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MQT KY THUAT PHAT HIEN NGUOI PI BQ
DUA TREN PAC TRUNG CHUYEN PONG
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YTruong Dai hoc Cong nghé Thong tin va Truyén théng — PH Thai Nguyén
2Truong Pai hoc Cong nghiép Ha Ngi

TOM TAT

Phat hién nguoi di bo 1a van dé quan trong trong nhiéu bai toan tng dung cia linh vuc xir 1y anh,
vi du nhu gidm sat giao théng, phat hién dot nhap, xe tu hanh... Trong bai béo nay, ching t6i trinh
bay mot k§ thuat phat hién nguoi di bo dua trén dic trung Haar mé rong, két hop véi cac bo phan
l6p yéu duoc thue hién dua trén thuét toan Adaboost dé dua ra quyét dinh. Cac dac trung nay dugc
tinh toan dua trén yéu t6 chuyén dong boi su sai khac giita cac cip anh theo thoi gian. K thuat da
duoc thir nghiém va chiing t6 dugc sy hiéu qua trén co so dit liéu PETS 2001 va mot s6 dit liéu thu
tai Truong Dai hoc Thong tin Truyén thong — Pai hoc Thai Nguyén.

Tu khoa: Phat hién nguoi di bg; Haar; Haar-like; Haar wavelet; Adaboost...
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BASED ON MOTION FEATURES
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ABSTRACT

Pedestrian detection is an important issue in many application areas of image processing, such as
traffic monitoring, intrusion detection, self-driving car... In this paper, we present a pedestrian
detection technique based on extended Haar features combined with weak classifiers are
implemented based on the Adaboost algorithm to make decisions. These features have been
calculated based on the difference between pairs of images over time. The technique has been
implemented and demonstrates the effectiveness on the 2001 PETS database.
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1. Gi6i thiéu

Bai toan phat hién nguoi di bo c6 thé dugc
coi la mdt truong hop riéng cta bai toan phéat
hién d6i tugng. Mot tidu chi hay duge néi dén
trong phat hién nguoi di bd chinh la qué trinh
dua ra vét ctia nguoi di b tir cac khung hinh
video. Qué trinh nay trong tam la qua trinh xtr
ly chudi anh lién tiép trong mot doan video dé
phat hién ra c6 hay khong ngudi di bo trong
mot doan hinh anh.

Hinh 1. Cdc thanh phan cuc bé véi anh gradient [1]
Pay 14 bai toan ¢ nhiéu thach thirc va phirc
tap do sy da dang trong dién mao, tu thé,
quén 40, mau sdc, canh nén... cla nguoi di
bo. Ngoai ra diéu kién thoi tiét, anh sang,
khoang cach quay, vin dé che khuit... ciing
anh huong dang ké dén hiéu qua cua viéc phat
hién nguoi di bo. Hién c6 nhiéu phuong phép,
Y tuong giai quyét bai toan nay di duoc
nghién ciru va dé& xuit, mdi phuong phap, y
tuong c6 uwu diém, nhuoc diém riéng.
Papageorgiou va Poggio [1] da mo td mot hé
thong phat phat hién nguoi di duong véi tu
cach 1a mot phan cua hé théng hd tro 1ai xe
v6i kha ning biéu dién ddi tugng biang viée
s dung su khac biét cuong d9, hudng trén
nhiéu muc gilta cac vung lan can, va dugc
tinh toan v6i Haar wavelet; trén co s& do, cac
dac trung dugc dua vao mo hinh may vector
hd trg. Dalal va Triggs [2] thi xay dung lugc
do6 cac gradient co dinh huéng (HOG) dé mo
ta d6i tuong. Theo d0, cira s6 trugt s& dugc
chia thanh ludi cac khdi va cac vector dic
trung HOG s€ dugc trich ra; sau d6 dua vao
bd phan 16p SVM tuyén tinh. Ké thira cong

trinh nay, Zhu va cac dong nghiép [3] day
nhanh céc tinh ning HOG bang cach st dung
luge dd histogram tich phan [4]. Shashua va
cic dong nghiép [5] d& xuat mot biéu dién
tuong ty di voi cac thanh phan cuc bo dé xay
dung mo hinh nguai (hinh 1).

Vi ti€u chi sit dung céc dac trung hinh dang,
Gavrila va Philomin [6], [7] da st dung
khoang cach Hausdorff va mot hé théng phan
cApmau dé nhanh chéng két hop cac bién
anh vao mot tap hop cac mau hinh dang. Wu va
Nevatia [8] sit dung mot lugng 16n phan doan
ctia cac doan thing va dudng cong ngén, dugc
goi 14 cac dic trung "edgelet", dé biéu thi hinh
dang cuc bd. Trong [9], "shapelets" 1a cac bd
mo ta hinh dang dugc hoc phan biét tir gradient
trén cac vang cuc bo; tiép can boosting duoc
sir dung dé két hop nhiu shapelets vao mot
bd phat hién tong thé (hinh 2). O k¥ thuat nay,
ban dau, cac dic trung canh dugc phat hién
badi cac ky thuat gradient dugce trich chon trén
céc ving cuc bd (hinh 2 bén trdi thé hién két
qua voi ky thuat gradient 1a Sobel), cac dac
trung nay co thé 1a doan théng, cung, hodc Kkét
hop voi cac vi tri va goc xoay khac nhau
(hinh 2 bén phai thé hién cac dic trung canh
v6i vi tri va huéng khac nhau). Budc tiép
theo, mot bo phat hién téng thé theo tiép can
boosting s& sir dung két hop cac dic trung nay
v6i nhau dé dua ra quyét dinh.

cdgelet features
line arc  symmetnc pair

2 3
Onentation quantization

Sobel convolution result

Hinh 2. Dac trung edgelet [8]
Trong bai b&o nay, nhom tac gia trinh bay mot
ky thuat phat hién nguoi di by dua trén dic
trung chuyén dong, cu thé 1a dua trén su sai
khac gitra cac cdp anh theo thoi gian, va thong
tin chuyén dong dugc trich rat tir nhitng sy sai
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khéc nay. Phan tiép theo cua bai bao la cu thé
ky thuat phat hién ngudi di bd dua trén dac
trung chuyén dong véi mot sb van dé chi tiét
hon, d6 la dac trung Haar mé rong va ky thuat
Adaboost. Phan 3 s& 1a thir nghiém, danh gia
két qua va cudi cung 1a phan két luan.

2. Phat hién nguwoi di bo dwa trén dic
trung chuyén dong

2.1. Dac trung Haar mé rong

Dic trung Haar md rong duoc dé xuit trong
[10], duoc xay dung dua trén nhitng dic trung
Haar 4p dung trong bai toan phat hién khuon
mat trén anh. Nhitng dac trung nay dugc md
rong dé thuc hién trén sy sai khac gitra cac
cip anh theo thoi gian, va thong tin chuyén
dong co thé duoc trich rat tir nhiing sy sai
khac nay. Vi du, ving co tong cac gia tri tuyét
dbi cua cac sy sai khac néu 1én thi ung véi
chuyén dong. Théng tin vé hudng chuyén
dong co thé dugc trich rat tir su sai khac giita
cac phién ban da dich chuyén cta anh thir hai
theo thoi gian so voi hinh anh dau tién.

Céc dac trung dugc ap dung trén nam anh:

A= abs(ly — Its1) 1)
U = abs(l; — Itzy T) 2
L = abs(ly — Ityq <) 3)
R = abs(I; — Ttyq =) 4
D = abs(I; — T41 1) ®)

Vé6i I, valiyq 1a cac anh theo thoi gian, va
{T, |, &, —} la cac toan tir dich anh (I, T Ia
[:da dich Ién trén bai 1 pixel). Vi du nhu hinh 3.

AJBERER

Frama 1 Frame 2 A

Hinh 3. Vi du vé cac anh da dich chuyén

Mot loai ddc trung tinh toan sy khac nhau
gitta A va mét trong {U, L, R, D}

ri(4) — ri(S) (6)
V6i S 1a mét trong {U, L, R, D} va r;(s) la
mot khung hinh chit nhat bén trong ctra )
phat hién. Cac dac trung nay trich rat thong
tin vé kha nang mot viing nao d6 dang chuyén
dong theo mot hudng nao d6 (hinh 4).

I ®  w

=] E

Hinh 4. Vi du déc trung Haar mao réng dp dung
trén moét dnh
Loai dic trung thtr hai so sanh tong cac ving
bén trong ciing mot anh chuyén dong:

= ¢i(S) @)

Vi ¢; 1a mot trong cac dédc trung duge mo ta
trong hinh v& ¢ trén.
Cubi cung, loai dac trung thtr ba do cuong do
cia chuyén dong tr mot trong cac anh
chuyén dong:

fix = 1(S) (8)
Véi S 1a mot trong {U, L, R, D} va r(s) la
mot khung hinh chir nhat bén trong cura s6.
T cac dac trung, bo phan 16p dugc xay dung
don gian 1a so sanh gia tri ddc trung véi mot
ngudng. Gia tri ngudng s€ duoc hoc voi tung
b phan lop cu thé. Cac bd phan 16p nay sé€
duogc két hop dya trén k¥ thuat Adaboost.
2.2. Adaboost
AdaBoost 1a mét bo phan loai manh phi tuyén
phuc dua trén hudng ti€p can boosting duoc
Freund va Schapire duara [11].

.........

Hinh 4. So' d@6 thudt todn Adaboost
Adaboost hoat dong trén nguyén tic két hop
tuyén tinh cac bo phan l6p yéu dé hinh thanh
mot bd phan 16p manh. Trong truong hop
nay, cac bd phan 16p y€u chinh la cac bd phan
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16p dugc tao ra tor cac dic trung Haar mo
rong da dugc mo ta & trén (chi tiét so do thuat
toan theo hinh 4).

Frame

|

[ THich vimy Ong viém ]

|

[ Iesch chun a6 trung l

Phin oy oy Ji bivade

™ Tidu huie
- Imyvim

Kt i
Hinh 5. So d6 tong quat ciia hé thong
2.3. Quy trinh h¢ thong
He¢ théng duge thyc hién dya trén so do tong
quéat nhu hinh 5.
Budc trich ving tmg vién s& liy ra cac ving
quan tim tir anh dé giri dén khdi trich chon
dic trung. Trong budc nay néu tranh duoc cac
vung quan tam khong cé nguoi di by cang
nhiéu thi toc do cua hé théng s€ cang duogc cai
thién.Viéc trich ving tng vién dugc thyc hién
trong timg khung hinh, cy thé 1a dung k¥
thuat ctra s6 truot trén cac viung chuyén dong
cua khung hinh. Pau tién ta tinh anh mit na
chuyén dong. Anh mit na chuyén dong duoc
tinh thong qua k¥ thuat nén trung vi, cu thé 1a
khung hinh hién tai s€ dugc so sanh véi anh
nén dugc tinh bang trung vi ciia n khung hinh
trudc do:
B(x,y,t) = median{l(x,y,t —i)},i=0,...n—1 (9)
Trong do, B(x,y,t) 1a gia tri diém anh tai toa
do (x,y) cia nén tai thoi diém t, I(x,y.t) 1a gia
tri diém dnh tai toa d6 (x,y) cua khung hinh
thu duoc tai thoi diém t. Viéc tinh anh mat na
chuyén dong dugc thuc hién nhu sau:
[1(x,y,t)—B(x,y,t)}| >threshold. (10)
Nhu vy, tai (X, y), néu gia tri diém anh hién
thoi léch so v6i nén vuot qui ngudng
threshold thi (x,y) dwoc gan nhén 1a chuyén
dong. Sau do, ta quét ting vung khung hinh
¢6 chuyén dong bang cac cira s6 c¢6 kich c&
phtt hop dé 13y ra cac ving (ng vién.
Budc trich dac trung chinh 1a tinh ra cac gia
tri ddc trung Haar md rdng trén vung ung
vién dang xét. Dé c6 thé tinh toan mot cach

nhanh chong, trudéec do, sau khi nhan duoc
khung hinh hi¢n thoi, ta thyc hién tinh toan
anh tich phan véi cac bude cu thé sau:

- Tu khung hinh hién tai va khung hinh truéc
do xay duyng 5 anh A,U,D,LvaR.

- Tinh nhiéu muc ti 1& (pyramids) cac anh.

- Xay dung céc anh tich phan.

Anh tich phan 1a cong cu da duoc Viola va
dong nghiép [12] sir dung dé tinh nhanh céc
dac trung Haar.

Budc cudi cing 1a thyc hién phan 16p ving
anh Ung vién 1a ngudi di bo hay nén. Viéc
phan 16p nay dugc thuyc hién dya trén thuat
toan Adaboost voi cac bd phan 16p yéu sir
dung cac dic trung chuyén dong dwa trén
Haar mé rong.

3. Thir nghiém

Chuong trinh dugc cai dit bang ngdn ngir
Matlab, st dung bd cong cu Matlab R2015a.
Matlabduoc lya chon do kha niang don gian
hoa viéc giai quyét cac bai toan tinh toan ki
thudt so véi cac ngdn ngit lap trinh truyén
théng. Ludng thuc hién ciia chuwong trinh tuin
theo cac budc cuia quy trinh da dugc mo ta.
Viéc thir nghiém dugc tién hanh véi hai
truong hop: truong hop thir nhéat phuong phap
s€ dugc thtr nghiém véi b dir liéu PETS
2001 d kiém chung két qua ly thuyét va
truong hop tht hai chuong trinh s€ chay voi
mot vai dir liéu tu thu trong diéu kién thong
thuong tai Truong Pai hoc Thong tin Truyén
théng — Pai hoc Thai Nguyén nham hudng dén
danh gi4 trong diéu kién video quay thuc té.

Bang 1. Dit liéu hudn luyén va kiém tra

Dataset  Tip huén luyén Tap kiém tra
1 video c6 3063 video c0 2688
frame frame
9 video c6 2989 video c6 2823
frame frame
3 video c6 5563 video c6 5336
frame frame
4 video c6 5010 video c6 6789
frame frame
5 video c0 2866 video c0 2867
frame frame
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Vé6i truong hop thir nhat, dit liéu video thir
nghiém duoc léy tr co s& dir liu c6 san
PETS 2001 [13]. Pay 1a co so dir liéu gém
cac anh va video quay nguoi di by thyc hién
ngoai troi. Co sd dit liéu nay duoc xay dung
nham danh gia hi€u qua cua cac thuat toan
phat hién nguoi di bd. Pac diém cua co s dir
lidu nay 1a dung mot camera dé thu hinh canh
vat va nguoi di bd. PETS 2001 gém 5 tap dit
liéu, mdi tap dir liéu con co tap huén luyén va
kiém tra twong tmg (bang 1).

Tién hanh thir nghiém vdi timg video dir lidu,
ta co véi video 1.avi, khung hinh c¢6 nguoi di
bo va xe dang di chuyén, két qua phat hién
tuong d6i chinh xac. Chuong trinh c6 kha
nang phat hién nguoi di by véi kich thude
nho, & khoang cach xa (hinh 6).

Hinh 6. Khung hinh két qua véi video _I.avi:
Nhiéu nguoi di bo va xe dang di chuyén

Hinh 7. Khung hinh két qua voi video_2.avi:
Chi c6 xe dang di chuyén va nguoi di b bi che
khuat boi xe

—

Hinh 8. Khung hinh két qua voi video_3.avi:
Nhiéu nguoi di b dang di chuyén

Vi video 2.avi, khung hinh c6 nguoi di bd
va xe dang di chuyén, két qua phat hién
khong dugc t6t (hinh 7).

Video nay cho thdy chuong trinh trong mét s6
truong hop v6i anh nén phire tap hodc c6 goc
quay khong duoc thuan lgi van chua phan biét
duoc nguoi di bo véi xe dang chuyén dong. Dé
giai quyét vin dé nay can da dang hoa tap dir
liéu hudn luyén vé6i nhidu goc quay va nhiéu
khung canh khéc nhau. Véi video 3.avi, két qua
phat hién kha t6t (hinh 8).

Sau khi phat hién ra ving chuyén dong,
chuong trinh chi xem xét c6 phai 1a nguoi di
bd khong nhung do trong video nay chi co
ngudi di bo chuyén dong va khong c6 cac ddi
tugng chuyén dong khac nén khong c6 phat
hién nham (vi du véi xe...).

Vi video 4.avi, khung hinh chi c6 nguoi di
bo dang di chuyén, két qua phat hién twong
d6i chinh xac (hinh 9).

Hinh 9. Khung hinh két qua véi video_4.avi:
Nguoi di bo dang di chuyén trén duwong
va nén co
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Sau khi thtr nghiém trén 4 video, kha nang
phat hién nguoi di by khoang 80%. Trong
mot s6 truong hop nhur anh nén phtre tap hodc
c6 goc quay khong duoc thuan loi van chua
phan biét dugc ngudi di bd voi cac doi tugng
khac dang chuyén dong.

Trong truong hop thir hai, dir liéu dugc t6
chuc thu tai san truong cia Truong Pai hoc
Cong nghé thong tin va truyén thong - Pai
hoc Thai Nguyén. Dir liéu dugc thu tur dién
thoai di dong, do phan giai 1280x720, toc do
30 fps, thong sd nén H264 - MPEG-4 AVC,
bao gdm 4 video v6i thoi gian quay 1a 2 phut
11 giay. Dit liéu dwoc thu véi diéu kién di lai
binh thuong cta sinh vién cling nhu cac giang
vién trong san truong (hinh 10).

= - — s - Aﬁ A ——
Hinh 10. M4t s6 két qud‘ voi dit liéu thu tai Pai
hoc Thong tin Truyén thong — Dai hoc
Thai Nguyén

Trong cac két qua thu duoc, ta nhan thiy ring
viéc thyc hién phat hién nguoi di bd cho Kkét
qua kha tot trong nhitng diéu kién ddi twong
dung riéng biét, 16 rang. Py 1a co so dé co
thé ap dung thuat toan trong nhiing (mg dung
c6 st dung video quay trong moi truong tu
nhién nhu di¢én thoai di dong, camera giam
sat. Bén canh d6, viéc phat hién ciing thinh
thoang bi nhim véi cac ddi tuong c6 dac
trung ciu tric trén anh tuong tu nhu cay, goc
xe 6 t0. Ngoai ra, viéc phat hién cling chua
dugc t6t trong nhing truong hop ddi tuong bi
che khuét nhiéu.

4. Két luan

Ngudi di bo 1a dbi twong duoc quan tim trong
nhiéu hé thong thi giac may va phat hién
ngudi di bo 1a van dé nghién ciru co ban co
nhiéu tiém ning tmg dung thuc té.

Trong bai bao nay, tac gia da dé xuat mot ky
thuat phat hién ngudi di bd dua trén sy sai
khéc giira cac cap anh theo thoi gian, véi dac
trung Haar m& rong va k¥ thuat Adaboost. K§
thudt da cai dat thir nghiém véi co so dir liu
PETS 2001 va mot s6 dir liéu quay thuc té tai
Truong Dai hoc Coéng nghé Théng tin va
Truyén thong - Dai hoc Thai Nguyén.

Tuy nhién, k¥ thuat nay mai chi to ra c6 hié¢u
qua Véi cac dbi tugng don 1é. Trong mot sd
truong hop nhu anh nén phuc tap hodc c¢6 goc
quay khong dugc thuan loi van chua phan
biét dugc nguoi di bd voi cac dbi twong khac
dang chuyén dong.

Trong thoi gian t6i tac gia sé& tiép tuc nghién
ctru cho nhiing truong hop di theo doan va co
su che khuat, ciing nhu trién khai thir nghiém
trong cac hé thong video giam st thuc té.
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