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(57) Sang ché nay d& xuit phuong phap phat hién cac hanh vi mat tap trung cta ngudi
14i xe 6 t6 tir video sir dung cong nghé tri tué nhan tao. Phuong phap nay gdm cac bude:
bude 1: tién xit Iy dit lidu; budc 2: trich xut dic trung cia cac clip ngén sir dung mo hinh
két hop cta mang no-ron tich chap ba chiéu va md hinh hoc sau kién triic Transformer;
budc 3: xac dinh thdi gian xay ra hanh vi va phan loai cac hanh vi mat tip trung cia

nguoi lai xe 0 t6 trén video tong the.
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Linh vuc ky thuat dugc dé cap

Sang ché @& cap dén phuong phap phat hién cac hanh vi mét tap trung cia nguoi
141 xe 6 t0 tu video sit dung cong nghé tri tu¢ nhan tao. Cu thé, phuong phap dé cap trong
sang ché dugc tmg dung trong viéc theo ddi hanh vi cia nguoi lai xe 6 to qua camera
giam sat trén xe, hodc trong hé thong hd tro 14i xe nang cao (Advanced driver assistance
systems - ADAS) dé dwa ra nhimg canh bao trong tinh hudng nguy hiém.

Tinh trang ky thuit ciia sang ché

Céac hanh vi mét tap trung khi 14i xe 6 to xdy ra khi ngudi tai xé khong cha y va
tap trung vao diéu khién phuong tién giao thong, thay vao d6 thuc hién cic hanh vi khac
nhu nhin tin, nghe dién thoai, n udng, ngap, ... Su mét tap trung nay c6 thé dan dén cac
va cham, tham chi 13 tai nan giao thong, anh hudng khong chi dén ban than nguoi 1ai xe
ma con nhitng ngudi tham gia giao thong khac. Vi vay viéc phat hién va canh bao cac
hanh vi mét tap trung 13 can thiét dé giam thiéu cac tai nan giao thong.

Hién nay, dé giam thiéu cAc nguy co gy ra tai nan giao thong do su mat tip trung
clia tai xé, mot sé quy dinh vé viéc bat bude lap dat camera giam sat trén xe 0 to kinh
doanh vén tai i duoc ban hanh. Véi s6 luong xe ngay cang 16n, dong nghia véi viée 5O
luong camera giam sat 1on, yéu cdu can phai c6 cong nghé giam sat tu dong va nhanh
chong. Ngoai ra, cac hé thong hd tro 141 xe nang cao (ADAS) cling mdi duoc nghién ciru
gan ddy nham hd trg va nang cao trai nhiém lai xe cho céc tai xé. Hé thong ADAS thudng
dwoc gan nhiéu camera trong xe, xung quanh xe cung cac hé thong cam bién khac dé theo
ddi su di chuyén ciia xe va hanh vi cta tai xé. Do vay, sang ché nay dé cap dén mot
phuong phap sir dung cong nghé tri tu€ nhan tao hd trg viéc chi dong phat hién, sang loc
cac hanh vi bat thudng ciia ngudi 14i xe qua video dé dua ra canh bao tu dong gilip giam
thiéu c4c riii To, tai nan giao thong do cac hanh vi mat tap trung gay ra.

Ban chit ky thuit ciia sing ché
Muc dich ciia sang ché 1a dé xuat phwong phéap phat hién cac hanh vi mat tap trung

ctia nguoi 14i xe 6 t6 tir video mot cach chinh xé4c va nhanh chéng, phuc vu viéc giam sét
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va canh bao cAc tinh hudng nguy hiém khi 14i xe.

Pé dat dwgc muc dich trén, phuong phap phat hién cac hanh vi mét tap trung cuia
ngudi lai xe 6 t6 tir video sit dung cong nghe tri tué nhan tao bao gdm céc budc:

Budce 1: tién xir ly dit liéu; bude nay duoc thuc hién véi muc dich xt 1y dit liéu
video truyén vé tir cic camera giam sat thanh dit liéu dau vao phi hgp v6i mé hinh hoc
sau (deep learning) & budc 2, bao gdm viéc lam giau thong tin vé chiéu thoi gian, cat
video thanh cac clip ngan, giam kich thudc khung hinh va chuan hoa.

Budc 2: trich xuit dic trung ctia cac clip ngén; budc nay thuc hién dua trén sy két
hop ctia mang no-ron tich chap ba chiéu (three-dimensional convolution neural network
— 3DCNN) va m6 hinh hoc sau kién tric Transformer dé trich chon va hoc cac dac trung
khong-thoi gian (spatial-temporal features) cua cac clip da qua tién xu 1y & bude 1.

Budc 3: x4c dinh thoi gian x4y ra hanh vi va phan loai cac hanh vi mat tip trung
ciia ngudi 1ai xe; bude nay nhan dau vao 1a dic trung cia céc clip 6 bude 2, dua trén mot
md hinh hoc sau dinh vi thoi gian cia hanh dong & du doén thoi gian bat dau va két thuc
hanh vi, dong thoi phan loai hanh vi mat tap trung clia ngudi 141 xe 6 to.

M6 ta viin tit cac hinh vé

Hinh 1: 14 hinh anh mb ta cac budc trong phuong phap phat hién cac hanh vi mat
tap trung ctia ngudi lai xe 6 tO tlr video st dung cong nghé tri tué nhan tao;

Hinh 2: 13 hinh 4nh mé t& thuét toan xép chong khung hinh dé 1am giau thong tin
thoi gian trong budce 1 tién xt Iy dit lidu.

MG ta chi tiét sang ché

Sang ché dugc mo ta chi tiét dudi day c6 dwa vao cac hinh vé kem theo, cac hinh
v& nay nham muc dich minh hoa cac phuong an cua sang ché ma khong lam gidi han
pham vi bdo h sang ché.

Tuy nhién, clung cAn néi thém rang trong sang ché nay, mot s6 thuat ngit nhu:
“Transformer”, “Expand 3D”, “X3D”, f‘Improved Multiscale Vision Transformer”,
“MVITv2”, “AétionFormer”, “Adam”, “Focal loss”, “DIoU loss”, “Cross-Entropy” 1a
céc danh tir riéng (tén ctia cac thudt toan, mo hinh, ham s6, v.v) khong c6 tur tiéng Viét
tuong tng va do do trong sang ché nay sé sir dung nhiing tir chuyén biét dang chuin qubc

r
A

te.
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Cu thé, cac budc cia phuong phap dé cap trong sang ché dugc thuc hién nhu sau
(tham chiéu Hinh 1):

Budce 1: tién xu ly dit liéu;

Budc nay duogc thye hién véi muc dich tién xt ly thong tin dang video truyén lién
tuc vé tir camera giam sat gin trén xe 6 t0 (hay con goi la ludng Real Time Streaming
Protocol (RTSP)) @ dua vao md hinh hoc sau ¢ budce 2. Video duoc dua vé cing mdt toc
d6 phat 1a ba muoi khung hinh trén gidy (frame per second - FPS). Xuat phat tir thuc té,
hiu hét cac camera giam sat 1a loai don sic, tic 1a thu dugc anh den trang (gray-scale),
chi ¢6 mot kénh mau. Cac md hinh hoc sau thuong nhan dau vao 13 anh véi ba kénh mau:
RGB (Red - Green — Blue (d6 - xanh 14 cdy — xanh duong)) hoac HSV (Hue - Saturation
- Value (ving mau — d bio hoa — do sang)). Mat khac, van d¢ dat ra 12 nhén dién hanh
dong, tirc 1a cac chuyén dong thay dbi theo thoi gian, do d6 yéu to thong tin vé thoi gian
quan trong hon so v6i thong tin v& mau sic. Tir hai khia canh dé cap trén, thuét toan xép
chong khung hinh duoc dé xuit trong sang ché nay dé tan dung tinh toan theo chiéu kénh
mau dong thoi lam giau thém thong tin vé thoi gian trong cac khung hinh (tham chiéu
Hinh 2). Cu thé, tai mdi khung hinh don sic, thuat toan nay xép ch6ng khung hinh hién
tai va hai khung hinh tiép theo theo chiéu kénh mau dé dugc mot khung hinh c6 ba kénh,
chira thong tin vé cac khoang thoi gian lién tiép.

Céc md hinh hoc sau trong van dé vé xir 1y video thuong tiép can véi dau vao 1a
céc clip ngan, do d6 video dau vao duoc cit thanh cac clip c6 do dai 1 gidy voi bude nhay
ctra s6 truot (sliding window stride) cua khung hinh 1a sau. Tur d6, tinh dugc rang mdi
clip ¢6 ba muoi khung hinh, va cac clip duoc 14y lién nhau lién tiép. D¢ giam chi phi va
tang téc do tinh toan va giam bo nhé luu trit, bude nay thuc hién lay mau (sampling):
nidm khung hinh s€ duoc 14y mau tir ba muoi khung hinh theo phan phdi déu, mdi khung
hinh duoc 14y cach nhau séau don vi. Sau d6, cac khung hinh s& dugc giam kich thudce vé
384x384 diém anh (pixel) va chuan héa (normalization) vé phén phoi chudn N(0, 1) dé
tro thanh dau vao cua mo hinh hoc séu ¢ budc 2.

Budc 2: trich xuét dic trung cta cac clip ngan,;

Budc nay thuc hién dya trén sy két hop ctia m6 hinh mang no-ron tich chap ba

chiéu (3DCNN) va md hinh hoc séu kién trac Transformer dé trich chon va hoc cac dac
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trung khong-thoi gian (spatial-temporal features) cia cac clip da qua tién xir 1y & budc
1.

Sang ché nay dé xuét sit dung két hop mé hinh mang no-ron tich chap 1a Expand
3D (X3D) va m6 hinh hoc séu kién triic Transformer 13 Improved Multiscale Vision
Transformer (MViTv2). Thit nhat, md hinh X3D duoc phat trién dé giai quyét cac bai
toan nhan dién hanh dong. Vo1 kién trac mang no-ron tich chap ba chiéu, m6 hinh X3D
c6 thé hoc cac dac trung khong-thoi gian hiéu qua. St dung chién lugc xdy dung kién
triic t&i wu, md hinh nay cho thiy két qua t6t trong khi c6 d6 phurc tap tinh toan thap. Thix
hai, m6 hinh MViTv2 vé1 thé manh dua trén kién triic Transformer, chimg té6 dugc kha
ndng vuot troi trong cac bai toan xtt 1y video. Mo hinh st dung chién lugc phan cap véi
cac kich ¢& da dang dé hoc cac dic trung tir tong quan dén chi tiét. Viéc két hop hai mo
hinh X3D va MViTv2 véi nham phuc vu cho viéc trich xuét dic trung tir cac clip co su
da dang vé cac dic trung cuc bd (local features) va toan cuc (global features). Tai budc
nady, hai m6 hinh X3D va MViTv2 tra v& hai véc-to dic trung cho timg clip, mdi véc-to
c6 512 chiéu; hai véc-to sau d6 dugc noi thanh mdt véc-to dic trung 1024 chiéu duy nhat.

Dua trén nghién ctu va thi nghiém thuc té, hai m6 hinh hoat dong tot khi duoc
huan luyén véi bo siéu tham s6 (hyper-parameters) nhu sau: s6 luong vong lap huén
luyén (epoch) 1a 100, kich thude 16 huan luyén (batch size) 1a 32, ham mat mat (loss
function) 1a Cross-Entropy dugc t61 wu hoa béi thut toan toi vu Adam véi cac tham s&
(parameters): tdc @6 hoc khéi tao (learning rate) 1a 5x107%, cac toc do phéan rd
(exponential decay) lan luotla B, = 0,9,8, = 0,999. Téc d6 hoc s& giam dan trong qua
trinh huin luyén theo ham cosin.

Budc 3: xac dinh thdi gian xay ra hanh vi va phén loai cac hanh vi mét tap trung
ctia nguoi lai xe 0 to;

Budc nay nhan dAu vao 13 dic trung cia cac clip & bude 2, dua trén mot md hinh
dinh vi thoi giaﬁ ctia hanh dong ActionFormer @8 du doan thoi gian bat du va két thic
hanh vi, déng thoi phén loai hanh vi mat tap trung cla nguoi lai xe 6 t6. Mo hinh
ActionFormer dugc xay dung dua trén kién trauc Transformer, nhan dau vao cac dic trung
cta clip nhu 13 cac ma thong bao (1oken), dé du doan thoi gian bat dau va két thiic hanh

dong ciing nhu phéan loai hanh dong. Cac nhén hanh vi mat tip trung cua nguoi 14i xe 0
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to bao g6m: “An”, “Uéng nueéc”, “Ngdp”, “Goi dién thoai”, “Nhdn tin”, “Quay ra phia
sau”, “Cui xuéng nhdt 36, “N6i chuyén voi hanh khach”, “Dat tay trén daw”, “Hat hodc
nhay miia véi dm nhac”, va “Ldi xe binh thudng”.

Dua trén nghién ciru va thi nghiém thuc t€, mo hinh hoat dong t6t khi dugc huan
luyén vé&i bo siéu tham s6 (hyper-parameters) nhu sau: s6 lwong vong 1ap huén luyén
(epoch) 14 50, kich thudc 16 huén luyén (baich size) 1a 32, ham mat mat (loss function) 1a
Focal loss cho phan loai va DIoU loss cho xac dinh thoi gian xay ra hanh vi, dugc ti wu
hoa boi thuat toan t6i wu Adam véi cac tham sb (parameters): toc d6 hoc khdi tao
(learning rate) la 1x10™4, cac toc do phan rd (exponential decay) lan luot 1a B =
0,9, 5, = 0,999. Téc d6 hoc s& giam dan trong qua trinh huén luyén theo ham cosin.

Cubi cung, sau khi di qua m6 hinh dinh vi thoi gian ActionFormer, thu dugc cac
hanh vi mAt tap trung c6 cc thong sd: thoi gian bat dau, thoi gian ket thic va loai hanh
vi cung v&i xac suit (%) cia hanh vi do. Néu x4c suat xay ra hanh vi mat tap trung cla
cac du doan 1on hon mot ngudng nhat dinh thi du doan s& dugc tinh la mdt hanh vi mét
tap trung. Trong sang ché nay, dua trén nghién ciru va thuc nghiém thuc té, ngudng t6i
uu dugc lua chon 1a 25%.

Mic du cac mo ta néu trén chua nhiéu chi tiét cu thé, ching khong duoc coi 1a gisi
han vé phuong 4n thuc thi sang ché, ma chi nham muc dich minh hoa mot s6 phurong 4n

thuc thi dugc uu tién.
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Yéu cau bao hf

1. Phuong phap phat hién cac hanh vi mat tap trung cua nguoi 14i xe 6 to tr video st
dung cong nghé tri tué nhan tao bao gém cac buéc:

bude 1: tién xt 1y dit liéu;

tai budc nay, dit liéu video tmyén vé tir cac camera gidm sat trén xe 0 to dugc lam
giau thong tin vé chiéu thoi gian, cit video thanh cac clip ngan, giam kich thudc khung
hinh va chuéan hoa. |

budc 2: trich xuat dic trung cta cac clip ngan;

tai budc nay, cac clip da qua tién xu 1y & bude 1 duge dua qua mo6 hinh két hop
cua mang no-ron tich chép ba chiéu (three-dimensional convolution neural network —

SYNTAN

3DCNN) va m6 hinh h au

. \
\“ ~ 1 Ay 4 " ~n ./ Y r ~ .,
hinh hoc sau kién tric Transformer dé trich chon va hoc cac dac trung

(@3]

e

khong-thoi gian (spatial-temporal features).

budc 3: xac dinh thoi gian xay ra hanh vi va phan loai cac hanh vi mat tap trung
cta nguoi lai xe 0 t0;

tai budc nay, dic trung da trich chon duge tir budce 2 di qua mot mo hinh hoc sau
dinh vi thoi gian ciia hanh dong dé du doan thdi gian bat dau va két thic hanh vi, dong
thoi phéan loai hanh vi mat tap trung ctia nguoi 14i xe 0 t0.

2. Phuong phép phat hién cac hanh vi mat tap trung ctia ngudi lai xe 6 to tlr video st
dung cong nghé tri tu€ nhan tao theo diém 1, trong do:

& bude 1, ludng video truyén lién tuc vé tir camera giam sat gan trén xe 0 t6 duge
tién xur ly trude khi dua vao mo hinh hoc sau & budce 2; video dugc dua vé cung mot tdc
d6 phat 14 ba muoi khung hinh trén gidy (frame per second - FPS); thuat toan xép chong
khung hinh duoc dé xuét trong sang ché nay dé tan dung tinh toan theo chiéu kénh mau
dong thoi 1am giau thém thong tin vé thoi gian trong cic khung hinh; cu thé, tai moi
khung hinh don sic, thuét toan nay xép chong khung hinh hién tai va hai khung hinh tiép
theo theo chiéu kénh mau dé duoc mot khung hinh c6 ba kénh, chira thong tin vé cac
khoang thoi gian lién tiép; dé giam chi phi va ting toc do tinh toan va giam bo nhé luu
trit, budc nay thuc hién 1dy mau (sampling): nam khung hinh s&€ duoc 14y mau tir ba muoi
khung hinh theo phéan phéi déu, moi khung hinh duogc 1y cach nhau sau don vi; sau do,
cac khung hinh s& dugc gidam kich thudce vé 384x384 diém anh (pixel) va chuan hoa
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(normalization) vé phan phdi chuan N(0, 1) dé tr& thanh dau vao ciia md hinh hoc séu &
budce 2. |
3. Phuong phap phat hién cac hanh vi mét tip trung ctia ngudi 14i xe 6 to tlr video sur
dung cong nghé tri tué nhén tao theo diém 1, trong do:

tai budce 2, nhim trich xuit dic trung tir cac clip c6 do da dang vé cac dic trung
cuc bd va toan cuc, sang ché nay dé xuat viéc trich xuat dic trung tu su két hop ctia hai
md hinh expand 3D (X3D) va improved multiscale vision transformer (MViTv2); thir
nhét, mo hinh X3D dugc phat trién dé gidi quyét cac bai toan nhan dién hanh dong, véi
kién trac mang no-ron tich chap ba chiéu, md hinh X3D ¢6 thé hoc cac dac trung khong-
thoi gian hi€u qua; su dung chién luge xay dung kién trac t6i wu, md hinh nay cho thay
két qua tot trong khi c6 do phirc tap tinh toan thap; thir hai, md hinh MViTv2 véi thé
manh dua trén kién trac transformer, chirng t6 dugc kha nang vugt trdi trong cac bai toan
xtr Iy video; mo hinh sit dung chién luoc phéan cap véi cac kich ¢ da dang dé hoc cac
feature tir tbng quan dén chi tiét; sang ché nay dé xuét viéc két hop hai md hinh X3D va
MViTv2 véi nhau phuc vu cho viéc trich xuit dic trung tir cac clip c6 do da dang vé cac
dic trung cuc bd (local features) va toan cuc (global features), két qua, hai mo6 hinh
X3Dvi MViTv2 tra vé hai vée-to dic trung cho timg clip, mdi véc-to ¢6 512 chiéu; hai
véc-to sau d6 dugc ndi thanh mot véc-to dic trung 1024 chiéu duy nhét.
4. Phuong phap phat hién cac hanh vi mat tap trung ctia ngudi lai xe 6 to tir video st
dung cong nghé tri tué¢ nhén tao theo diém 1, trong do:

tai bude 2, dua trén nghién clru va thi nghiém thuc té, hai mo6 hinh hai md hinh
X3Dva MViTv2 hoat dong tt khi dugc huan luyén véi bo siéu tham so (hyper-
parameters) nhu sau. s6 lugng vong lap huan luyén (epoch) la 100, kich thudc 16 huén
luyén (batch size) 1a 32, ham mat mat (loss function) 1a cross-entropy dugc t6i wu hoa
b1 thuat toan t61 wu adam véi cac tham sb (parameters): toc d6 hoc khoi tao (learning
rate) 1a 5x107%, cac tbc do phan ra (exponential decay) lan luot1a B; = 0.9, 3, = 0.999;
tdc do hoc sé& giém dan trong qua trinh huén luyén theo ham cosin.
5. Phuong phap phat hién cac hanh vi mat tAp trung ctia nguoi 14i xe 6 to tir video su
dung cong nghé tri tué¢ nhén tao theo diém 1, trong do:

tai bude 3, nhan dau vao 1a dac trung cua cac clip & budc 2, dua trén mot mo hinh
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dinh vi thoi gian cua hanh dong actionformer dé du doan thoi gian bat dau va két thic
hanh vi, ddng thoi phan loai hanh vi mat t4p trung ciia nguoi lai xe 6 t6; mo hinh
actionformer dugc xay dung dua trén kién tric transformer, nhan dau vao cac dic trung
ctia clip nhu 13 cac mé thong bao (foken), dé du doén thoi gian bat dau va két thac hanh
dong ciing nhu phan loai hanh dong; cac loai hanh vi mat tap trung cua nguoi 1ai xe 6 to

e x99 <C L 9% <C ro.97 ¢ 299 6C

bao gom: “dn”, “uong nudc”, “ngap”, “goi dién thoai”, “nhan tin

9% €C

, “quay ra phia sau”,
“cui xué'ng nhdt d6”, “néi chuyén véi hanh khdach”, “ddt tay trén dau”, “hat hodc nhay
miia v&i dm nhac”, va “ldi xe binh thirong”.
6. Phuong phap phat hién cac hanh vi mat tap trung ctia nguoi 1ai xe 6 to tlr video st
dung cong nghé tri tué nhan tao theo diém 1, trong do:

tai bude 3, dua trén nghién clru va thi nghiém thyc té, mo hinh actionformer hoat
dong tot khi duge huén luyén véi bd siéu tham s6 (hyper-parameters) nhu sau: s6 lugng
vong 1ap huin luyén (epoch) 1a 50, kich thuéc 16 huan luyén (batch size) 1a 32, ham mét
mat (loss function) 1a focal loss cho phan loai hanh vi va DloU loss cho xac dinh thoi
gian xay ra hanh vi, dugc to1 wu hoa boi thuat toan t6i wu adam véi cac tham sb
(parameters): toc d6 hoc khoi tao (learning rate) la 1x107*, cac toc @6 phan ra
(exponential decay) lan luot1a 5; = 0,9, 8, = 0,999; téc dd hoc s& giam dan trong qua
trinh huan luyén theo ham cosin.
7. Phuong phéap phat hién cac hanh vi mat tap trung ctia nguoi 14i xe 6 t6 tir video sur
dung cong nghé tri tu¢ nhan tao theo diém 1, trong do:

tai bude 3, sau khi di qua mo hinh dinh vi thoi gian actionformer, thu dugc cac
hanh vi mat tap trung c6 cac thong s: thoi gian bat dau, thoi gian két thac va loai hanh
vi cung vOi xac suat (%) cuia hanh vi d6; dua trén nghién ctru va thuc nghiém thuc té,

ngudng toi uu duoc lua chon 1a 25%.
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