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Nhan di¢n ngdén ngir ky hiéu tir video la mot bai toan
quan trong nham hd trg giao tiép cho cong ddng ngudi khiém
thinh. Tuy nhién, sy da dang cua ctr chi, goc quay khac nhau va
diéu kién moi truong bién thién dit ra nhiéu thach thic cho céc
hé thdng nhan dang truyén théng. Trong nghién ctru nay, chung
t6i dé xudt mot phuong phap nhan dién ngén ngir ky hiéu tiéng
Viét dua trén MoViNet-A2, mdt md hinh tién tién dugc t6i vu
hoa cho nhan dang hanh dong trong video trén thiét bi di dong.
Bo dir liéu nghién ctru bao gdm 98 tir hodc cum tir, duoc thuc
hién béi 18 hoc sinh tir Truong Khuyét tat Lam Déng - Pa Lat,
v6i tong cong 4,709 video tir ba goc quay khac nhau, dam bao
tinh da dang trong dit liéu huan luyén. Két hop véi MoViNet-A2
1a backbone dugc tién huin luyén trén tap Kinetics-600, két hop
v6i cac ki thuat tién xtr Iy nhu can bang 16p, chuan hoa do sang
va cac phuong phap ting cuong dit liéu nhim nang cao kha ning
téng quat hoéa ctia mo hinh. Két qua thuc nghiém dat do chinh
xac Top-1 88.55% trén tip kiém tra. Nghién ciru cho thay
phuong phap dé xuét dat hiéu suit cao trong viéc phan loai va
nhan di¢n cac cu chi ky hi¢u, d@)ng tho1 dam bao kha nang xur ly
thoi gian thuc trén thiét bi di dong. Nghién cu nay khong chi
gop phan nang cao d6 chinh xac ctia hé thdng nhan dién ngon
ngir ky hiéu ma con mé ra tiém nang ung dung thyc té trong hd
trg giao tiép cho cong dong nguoi khiém thinh.

ABSTRACT

Sign language recognition from video is an essential task
to support communication for the hearing-impaired community.
However, the diversity of gestures, different camera angles, and
varying environmental conditions pose significant challenges for
traditional recognition systems. In this study, we propose a
Vietnamese sign language recognition method based on
MoViNet-A2, an advanced model optimized for action
recognition in videos on mobile devices. The research dataset
consists of 98 words or phrases, performed by 18 students from
Lam Dong - Da Lat School for the Disabled, with a total of 4,709
videos from three different camera angles, ensuring diversity in
training data. MoViNet-A2 serves as the backbone, pre-trained
on the Kinetics-600 dataset. It is combined with preprocessing
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techniques such as class balancing, brightness normalization, and
data augmentation to improve model generalization. Our method
achieves a Top-1 Accuracy of 88.55%. Experimental results
demonstrate that the proposed method achieves high performance
Keywords: in classifying and recognizing sign language gestures while
deep learning; action ensuring real-time processing capabilities on mobile devices.
recognition; sign language 1 1is research not only improves the accuracy of sign language
recognition; MoviNet-A2; recognition systems but also opens up practical applications in
data augmentation facilitating communication for the hearing-impaired community.

1. Giéi thi¢u

Viéc nhan dién ngdén nglr ky hi€u tr video dang tré thanh mot van dé cép thiét nham
hd tro giao tiép cho cong dong ngudi khiém thinh. Trong bdi canh d6, cac hé théng nhan dién
ky hiéu trén thiét bi di dong khong chi can dam bao tinh chinh xic cao ma con phai dap tng
yéu cau xr Iy thoi gian thuc trén céc thiét bi c6 tai nguyén han ché. Tuy nhién, sy da dang cua
ctr chi, goc quay khac nhau va diéu kién méi truong bién thién di tao ra khong it thach thirc
cho céac hé thong nhan dang truyén thong.

Trong nghién ctru ndy, ching toi dé xuat mot giai phap nhan dién ngon ngir ky hiéu
tiéng Viét dua trén mé hinh MoViNet-A2, mot kién trac tién tién dugc thiét ké t6i wu cho cac
ung dung nhan dang hanh dong tir video trén thiét bi di dong. M6 hinh sir dung céc phép tich
chap dang 2+1D va 2+3D két hop voi ham kich hoat hard_swish, gitp mé hinh hoc dugc cac
dic trung khong gian - thoi gian mot cach hiéu qua, dong thoi giam thiéu sb luong tham so va
chi phi tinh toan. Hon nita, viéc ap dung cac causal convolutions dam béo rang cac du doén
chi dua trén thong tin tir cac khung hinh trude @6, tir d6 hd tro xir 1y lién tuc trong moi trudng
thoi gian thuc.

Bo dit liéu ciia du 4n dugc xdy dung nham hd trg nghién ciru nhan dién ngon ngit ky
hiéu tiéng Viét trén thiét bi di dong. Bo dir liéu bao gdom tong cong 98 tir hodc cum tir, duoc
thuc hién boi 18 hoc sinh tr Truong Khuyét tat Lam Déng - ba Lat. Céc video dugc quay
d6ng thoi tir ba goc khac nhau (chinh dién, bén trai, bén phai) véi dinh dang 25fps va d6 phan
gidi 1080x1080 pixel, dam bao chét luong hinh anh du cao cho viéc nhan dién cur chi chinh
XAac. Téng s6 video thu thap dugc 1a 4,709 video, véi ) khung hinh trung binh mdi video dat
62.96, thoi lwong trung binh khoang 2.52 gidy, va tong sé khung hinh vuot qua 296,500.
Nhimng thong sé ndy tao nén mot ngudn dir liéu phong phu, gop phan 1am nén tang viing chac
cho viéc hudn luyén va danh gia hé thong.

Trong quy trinh huan luyén, ching ti sir dung backbone cia MoViNet-A2 di duoc
tién huan luyén trén tap dir liéu Kinetics-600 dé tan dung céc dac trung chung cua hanh dong
dugc hoc tor mot tap dir li€u 16n va da dang. Sau d(’) mot classifier head vé6i 98 16p dau ra,
tuong u'ng vl 98 ky hiéu trong bo dir liéu duogc gan thém nhim chuyen doi cac dic trung
trich xudt tir video thanh cac nhan phan loai cu thé. Qu4 trinh tién xir ly dit liéu bao gdm
chuan hoa do sang, can bang 16p va ap dung cac k¥ thuit augmentation nhu random cropping,
frame jittering va cac bién d6i khong gian, gitp mo hinh c¢6 kha ning tong quat hoa cao trong
cac diéu kién quay khac nhau.

Nho vao su két hop gitra mot kién trac hién dai, quy trinh tién hun luyén va tinh
chinh k¥ ludng trén bo dir li€u custom, h¢ théng nhéan dién ngoén ngtr ky hi¢u tiéng Viét ma
chung t6i dé xuét hua hen s& dat hiéu nang cao trong viéc phan loai va nhéan dién cac cur chi
phurc tap. Hé thong nay khong chi mang lai nhitng két qua 4n twong vé do chinh xac ma con
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dap ung dugc yéu cau xu 1y thoi gian thue trén cac thiét bi di dong, tir d6 hd tro h1eu qua cho
giao tiép ciia ngudi khiém thinh. Trong bai bao nay, chung t6i s& trinh bay chi tiét vé kién trac
m6 hinh, quy trinh tién xi 1y, chién lwogc huin luyén ciing nhu cac két qua thuc nghiém minh
hoa hi€u qua cta h¢ théng trén bd dir liu dugc xay dung.

2. Co s6 Iy thuyét
2.1. Cdc phwong phdp truyén thong dwa vao trich xudt ddc trung thii cong

Trong nhitng nam dau tién, khi cong nghé xir 1y hinh anh con han ché, cac nghién ctru
vé nhan dién ngdn ngir ky hiéu chi yéu dua vao viée trich xuit cac dic trung thi cong tir dir
liéu video. Cong trinh ctia Starner va cong su (1998) da tap trung vao viéc nhan dang ngon
ngit ky hiéu My trong thoi gian thuc. Cac tac gia da thiét ké hé thong bang cach xac dinh cac
dic trung thi gidc co ban nhu hinh dang ban tay, chuyén dong va hudng di chuyén cia cac bd
phan co thé. Sau do, ho sir dung md hinh an Markov (HMM) dé mo hinh héa chudi céc cir chi
nay. Két qua cho thay, du cac dic trung duge trich xuat co tinh chat don gian va thu cong, su
két hop véi HMM van cho phép hé thdng hoat dong 6n dinh va dap tmg yéu cau thoi gian
thyc, tir 46 mé ra hudng nghién ciru méi vé xir 1y tin hiéu dong.

Tuong tu, Vogler v Metaxas (2001) da dé xuit mot khuon kho toan dién cho viée
nhan dién ngon ngir ky hi¢u thoi gian thuc. Cong trinh nay khong chi tip trung vao viéc trich
xuat ddc trung tir timg khung hinh ma con chu trong dén qua trinh tién xir 1y, nham khic phuc
cac van dé& vé nhidu, bién doi anh sing va goc quay. Viéc két hop cac bude tién xir 1y ky
ludng v6i mo hinh thdng ké nhu HMM da gitp cai thién dang ké hiéu nang cua hé théng
trong mdi truong thuc té. Nho do, cac giai phap truyén théng di tao ra nén tang dé cac nghién
cliru sau nay co thé chuyén sang khai thac cac k¥ thuat hoc sau hién dai.

2.2. Ung dung hoc siu trong nhin dién ngén ngit ky hi¢u

Véi su ra doi cua cac thuat toan hoc sau va kha nang tinh todn ngay cang manh mé ctua
may tinh, giéi nghién ctru nhanh chéng chuyén hudng tir cac phuong phap truyén thong sang
khai thac kha nang hoc tu dong cac dac trung tur dir li¢u. Cac cong trinh cua Koller va cong sy
(2015), Koller va cong sy (2016) dd mod ra mot hudng tiép cdn méi bang cach két hop giira
mang no-ron tich chap (CNN) véi HMM. Trong Koller va cong su (2015), tac gia tap trung
xdy dyng mot hé théng cé kha niang xir Iy mot tir vung 16n véi nhiéu nguoi ky hiéu khac
nhau, gitip giai quyét van dé da dang trong cach thé hién ciia nguoi ky hiéu. Tiép theo, cong
trinh “Deep Sign” dugc trinh bay ¢ Koller va cong su (2016) da phat trién kién trac CNN-
HMM, trong d6 CNN duogc dung dé tu dong hoc cac dac trung phuc tap tur video, con HMM
dam nhan viéc mé hinh hoa tinh lién tuc ctia chudi ky hi€u. Qua do, hé théng dat duoc do
chinh x4c cao hon va kha nang khai quat hoa vuot trdi so vdi cac phuong phap dua vao dac
trung thu cong.

Bén canh do, Plgou va cong su (2015) da chirmg minh tlem nang cua cac mang CNN
khi duoc ap dung truc tiép 1én cac khung hinh video ma khong can cac budc tién xir 1y phic
tap. Phuong phap nay cho thay cac dic trung hinh anh quan trong co thé dugc ty dong phat
hién va trich xuat, gitp don glan hoa quy trinh thiét ké hé thong nhan dién ngon ngtr ky hicu.
Piéu nay danh dau mot blIO’C tién quan trong, khi giam th1eu su phu thudc vao cac ky thuat
trich xuat tha cong von ton thoi gian va nhay cam véi cac yéu td ngoai canh.

Moi day, Kumari va Anand (2024) da dua co ché attention vao khung CNN-LSTM
danh cho bai toan WLASL-100, mot tap dir liéu quy mo trung binh gom 100 ky hiéu va hon
40 nguoi ky hi¢u. Giai doan CNN (ResNet-18) chiu trach nhiém ma héa khong gian, trong khi
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hai 16p Bi-LSTM ghi nhén dong hoc thoi gian va khéi attention hoc trong sé khung hinh theo
ngtt canh. M6 hinh dat 84.6% d¢ chinh xac top-1 - cao hon 6% so v&i mo hinh khong
attention - dong thoi giam =~ 12% thoi gian suy luan nho chién lugc frame skipping hudéng dan
boi attention. Qua d6, nghién ctru khang dinh ring co ché tap trung khong chi cai thién do
chinh x4c trén cau dai ma con hd tro giam chi phi tinh toan, phi hop trién khai thoi gian thuc.

2.3. Cdc mé hinh hién dgi: 3D CNN, Transformer va sw két hop giita chiing

Dé khai thac tdi da thong tin khong gian - thoi gian tir dit liéu video, cac nghién ctru
dd chuyén sang sit dung mo hinh 3D CNN. Molchanov va cong su (2015) d3 di tién phong
trong viéc img dung 3D CNN cho bai toan nhan dién ctr chi, béng cach khai thac mbi quan hé
giita cac khung hinh lién tiép. Viéc sir dung céc 16p 3D cho phép mé hinh hiéu dugc sy bién
ddi lién tuc cua cir chi, tir d6 phan loai chinh x4c hon c4c hanh dong.

Khéc phuc nhugce diém “hoa tron” ban tay va than nguoi trong khdi 3D CNN, Camgoz
va cong sy (2017) gi6i thiéu SubUNets - kién trac hai nhanh song song: mot nhanh chuyén
biét cho ROI-ban tay (crop tir heat-map) va nhanh con lai cho toan bg khung hinh.

Song song v6i d6, dé xir 1y cac chudi video lién tuc, Camgoz va cong sy (2018),
Camgoz va cong su (2020) da dé xuat hé théng Neural Sign Language Translation. O cong
trinh Camgoz va cong su (2018), kién trac két hop giita CNN va ciac mo hinh tuan tu nhu
LSTM da dugc st dung dé chuyén doi chudi video thanh vin ban hodc nhan ky hiéu, gitp hé
thong xtr 1y dugc tinh lién tuc va ngit canh trong giao tiép. Cong trinh Camgoz va cong sur
(2020) tiép tuc phat trién mé hinh nay vdi céu tric SubUNets, nham cai thién kha nang phan
tich cac chi tiét nho trong cir chi, tir d6 ting cudng hiéu qua tong hop thong tin tir cac khung
hinh. Nhiing nghién clru ndy mé rong pham vi ung dung cua nhan dién ngdn ngir ky hiéu tur
viéc chi phan loai timg ctr chi riéng 1é sang nhan dang cac cau hoic doan giao tiép lién tuc.

Trong bbi canh suy luan di dong, Kondratyuk va cong su (2021) phat trién MoViNets
- ho mang 3D CNN siéu nhe dung kién triac Factorized Temporal Depthwise Convolution. Co
ché “stream buffer” duy tri trang thai an giita cac clip 08 khung ké tiép, cho phép suy luan
online khéng chdng lan tinh toan. Trén GPU T4, MoViNet-A2 (224x224) chi tiéu thy 9.1
ms/khung ma van dat 78.1 % top-1 trén Kinetics-600; trong cac thir nghiém ndi bo véi dit licu
ky hiéu, bién thé fine-tuned dat 25fps trén dién thoai Pixel 5, chirng minh tiém niang tng dung
thoi gian thuc.

2.4. Nghién citu vé ngon ngir ky higu tiéng Viét

Trong bdi canh ngdn ngit ky hiéu tiéng Viét, mic du sd luong cong trinh nghién ciru
con han ché so vé6i cac ngon ngit ky hiéu khac, nhung cac nghién ctru trong nude da cé nhing
budc tién dang ké nham giai quyét cac thach thire dic thu. Pham va cong su (2018) 13 nhoém
dau tién khai thac cam bién Kinect v1/v2 dé xay dung hé théng nhan dang bang chir cai VSL
theo thoi gian thuc. Khung xwong 3D (25 khdp) dugc trich xuat chinh xac téi 30fps, sau d6
chuyén thanh vecto toa dd, goc khép va toc do khdp; thuat toan Relief-F tu dong chon
128/493 dac trung cé tinh phan bi¢t cao nhéat. B6 SVM phi tuyén v6i hat RBF dugc hun
luyén trén 3,960 mau (29 chir cai + 02 du thanh), dat 92.3 % top-1 va gir d6 tré dudi 45
ms/khung, dat vién gach dau tién cho hudng tan dung do sau nham giam nhiéu nén va bién
thién anh sang.

Vu va cong su (2025) nang cip pipeline sang hoc sdu, két hop ResNet-18 véi
MediaPipe Hands dé tap trung vao ROI ban tay. Tap dit liéu tu thu thap 48,000 anh (25 ky
hiéu + ddu) duogc ting cuong bang phép quay + 15°, nhidu Gaussian va diéu chinh gamma,
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gitip mé hinh hoc bén vitng véi diéu kién quay da dang. Khi chay offline, hé thong dat 95.0%
chinh xac va 98.7% AUC; khi port sang dién thoai Realme 7 (Snapdragon 720G) véi
TensorFlow-Lite-GPU, tbc d6 suy luan dat 23fps, chimg minh tinh kha thi cua trién khai di
dong cho ngudi dung khiém thinh

Nguyen va cong su (2025) cong bd bd dir lidu da goc nhin dau tién cho VSL: 84,000
video do dai 04 - 06s, quay ddng thoi tir bon camera HD dit cach 90° quanh nguoi ky hiéu
(30 signer, 1,000 gloss phd bién). Pipeline gin nhan ban tw dong, chuin héa anh sang va danh
dau thoi gian bét-két thuc chuyén dong, dong thoi phat hanh tap chia train/val/test chuan. Thi
nghiém ndi bd cho thdy 3D CNN-LSTM (13D + Bi-LSTM 512) fine-tune trén tip dit liéu nay
giam WER thém 19.7% so v6i mé hinh huén luyén don-goc, khing dinh loi ich cua dit liéu
nhiéu quan sat khéng gian cho VSL.

2.5. Huwéng nghién ciru da phwong thivc va xdy dwng b div liéu chudn

Céc nghién ctru gan ddy da tap trung vao viéc xay dung cac bo dir liéu chuan va t6i uu
hoéa cac siéu tham s6 ctia mé hinh hoc sau, nhim tang cuong hi€u qua cua hé théng nhén dang.
Al-Qurishi va cong su (2021) tong hop 167 cong trinh hoc sdu vé NNKH va cho thdy cac hé
RGB-chi bi suy giam t&i 14% mAP khi diéu kién anh sang ddi, trong khi phuong phap két hop
RGB + Depth + Pose chi suy giam < 5%. Téc gia minh hoa mé hinh Deep- Depth-Pose (DDP) -
ghép CNN phan giai cap_ diém tmg cir vién, rdi udc luong pose 3D bang depth - tding mAP
trung binh 6% va giam 15 vi tri tay-khdng gian 6mm so véi ddi thii tot nhat. Phan tich siéu
tham s cho thdy viéc kéo dai clip tir 08 khung 1én 16 khung va ting batch-size tir 16 1én 32
dong thoi nang mAP thém 6%, cung cap hudng dan thuc nghiém quan trong cho cong dong.

Tiép thu cac khuyén nghi d6, Nguyen va cong su (2025) cai sdn luéng RealSense
D435 thu RGB + Depth 60fps, dong bo voi MediaPipe Pose/Hands, roi chia sé cing bo dit
liéu da goc nhin ké trén nhuw mot chuan benchmark “3-Modality”. Thir nghiém so sanh cho
thiy I3D-RGB dat Top-1 79.4%, 13D-RGBD ting 1én 85.1%, con khi thém pose-landmark
(Early-Fusion) thi dat mAP 88.2% va F1-score 0.873. B benchmark nay thuc day cong dong
VSL chuyén tr bdo c4do dd chinh x4c don 1¢ sang h¢ s6 danh gia toan dién (WER, BLEU, F1)
cling nhu kiém thir fairness gitra signer nam-nir, qua do tao dong luc chuén hoa dir liéu va
phuong phép cho céc nghién ctru tiép theo.

Tong hop lai, hanh trinh phat trién cua linh vyc nhan dién ngon ngir ky hiéu da trai
qua nhiéu giai doan, tir cic phuong phép truyén thong dua trén trich xuét dic trung tha cong
va HMM dén cac mé hinh hoc su tién tién nhu CNN, 3D CNN va Transformer. Su ra doi cua
cac mo hinh t6i wu cho xir 1y video nhu MoViNet-A2 cang khang dinh tiém nang khai thac
hiéu qua thong t1n khong gian va thoi gian. Nhitng cong trinh nghién ctru nay khong chi thé
hién sy phét trién vé mat 1y thuyet ma con hudng t6i cac img dung thyc tién, gop phan tao ra
nhiing giai phap hd trg giao tiép hiéu qua cho cong dong ngudi khiém thinh, dic biét trong
bbi canh nhan dién ngdn ngir ky hiéu tiéng Viét. Qua do, cac hudng nghién ciru da phuong
thirc va xay dung bo dir licu chuén d3 mo ra nhiing trién vong phat trién maoi, htra hen sé dua
linh vuc nay tién xa hon nita trong tuong lai.

3. Bo dir liéu

Bo dir lidu dugc thu thap nham hd trg nghién ciru vé nhan dién video ngdn ngir ky
hiéu tiéng Viét trén thiét bi di dong. Bg dir li¢u bao gém téng cong 98 tu/cum tur trong ngdn
ngtt ky hiéu tiéng Viét, dugc thuc hién bdi 18 nguodi tham gia, 1a cac hoc sinh cua Truong
Khuyét tat Lam Dong - Da Lat. Video dugc quay dong thoi bang ba dién thoai tir ba goc quay
khac nhau: bén trai, chinh dién, bén phai.
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Céc video dugc quay ¢ dinh dang 25fps, voi do phan giai 1080 x 1080 pixel nhim
dam bdo chat lugng hinh anh du cao cho vi¢c nhan dién ctr chi chinh xac. Tong s6 video thu
thap duoc 1a 4,709 video.

Danh sach diy du 98 16p ky hiéu trong bo dir liéu bao gdm cic nhom tir vé dong vat,
mau sdc, trai cay, quan hé gia dinh, hanh dong, cam xuc, trang thai, pham chat c4 nhan, ...
Mot s0 vi du trong danh sach 16p ky hi¢u:

* Pong vat: Con chd, con meéo, con ga, con vit, con rua, con tho, con trau, con bo,
con dé, con heo.

» Mau sic: Mau den, mau tréng, mau do, mau cam, mau vang, mau héng, mau tim,
mau nau.

» Tréai cay: Qua dau, qua man, qua dira, qua dao, qua du du, qua cam, qua bo, qua
chuoi, qua xoai, qua dura.

« Quan hé gia dinh: B, me, con trai, con gai, vo, chong, ong ndi, ba ndi, dng ngoai, ba ngoai.

. Hanh dong: An, uong, xem, them, mach khoc, cuoi, hoc, ddi, chét, di, chay, ban,
hat, mua, ndu, nuéng, quan sat, cam trai, cung cap, bat chudc, bit budc, bao cdo, mua ban.

« Cam xuic: Khong quen, khong nén, khong can, khong cho, khong nghe 101, hai hudc,
tht vi, diing cam.

« Hwong vi: Man, dang, cay, ngot, ddm, nhat, ngon miéng.

* Tinh tu/trang thai: XAu, dep, chat, hep, rong, dai, cao, lun, om, map.

« Phim chit c4 nhén: Ngoan, hu, khoe, mét, dau, gioi, cham chi, luoi biéng, tdt bung,
sang tao.

Bo dir lidu ndy cung cdp ngudn tai nguyén phong phii cho viéc nghién ctru nhan dién
ngdn nglr ky hi€u tiéng Vit trén thiét bi di dong. Cac thong ké chi tiét sé dugc cap nhat sau
qua trinh tién x1r 1y va ki€ém tra chat lugng dir liéu.

Bang 1
Phan Tich Bo D Liéu
Théng sb S6 liéu
Téng video 4709
S6 khung hinh trung binh mdi video 62.96
S6 khung hinh t6i thiéu mdi video 33
S6 khung hinh téi da mdi video 114
Do dai trung binh moi video (s) 2.52
Do dai t6i thieu mbi video (s) 1.32
Do dai t6i da mbi video (s) 4.56
Téng khung hinh 296500
Tong thoi luong (s) 11860.00

Ghi chi: Thong ké nay duoc thuc hién trong bé dix liéu caa nhém nghién ciu
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4. Phwong phap nghién ciru

4.1. Gidi thigu vé mé hinh MoViNet-A2 va kién triic siv dung trong nhin dién video
ngon ngit ky hiéu

M6 hinh MoViNet-A2 1a mot trong nhitng mé hinh tién tién duoc phat trién dé nhan
dién cac dac trung trong dir liéu video, véi muc tiéu chu yéu 1a nhan dién cac hoat dong hoac
hanh dong trong video. Pay la mo hinh thudc dong "motion enhanced video classification"
cua Google, va dac biét thich hgp cho cac bai toan nhan di¢n hanh dong trong video, bao gom
ca nhan dang ngon ngtr ky hiéu. Trong nghién ctru nay, ching t6i st dung mo6 hinh manh mé
nay dé dé dang trién khai ing dung trén cac thiét bi di dong.

Kién tric ciia MoViNet-A2:

* Backbone: MoViNet-A2 st dung mdt bd backbone dugc xay dung dya trén kién trac
mang than kinh c6 cau trac "2+1D" va "2+3D". Pay la hai kién trac t61 uu dé xu ly dir licu
video, giup giam thiéu s6 lugng tham s6 ma van gitt dugc hiéu ning cao.

— 2+1D: Pay la mot céu trac convolutional véi kernel 2D cho khéng gian (chiéu cao
va chiéu rong), nhung chi st dung kernel 1D cho chicu thoi gian. Diéu nay gitip giam thicu do
phuec tap tinh toan trong khi van bao ton kha nang phan tich khong gian va thoi gian.

— 2+3D: La su két hop ciia mét s6 16p convolutional 2D trong khong gian va mot sb
16p 3D trong khong gian-thoi gian. Kién tric nay giap mang hoc dugc nhiing moi quan hé
khong chi trong khong gian ma con trong thoi gian, rat phu hop véi dir li€u video.

Bang 2
Kién Tric MoViNet-A2 diing TuNAS, chay 50 Khung Hinh trén Kinetics 600

Model Stage Operation Output Size
data Stride 5, RGB 50 x 2242
convl 1x32 16 50 x 1122

1x52 16, 40
block2 3 x 32,16, 40 50 x 562
3 x 32 16, 64

3 x 32,40, 96
3 x 32 40, 120
block3 3 x 32,40, 96 50 x 282
3 x 32 40, 96
3 x 32 40,120

5x32,72,240
3x32,72,160
block4 3x32,72,240 50 x 142
3x32,72,192
3x32,72,240

5x32,72,240
3x32,72,240
3x32,72,240
3x32,72,240
1x52 72,144
3x32,72,240

block5 50 x 142
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Model Stage Operation Output Size
5 x 32,144, 480
1 x 52 144, 360
1 x 52,144, 360
block6 1 x 52 144, 480 50 x 72
1 x 52,144, 480
3 x 32,144, 480
1 x 32,144,576
conv7 1 x 12,640 50 x 72
pool8 50 x 72 1x12
dense9 1 x 12 2084 1x12
densel0 1 x 12, class num 1x12

Ghi chu: Dt liéu tir “MoViNets: Mobile video networks for efficient video recognition” b&i D. Kondratyuk, L.
Yuan, Y. Li, L. Zhang, M. Tan, M. Brown, va B. Gong, 2021 (https://doi.org/10.1109/CVPR46437.2021.01576)

* Activation functions: st dung hard swish lam ham kich hoat, mot bién thé cua ham
swish c6 thé giup cai thién sy hoi tu trong qua trinh huan luyén, dong thoi duy tri dugc kha
nang phi tuyén manh mé.

* Causal Conv: sir dung causal convolutions, c6 nghia 1a m6 hinh chi tinh toan céc tinh
nang tur cdc khung hinh trudc d6 (dir liéu trude). Diéu nay rat quan trong trong cac bai todn
video, dac biét khi viéc du doan phai dam bao khong 1am ro ri thong tin twong lai.

4.2. Phan mé hinh: Sir dung backbone di dwoc pretrained va classifier head

Backbone: dugc tai trong s6 di duoc huin luyén tir trudc (pretrained), diéu nay giup
mang cé thé tan dung cac dac trung da hoc tor mdt tap dir li¢u 16n va cai thién kha nang nhan
dién trén céac tap dir liéu nho hon. M6 hinh backbone nay chi chiu trach nhiém trich xuat cac
dac trung tu video va khong thuyc hién phan loai truc tiép. bay 1a mot ky thuat transfer
learning, noi ma moé hinh da dugc huén luyén trén mot nhi¢ém vu lién quan (vi du: nhan dién
hanh dong trong video) va chi can fine-tuning lai mgt chut cho nhiém vy méi (nhu nhan dién
ngon ngit ky hi¢u).

Classifier Head: Dé chuyén d6i cac dic trung dau ra tir backbone thanh cic nhin
(classes) trong bai toan nhan di¢n ngon ngir ky hi¢u, mot classifier head dugc thém vao mo
hinh. Pay 13 phan thém vao cudi mé hinh, c6 nhiém vu phan loai cac dic trung ma mé hinh
hoc duoc tir video dau vao thanh cac 16p mong mudn. Trong trudng hop nay, md hinh dugc
céu hinh dé phan loai thanh 98 16p (tuong tng véi 98 ky hiéu trong bo dit liéu).

Phan forward pass va input shapes: Khi dit liéu video dugc dua vao mé hinh, né c6 thé
c¢6 kich thudc [batch_size, num_frames, resolution, resolution, 3], trong d6: batch_size 1a sb
luong video trong mot batch, num_frames 1a sé luong khung hinh trong mdi video (¢ dy 1a
13 khung hinh), resolution 1a kich thudc ctia mdi khung hinh (¢ day 1a 224 x 224 pixel), 3 1a
s6 kénh mau (RGB).

4.3. Cic dic diém néi bit ciia MoViNet-A2

M0o hinh 1a mdt Iya chon manh mé cho cac bai toan nhan dién hanh ddng trong video,
dac biét l1a voi nhitng cai tien ve xur ly khong gian-thoi gian va kha nang hoat dong hiéu qua
trén cac thiét bi di dong. Cac dac diém noi bat bao gom:
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* Kién trac nhe va hiéu qua: duogc thiét ké dé c6 kha nang chay trén cac thiét bi ¢o
phan cing han ché, nhu dién thoai di dong, nhung van duy tri dugc hiéu nang cao.

« Kha ning xir Iy video manh mé&: nho vao viée két hop cac 16p convolutional 2D va
3D, mo6 hinh c6 thé khai thac thong tin khong gian va thoi gian tir video mét cach hi¢u qua.

« Cau tric causal convolutions: Diéu nay gitip mé hinh xur 1y video trong thoi gian
thuc ma khong gap phai van de ro ri thong tin tir twong lai, gitip n6 phu hop cho céc ing dung
thuc t€, chang han nhu nhéan dién ngdn nglr ky hi€u trong video thoi gian thuc.

5. Thir nghiém
5.1. Qud trinh huén luyén mé hinh

M6 hinh MoViNet-A2 duoc huin luyén trén bo dir liéu ngdn ngit ky hiéu tiéng Viét
v6i 98 tir/cum, nham muc tiéu phan loai cac 16p ky hiéu. Qua trinh huan luyén st dung
phuong phap t6i uu héa Adam optimizer va ham mat mat Sparse Categorical Cross Entropy.
Viéc huan luyén dugc thyc hién trén GPU dé dam béao hiéu suat va tbc do hoi tu nhanh chéng.

5.2. Phuwong phap 10i wu héa va ham mdit mat

Phuong phép tbi wu hoa sir dung trong qua trinh huin luyén 13 Adam optimizer. Pay 1a
mot phuong phap tdi wu hoa phd bién nho kha ning didu chinh tdc do hoc theo timg tham sd
va tinh toan gradient dya trén cac thong sb cta céc lan cap nhat truoc do. Vi Adam, tde do
hoc duoc dat 14 0.001, giup mo hinh hoi tu 6n dinh ma khong gip phai hién tugng qua khép
(overfitting).

Ham mét mat dugc str dung 1a Sparse Categorical Cross Entropy. Him mat mat nay
phu hop cho bai toan phan loai da 16p vdi cac nhan s6 nguyén, giup do ludong su khac biét
gitra phan phoi x4c suat du doan ctia mo hinh va phan phoi xac suat thuc té.

5.3. Tién xir Iy va augmentation div liéu

Dir liéu dau vao la cac video, moi video s€ dugc trich xuat thanh mot chudi cac khung
hinh (frames). Cac budc tién xtr 1y va augmentation dir li¢u dugc thyc hién nhu sau:

« Chuén héa do sang: Cac gia tri pixel cua cac khung hinh video dugc chuan hoa vé
dang float32 trong pham vi [0, 1] dé giam thiéu anh hudng cua do sang va do twong phan
trong qué trinh huan luyén. Qua trinh chuan héa nay gitip tang d6 on dinh ctia mé hinh khi xtr
1y cac video c6 d sang khac nhau.

« Cén bang 16p: Dé tranh mo hinh thién 1éch vé cac 16p cb tan sudt xuat hién cao, dir
li¢u huan luyén dugc can bang ty 1€ gitra cac 16p ky hi¢u. Viéc nay giap moé hinh hoc duogc
cach phan loai chinh xac cac 16p it xuat hién trong dir liu.

« Augmentation dir liéu: Céc k¥ thuat augmentation duoc ap dung nham ting cuong
kha nang tong quat héa ciia mo hinh, bao gom:

- Random cropping: Cit ngau nhién cac phan cua khung hinh, gitip mé hinh hoc dugc
cac dac trung khong bi anh hudng boi vi tri ¢d dinh ctia doi tugng trong anh.

- Frame jittering: Thuc hién thay d6i ngau nhién céc gia tri pixel trong mdi khung
hinh, gitip m6 hinh hoc duogc sy bién thién cua canh vat trong video.

- Spatial transformations: Cac phép bién ddi khoéng gian nhu quay, phong to, thu nhod
anh duogc ap dung dé moé phong su thay doi vé goc do va ty I¢, tir d6 cai thién kha nang tong
quat héa ciia mo hinh.
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5.4. Xu ly anh

Cac khung hinh video dugc xtr 1y trudc khi dua vao mé hinh. Mdi khung hinh sé dugc
thay di kich thudc vé mot kich thudc chuan (224 x 224 pixel) véi ty 1¢ khung hinh dugc giit
nguyén. Trong truong hop khung hinh ¢6 kich thudc khong phu hop, ching duoc padding dé
dat dugc kich thudc dau ra yéu cdu ma khong lam mét di cac thong tin quan trong cta ddi
tuong trong anh. Sau khi xtr 1y, khung hinh s& dwoc chuyén ddi thanh dinh dang chuan va
chuén hoa d6 sang dé mo hinh c6 thé tiép nhan va phan tich.

5.5. Qud trinh huén luyén

Mb hinh duge hudn luyén voi cac batch dit liéu, mdi batch bao gé)m mot chudi cac
khung hinh video duogc trich Xuét tr cac video huin luyén. Tap huén luyén duoc chia thanh
cac phan doan nho (mini-batches) nham t6i wu hoa qua trinh tinh toan va ting tbc do huan
luyén. M hinh s& duoc danh gia qua cac chi s6 nhu d6 chinh xac (accuracy) va gia tri mat
mat (loss) trén tap kiém tra sau mdi epoch hudn luyén. Pao tao trén NVIDIA GeForce RTX
3090 Ti (12 GB VRAM) trong 10 epochs v&i batch size = 8 va learning rate = le-3 (Adam).
Thoi gian huén luyén khoang 03 gid cho toan bo dataset gdm 4,709 video.

6. Két qua nghién ciru

Sau khi hoan tat qua trinh huén luyén, mo6 hinh dugc danh gia béng cach su dung tép
ki€m tra tach ra tir bd dir li€u ban dau. Cac chi so6 danh gia dugc bao cdo bao gom:

« P chinh xac tong thé (Top-1 Accuracy): 13 chi sé do ludng ty 18 du doan dung cua
mo hinh, phan anh phan trim s6 luong miu duoc phan loai chinh xac vao ding 16p. Do chinh
xéc tong thé 1a mot chi sb co ban, quan trong dé danh gia hiéu qua tong quat ciia mo hinh
trong cac bai toan phan loai.

« Ham mét mat (Sparse Categorical Cross Entropy loss): 13 chi s6 do ludong sy khac
biét gitra phan phdi xac suat dy doan cia mo hinh va nhan thyc té. Him mat mét thap cho
thdy mo hinh dy doan sat véi gia tri thuc té, trong khi gia tri cao c6 thé chi ra mé hinh chua
hoc dugc dac trung cua dit ligu.

Két qua danh gia: sau qué trinh hudn luyén, mé hinh dat dugc do chinh xéac cao trén
tap huan luyén va kiém tra, trong khi ham mat mat giam dan theo s6 epoch. Di€u nay cho thay
mO hinh c6 kha nang hoc tot tir dir liéu va tong quat hoa dugc trén tap kiém tra.

Bang 2
Két Qua T ot Nhat ciia M6 Hinh sau 10 Epoch khi S Dung Backbone da dwoc Pretrained
Top-1 Accuracy Sparse Categorical Cross Entropy Loss
Epoch =10 0.8855 0.4181

Ghi chd: Dix liéu do nhém nghién ciu chay thuc nghiém va ghi nhan

Chung t61 da tién hanh phan tich mau dit liéu bi phan loai sai va rut ra mot s6 két luan
chinh. Dau tién, nhing cir chi phirc tap nhu “bat chude” va “cung cap” thuong bi nhdm 1an do
biéu dién cua ching c6 nhiéu nét twong déng. Th hai, & nhiing video quay trong diéu kién
anh sang yéu, chit luong khung hinh giam dang ké, khién do nhay caa mé hinh giam khoang
12%. Cudi ciing, goc quay side-view cho két qua kém hon so véi front-view, véi ty 18 18i cao
hon khoang 8%.
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Dé khic phuc cac han ché nay, chung toi dé xuét ba hudng cai tién chinh. Thir nhat,
tich hop cac 16p Spatial-Temporal Transformer dé ning cao kha ning phan biét giita cac cur
chi twong tu. Thir hai, két hop dit liéu tir cam bién chiéu sau (depth-sensor) hodc k¥ thuat udc
luong tu thé (pose-estimation) nhim bd sung thong tin 3D, giam thiéu nham 1an d6i voi
nhitng cur chi c6 biéu dién gé‘m giéng. Thr ba, mé rong bd dir li¢u huén luyén béng cach bo
sung cac video voi da dang diéu kién anh sang va nhiéu gdc quay hon, nham cai thién kha
ning téng quat héa ciia mo hinh.

7. Két luan

Trong nghién ciru nay, chung toi di huan luyén mot mé hinh phan loai dua trén kién
trdc MoViNet-A2 véi tap dir liéu huan luyén va kiém tra di dugc chuén bi trude. Qua trinh
huén luyén kéo dai 10 epoch va cho théy tai epoch cudi cung, md hinh dat dugc d¢ chinh xac
Top-1 trén tap kiém tra 1 88.55%. Pong thoi, gia tri ham mat mat trén tap kiém tra dat mirc
thip nhat 14 0.4181 tai epoch thir 8. Khoang cach nho giira d6 chinh x4c hudn luyén va kiém
tra cho thdy mé hinh c¢6 kha ning tong quét hoa tét.

Tuy nhién, van con mot sd khia canh can duge xem xét trong céc nghién clru tiép theo.
Thir nhét, viéc toi uu hoa siéu tham sd, chang han nhu diéu chinh téc d6 hoc va kich thudc
batch, c6 thé gitp cai thién hiéu suit cia mo hinh. Thir hai, so sanh tryc tiép MoViNet-A2 véi
céc kién trac khac s& cung cdp cai nhin ddy du hon vé tinh wu viét va han ché ctua phuong
phép nay trong bai todn nhan dién ky hi¢u tiéng Viét. Tom lai, két qué thuc nghiém kh:flng
dinh hiéu qua cao cia MoViNet-A2 cho nhiém vu nhan dién ky hiéu tiéng Viét, va cac cai
tién tuong lai hira hen s& nang cao hon nita d6 chinh x4ac ciing nhu kha ning khai quat hoa
trén cac tap dit liéu lon hon.

TUYEN BO KHONG CO XUNG POT LQI iCH

Céc tac gia cam két, tuyén bd khong cé bét ky xung dot loi ich nao lién quan dén viée
cong bo bai bao nay.
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