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TOM TAT

Ngay nay, su phat trién bung né cia Machine Learning/ Neural Network da dwa may moc deén
gan véi con nguoi, di cé rat nhiéu 1#ng dung c6 két qua khd quan trong doi song, dac biét l1a
giao thong. Trong bai bao nay, tac gia su dung ky thuqt dac trung kénh tong hop Aggregate
Channel Features — ACF trong Machine Learning dé nhédn dang déi firong bién béo, xe may va 6
t6 trong qua trinh tham gia giao théng trén cac tuyén duwong khdc nhau trong méi truong dé thi,
bén canh dé tac gia da két hop phat hién lan dwong bang thudt todn mat chim va dir dodn
khodng cach tir camera don dén vt thé dé hé tror cho viéc canh béo va cham phia truréc. Két qud
cho thdy ki thugt ACF 1a mét ky thugdt hiéu qua trong viéc nhédn dang véi thudt todn don gidn va
téc dé xir Iy nhanh.

Tir khoa: ACF; Aggregate Channel Features; dic tring kénh tong hop; nhdn dang doi neong; ki
thudt mat chim.

ABSTRACT

Today, the explosive growth of the Machine Learning / Neural Network has brought machines
close to people, there are many applications that have positive results in our life, especially in
the traffic. In this article, the author used Aggregate Channel Features (ACF) in Machine
Learning to identify traffic sign, motorbikes and cars in roads. In addition, the author combined
lane detection using the bird-eyes image algorithm and estimated the distance from mono
camera to other objects to support frontal warning. The result showed that the ACF technique is
an efficient technique with detecting simple algorithms and fast processing speeds.

Keywords: ACF; Aggregate Channel Features; object detection; bird-eyes image technique.

1. GIOI THIEU

Nganh Al — Artificial Intelligence (tri tué
nhan tao) da duoc bit dau nghién ctu tir thap
nién 50, bat dau phét trién tir nhitng nam 70,
va phét trién mot cach bung né trong nhiing
nim gan day, dugc ndi 1én nhu cudc cach
mang cong nghiép 4.0. Nganh Al hién nay
ng dung sau rong trong san xuét ciing nhu
trong doi séng, dac biét la cac nudc phét
trién.

Mot trong nhitng (ng dung rat quan trong caa
Al @6 la trong linh vuc giao théng. Thang 4
nam 2017, tai hoi thao “Tuong lai cong nghé
0 t6 va robot trong cuoc cach mang céng
nghiép 4.0” & nudc ta, FPT Software ciing
gidi thiéu mé hinh thu nghiém xe tu lai do
cong ty tu nghién ctu phat trién tir thang 8
nam 2016. Tai day, cac chuyén gia con gidi
thiéu giai phap céng nghé ho tro lai xe tién
tién (ADAS - Advanced Driver Assistance

Systems) nhu nhan dién lan duong, camera
cam bién 360; phat hién vat can, tin hiéu dén
giao thong, bién bao giao thdng, bang giam
sat diéu khién than vo 0 ...

Khao sat cac nghién ctu gan diy vé van dé
nhan dang ddi twong thi chu yéu xoay quanh
vao Viéc ting do chinh xac va toc do xur ly
bang cach sir dung Deep Learning (mot nhanh
noi troi cua Al) két hop cac thuat toan hay
dua ra mot s6 thuat toan duoc sir dung dé
nhan dang nhu trong [1] st dung phuong
phap dic trung kénh tong hop Aggregate
Channel Features (ACF) — mot ki thuat trong
Machine Learning. ACF di dua dugc két qua
rat kha quan trong viéc nhan dang khuén mat
nguoi hay nhan dang chir viét nhu trong [2],
[3].

Trong bai bao nay, tac gia da chon ACF dé
thuc hién viéc nhan dang déi twong bién bao,
Xe may va 0 to trong moi truong do thi. Ngoai



ra, tac gia két hop nhan dang lan duong va du
doan khoang cach tir mono camera t6i ddi
tuong duoc nhan dang. Nhitng van dé nay
chinh la mét trong nhitng bai todn cua hé
théng lai xe ty dong dang phat trién manh mé
hién nay.

2. PHUONG PHAP THUC HIEN

Dé thyc hién viéc phét hién lan duong va cac
dbi twong trén duong, tac gia st dung nhitng
video trén duong thuc té trong d6 thi, luu lai
béng camera dién thoai véi cam bién chinh ¢
do6 phan giai 13MP, khau d6 /2.2 va kich
thudc cam bién Ion 1/3inch, xu Iy offline
bang phan mém Matlab 2018a, véi cau hinh
may tinh nhu sau:

- System Information: Intel(R) Core(TM)
i5-5200U CPU @ 2.20GHz (4 CPUs),
~2.2GHz. Memory: 4096MB RAM.

- Display Devices: Card name: NVIDIA
GeForce 940M. Memory: 3994 MB

Qua trinh sur ly offline thuc hién theo hinh 1.
2.1. Hiéu chinh may anh

Nhitng d6i twrong trong hinh anh duoc thu lai
béng camera don dugc nhan dang chinh xéac
hay viéc du doan khoang cach phu thudc rat
nhiéu vao céac thong sé camera st dung, bao
gom: thdng sb noi (bén trong), thdng sb ngoai
(bén ngoai) va hé sb bién dang. P& xac dinh
cac thong sd nay, tac gia st dung Camera
Calibration toolbox ctua Matlab.

Dé uéc tinh cac théng sé cua camera da sir
dung, tac gia su dung 11 bic anh chup chess
board, v&i khoang cach tir camera t6i vat thé
trung binh 1a 2m.

Két qua cua qué trinh nay s& xac dinh duogc
cac thdng so6 cua camera dé st dung cho cac
budc tinh todn sau nay.

« Hiéu chinh may anh, xac dinh thdng s bén trong va bén ngoai cua

N/

Chuyén doi | « xgc dinh viing RO
hinh anh
thanh hinh
anh mat chim

Xac dinh ving dé chuyén d6i
Tao anh xam cho hinh anh mat chim

camera
Hinh » Xéc dinh vi trf lap dat cua camera
anh/Video | * Tién xtr ly anh dau vao
dau vao

\/  Xac dinh dac trung cia lan duong (phan doan)

« Lay cac diém cua lan duong trong toa do xe

Xéc dinh lan| « Loai bé nhidu bang RANSAC

duong

* St dung dac trung ACF dé nhan dang
* Sir dung Image Label d¢ tao training data
Xac dinh d6i * DO va nhan dang doi twong trén hinh anh mét chim

tuong

. Chuyén doi sang toa do thuc

(phuong tién) « Dy doan khoang céch (doc theo bé mit ctiia dudng)
* Tracking doi tugng da dugc nhan dang

Hinh 1. Luwu do thuc hién
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Hinh 2. Két qua hiéu chinh camera

2.2. Phat hi¢n lan dwdng
2.2.1. Ky thuat mat chim

Trong bai bao nay, nguoi thuc hién sur dung
phuong phéap ky thuat mat chim dao tam nhin
hinh anh Inverse perspective mapping — IPM
de phat hién lan duong [4]. Ky thuat nay doi
hoi yéu cau cao cho viéc kiém tra cac thong
SO cua camrera dau vao, dé dam t}éo cho viéc
chuyén doi hinh anh dat duoc chat lugng cao
hon so véi ki thuét uon cong.

Theo phuong phap toan hoc, IPM ¢6 thé duoc
md hinh hoa nhu mét phép chicu tor mot
khong gian 3D Euclide W, chtra c&c phan tu
(x, Yy, Z)e R? thanh mot khong gian con
phiang 2D cua R , dugc biéu hién bai |, véi
cac thanh phan (u, v) e R2. Anh xa tir | sang
W duogc tinh nhu cong thac (1):

x(u,v):h~cot{(€0—au)+u%}'cos{(yo—av)+v%+l}

y(u,v)=0 (1)
z(u,v)= h-cot{(ﬁO 7au)+u%}-cos{(7o —av)+v%+d}

Hinh 3. Hinh anh tir ky thugt mat chim si
dung WPM va IPM [4]

2.2.2.Phat hién bién bang k¥ thuat mat
chim

Bing viéc so sanh diém anh hién tai véi diém

anh ké bén dé phat hién ra canh cua cia mot
hinh anh.

B, (X Y)=b(xy)-b(x+m,y)
B, (X, y)=b(x,y)=b(x—m,y)
Theo c6ng thire (3), néu hiéu cua 2 diém anh

nay 16n hon mot mac ngudng thi cd thé phat
hién ra canh cua lan duong.

@)

(ry)o b T BnZ0B20ad B 4B, 20 ;
10, otherwise (3)

‘“

(b)

Hinh 4. Phat hi¢n bién [4]

2.2.3. Dw dodn khoang cach tir camera téi
hinh anh mat chim

Nhéc lai mot sb théng sé khi chuyén dbi hinh

anh tir tam nhin sang hinh anh mét chim.

- hlachiéu cao ctia may anh tir mat dat,

- 00: goc dugc hinh thanh bai truc n va truc
ngang

- Khau do goc may anh 1a 20u theo hang va
2av theo cot

- v0: goc dwoc hinh thanh bai phép chiéu
cta truc quang trén mat phang xz

- nxmlado phan giai cia may anh

- Flatiéucu

Horizontal Axis

| Road Surface |

(b) Along the Z-axis (top-view).

Hinh 5. C4u hinh camera
Ta co:

0, = tanlﬂl—Z(:::llHtan avj 4)




Tir cong thie (4) ¢ thé ude tinh duoc vj tri
cua vat thé dang di chuyén trén duong voéi
camera don gin ¢ dinh véi goc nghiéng xac
dinh trude, duoc ki hiéu la rH.

Hinh 6. V; tri (rH) cua vdt thé theo chiéu
ngang trong hinh énh camera

Caéc vi tri cua cac khoang cach khac nhau phia
trugc xe trong hinh anh mat chim. Khu vyc
dugc str dung dé xtr Iy tiép theo duoc thé hién
bang hinh chir nhat mau vang cham dat nét.

2.3. Pic trung kénh tong hop (Aggregate
Channel Features — ACF)

Pic trung kénh tong hop (Aggregate Channel
Features — ACF) duogc dé xuat bai Dollar [3]
sir dung viéc tra ciru diém anh trong cac kénh
tong hop dé giam thoi gian trich dic trung ma
khong can xay dung cac anh tich phan. Hiéu
qua phdi hop cua cac kénh dic trung va viéc
chién lugc lya chon dic trung bang cach xép
chdng céac bo phan loai 1am céc khung cira s6
ACF hoat dong tot hon hau hét cac phuong
phap khéc vé ca do chinh xac, toc do xir ly va
c6 céach thuc hién don gian hon.

23.1. Picdiém
a. Tap di liéu huan luyén

Céc dir liéu huan luyén (training data) duoc
tao tir Image Label Toolbox do Matl‘ab hd trg.
Trong bai bao nay, tap di liéu bao gom:

- Tap dix liéu huan luyén caa xe may: 207
bic anh trong d6 c6 mot sé bic anh co
nhiéu hon mét chiéc xe may.

- Tap dir liéu huan luyén cua xe hoi: 331
birc anh trong trong d6 c6 mét sé buc anh
¢6 nhiéu hon mot chiée xe hoi.

HEREIAEREET

Hinh 7. Tracking doi twong cho dir liéu hudn
luyén xe mdy va xe hoi

b. M0 hinh thyc hién

V6i hinh T ngd vao dugc tinh toan véi véi
mot vai kénh C = Q(I), tong hop mdi khdi
pixel trong C, lam phang cac kénh c6 d phan
giai thap.

Cac dac trung duoc tra ctu trong cac pixel
don Ié trong cac kénh tong hop. Tang cudng
duogc sir dung dé huan luyén va két hop trén
cac tinh nang nay (pixel) theo dang cay dé
phan biét ddi tuong tir nen va sur dung phuong
phap tiép can da cira s6 truot. V6i su lua chon
thich hop cua cac kénh va cau trac thiét ké
dang tin cay, ACF dat duoc hiéu qua tdt trong
phét hién nguoi (hinh 8).

(1) Hinh anh (2) M& rong (3) Ténghgp  (4) Trich xudt dic  5) Sp xép cac
ban diu kénh hinh anh kénh trung vector dic tnmg

. o

Pos Neg

Liymiu | Vector héa

Tién xir ly
L : s . 7 SR

Trich dic trung

Hinh 8. M6 hinh ACF trong nhgn dang
khudn mat nguoi [3]

Kénh (Channels)

ACF st dung 10 kénh nhu sau:

- Bién d¢ déc (gradient magnitude): 1 kénh,
do 1on: M (x,y)=4/I; +17 . Vi 1 va

X



I, 1a gia tri cuong do mau theo truc x vay

tai vi tri thur (x, y).

- Huéng dbc (gradient histogram): 6 kénh,
tor 0 ~ 30; 31 ~ 60; 61 ~90; 91 ~ 120; 121
~150; 151 ~ 180 d9).

- Kénh mau LUV (3 kénh): L — d6 sang, U
va V — gié tri cua mau trong anh. Kénh
mau LUV it bi anh huong tir cac diéu kién
séng khéac nhau.

Trudce khi tinh toan 10 kénh, hinh anh ngd

vao I duoc lam phing véi mét bo loc c6 kich

thuée [1 2 1]/4.

2.4. Thuat toam RANSAC

Tur tap dir liéu ban dau, ta s& cd hai loai dix
liéu nhiéu va khong nhiéu (outlier va inlier),
vi thé ta phai di tinh toan dé tim ra md hinh
t6t nhat cho tap dir liéu. Viéc tinh toan va
chon ra mé hinh tét nhat s& duoc lap di lap lai
k 1an, véi gi4 tri duoc chon sao cho du 16n dé
dam bao xac suat p (thudng roi vao gia tri
0.99) cua tap dir liéu mau ngau nhién khong
chira dix liéu nhiéu.

Néu goi u 1a uéc luong dir liéu khdng nhidu
thi v = 1 —u la udc luong dit liéu nhiéu va m
12 s6 lwong dir liéu dau vao can xay dung mo
hinh. Khi d6 ta co:

1- p:(l—u“‘)k (5)
k s¢ dugc tinh theo céng thirc:
log(1-p)
k= z (6)
og (1—(1—v) )

Két qua thu duoc s& 1a md hinh can xay dung
phl hop nhat véi dir liéu dau vao, tap cac dir
liéu nhieu va tap cac dit liéu khdng nhiéu.
3. KET QUA

Video 1: Trén duong Pham Vin Pong, dugc
quay luc 12h trua, véi vi tri dat cua camera
khoang 1m7 tinh tir mat dat, goc nghiéng
khoang 10 do.

<

 Madewith
VivaVideo

 Made Wth
VivaVideo

Video 2: trén duong Khu Céng Nghé cao
quan 9, duogc quay ldc 16h, vai vi tri dat cua
camera khoang 2m tinh tr mat dat, goc
nghiéng khoang (12) do.

Video 3: trén duong Lé Duan, trong diéu kién
hoi am u (c6 mua), dugc quay luc 16h, véi vi
tri dat cua camera khoang 2m tinh tir mat dat,
goc nghiéng khoang (4) do.

<4 4
3 > ~ ,

Video 4: trén duong Nam Ky Khoi Nghia,
trong diéu kién hoi 4m u (c6 mua), duoc quay
lic 16h, vai vi tri dat caa camera khoang 2m
tinh tir mat dat, goc nghiéng khoang (4) do.

4 1 Lane ke e ven 7




Trwong hop nhan dang chwa chinh xac: lan
duong co thé bi phét hién chua dung do phu
thudc vao cam bién may anh trong viéc tao
hinh anh mét chim; nhan dang sai giita
phuong tién l1a xe hoi hay xe may hay khong
do dit liéu huan luyén khong nhiéu.

40 1 Line marker wnd vehic detec N x @ I Lane maker and vehiie aetecion

Panh gia do chinh xac

Pé danh gia d6 chinh xac cua két qua nhan

dang, tac gia sir dung théng sé6 ROC (Reciver

Operating CharacteristicO, dé xac dinh Ia

phan nhan duoc c6 tin hiéu hay chi 1a do

nhiéu.

- True possitive (TP): Néu két qua tir du
doan 1a co xe may va gid tri thuc té ciing 12
c6 xe may — Phan loai chinh xac

- True negatives (TN): Xay ra khi ca két qua
du doan va gia tri thuc té 1a khong c6 xe
may.

- False positives (FP): Néu gia tri thyc té 1a
khong c6 xe may thi n6 dugc cho c6 xe
may — phan loai khong chinh xac

- False negatives (FN): Khi két qua du doén
la khong c6 xe may trong khi gia tri thuc té
1a co xe méy.

DPanh gia do chinh xac theo cong thac (7):

TP+TN

accuracy =
+N

(")

Bing 1. Thong ké dg chinh xéc cua 4 video
clip trong van dé nhdn dang xe hoi, xe may va
lan duong (khado sat khodng trén 20 frames)

. 18 10 10 2
Video 2
ACC=70%
. 15 13 7 5
Video 3
ACC=70%
) 16 16 4 4
Video 4
ACC =80%

™ | TN FP | FN

) 15 20 0 5
Video 1

ACC=875%

4. KET LUAN
4.1. Két luan

Pé tai ban dau da ap dung duogc ki thuat ACF
trong nhan dang mot vai ddi twong tham gia
giao thong d6 1a xe may va xe hoi trén mot s6
doan duong ¢ Viét Nam nhung van chua ap
dung cho bién bao va cac phuong tién hay cac
vat thé khac. Dé tai da st dung k§ thuat mat
chim dao tam nhin cta hinh anh — IPM dé
phéat hién lan duong. Pé tai ciing du doan
dugc khoang céch tir camera don dén doi
tuong phia truéec.

Pé tai dd sa dung Camera Calibration
Toolbox trong viéc hiéu chinh camera va
Image Label Toolbox dé tao dir liéu huan
luyén. Ngoai ra, dé tai ciing st dung thuat
toan RANSAC trong viéc loai bo nhiéu va sir
dung théng s6 ROC dé danh gia do chinh xac.

4.2. Han ché va hwéng phit trién

Pé tai chi mgi ap dung cho nhimng video da
dugc ghi lai bang camera, chua thuc hién trén
camera thuc té khi tham giao théng (thuc hién
online). B¢ tai chua thyc hién vao ban dém
hay duong di dudi bong cay (trong diéu kign
thiéu anh sang). Pé tai sir dung camera dién
thoai nén phan cam bién may anh thay doi
lién tuc theo diéu kién chiéu sang, ciing nhu
camera chua chong rung va goc quay thay doi
lién tuc nén gy ra c6 nhiéu trudng hop nhan
dang chua chinh xac. Dit lién huan luyén con
han ché ciing lam d¢ chinh x4c chua cao.
Phan du doan khoang céch chi sir dung
camera don nén can sir dung stereo camera dé
c6 két qua chinh xé&c. Dya vao nhitng han ché
nay, dé tai c6 thé dinh hudéng duoc huéng cai
thién va phat trién cho nhiing nghién ciu tiép
theo &p dung trong linh vuc lai xe tu dong,
giao thong thdng minh.
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