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Tém tit: Bai bao dé xuat mot kién triic hoc sdu nhan
dang hoat dong ctia nguoi dya trén hinh anh video mo dya
trén chit loc tri thirc v6i kién triic thay (teacher model) -
tro (student model). M6 hinh hoc sau d& xuét c6 kha ning
hoc va biéu dién cac dic trung tir video gbc va video da
duoc ting cuong sang, tir d6 nang cao hiéu suit nhan dang
nhung lai khong lam tang chi phi tinh toan trong qua trinh
suy dién (inference). M6 hinh dé xuat tan dung chét loc tri
thirc (knowledge distillation) trong qua trinh huan luyén
trong d6 md hinh thay dugc huin luyén véi video da dugc
tang cuong sang, trong khi mo hinh tro chi can huan luyén
chi véi video gdc va cac nhan mém (soft targets) duoc tao
ra boi mo hinh thay. Cac thir nghiém cho thiy mo hinh dé
xuét cho két qua cai tién dang ké khi so sanh véi cac md
hinh co s& trén cac b dir liéu ARID, ARID V1.5 va Dark-
481. Cy thé, phuong phap dé xuit dat dugc hiéu sudt ting
tG1 4,46% trén tap Dark-48 vai viée chi sir dung du vao 1a
cac video gbc, qua d6 tranh dwoc viée sir dung hai luéng
hodc mo-dun tang cudng trong giai doan suy luan. Két qua
nay da ching minh wu diém cia viéc sir dung chit loc tri
thire trong nhan dang hoat dong nguoi tir cac video mo.

Tir khoa: Nhan dang hoat dong; Chét loc tri thire; Nhan
dang hoat dong trong video mo.

l. GIOI THIEU

Nhan dang hoat dong ¢ nguoi luén nhan dugce sy quan
tam trong linh vuc thi gidc may tinh, dugc Gng dung rong
rdi trong cac hé théng gidm sat [1] va phuong tién ty hanh
[2, 3]. Trong nhimg nim gan day, ngdy cang c6 nhidu
nghién ctru tap trung vao chu dé nay [4, 5, 6, 7, 8, 27, 28,
29, 30, 31, 32, 33]. Viéc nhan dang hoat dong trong diéu
kién anh sang tdt da dat duoc két qua kha quan [34, 35, 36,
37, 38, 39], tuy nhién viéc nhén dang hoat dong trong moi
truong mo s& kho khan hon nhiéu do thong tin trong video
thu thap dwoc bi suy giam. Dé giai quyet thach thirc nay,
céc nghién ctru gan day [9, 10, 11] da d& xuit mot s giai
phap nhu st dung phuong phap ting cuong sang ZeroDCE
va Gamma Intensity Correction (GIC) [12] dé cai thién dic
trung va kha nang hién thi cua video, sau d6 sir dung cac
mang tich chap 3D nhu R(2+1)D [5] hodc 3D-ResNext [6]
1am b phan loai backbone. C6 hai cach thire dé két hop
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cac thanh phan nay bao gdm: Thi nhét 14 tich hop truc tiép
hai mo hinh [10, 11]; tha hai 1a st dung phuong phap hai
ludng [5] dé cai thién d6 chinh x4c cua du doan hoat dong
tir video mo.

Mot sb nghién ciru gan day [10, 11] tap trung vao viée
ap dung cac bién phap tang cuong va st dung cac video da
tang cuong lam dau vao cho mé hinh. Mic di cac phuong
phép nay cai thién cac dic trung cé trong video, tuy nhién
qué trinh ting cuong ciing c6 thé dan dén mat mot sé dic
trung chira thong tin quan trong cho nhén dang hoat dong
c6 trong video goc. Mot s6 nghién ctru lai sir dung phuong
phap hai ludng truyén thong [13, 14] tic 1a lay ca video goc
va video di tang cuong lam dau vao cho mé hinh, cach tlep
can nay lam ting dang ké tai nguyén tinh toan, khién viéc
thyc hién dy doan trong qua trinh suy ludn tré nén cham
hon. Tuy nhién néu chi sir dung video gbc lam dau lai dan
dén két qua nhan dang thap hon so véi cac ky thuat da dé
cap O trén vi mo hinh cé thé nhan dugc it thong tin hon tir
video gdc ban dau néu khong cé sy ting cudng.

Toém lai, ba thach thie chinh cho nghién ctu hién tai vé
nhan dang hoat dong cuia con nguoi trong video mo la:

e Tinh toan ven thong tin: Pam bao mo hinh hoc tur
video da tang cudng ma khong lam mat thong tin
can thiét tir video goc.

e Do phirc tap: Tan dung téi da video gbc va xem
xét cac dac trung da ting cuong ma khong lam
tang do phurc tap cua mo hinh.

e Hiéu suat: Cai thién hiéu suat khi chi sir dung
video goc lam dau vao trong giai doan suy luan.

Theo nhu ching t6i dugc biét, hién nay chua c6 nghién
ctru hién ¢6 nao giai quyét dugc dong thoi ca ba thach thirc
nay mét cach tron ven. Do do, trong nghién ciru nay chung
t6i di dé xuat mot mé hinh hoc dic trung tir ca video goc
va video di tang cudong nhung lai khic phuc duoc sy gia
tang cua tai nguyén tinh toan nhu cac phuong phéap hai
ludng. Trong md hinh cia chiing toi, chit loc tri thirc [15]
s€ cd vai tro quan trong giap md hinh trd hoc cac dac trung
ctia md hinh thiy ma khong can gia tang dit liéu diu vao,
qua d6 vua cai thién hi¢u suét nhan dang va hiéu qua tinh
toan cia mo hinh.

Kién trac cta chiing t6i bao gdm mot mé hinh thay, trong
mo hinh thiy s& gdm mot mo-dun ting cudng sang va mot
b phan loai hoat dong dé hoc tir cac dic trung da ting
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cuong, mot mo hinh tro chi chira mét bd phan loai hoat
dong dé hoc cac dic trung gbe va logit cua thay. Do do,
trong giai doan suy luén, ching t6i chi can st dung video
gbc lam dau vao ma khong can bat ky su tang cudng bd
sung nao. Dé giai quyét cac thach thirc vé tinh toan ven
thong tin, chung t6i cho phép cac mo hinh trd hoc tir mo
hinh thay va cac video gdc, dam bao rang tat ca cac thong
tin quan trong déu duge mé hinh nam bat. Bé giam d6 phirc
tap, chiing toi sir dung chit loc tri thirc thay vi cach tiép can
hai ludng cho phép mé hinh hoc hai loai dic trung ma
khong bao gdm chi phi b sung tirc 1a chi can video gbc
cho mo6 hinh trong qua trinh suy luan.

Phuong phap dé xuét ciia chiing tdi ¢6 cac dong gop chinh:

e Sirdung ca video gbc va cac dic trung da tang cuong
cho nhan dang hoat ddng trong diéu kién mo.

e Chi sir dung dau vao la cac video gbc ma khong
can thém dic trung 1a cac video da ting cuong
trong qua trinh suy luan, céi thién dugc hi¢u suét
tinh toan trong khi van nang cao dugc do chinh
xac nhan dang.

Tinh méi trong nghién ctru ciia chung t6i ndm ¢ viée giai
quyét dong thoi ba van dé chinh: dam bao tinh toan ven
thong tin bang cach hoc tir ca video gbe va dic trung duoc
tang cuong; t6i uru danh d6i do phic tap béng cach str dung
chit loc tri thuc thay vi phuong phap hai luong ton kém tai
nguyén tinh todn va dat duoc hi¢u suét nhat quan, vuot troi
khi chi yéu cau video gbc 1am ddu vao trong suy ludn.

I. CAC NGHIEN CUU LIEN QUAN
A. Nhin dang hoat dong trong video mo

Trong nhitng nghién ciu gan day, nhiéu mo hinh da
duogc dé xuat cho nhan dang hoat ddng con nguoi, bao gom
cac mo hinh dya trén 3D-CNN [4, 5, 6] va Transformers
[7, 8]. Cac m6 hinh nay cho két qua nhén dang tot trong
dicu kién anh sang binh thuong. Tuy nhién, hi€u suat cla

chung suy giam khi dbi mit Voi video thiéu sang, bi tdi
hodc bi mo. Do dd, cac cach tiép can mai da duoc gidi thidu
dé giai quyét vin dé nay, trong d6 hau hét da chon 3D-CNN
lam backbone do tinh hiéu qua cua ching. Chen va ddng
su [9] dd dé xuat DarkLight, sir dung ca video gc va video
da tang cuong bang Gamma Intensity Correction (GIC) dé
du doan hoat dong. Phuong phép nay da chiing minh dugc
tinh hi¢u qua cia viéc tdng cudng anh sang cho nhén dang
hoat dong trong video bi t6i hodc mo. Cac thuc nghiém
cung chi ra rang cach tiép cén str dung hai ludng dau vao
gbm video goc va video da tang cudng s€ gilp nam bét
nhiéu dic trung hon so vé6i cac phuong phap woc tinh luong
quang hoc (optical flow), do d6 dat dugc hi¢u suat tot hon.
Dua trén nhitng tién bo nay, mot sé nghién ctru [10, 11] da
cai thién thém d¢ chinh xac ctia dy doan hoat dong bang
cach két hop ZeroDCE [12] (mdt md-dun ting cudng dnh
sang), cac nghién ctru nay da tich hgp ZeroDCE véi cac bo
phan loai backbone va dat dugc hiéu suét ting dang ké, tuy
nhién phuong phap nay lai lam gia ting d6 phuc tap tai
nguyén tinh toan. Do d6, mo hinh dé xuat cua ching toi s&
giai quyét vin dé bo qua tim quan trong cua video gbc
trong cac nghién ctru gan day va cai thién do phtc tap tinh
toan do phwong phap hai ludng mang lai bang cach ap dung
chit loc tri thuc.

B. Chit loc tri thire (Knowledge Distillation)

Chit loc tri thuc [15] da dugce ap dung cho nhiéu nghién
ctru trong nhan dang hoat déng con ngudi, bao gdm chit
loc tri thirc da phuong thirc (cross-modality) [16, 17], chét
loc tri thitc da goc nhin (multi-view) [18] va nhan dang
hoat dong trong cac video c6 dd phén gii thip hoic bi mo
(low-resolution). Phuong phap nay gitip cai thién hiéu suét
mo hinh, dic biét khi ¢6 sy han ché vé dau vao trong qua
trinh suy luan. Lin va Tseng [18] d4 d& xuit mot md hinh
chit loc tri thirc da goc nhin cho phép mé hinh hoc hiéu
qua tir mot goc nhin trong khi lai c6 thé nim bt kién thirc
tir tAt ca cac goc nhin khac. Nghién ctru nay chimg minh
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Hinh 1. Téng quan kién triic ciia hé thong dé xudt
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kha ning ctia chit loc tri thirc trong viée cho phép cac mod
hinh ¢6 thé hoc dugc théng tin tir nhidu ngudn dir liéu.

Dbi véi viéc hoc tir cac video ting cudng anh sang,
mot s6 nghién ctru [20, 21] ciing di st dung chit loc tri
thuc va dat dugc thanh cong dang cha y. Trong nghién
ctru cuia Jin va dong su [22] dd nhan manh vai tro quan
trong cua chit loc tri thirc. Cac thuc nghiém cua ho cho
thay viéc tich hop chit loc tri thire v&i ludng quang hoc
va dic trung RGB d4 hd trg hiéu qua cho qua trinh huin
luyén md hinh.

Trong nghién ciru nay, ching t6i dé xuat mot cach tiép
can méi bang cach ap dung tryc tiép chit loc tri thirc vao
nhiém vu phén loai ¢ tAng dudi sir dung dic trung da ting
cuong. Phuong phéap nay cho phép moé hinh tro hudng lgi
tir viéc hoc tir video da duoc xur 1y tang cuong cua md hinh
thay trong khi chi yéu cau dau vao 1a cac video gbc. Bing
cach chét loc dic trung di ting cuong cho mo hinh tro,
phuong phép ctia ching t6i c6 thé tan dung loi thé ciia viée
xur 1y ting cudng cho video ma khong can dau vao 1a cac
video da ting cudng, qua do6 t6i uu hoa ca hiéu suat thuc
thi cua md hinh.

. PHWONG PHAP DE XUAT
A. Phat biéu bai todn

Trong cac mo hinh, nhan dang hoat dong 1a viéc can du
doéan nhan hoat dong tir cac video d4u vao cho trude. Su
dung phuong phap chit loc tri thirc, ching toi hun luyén
mot md hinh thiy sau do6 s& chuyén kién thirc cia mé hinh
thdy cho mot moé hinh trd riéng biét. Cho D =
{(x;, yl)} —ola mot tap dir liéu dua trén video, trong do6 x;
12 m6t mau dau vao va y; 13 16p hoat dong. Trong giai doan
huan luyén, ching t6i huan luyén mot mé hinh thay T, bao
gdbm mot mo-dun ting cuong T, va mot bo phan loai
backbone T, st dung Vision Transformer (ViT) va mot mo
hinh tro S mot cach riéng biét.

D6i voi mo hinh thdy T, véi cac miu huan luyén
X{xl, X2, s Xj } (& day x; la cac khung video géc duoc st
dung cho dau vao cua mé hinh) tir Dyginlam dau vao
cua T,, mo-dun sé tao ra cac mau da ting cuong X'. Sau d6
X' s& duogc dung lam dAu vao cua T,, noi s€ dy doan xac
sudt ciia mdi 16p trén X, ky hiéu 1a y*. Him mét mat

¥t =T) = T(T.(x) (1

sau duoc ap dung cho y* va nhan thyc té y.

DP6i v6i mé hinh tro S, voi ciac miu hudn luyén
X{xl, X2 s Xj } tir Dyyqin 1am dau vao cua S, mo hinh tao
ra xac sudt cia mdi 16p, ky hiéu 1a y,. Him mat mét sau
dugc ap dung cho y*, y* va nhan thuc té y.

=S() @)

Trong giai doan suy luén, chi m6 hinh tro S s€ dugc str

dung @€ dy doan.
B. Kién triic Tong thé
Kién truc téng thé duogc trinh bay trong hinh 1, kién trac

bao gom hai thanh phan chinh 1a mé hinh thiy va mé hinh
trd. M6 hinh thay bao gom mot mo-dun duogc st dung dé
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tang cuong video gdc, tiép dén 1a mot bo phan loai hoat
dong sir dung Vision Transformer dwoc mo ta chi tiét trong
hinh 2. Trong mé hinh thdy, trudc tién can thyc hién ting
cudong cac khung hinh trong video goc dé cai thién kha
nang hién thi nham trich xuat cac dic trung c6 thé bi mat
trong video md hodc bi tdi. Cac dic trung di ting cuong
nay sau d6 dugc dua vao b phan loai hoat ddng st dung
Vision Transformer (ViT) dé tao ra cac biéu dién dic trung
moi.
ViT ép dung mot kién tric giéng Transformer trén cac
"phan va' ' (patches) cta hinh anh. Bing cach chia hinh anh
thanh céc phan vé c¢b dinh, sau d6 nhing tuyén tinh va thém
cac nhung vi tri, chudi vector Kkét qua dugc dua vao mot bo
ma hoéa Transformer tiéu chuin. Céach tiép cén nay gitp
ViT c6 kha niang ndm bat cic mdi quan hé khoang cach dai
va céc dic trung phirc tap von 13 wu diém ndi bat cia kién
trac Transformer so v&i cic mang truyén thong hon nhu
CNN, dac biét hitu ich trong cac video mo noi thong tin
cuc b c6 thé bi suy giam.

Khi ViT dugce st dung trong mé hinh Tro cua kién triic
chit loc tri thirc gitp giai quyét thach thirc vé& do phure tap.
Mo hinh ¢6 thé hoc cac dic trung tir ca video gdc va cac
dac trung tir video da tang cuong sang (thong qua "nhén
mém" ctia md hinh Thay) ma khong lam tang chi phi tinh
toan dang ké trong qua trinh suy luén, day la mgt myc ti€u
quan trong ciia md hinh dé xuét.

Vision Transformer (ViT)
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Embedding
““lll ::llllxnllh ng Linear Projection of Flattened Patches
E 2

W >%ﬂlﬂ}'&?ﬂﬂﬂﬂﬂ
A s A

Hinh 2. M6 hinh phan logi khung hinh Vision

Transformer [40]

Sau khi huén luyén mé hinh thiy, ching t6i huan luyén
mo hinh tro bang cach ldy cac khung hinh video gbc khong
tang cuong lam dau vao. Cach tlep can nay cho phép mo
hinh tro hoc truc tiép tir dit liéu gdc va dam bao ring mod
hinh khéng phu thudc vao du vao 1a cac video di ting
cuong trong qua trinh suy luén. Mo hinh tro 1a mdt bo phan
loai hoat dong, qua trinh huén luyén mo hinh tro 1a mot qua
trinh hoc gdm 2 giai doan:

e Hoc tryc tiép (Direct Learning): M6 hinh tro hoc
tryc tiép tir cac nhan thyc té (ground truth labels).

e Hoc chit loc tri thire (Distillation Learning): Mo
hinh trd duoc huén luyén sir dung cac logit tir md
hinh thdy lam muyc tiéu mém (soft targets), cho
phép mo hinh tro6 cé kha nang hoc céc dac trung
da dugc trich xuét tir cac khung hinh video di ting
cuong béi mé hinh thdy.
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Kién trac dé xut cua chung t6i tan dung dugc ca cac déc
trung tir video da ting cudng va cac dic trung tir video gbc,
qua d6 t6i wu hoa hi¢u suat cia mo hinh va khong lam gia
tang chi phi tinh toan do chi can sir dung video gdc trong
giai doan suy luan.

C. Chiit lpc tri thirc (Knowledge Distillation)

Trich chon cac dac trung tir video da tang cudng: Qua
trinh huin luyén mé hinh thay bat ddu bang viéc tién hanh
xur Iy ting cudng chat lwong hodc do sang cho cac khung
hinh cta video gdc. Mé-dun ting cudng bién déi dau vao I
thanh I'. Viéc ting cuong nay co thé cai thién kha ning
hién thi cua cac khung hinh, gitip cho viéc nhan dang hoat
dong trong video mo hodc tbi tré 1én t6t hon. Sau khi ting
cuong, cac khung hinh da tang cuong I’ dugc dua vao bd
phan loai hoat dong dé du doan. Bo phén loai hoat dong s&
xtr 1y cac khung hinh dau vao thanh cac logit gitip nim bat
céc thong tin quan trong cua cac nhin hoat dong. Ham mat
mat Cross-Entropy chuan dugc ap dung dé huan luyén mo
hinh thay:

Lteacher = CTOSSEntTOPy (J’: yt) (3)

trong d6 y 1 nhin 16p cta video dau vao va y* 1a logit duoc
trich xuat boi mo hinh thay.

Hoc cac biéu dién gbc: Khong gidng nhu mé hinh thay,
mo hinh tro tryc tiép 1dy cac khung hinh tir video gc I lam
dau vao. BO phan loai dugc sir dung trén mé hinh tro giéng
v6i bd phan loai cia mé hinh thay, tuy nhién mé hinh tro
khong can str dung mo-dun ting cuong. Pau vao dugc xu
1y boi mé hinh tro sé tao ra két qua y*, mot ham mét mat
cross-entropy duoc ap dung dé hiéu chinh dy doan ctia md
hinh trd v&i nhan thuc té.

Lar = CrossEntropy(y,y*) )

Hoc kép (Dual Knowledge Learning): Ngoai viéc hoc tir
nhan thyuc té, mot qua trinh chét loc tri thie duge ap dung
cho mé hinh trd vi n6 ¢6 thé hoc tir logit y¢ dwoc tao ra boi
moé hinh thay. Diéu nay dugc thuc hién bang cach giam
thiéu su phéan ky Kullback-Leibler (KL divergence) giita
d4u ra y® ciia md hinh tro va cic muc tiéu mém do mé hinh
thdy cung cap, tir d6 s& gian tiép chuyén kién thuc tir cac
dic trung da tang cudng tir mé hinh thdy sang mé hinh tro.

Lyp = KLY, y®) (5)

Téng ham mét n}ét dé hgén luyén mé hinh tro 1a sy két

hop cua hai ham mat mat gom ham mat mat Cross-Entropy

dé hoc tir nhan thyc t€ va phan ky KL d¢ truyén kien thirc

tir mo hinh thay sang moé hinh tro. Tong ham mat mat cho
md hinh tré dwoc ky hi¢u 1a:

Lstuaent = aLag + BLkp (6)

trong d6 o va B 1a trong sO clia cac ham mat mat riéng biét
dé can bang tim quan trong ctia hai ngu6n huén luyén.

I. THU NGHIEM VA DANH GIA

Phan ndy trinh bay vé thir nghiém dé dénh gia phuong
phép phat hién van dong bat thuong da trinh bay ¢ trén.

IV. TAP DU LIEU THU NGHIEM
A. Cac cai dat thir nghié¢m
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Tap dir lidu: Chung t6i da danh gia mo hinh dé xuat trén
ba tap dit liéu bao gdm: ARID, ARID V1.5 [23] va Dark-
48 [11]. ARID [23] 1a mét tap dir ligu chuén cho nhan dang
hoat dong con ngudi trong didu kién video bi md va toi
chira hon 3780 video v&i 11 16p hoat dong. Tap dir licu
ARID V1.5 [23] véi s6 luong video mo va ti duge mo
rong 1én dén 5572 va 24 16p hoat dong. Tap dit liéu Dark-48
[11] bao gém 8815 video tdi, 48 16p hoat dong véi hon 100
video mdi 16p. Tap dir lidu dugc chia thanh tap huin luyén
va tap kiém tra theo ty 1¢ 8:2. Cac cai dat huan luyén va kiém
tra trong thtr nghiém dugc tham khao trong nghién ctru [11,
23].

Chi tiét cac cai dat thir nghiém: So sanh véi thir nghiém
tur [9], chung t6i da chon ViT véi nhiém vy phia sau la mo
hinh BERT [24] thay thé cho cach lam truyén thdng 14 sir
dung pooling trung binh toan cuc theo thoi gian lam bd
phén loai cho mo hinh backbone cua ching téi. M6 hinh
backbone dugc huin luyén trudc (pre-trained) trén IG65M
[25]. DPbi voi mo-dun ting cudng sang ciia md hinh thay,
chung t6i da chon ZeroDCE dugc st dung trong nghién
ctru [12] dugc thuce hién trén cac khung hinh cta video géc.
Sau d6 cac khung hinh dugc thay d6i kich thudc thanh 112
x 112 pixel, nhu vay dau vao cudi cing s& 12 3 x 64 x 112
x 112 véi kich thude batch 1a 2. Ching t6i d huin luyén
md hinh thdy va mé hinh tro véi trinh t6i wu héa AdamW
[26], tbc d6 hoc 14 0.0001. Cac tham s6 cho ham mat mat
ctia mo hinh tro dugc dét 1a 1 cho cé o va .

Ma tran (Metric): D4i vé6i tic vu nay, ching toi da ghi
lai @6 chinh xac top-1 va top-5 dé danh gia hiéu suét cua
md hinh. Do tap dir liéu ARID [23] chi chtra 11 16p hoat
dong va hau hét cac cong trinh trudc day da gan dat 100%
d6 chinh xéac top-5 do d6 chung toi chi yéu danh gia do
chinh xac top-1 cho ARID va ARID V1.5.

B. Danh gia hi¢u ciia mé hinh

Trong phan nay, ching toi tp trung vao danh gia hiéu
sut cia mé hinh khi st dung tap dit liéu ARID. Ching t6i
tién hanh so sanh két qua cua md hinh da dugc huén luyén
v6i phuong phap dé xuét va khong st dung phuong phap dé
Xut. Ngoai ra, chung ti con tién hanh sanh hiéu suat gilra
md hinh thdy va mé hinh trd va thiy ring mé hinh trd ¢6 thé
dat dugc két qua t6t hon ngay ca khi khong st dung cac
khung hinh da tang cuong sang. Bang 1 cung cap két qua chi
tiét vé hiéu suat cia mo hinh thay va mo6 hinh tro co sir dung
phuong phap d& xuat va hiéu suit cua kién trac twong tu
nhung khong str dung phuong phap dé xuat.

Bang 1: So sanh Hiéu suét cia Mé hinh dé xuét
trén tap di liéu ARID

M6 hinh P§ chinh xac
Top-1 (%)
R(2+1)D + BERT [9] 92,44
Teacher: ZeroDCE + VIiT + 95,87
BERT
Student: ViT + BERT 97,36

Nhu trong Bang 1, phuong phap huin luyén st dung
chat loc tri thirc cua ching t6i1 da cai thién hi€u suat tang
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thém 4,92%. Véi kién thirc bd sung do mé hinh thiy cung
cép, mo hinh tro c6 thé tan dung loi thé cua biéu dién da
tang cuong ngay ca khi khong c6 du vao la cac dic trung
da tang.

Mic di mé hinh thiy hoat dong trén dit liéu da dugc xir
ly ting cuong sang (duoc thiét ké dé cung cap nhiéu thong
tin hon trong diéu kién video bi mo, t6i), mo hinh Tro van
dat dugc d6 chinh xac vugt trdéi hon (97,36% trén tap di
liéu ARID so véi 95,87% cua mo hinh thﬁy). Su cai thién
1,49% nay dén tir chién lugce hoc tap doc dao ciia mo hinh
dé xuit cua chiing toi:

Mb hinh thay do dugc huan luyén trén video di ting
cuong nén c6 kha ning trich xuat cac dic trung ning cao
va tao ra cac "soft target" (logits) chira dung thong tin sau
sdc vé phan loai hanh dong. Nho qué trinh chung cét thi
thirc nay cho phép mo6 hinh tr6 hoc héi tir cac "soft target"
duoc tao ra tir mo hinh théy, vé coban la tiép thu kién thuc
tir cac dic trung da dugc ting cuong ma khong can truc
tiép xur Iy video ting cudng trong giai doan suy luan. Tir
d6 giup mo hinh tro tdn dung dugc 1oi ich cla viéc tang
cuong anh sang ma khong lam tang chi phi tinh toan khi
dua vao thuc té1....

Mic du cac phuong phép tang cudng anh sang cai thién
kha nang hién thi cua video t6i, nhung qua trinh nay thuong
dan dén viéc mat mat thong tin quan trong trong video gbc
(chua dugc tang cuong). Do d6 m6 hinh tro dugc dao tao
truc tiép trén video goc nén cho phép né gitr lai va khai thac
thong tin cbt 16i von co trong dit lidu ban dau. Qua do khic
phuc han ché cua cac nghién ciru gan day thuong bo qua
tam quan trong cua video gdc.

Bang cach két hop tri thie dugc chung cit tir cac dic
trung ting cudong (tir mo hinh thay) véi thong tin quan
trong dugc bao toan tir video géc, mo hinh tro dat dugc su
hiéu biét toan dién hon vé hoat dong c6 trong video. N6 ¢
thé truy cap théng tin b sung tir cac dic trung da dugc tang
cuong ma khéng can du vao tang cudng truc tiép. Su két
hop nay cho phép mé hinh trd vuot qua cac han ché cua
viéc chi dua vao mot loai dau vao (vi dy, video géc thiéu
thong tin trong moi trudng tdi) hodc chi dwra vao video ting
cuong (c6 thé bi mat thong tin gdc).

So sanh giita mo hinh trd va mé hinh thay cho thiy rang
ngay ca khi mo hinh tro sir dung kién tric don gian hon véi
viéc khong st dung cac khung hinh da tang cuong nhung
n6 van dat duge hidu suét tang so voi md hinh thﬁy. Diéu
nay chi ra raing ngoai kién thirc duogc chit loc tir cac dic
trung da ting cuong, video gde ciing chira thong tin quan
trong gitip cai thién hiéu suit mo hinh. Bang cach hoc tir
d4u vao 1a cac video gbc, mé hinh tro di c6 duge cac thong
tin bd sung cho cac dic trung di ting cuong, dan dén hiéu
sudt t6t hon mo hinh thay.

C. So sinh véi cic phuwong phdp noi bit di cong bo gan diy

Cac nghién ctru trudc ddy da cho thay hau hét cac
phuong phap trén tap dir litu ARID da dat gan 100% do
chinh xac Top-5, cho thiy day 1a mét tap dir liéu tuong ddi
"d&" voi sb luong 16p it. Khi m§t md hinh da dat d¢ chinh
X4c rét cao, "khéng gian" dé cai thién thém s& bi han ché.
Do d6, viéc md hinh tro van co thé vuot qua mo hinh thﬁy
trén ARID 1a mdt minh chung cho hi€u qua ctua nod, ngay
ca khi cac mé hinh khac ciing da ¢ diém sé cao. Tir d6 c6
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thé thdy mé hinh tro c6 kha nang tinh chinh va t6i wu hoa
thong tin hoc dugc dé dat dén gidi han trén cua tap dir li¢u
nay.

Chiing t6i tién hanh cac thuc nghiém khac dé so sanh
phuong phap cta ching t6i v6i cac phuong phap noi bat da
cong bd gan day vé nhan dang hanh dong nguoi trong dicu
kién bi mo hodc tdi nhu DarkLight [9], DTCM [11] va
R(2+1)D-GCN+BERT [10]. Két qua tir Bang 2 va Bang 3
cho thay phuong phap deé xuat ctia chiing toi dat dugc két
qua tot nhat. Bang 4 chi ra rang mo hinh cua ching toi dat
d6 chinh xac Top-1 1a 51,14% trén tap dir li¢u Dark-48. Két
qua nay co su cai thién dang ké 1én dén 4,46% so v6i két
qué tot nhit duoc cong bd trude do trén Dark-48. Nhitng
két qua nay mot lan nita chi ra ring sir dung chat loc tri
thirc di cho phép mé hinh dat dugc hiéu suét tot nhét trong
khi chi str dung du vao video gbc trong qua trinh kiém tra.

Bang 2: So sénh két qua trén tap dir liéu ARID

Mo hinh Do chinh xac Top-1 (%)

I3D-RGB 68,29
13D Two-stream 72,78
3D-ResNext-101 74,73
DarkLight 94,04
DTCM 96,36
R(2+1)D-GCN+BERT 96,60
M0 hinh ciia ching toi 97,36

Bang 3: So sanh két qué trén ARID V1.5

M6 hinh Do chinh xac Top-1 (%)

I3D-RGB 48,75
13D Two-stream 51,24
DarkLight 84,13
R(2+1)D-GCN+BERT 86,93
Mo hinh ciia ching toi 88,15

Bang 4: So sénh két qua trén tap dir liéu Dark-48

Mo hinh Do chinh xac D§ chinh xac

Top-1 (%) Top-5 (%)
I3D-RGB 32.25 65.35
3D-ResNext-101 37.23 68.86
DarkLight 42.27 70.47
DTCM 46.68 75.92
Mo hinh  cia 51.14 78.49
chiing toi

Mo hinh dé xuét cia chung t6i dat d6 chinh xac Top-
114 51,14% va Top-5 1a 78,49% trén Dark-48. Didu nay
thé hién su cai thién dang ké nhat vé mat tuyét dbi
(4,46% @06 chinh xac Top-1) so vdi cac phuong phéap
cong bd trude day.

V. KET LUAN

Trong nghién ciru nay, ching t6i d& xuat mot mo hinh
cho nhan dang hoat dong ngudi trong diéu kién video bi
mo hodc t01 nhén manh tam quan trong ciia viéc st dung
ca video gbc va dic trung da ting cuong dé ngan chan viéc
mat thong tin gdc. Hon nita md hinh duoc dé xuét di tranh
duoc viéc gia tdng chi phi tinh todn khi sir dung phuong
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phap hai ludng vao. Ching t6i da chung cét hiéu qua tri
thirc vé ting cudng anh sang cho mé hinh trd, cho phép mo
hinh trd chi sir dung video gbc lam dau vao trong qua trinh
suy luan nhung lai dat dugc két qua t5t hon mo hinh thay.
Viéc so sanh véi cac cong bd ndi bat trén tap dir lisu ARID
va Dark-48 mot 1an nita ching minh tinh hiéu qua cta
phuong phap dé xuét ciia ching toi. Trong twong lai ching
t6i ¢6 thé tiép tuc nghién ciru tinh chinh kién triic dé c6 thé
¢6 két qua nhan dang t6t hon véi cac video c¢6 nhiéu phirc
tap hodc cac dbi tugng trong video chuyén dong vai tt do
nhanh, @ phéan giai thap.
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HUMAN ACTION RECOGNITION IN DARK
VIDEOS WITH KNOWLEDGE DISTILLATION

Abstract: The paper proposes a deep learning
architecture for human action recognition in dark videos
based on knowledge distillation with a teacher-student
framework. The proposed deep learning model is capable
of learning and representing features from both original
and enhanced videos, thereby improving recognition
performance without introducing additional computational
cost during the inference phase. The proposed model
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utilizes knowledge distillation during training, where the
teacher model is trained with enhanced video, while the
student model is trained solely with original video and soft
targets generated by the teacher model. Experiments show
that the proposed model yields significant improvements
when compared to baseline models on the ARID, ARID
V1.5, and Dark-48 datasets. Specifically, the proposed
method achieved a performance improvement of up to
4.46% on the Dark-48 dataset using only original video
inputs, thereby avoiding the use of two-stream frameworks
or enhancement modules during inference. This result
demonstrates the advantages of using knowledge
distillation for human action recognition in dark videos.

Keywords:  Action  Recognition;  Knowledge

Distillation ; Action Recognition in the Dark
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