nghiém thu duogc chi dua vao mo6 hinh hé¢ théng (1), con gia
tri hdu nghiém 1a gia tri thu dugc sau khi da co két qua do dac z, (2). Khi d6 sai sd udc
doan udc doan tién nghiém va hdu nghiém lan luot la:

B =X~ Xk
B = Xk - X
U'dc tinh ma tran hiép phuong sai 15i tién nghiém.
Pi=E[ece]
e’ lama tran chuyén vicuae
U'6c tinh ma tran hiép phuong sai 16i hau nghiém.
P =E[ece]

Chung ta bit dau v6i myc tiéu tim kiém mot phuong trinh tuyén tinh ctia mot trang
thai tién nhiém udc tinh va sai sd cta gia tri do dac va gia tri do dac udc doan dé udce tinh
trang thai hau nghiém:

Xk=Xk tK(zxk—H>*X\)

K goi la do loi (grain)

X k. Gia tri hdu nghiém cua woc luwong x

X« - Gid tri tién nghiém cua woc luwong x

Zy : gid tri do dac

Hx  : gia tri do dac woc doadn

Vay 1am sao dé chon duoc K ti wu nhat ? C6 nghia 1a covariance cta sai s6 udc
luong hiu nghiém e, = K(zx — H * X ) 1 nho nhat. Bing cach thay ey vao biéu thirc
tinh Py rdi sau d6 léy dao ham cua Py theo K, ta s€ tim dugc K tuong ting vdi Py nhd nhat.

Ke=Py *H (H*P, *H' +R)*
K thay dbi trong thoi gian k va chinh 13 d6 10 can tim cua mach loc Kalman trong

moi udc doan.
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c. Cac x4c suit ciia bd loc

Céc chtrng minh cho (5) bt ngudn tir kha ning dyu doan trude mot su kién dua trén tit
ca cac phép do trude.

Elx] =x«
EL(— %) * [0 —%)'T = Py
Du doén trang thai hau nghi€m (5) phan anh gié tri trung binh cua trang thai tuan
theo quy luat phan phdi chuan néu nhu (3) va (4) dugc dap tng. Hiép phuong sai 161 hau
nghi¢m udc tinh phan dnh sy khéc biét vé su phan bd trang thai. No6i cach khac
P/ 2 ~ NCEIxd, EL(%— %) * [ —%)'T) = N(X 1, Py)
2.5.3.3. Thuat toan b loc Kalman roi rac

B6 loc Kalman udc mdt trang thai béng cach su dung kiém soat thong tin phan hoi
dudi dang phép do. Nhu vay cac phuong trinh cho bd loc Kalman roi vao hai nhéom:
phuong trinh cap nhat thoi gian va phuong trinh cdp nhap do luong. Phuong trinh cap
nhat thoi gian ¢ trach nhiém tham chiéu dén cac trang thai hién tai va hiép phuong sai
16i w6c tinh dé co duoc wdc luong trude cho thdi gian téi. Phuong trinh cdp nhét do
ludng chiu trach nhiém vé thong tin phan hoi, tirc 1a tich hop mot phép do méi vao su
tién doan dé cai thién mot uée tinh hau nghiém.

Phuong trinh cap nhat thoi gian cling c6 thé xem nhu mot phuong trinh dy bao.

Phuong trinh cép nhat phép do ¢ thé xem 1a phuong trinh sira.

T6m lai mach loc Kalman gdm 2 budc:

- Time update: Udc doan trang thai tién nghiém

- Measurement update: Dya vao két qua do dé hiéu chinh lai udc doan.
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CAP NHAT THOI GIAN CAP NHAT PHEP PO
(dw do4n) (swra)
Dy doén trang thai trudc 1) Tinh d9 loi
xp = Axj_, + Ky =Pg *HT(H*P; xHT + R)™!
Buy_4 2) Cap nhat du doan véi do dac z,
Dy doan hiép phdong sai Xy =%, + K(zp, — H*x})
truGe 3) Cap nhat hiép phuong sai 13i
AP Pe = E[(te = %) * (e = 20)']
U6c doan ban dau x,_, va P,_,
—

Figure 33: Hinh trén tém tiit co ban ciia mach loc Kalman

2.5.3.4. Danh gia loc Kalman
e Uu diém:

- D& trién khai trén céc thiét bi han ché vé tai nguyén

- Do phuc tap thuat toan thap, phi hop véi céc bai toan phai xir Iy nhiéu ddi twong

- Kalman filter hoat dong tét (c6 thé néi 1a 1y tudng) trong trudng hop c6 nhidu
Gauss Vva trang thai cua hé bién doi tuyén tinh.

e Nhugc diém:

- Chi hoat dong tot trong bai todn co trang thai bién doi tuyén tinh va cé nhiéu
Gauss. Trén thuc té, chi c6 mot phan nho céc hé théng co cac yéu cau trén. Vi
vay, Kalman Filter khong duoc &p dung rong rdi nhu cac bo loc phi tuyén khac.
[76]

2.5.4. Ky thuat twong quan dir liu

2.5.4.1. Vai tro ciia twong quan dir liéu trong bai toan theo ddi da doi twong
chuyén déng

Péi véi viéc theo ddi/phan doan mot ddi twong chuyén dong nho vao ki thuat xu ly

anh va b loc ¢6 thé do dac va mo hinh héa dugc vi tri cua ddi twong tai thoi diém tiép

theo. Nhung bai toan trd nén khé khin véi viéc theo ddi nhidu ddi twong cuing mét Idc

bai viéc xtr Iy nhu trén chi cho biét vi tri méi cua cac dbi twong tai thoi diém sau ma kho

xéac dinh duoc danh tinh cua ddi twong d6. Chinh béi thé, véi n ddi twong tai thoi gian t,
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tai thoi gian t+1 ta s& thu dugc m d6i twong moi, diéu d6 twong duong véi Vviéc ta phai
duy tri va 1am viéc trén m! kha ning vé danh tinh cua cac ddi twong diéu nay I1a khdng
kha thi.
K§ thuat trong quan dit liéu s& gidp giai quyét kho khin vé viéc xac dinh chinh xac
danh tinh cua cac d6i tuong. [76]
Mot s6 ki thuat trong quan dir liéu tiéu biéu:
- Ky thuat don gia thuyét (Single Hypothesis Tracking)
o GNN: Str dung cac thuat toan nhu Hungary, Munkres, ...
o JPDA

- Ky thuat da gia thuyét (Multiple Hypothesis Tracking)

Trong pham vi bai béo, t6i chi trinh bay ky thudt so' khai nhat 1a GNN si dung thudt
toan Hungary.

(1 o [
Xu ly

anh va
loc

1a: vi tri doi tirong chuyén déng Véi vdn tac v tai thoi diém t
1b: Vi tri déi tieong chuyén déng véi van téc v tai thoi diém t+1

Hinh 1: Hinh anh minh hoa theo déi 1 d6i twong chuyén dong.

o o

e ——

A O
& inh va

loc

Figure 34: Hinh anh minh hoa theo ddi 2 di twong chuyén dong bang k§ thuit xir ly anh va bg loc
2a: Vi tri cac doi twong chuyén dong voi van toc v tai thoi diem t

2b: Vi tri cdce doi trong chuyén déng véi van toc v tai thoi diem t+1
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Tuong

o auan . )
dir lieu

Figure 35: Hinh anh minh hoa theo dai 2 dbi tweng chuyén déng bang ky thuat twong quan dir liéu.

3a: Vi tri cde doi tirong chuyén déng véi van téc v tai thoi diém t
3b: Vi tri cde doi tiwong chuyén déng véi van toc v tai thoi diém t+1

2.5.4.2. Ky thuat twong quan dir liéu &vng dung trong phan tach da déi tweng
chuyén dong.

K¥ thuat twong quan dit liéu duoc @ng dung trong viéc theo ddi da d6i twong
chuyén dong véi bai toan cu thé nhu sau:

Bo theo ddi cac ddi twong chuyén dong duoc gan vao d6i twong sau khi phat hién
dugce doi twong. Tai mdi thoi diém t+1 (sau thoi diém t) ta s& phai tinh xac suat dé xac
dinh danh tinh ciia m d6i twong so vai thoi diém t trude d6. Ta s& thu dugc bang Xac suat
VGi N x M cap gid tri Xac suat vai mdi cap thé hién kha nang dé ddi tuong thi i ban dau s&
tré thanh doi tuong j tai thoi diém sau. Tir bang xac suat c6 duoc ta sir dung cac thuat
toan nhu Hungary, .... Pé x4c dinh danh tinh cho cac d6i tuong.

R 2.

\\_,l Do1 tuong
tai thoi
diém t

‘ Péi tuong
tai thoi
diém t+1

Figure 36: M0 ta c4c kha ning ghép ddi twong
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e Gia sir thu dwoc bang x4c suit ghép cac ddi twong:

Bang 1: X4c suét ghép cip dbi tweng

a B
A 80% 20%
B 41% 59%

e Sir dung thuat toan Hungary ta dwoc két qua lwa chon

Bang 2: Bang két qua ghép cap

a B
A 20%
B 41%

Két qua thu dugc xac dinh tai thoi diém t+1.:

- Pbi tuong a 12 A tai thoi diém t

- Pbi tuong b 12 B tai thoi diém t

2.5.4.3. Thuat toan Hungary

Thuat toan duoc st dung nham dé giai quyét cac bai toan tim bo ghép cuc dai véi
trong sb cuc tiéu trén do thi hai phia, voi dang toan cu thé 13 bai toan phan cong.

Cho n ngudi tho va m cdng viée, ngudi thir i s& giai quyét cong viéc tha j vai chi phi
la C;j >= 0. Can phan cho mdi thg mot cong viéc sao cho tong chi phi phai tra dé thuc
hién m cong viéc nay 1a nho nhat. Thuat toan thuc hién lya chon cac bo ghép ngudi va
cong viéc toi wu trén ma tran vudng N x N véi cac budc thuc hién.

Buéc 1: Tim N véi: N = MAX(n, m);

Buwéc 2: Biéu didén ma tran N x N, véi viéc bd sung N-n hang hoic N-m cot dé tao
ma tran vuong véi gia tri C,,= MAX(Cjj | 1=1,n;j=1,m).

Budéc 3: Tim gia tri nho nhat cia moi hang va lay hiéu cia mdi vi tri trén hang voi
gid tri nho nhét cia hang do.

Buwéc 4: Tim gid tri nho nhat trén mdi cot va lay hiéu cia mdi vi tri trén cot d6 véi
gia tri nho nhét cua cot do.

Bwéc 5: Chon trén mdi hang va cot mot vi tri 0 1a duy nhat, néu c6 nhiéu hon 1 ta
chon va loai bo cac vi tri 0 khac.

Buwéc 6:

- Néu ton tai it nhat mot hang chua chon dugc gié tri 0 thi:
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Panh diu cac hang chua chon duoc vi tri 0, trén hang s& ¢ it nhat mot s 0 bi loai
bo, danh dau cot chira cac sb 0, trén cot ¢6 thé ¢ nhitng vi tri 0 khéc, ta tiép tuc danh dau
cac hang cd s6 0 khac do6 va lai tim trén hang vira danh dau. Viéc danh dau hang va cot
lip di 1ap lai cho téi khi khéng ton tai vi tri 0 nao c6 thé dan toi viéc danh dau 1 dong
hoac cot khac.

- Néu cac hang déu chon dugc thi dwa ra danh sach phan cong roi két thic bai toan.

Buwéc 7: Vach nhitng cot bi danh du va cac hang khéng bi danh dau.

Bwéc 8: Tim gia tri nho nhat caa cac & khong bi vach, tinh méi gia tri cac 6 khdng bi
vach bang viéc lay hiéu gia tri cia 6 d6 véi gia tri nho nhat vira tim duoc. Sau d6, chuyén
vé budc 5.

Vi du minh hea:

Cho 3 tho va 3 cdng viéc, vai chi phi ma phai tra cho cac cong nhan néu thué ho thuc

hién cho mdi cong viéc dugc thé hién bang bang:

Cong viéc 1 Cong viéc 2 Cong viéc 3
Nguoi the 1 12 34 15
Nguoi the 2 22 21 18
Nguwoi the 3 11 21 26

Bang 3: Bang phan cong m cong viéc cho n cdng nhan
Budc 1: Boquavin=m=3

Buéc 2: Biéu dién ma tran:

12 34 15
22 21 18
11 21 26

Bang 4: Biéu di&n ma tran ciaa thuét toan Hungary
Budc 3: Lay hiéu trén hang caa céc vi tri trén hang va sé trir 12 gia tri nho nhat cua
hang. (Thu dugc gia tri 0 trén hang i la cdng viéc ma nguoi thir i lam vai chi phi nho
nhat. )

0 22 3
4 3 0
0 10 15
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Budc 4: Lay hiéu trén cot cua c4c vi tri trén cot va so trir 12 gia tri nho nhat trén cot
d6. ( Thu duoc cac vi tri 0 mai trén céc cot ban dau khéng chira gia tri 0, cac vi tri O trén
cot thir j 12 nhitg ngudi 1am cong viéc j vai chi phi nho nhat).

0 19 3
4 0 0
0 7 15

Budgc 5: Chon trén mdi hang va cot mot vi tri 0 12 duy nhat, néu c¢6 nhiéu hon 1 ta
chon va loai bo céc vi tri 0 khéac. ( Chon cho méi ngudi 1am mot cong viéc)

19 3
4 0
0 7 15

Bang 5: Két qua phan cdng cho bai todn giao m cong viéc cho n céng nhan

(Cha thich: do la vi tri dwoc chon va 6 mau xam la nhizng 6 logi bs, hang khdng c6 6
do la hang ma chwa chon dwoc cong viéc)

Budc 6:

- Vicd mot hang chua chon duoc gia tri 0 nén:

Panh ddu cac hang chua chon duoc vi tri 0, trén hang s& ¢ it nhit mot s 0 bi loai
bo, danh dau cot chaa nd, trén cot b thé co nhitng vi tri 0 khac, ta tiép tuc danh dau cac
hang c6 s 0 khac d6 va lai tim trén hang vira danh dau. Viéc danh dau hang va cot lap di
lap lai cho t6i khi khdng ton tai vi tri 0 ndo c6 thé dan téi viéc danh du 1 dong hoic cot
khac.

v
19 3 v
4 0
0 7 15 v

Budc 7: Vach nhiing cot bi danh dau va cac hang khong bi danh dau. (Nhung 6
khong bi ké qua la nhitng 6 ma ta c6 thé tim ra 1 cap ngudi tho va cong viéc cd chi phi
nho nhat dé cé thé bo sung vao danh sach phan cong.)
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19 3 4

4

0 7 15 v

Budc 8: Tim cap nguoi tho va cdng viéc ma cho chi phi nho nhat trén cac 6 chi phi
khdng bi vach tai budc 7, sau d6 13y hiéu cua cac 6 d6 véi chi phi nho nhét vira tim duoc.
Chuyén téi busc 5

0 16 0
4 0 0
0 4 12

Vi du quay lai buéc 5 chon dugc két qua:

0 16

4 0

4 12

Buéc 6: Pua ra danh sach phan cong. (vi buéc 5 chon dugc méng viéc trén mdi
dong)

Tho 1 lam cdng viéc 3

Tho 2 lam cbng viéc 2

Tho 3 1am cbng viéc 1

Véi tong chi phi 1a : 48
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Chuong 3: M§t s6 dé xuat va cac buéc thuc hién
3.1. Peé xuat thir nhat — cai tién k¥ thuat ludng quang hoc
3.1.1. Téng quan k§ thuit cai tién luong quang hec

Nhu ching ta d3 biét, k¥ thuat ludng quang hoc giup chiing ta c6 thé tinh duoc van
tdc cua cac diém anh trén bé mat dbi tuong. N6 dua trén ¥ tuong “Bé mit ngoai cia doi
twong khong cé nhiéu thay doi vé cwong dd sang khi xét su thay doi tir thoi diém t
sang thoi diém t + 1”. Nhung trong thuc té diéu kién 4nh sang, va nhidu cua thiét b thu
nén cuong do sang cua cac diém anh trén bé mat ddi tuong kho ma duoc 6n dinh. Do vay
van toc tinh duoc cua cac diém anh ma co cudng do sang thay d6i nhiéu 1a khong dung
va s& 1am cho két qua theo ddi khong duoc chinh xac. Pé khac phuc diéu nay, t6i dé xuat
mot thuat toan cai tién k§ thuat ludng quang hoc.

Y tudng chinh ctia thuat toan nay 13 stir dung ludng quang hoc dé tinh vén tdc cia cac
diém anh trén bé mat d6i twong. Sau d6 tinh 151 va chi loc ra va gitt lai dudi 50% sb diém

ma dang tin ciy nhat bang cach lay trung vi 13i. [5]

[ LUONG QUANG HOC ]

Theo dbi cac dlém trén bé mat
Du doan vi tri va
kich thudce doi tugng

Tap hop cac diém theo ddi dugc

It ’ A
trong hai thoi diém lién tiep

Loc ra duoi 50% so diem

Tinh 13i »  Téap hop cac diém dang

tin nhat

Figure 37: Trinh tu thuc hién
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3.1.2. Tinh 15i va loc

Quié trinh tinh 13i va loc duoc mo ta boi luoe dd sau:

Tinh ludng quang
hoc xudi va nguoc

tro lai

—)  Loc trung vi

So khép mau

Figure 38: Cac budc loc va tinh 18i

3.1.3. Tinh ludng quang hoc tién va tinh ngwoc tré lai

La qua trinh tim vi tri clia twong Ung cta diém anh p, trong thoi diém thir i ta duoc
diém anh p, trong thoi diém thtr i + 1. Sau d6 thuc hién nguoc lai tim vi tri cia diém anh
ps trong thoi diém th i + 1 twong tmg véi diém anh p, trong thoi diém thi i. Sau d6 tinh
khoang cach Euclide giita hai diém p; va ps. Khoang cach nay dugc dung dé do 15i cia

diém anh p;.

= e
f.
F"" -
- J |
o
thoi diém i thoi diémi + 1

Figure 39: Vi du v@ tinh ludng quang hoc xudi - nguoc
O hinh trén ta thiy diém sé 1 khi tinh diém tuong tng ¢ thoi diém thir i+1 sau d6 tinh
nguoc lai ta lai thu dugc chinh né nén error[1]=0. DPdi v6i diém tha hai thi 2 diém P P3

la khac nhau nén error[2] = Euclide(py, ps).
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Sau khi tinh duoc cac gi4 tri cia mang gia tri 16i twong Gng véi ting diém, ta co

mang error[ ]. Mang luu gia tri 16i dugc sir dung & budc loc.

3.1.4. So khép miu

Dé dam bao rang diém theo ddi duoc tir frame thir i sang frame thir i+1 duoc chinh

xac hon thi ta dung thém mét co ché nira d6 1a so khép mau.

C6 thé hiéu so khdp mau 14 qua trinh so sanh 2 ving anh twong tng cua 2 diém. Pé

so sanh dugc ta co thé dung cac cong thure sau:

+ Twong quan (CCORR_NORMED)
DTY)RI(K,Y)
XLy

\/ZT(x', Y)Y EY K,y
% %
+ Binh phwong sai biét (SQDIFF_NORMED)
DT y)=1(x,y)?
X'yI

\/ZT(x', Y EY (X,

xLy' XLy’

+ Chuin héa twong quan (CCOEFF_NORMED)
ZT'(X', y)*I'(x,y")

\/ZT'(X" DRONNCHDE

Trong do:
T, y) =T (X, y')—ﬁgﬁ(x, Y)
(¢,Y) = 106, Y) ~— 1 (1)
w*h<s
I va T 1 hai anh can so khép.
x” = 0..width-1, y = 0..height-1.
R: két qua.

Ap dung cic cong thic trén ta s& thu dugc két qua 1a R. R s& tién dan dén 1 néu hai

anh cang giong nhau.
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3.1.5. Loc trung vi

La qu4 trinh loai bé cac diém x4u (cac diém ma 1am cho theo ddi sai) chi gitr lai dudi
50% s diém. Viée loc duge thue hién bé‘mg cach tinh ra trung vi cta 13i va trung vi so
khép. Sau d6 loai bo tit ca cac diém c6 18i 16n hon trung vi 16i va cac diém c6 gia tri so
khép nhé hon trung vi so khop. Nhu vay ta s€ thu dugc mot tap cac diém tbi wu nhat dé

tlr cac diém nay ta co thé tinh duoc vi tri va kich thudce cua dbi tuong theo doi.

-
W

Figure 40: Loc trung vi

Hinh bén phai la cac diém thu duoc sau khi loc trung vi.
3.1.6. Tinh vi tri va kich thudc thay doi ciia doi twong
+ Tim vi tri méi ctia d6i twong
Gia sit mdi diém p; trong thoi diém t s& chuyén dong véi van tée 13 vi (@6 dich
chyén). Nhu vay thi vi tri ctia diém p; trong thoi diém t+1 s& 1a p; + vi. Vi cac diém trén
bé mat d6i twong co thé chuyén dong khong cing van tc nén dé tinh duoc vi tri cua ddi
tuong ta & thoi diém tha t+1 mot cach chinh xdc ta c6 thi ta ldy vi tri cta thoi diém thir t

cong vdi trung vi cua do dich chuyén.
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Figure 41: Vi du 4p dung ludng quang hoc theo d&i chuyén dong cia rubik
+ Tinh kich thwéc moi cia doi twong
Nhu ¢ phan truong chuyén dong chung ta dugce biét cac diém anh s€ di chuyén hoi tu
lai khi vat di chuyén ra xa camera hay noi cach khac anh cua véat s€ co6 kich thudc nho

hon khi di ra xa camera.

thoi diém i thoi diém i+1

Figure 42: Vi du tinh kich thuéc méi cia doi twong dung cai tién caa ludng quang hoc
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Gia su pl, p21a 2 diém nam trén bé mat cua doi tuong nhu hinh trén va pl;, plix
tuong ung voi cac ky hi€u pl ¢ trén frame i va pl & trén frame i+1. Nhu vay d6 co gidn
cua doi tuong co thé tinh duoc nhu sau:

S = g — d(pli+l’ p2i+l)
di  d(pL, p2)

Véi d(pl, p2) 1a khoang cach euclide giira 2 diém pl va p2.

Chu ¥ & trén bé mit cua ddi trong c6 rat nhidu diém anh nén dé dam bao xap xi duoc
t6t nhat ta phai tinh tt ca cac khoang cach sau d6 13y trung vi cta do co gian.
Cudi cung kich thudc cua dbi tuong tai thoi diém tha t + 1 ta co thé tinh dugc nhu
Sau:
Wi =W;*s
Hisa=Hi*s
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3.2. Pé xuat thir hai - M6 hinh chung ciia bai toan thuc hién

Dua trén nhitng ndi dung dd nghién ctru trong chwong 2, t6i nhan thay rang nhanh
nghién ctru Phin doan chuyén dong dwa trén phan tach, phét hién va bam sat dbi tuong
chuyén dong 1a mét nhanh nghién ciru 6 mot sé ng dung thuc té rat hiéu qua.Vi vay, toi
quyét dinh lya chon ndi dung nghién ctu nay.

Hon nira, voi nén tang vé cac bo loc dugc tim hiéu xuyén sudt thoi gian thuc tap, rat
phU hop v&i viéc 4p dung cho bai toan bam sat ving di twong chuyén dong phuc vu cho
qua trinh phan doan cac ddi tuong.

Vi vay, trong phan nay, tdi d& xuat mo hinh bai toan phan doan chuyén dong cua toi
véi cac noi dung sau:

- Ky thuat ude luong chuyén dong

- Ky thuat theo doi dbi tuong sir dung cai tién cua ki thuat luong quang hoc

- Tuong quan dit liéu s dung thuat todn Hungary
3.2.1. Phat hién doi twong chuyén déng

Thay Vi céch tiép can dua trén phan doan theo viing, toi lua chon cach tiép can theo
d6i twong chuyén dong trong video.

Udc luong chuyén dong

(Str dung ky thudt wde lwong nén véi GMM)

!

Udce luwong va du doan Theo ddi vung
chuyén dong
(cdi tién optical flow)

(Swr dung loc Kalman)

\

Xu ly twong quan 3  Track Handling

(Ser dung thugt toan Hungary)

Theo vét cac viing chuyén dong
Hinh 1: M6 hinh bai toan dé xut
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3.2.2. Sir dung hén hop Gaussian dé wéc lwong nén cho bai toan wéc
lwong chuyén déng
T6i dé& xuét sir dung K = 10, nghia 1a st dung chudi 10 hinh anh lién tiép trudc do.
Viéc lya chon tham sé K c6 anh huéng truc tiép dén hiéu qua thuat toan. Dua trén kinh
nghiém ca nhan khi trai qua mot sé thuc nghiém k¥ thuat trir anh ap dung trong theo ddi
ban tay chuyén dong, theo ddi phuong tién giao thong, ... t6i thiy K = 10 1a lya chon tét
dé can bang ca yéu tb d6 chinh xac va téc do thyc thi.

Hinh dudi diy mo ta cac budc lam viéc cua thuat toan trir anh dé xuat.

—5 Anhhiéntai — 3 ]
HON HOP GAUSSIANS

1‘_{ Cap nhat nén }(—I l

Anhnhiphan
Nén mau den, doi fiong chuyén
dong mau trang

!

Lam tron va khoanh vung

dbi tuong
Thudt toan khoanh ving nhanh

!

Céc dbi twong
Duroc khoanh ving theo AABB

Figure 43: Mé hinh dé xuét cia ky thuit wée lwong chuyén déng sit dung GMM
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3.2.3. Ap dung bd loc két hgp cung thuat toan cai tién ludng quang hec
cho bai toan theo vét cac viing chuyén dong
3.1.3.1. M6 hinh hé thdng

Theo vét sir dung
‘_\_N} Cai tién Optical flow

(X, y, w, h)

Loc st dung
. loc Kalman

Figure 44: Mé hinh dé xuat sir dung cai tién optical flow va loc Kalman cho bai toan phin doan chuyén déng
3.1.3.2. M0 hinh cta b loc Kalman

- Véi loc Kalman, t6i sir dung mé hinh hé thong sau:

X = Apg—1Xp—1 + Wi—1
Zy = Hkxk + Vg

Trong do:

e X, € R™ latrang thai cua hé thong tai thoi diém k

x 0 T O
10y 0 T
1o 0w 0
0 0 0 h
e z, € R™ lakét qua do dat duoc cua hé thong tai thoi diém k
X

Y
Zk = X _Xprev
Y_

Yprev
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wy_1~N(0, Q)_;) 1a nhidu hé thdng tai thoi diém k — 1
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107 10™* 107* 107*
v,~N (0, R,) 1a nhidu do dac tai thoi diém k
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3.2.4. Ap dung thuit todn Hungary giai quyét bai toan twong quan dir
liu

A A
O
/@ C& B’ C
O O

anh tai thoi diém k

anh tai thoi diém k+1

[ Tinh khoang céach

C

O

Tinh khoang cach Két qua tuong quan

Figure 45: M6 hinh dé xuat sir dung thuit toan Hungary cho bai toan twong quan

Trinh tu thuc hién twong quan dir li¢u nhu sau:

- Tinh khoang cach twong ung giita cac dbi twong giita 2 frame.

- Ap dung k¥ thuat GNN (thuat toan Hungary) dé chon ra cach ghép cip cac doi
tugng sao cho tong khoang cach thu dugc 1a nho nhat
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Chuong 4: Thuc nghiém va két luan
4.1. Piéu kién thwc nghiém
4.1.1. M@éi trwong
- Céc méi trudng thong thudng nhu: sdn trieong, dwong X4, ... véi cac yéu to sau:
o Mau sic nén va dbi tuong c6 d6 twong phan nhat dinh
o Céc dbi twong di chuyén voi mat do va khoang cach trong tng & muc trung
binh
- Yéu té mau sic: Cac viing mau sic c6 d6 twong phan nhat dinh. Trong truong hop
mau sic cua nén va ddi twong dong nhat, thi chuong trinh hoat dong rat kém hiéu
qua.
4.1.2. Thiét bi
- May tinh
- Thiét bi ghi hinh hoic file Video:
o File video: Kich thudc [6n hon 320x240 pixel
4.1.3. Cau hinh may
- CPU toi thiéu: 1.0 GHz
- RAM t5i thiéu: 512 MB
(Piéu kién dé cai dat NET Framework 3.5)
4.1.4. Khoang cach thuc nghiém

- Camera dit trudc d6i twong véi khoang céch tir 2m-25m

4.1.5. M@éi truwong trién khai

- Ngon ngit lap trinh: Visual C#, trén nén .NET framework 4.0
- Thu vién ma nguén mé EmguCV (http://emgu.com)

4.2. Thuc nghiém ky thuat phan doan video
4.2.1. Phwong phap thuc nghiém

Pé thyc nghiém va danh gia cach tiép can dya trén bo loc, ung dung cho ky thuat
phan doan chuyén dong video. toi str dung 08 video véi kich thuéc va thai gian nhat
dinh. Ty Ié chinh xac duoc danh gia bang ty 1& dbi tuong thu duoc/tong sé ddi tugng di
chuyén trong video do.

Céc video xuat phét tir viéc tu quay va tong hop tai cac dia diém:
- Cau vuot gan s 252 Hoang Qudc Viét (gan truong Cao dang Du Lich Ha Noi)
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- Cau vuot giao cit gitra duong Xuan Thity va dudng Pham Vian Pong (gan trudng
PH Qudc gia Ha Noi)
- San Tenis — khu A truong DPH Cong nghiép Ha Noi (quay tir ting 4 — nha A7)

Céc video thu duoc c6 chiéu dai va kich thude nhu sau:

STT | TENVIDEO | THOI GIAN PIA PIEM
1. videol.avi 3s 252 Hoang Quéc Viét
2. video2.avi 8s 252 Hoang Quéc Viét
3. video3.avi 10s 252 Hoang Quéc Viét
4. video4.avi 7s 252 Hoang Quéc Viét
video5.avi 14s Cau vuot PH Qudc gia HN
6. video6.avi 20s Céu vuot PH Quéc gia HN
7. video7.avi 28s 252 Hoang Quéc Viét
8. video8.avi 27s 252 Hoang Quéc Viét
9. Video9.avi 23s San truong khu A - PHCNHN

Figure 46: Thuit toan dé xuat hoat dong kém hiéu qua khi camera bi dich chuyén
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Figure 47: Uée lwong nén sir dung GMM hoat dgng kém hiéu qua khi camera bi dich chuyén

Duéi day l1a bang két qua thuc nghiém

PHAT

PHAT

PHAT

STT TEN | THOI HIEN | HIEN | HIEN TY FRAME LY DO
VIDEO | GIAN SAI TH I.]‘EU DI'Jl.\IG LE RATE

10. | videol.avi 3s 4 0 8 66.7% | 11,5 fps

11. | video2.avi 8s 2 0 6 75% 9,7 fps

12. | video3.avi | 10s 18 0 9 33.3% | 9,5fps | Camera bi di chuyén
13. | video4.avi 7s 26 0 7 21.2% | 5,3fps | Camera bi di chuyén
14. | video5.avi | 14s 43 0 25 36.8% | 5,3fps MoG kém hiéu qua
15. | video6.avi | 20s 18 1 30 61.2% | 9,2fps | Camera bi di chuyén
16. | video7.avi | 28s 82 3 77 475% | 5,5fps | Camera bi di chuyén
17. | video8.avi | 27s 45 2 28 37.3% | 4,5fps | Camera bi di chuyén
18. | video9.avi | 23s 2 1 23 88.5% | 2,3fps
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4.3.

4.4,

Két luan
Dua vao két qua thuc nghiém, tdi rat ra nhitng két luan nhu sau:

Trong trudng hop camera dich chuyén trong mot khoang thai gian, roi tro lai vi tri
ban dau: Thuat todn trir anh trudc, trir nén trung vi va trung binh boc 16 nhiéu
nhugc diém. K¥ thuat udc lwong nén sir dung md hinh hén hop Gaussians khic
phuc duoc nhuoge diém trén.

Cac ky thuat trir anh, udc lugng nén két hop véi ki thuat twong quan c¢6 mot sé wu
diém: Dé trién khai, thuc thi nhanh, hoat dong tét trong méi truong nén va doi
tiong €6 Mau sdc khd twong phdan va khodng cdch twong doi giita cdc doi twong
kha thuwa thot.

Viéc &p dung b loc, yéu td tién quyét 1a thuat toan phét hién ddi twong chuyén
dong phai chinh xac.

Ap dung cai tién caa k¥ thuat ludng quang hoc, két hop ciing loc Kalman da ting
budc cai tién nhuge diém cua cac ky thuat trén khi hoat dong trong mdi truong
kém 1y twong cho gia thuyét dé luong quang hoc hoat dong.

Viéc ap dung loc trung vi 13i cho k¥ thuat ludng quang hoc véi bai toan da ddi
tuwong lam ting do phuc tap thuat toan, tir ¢6 han ché pham vi tng dung cua thuat
toan trong cac hé théng thuc té.

Hwéng nghién ciru
Ap dung loc Kalman da mo hinh: Loc Kalman tuong tac da mo hinh
O M0 hinh dya trén trir nén (tuyén tinh)
O M® hinh dya trén k§y thuat cai tién ludng quang hoc
Nghién cttu mé hinh théng ké dua trén loc hat

Nghién ciru ki thuat theo ddi da gia thuyét (Multiple Hypothesis Tracking) ti uu
bai toan twong quan dir liéu

Nghién ctru phuong phap bao boc ddi tugng OOBB, KDrop
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