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TOM TAT

Rat trich dit liéu khung xwong hay nhan dién tu thé nguoi la mot tac vu quan trong
trong cac bai toan vé nhan dang hanh dong nguoi hay theo doi chuyén dong. Nhiéu
nghién ctru da duoc thuc hién dé€ dé xuit ra cac mo hinh khac nhau d€ c6 thé trich
xudt dit liéu khung xuwong tir di liéu hinh anh, video. Trong nghién cttu nay, ching
t6i dé xudt mot gidi phap nham nang cao hiéu qua ctia md hinh. Nghién ctru dé xuat
tich hop SE-Block vao md hinh HigherHRNet nham tang kha nang hoc dic trung
gitra cac kénh trong bai toan trich xudt d liéu khung xuong. Két qua thuc nghiém
trén tap COCO cho thay md hinh cai tién ¢6 sy 6n dinh t6t hon trong qua trinh huan
luyén va cai thién nhe vé chi s6 AR trong cac tinh huéng tu thé phtic tap, qua d6 mo
ra nhiéu hudng nghién ctru méi trong viéc nang cao hiéu qua rat trich di liéu khung

xuwong cting nhu nhan dang hanh dong hay theo doi chuyén dong ctia d6i tuwong.

Tt khoa: thi giac may tinh, hoc sau, dit liéu khung xwong.

1. MO PAU

Nhéan dang hanh ddng ctia con nguoi la mét trong nhitng bai toan dwoc nhiéu
nha nghién cttu quan tam trong linh vuc thi gidc mdy tinh véi nhiéu ting dung thuc té
nhu trong giam sat an ninh, giao ti€p gitta nguwoi véi may, y t€, thé thao, giai tri [1,2].
Udc luong te thé nguedi — hay con goi la trich xuat di liéu khung xwong — 1a qua trinh
xac dinh chinh xac vi tri ctia cac diém khép trén co thé nguoi tir anh tinh hodc chudi
video. Cac phuong phap wdc lugng tu thé hién nay chu yéu duoc phat trién theo hai
hudng tiép can chinh: top-down va bottom-up [3]. Trong huwdng tiép can top-down, md
hinh dau tién st dung mot thuéat toan phat hién déi twong — chfmg han nhu Faster R-
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CNN [4] hodc YOLO [5] — @€ xac dinh cac vung chita nguoi trong anh. Sau d6, mot mang
con sé duwoc ap dung cho tirng vung nay dé du doan vi tri cac khop tuong ting. Cac mo
hinh ndi bat theo hudng ti€p can nay bao gom Hourglass [6], HRNet [7] va ViTPose [8].

Nguoc lai, hudng tiép can bottom-up thwe hién du doén tat ca cac diém khép c6
thé c6 trong anh ma khong can tach riéng tirng nguoi. Sau khi duy doan, cac thuat toan
phan nhém sé duoc st dung dé€ gan cac khdp vé ting doi tugng twong tmg. Mot s6 md
hinh tiéu biéu thudc hudng tiép cdn nay bao gom OpenPose [9], OmniPose [10],
MoveNet [11], v.v...Trong sO cac kién trac hién dai, HigherHRNet [12] dwgc xem 1a mot
ban cai tién dang chu y cua HRNet, von noi bat vdi chién luoc duy tri d6 phan giai cao
xuyén sudt qua trinh trich xuat dac trung. HigherHRNet bd sung co ché€ phat sinh
heatmap ¢ cac tang trung gian c¢6 d¢ phan giai thap hon, tir d6 nang cao d6 chinh xac
trong dinh vi khép xwong, dac biét trong cac treong hop tu thé phiic tap.

Tuy nhién, han ché cua HigherHRNet — ciing nhw nhiéu mé hinh tich chap truyén
thong — la chura ¢6 co ché€ diéu chinh dong muitc d quan trong gitta cac kénh dac trung.
Day chinh 14 Iy do ma & nghién ctru nay, chiing t6i huéng dén khéc phuc thong qua viéc
tich hop SE-Block [13] vao cau tric md hinh. Chung t6i chon SE-Block thay vi cac co ché
attention khac vi SE-Block ¢6 cdu tric don gian, dé tich hop va da dwoc chitng minh hiéu
qua trén nhiéu mo hinh backbone tiéu chudn nhuw ResNet va Inception [13]. Cac nghién
cttu [14, 15] da tich hop SE-Block vao HRNet cho cac bai toan nht phan doan ngit nghia
hodc phan loai canh vién tham, va cho thdy két qua cai thién rd rét ma khong lam ting
dang ke chi phi tinh toan. Do HigherHRNet la kién triic mo rong tit HRNet, viéc sit dung
mot co ché attention da twong thich t6t véi HRNet la lwa chon hop 1y va 6n dinh hon so
voi cdc mo-dun khac. Bong gop chinh ctia nghién cttu nay dwoc tdm legc nhu sau:

e Thuw nhét, ching t6i tich hop SE-Block vao gitra hai 16p tich chap dau tién trong
mo-dun trich xuét dic trung ban dau caia HigherHRNet, gitip mo hinh hoc duoc
muc d6 quan trong twong doi gitra cac kénh dac trung, tir d6 lam noi bat thong
tin c6 gia tri va giam anh hudng tir nhiéu.

¢ Thu hai, m6 hinh cai tién dwgc huan luyén va danh gia trén tap di lieu COCO
[16] - mot tap dix liéu phd bién cho bai toan wdc luong tu thé nguoi — va duoc so
sanh truc ti€p voi phién ban HigherHRNet goc trong cung diéu kién huan luyén.
Két qua thuec nghiém cho thdy viéc tich hgp SE-Block mang lai cai thién nhat dinh
vé d6 chinh xac, ddc biét trong cac truong hop khé nhu khép bi che khuat hoac
chong lap.

2. NGHIEN CUU LIEN QUAN

HigherHRNet 1a mot kién tric mo rong tiv HRNet (High-Resolution Network),
duoc thiét k&é nham nang cao hiéu qua trong cac bai toan wéc lugng tu thé nguoi, déc
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biét la trong viéc phat hién cac diém khép voi d6 chinh xac cao. Trong khi hau hét cac
kién trac truyén thong thuc hién qua trinh giam d6 phan giai roi sau dé khoi phuc lai
bang cac tang upsampling, thi HRNet — va mé rong hon la HigherHRNet — duy tri dd
phan giai cao xuyén sudt toan bo kién tric, dong thoi két hop thong tin tir nhiéu tang do
phan giai khac nhau mot cach tuan ty va hiéu qua.

Diém dic biét ctia HigherHRNet ndam & kha ning xay dung heatmap & cac cap
dd phéan giai khac nhau, tttc la m6 hinh khong chi dy doan cac diém khop 6 cap d6 dau
ra cudi cung ma con sinh ra cac heatmap phu tai cac tang trung gian c6 d6 phan giai thap
hon. Cau truc ctia HigherHRNet bao gom cac mo-dun High-Resolution Modules, trong
d6 mdi nhanh xtt ly mot &6 phan giai khac nhau, va cac mo-dun nay dwoc két néi lap lai
tuan hoan dé€ lam giau ddc trung khong gian.

Heat map

Aggregation

Hinh 1. M6 hinh HigherHRNet

Vi cac dac diém thiét ké nhu vay, HigherHRNet da chitng minh hiéu qua vuot
trdi trén nhiéu tap dit liéu chuan nhu COCO, MPII [17] va CrowdPose [18]. Tuy nhién,
nhuw nhiéu kién trac CNN truyén thong khac, HigherHRNet van xtt ly cac kénh dic trung
mot cach dong déu ma khong xét dén miic d quan trong khac nhau gitra chtiing. Diéu
nay d&t ra nhu cau tich hop cac co ché cht y d€ ting cuwong kha nang hoc biéu dién, tir
d6 mo ra hudng cai tién hiéu qua ma nghién ctru nay dé xuat thong qua viéc két hop SE-
Block.

HxWxC HxWxC

Scale

Global
pooling

(Recalibration)

Hinh 2. Kién trac khoi SE-Block
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B dit lieu COCO (Common Objects in Context) la mot trong nhitng tap di liéu
pho bién va c6 anh huong 16n trong linh vuc thi gidc may tinh, duoc st dung rong rai
cho céc bai toan nhu phat hién déi twong, phan doan anh, va dac biét 1a wdc luong tw
thé nguoi. Trong nghién cttu nay, chung toi st dung tap huén luyén va tap kiém tra caa
COCO dé€ huan luyén va danh gia mo hinh dé xuat.

SE-Block la mot khéi module c6 kién truc don gian nhung hiéu qua, dwgc thiét
k& d€ gitip cac mo hinh hoc sau cht ¥ 8t hon vao nhiing kénh dic trung quan trong. Y
twong chinh cta SE-Block la thay vi xt 1y moi kénh mét cach giong nhau, mo6 hinh nén
uu tién nhitng kénh chtta thong tin hitu ich va gidam bot anh hwdng cuia cac kénh khong
can thiét. SE-Block cd thé tich hop rat linh hoat vao nhiéu kién truc CNN hién c6, va

thuong mang lai két qua cai thién r6 rét ma khong lam mo hinh ndng thém nhiéu.

Mot nghién cttu lién quan la CE-HigherHRNet [19], trong d6 CBAM [20] dwoc
tich hop sau cac ting hop nhat da ti 1é nham tang cuong thong tin ngit nghia. Cach trién
khai nay gitp cai thién d6 chinh xac, nhung cling lam tang d¢ phtc tap do CBAM két
hop attention theo ca kénh va khong gian, trong do spatial attention stt dung tich chap
7x7 trén toan bd ban d6 dic trung. Trong nghién ctru nay, chung toi dé xuat tich hop
attention sém hon - tai giai doan tién xtr ly ddc trung — gitta hai 16p convolution dau
vao. Néu ap dung CBAM tai vi tri nay, spatial attention sé xt ly cac ban d6 dac trung c6
dd phan giai 16n, gay tang chi phi tinh toan. Nguwoc lai, SE-Block, véi co ché cha y don
gian theo chiéu kénh, 1a Iga chon phtt hop hon dé ting cuong biéu dién ban dau ma
khong lam phtic tap kién trtc.

3. GIAI PHAP TiCH HOP SE-BLOCK VAO HIGHERHRNET

Chung t6i chon SE-Block dé tich hgp vao HigherHRNet vi day la mét giai phap
don gian, dé ap dung va da duoc kiém chiing 1a cé hiéu qua trong nhiéu moé hinh hoc
sau. Co ché hoat dong ctia SE-Block gébm ba budc chinh: nén khong gian (squeeze), kich
hoat kénh (excitation) va tai hiéu chinh dac trung (recalibration). Gia sit dau vao tai mot
thoi diém la mot tensor X € RE*H>*W trong do: Cla sd lwgng kénh dic trung (s feature
map) — vi du nhw 64 hodc 128 kénh dau ra tit mot 16p convolution, H la chiéu cao cta
feature map (height), W la chiéu rdng ctuia feature map (width).

Noi cach khac, mot tensor 3 chiéu € X H x W twong tng voi C feature map, véi
moi feature map c6 kich thwdc 1a H x W. Qua trinh Squeeze — tong hop thong tin theo
khong gian duoc thuee hién bang cach tinh trung binh toan cuc nhu sau:

_ 1 H w .. e
Ze = Ty izt j=1XC(l,]) voic=12, ..., C

e))
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Vector z duoc duwa qua hai 16p fully connected v6i ham ReLu va sigmoid dé hoc
trong s6s € RC trong qua trinh Excitation:

s=o0(W,.8(W;.z))
(2)

c c
Véi o 1a ham Relu, & 1a ham sigmoid, W; € R~ ¢, W, € R®*7, r 1a hé s6 giam
chiéu. O budc Recalibration, trong sd s duwoc nhan véi dau vao X dé tao ra mot dau ra
X moi:
Xc= s, Xcv6ic=12,...,C

3)

Trong qua trinh thuc nghiém, ching t6i hudn luyén mo hinh HigherHRNet va

phién ban da duoc tich hop thém SE-Block trén tap dir lieu COCO. May dung dé€ huan

luyén c6 cau hinh gom CPU Intel i5-13600K, RAM 64GB va GPU RTX 3090. Do gi6i han

vé phan cting, ching t6i khong hudn luyén mo hinh tir dau ma st dung lai trong sd

pretrained tir tac gia cia mo6 hinh HigherHRNet da hudn luyén san trén tap COCO véi

s0 epoch la 40, thoi gian hudn luyén ctia ca 2 trwong hop la 36 gio. Trong khi kién truc

goc cua mo hinh HigherHRNet duoc huan luyén véi tong s epoch la 200. Chung t6i tin

rang néu trong diéu kién cé thé tang s6 epoch hudn luyén 1én day du hon, hiéu qua cta
SE-Block mang lai sé thé hién rd hon.

.................

i ®
’l

Heat map

Aggregation

o e e e e e s

Hinh 3. So d6 tong thé mo hinh dé xudt vo6i SE-Block tich hop vao HigherHRNet

Bang 1. Danh sach cac tham s6 chinh st dung trong qua trinh hudn luyén

STT Tham s6 Gia tri Ghi chu

1 Batch size 32 Kich thudc mini-batch huan luyén
2 Shuffle True X4o tron di liéu trong mdi epoch
3 Optimizer Adam B¢ t6i vu hda
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4 Learning rate 0.001 Tdc d6 hoc ban dau
5 Learning rate step [20,30] Cac moc epoch giam learning rate
6 Learning rate factor 0.1 Hé s0 giam learning rate néu khong cai thién
7 S6 epoch huédn luyén 40 Tong s vong 1dp huan luyén
Str dung trong so riéng cho ting diém khé
8 Use target weight True ing fong & & P

trong ham mat mat (loss)

Két qua huan luyén ¢ Hinh 4 cho thdy md hinh tich hop véi SE-Block ¢ d6 én
dinh t6t hon dang ké so v6i mo hinh g6c. Cu thé la tai train_stage4000 (stage cudi cung
ctia qud trinh huan luyén), heatmaps loss cia m6 hinh gdc dao dong manh méc dut van
c6 xu hudng giam, trong khi heatmaps loss cua md hinh két hop véi SE-Block tich hop
giam déu va it nhiéu hon. Diéu nay cho thay SE-Block da gitip md hinh tap trung hiéu
qua hon vao cac kénh ddc trung quan trong, qua dé gép phan cai thién qua trinh hdi tu
cta qua trinh huén luyén.

train_stage4000_heatmaps_loss

b) Heatmap loss cua mo6 hinh HigherHRNet c6 tich hop SE — Block

Hinh 4. Heatmaps loss cua qua trinh huan luyén a) M6 hinh HigherHRNet va b) M6 hinh
HigherHRNet c6 tich hop SE — Block (smooth = 0.8)
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Bang 2. Két qua valid m6 hinh HigherHRNet goc
va mO hinh HigherHRNet ¢6 tich hop SE —Block

Chi s& HigherHRNet HigherHRNet + SE
AP 64.5% 64.3%
AP@0.5 85.0% 85.6%
AP@0.75 70.0% 69.9%
AP (M) 59.5% 59.4%
AP (L) 72.1% 72.2%
AR 69.5% 69.7%
AR@0.5 87.7% 88.1%
AR@0.75 74.0% 74.1%
AR (M) 63.4% 63.5%
AR (L) 78.3% 78.5%

a) b)

Hinh 5. Két qua valid cia m6 hinh HigherHRNet gdc (Hinh a) va md hinh HigherHRNet tich
hop v6i SE — Block — (Hinh b)

Két qua danh gia cho thdy mo hinh c6 SE-Block c6 sy cai thién nhe vé d6 chinh
xac khi so véi mo hinh goc, cu thé ¢ cac chi s6 AR nhe AR@0.5 va AR (L). Tuy chua tao
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ra su khac biét ro rét & giai doan nay, nhung qua trinh huan luyén én dinh hon va duong
loss muot hon cho thdy SE-Block dang gitip mo hinh hoc t6t hon vé mat lau dai. Bén
canh d9, thoi gian huédn luyén gan nhu twong dwong ciing nhu kién tric don gian cua
minh khién SE-Block hoan toan xting dang duogc xem xét la mot giai phap phu hop dé
cai tién khi tich hop vao cac mo hinh rat trich d liéu khung xuong néi chung va mo
hinh HigherHRNet noi riéng.

Maéc du SE-Block gitp 6n dinh qua trinh hoi tu, mét sd chi s6 nhu AP@0.75,
AP(M) giam nhe. Diéu nay xuat phat hai nguyén nhan chinh. Thi¢ nhat, SE-Block o6 vi tri
tich hop trong nghién ctru nay can bang lai trong s6, wu tién cac déc trung tong quat nén
d6i khi lam mo nhitng ddc trung chi tiét can cho cac ngudng danh gid nguong khat khe
nhu AP@075. Thit hai, véi s6 epoch hién tai con han ché, mo6 hinh chua cé dua thoi gian
déhoc sau cac dic trung nho nay; khi ting thém epoch, AP ¢ cac ngudng cao nhiéu kha
ndng s€ duoc cai thién.

Vi kién trac HigherHRNet g6c thuwong dwoc huan luyén trong khoang 200 epoch,
chting t6i tin rang néu tiép tuc huan luyén véi s§ epoch 16n hon, hiéu qua ma SE-Block
mang lai sé dugc thé hién r6 hon, ddc biét trong cac tinh hudng phttc tap nhu khdp bi
che khuat hodc anh c¢é nhiéu nguoi. Hinh 5 cho thady m6 hinh HigherHRNet khi tich hop
SE — Block c6 thé phat hién t6t hon cac khdp xuwong trong cac truong hgp cac bd phan co
thé nguoi bi che khuat.

4. KET LUAN

Trong nghién cttu nay, ching toi da dé xuat cai tién mo hinh HigherHRNet bing
cach tich hop thém khdi cht y SE-Block nham tang cwong kha nang hoc cadc méi quan
hé khong gian trong bai toan trich xudt dtt liéu khung xuong nguoi. Khong thay doi kién
tric tong thé, phwong phap dé xuét tap trung vao viéc tang hiéu qua xu ly dac trung
theo kénh, ttr d6 cai thién do on dinh trong qua trinh huédn luyén va chét luong dau ra.

Két qua thuc nghiém trén tap dir liéu COCO cho thdy mo hinh ¢4 tich hop SE-
Block tang nhe hiéu suét so vdi md hinh g6c tai moc 40 epoch, v6i dd hédi tu dn dinh hon.
Dac biét, trong cac tinh hudng phtc tap nhu che khuat, mo6 hinh c6 tich hop SE-Block
cho thay kha nang nhan dién chinh xac hon. Tuy nhién han ché trong nghién ctru nay la
v6i sO epoch huédn luyén con han ché, SE-Block chwa hoc duoc cac dac trung chi tiét, qua
d6 két qua cai thién ctia m6 hinh con khiém t6n. Chiing t6i tin rang néu tiép tuc hudn
luyén vdi sd epoch 16n hon, hiéu qua ctia SE-Block sé cang duwoc thé hién ro.

Trong qua trinh thuc nghiém, chiing tdi cling da tién hanh th tich hop khoi SE-
Block vao tat ca cdc nhanh trong mé hinh HigherHRNet. Tuy nhién thoi gian huan luyén
lai tang 1én dang ké trong khi do chinh x4c lai giam. Vi vay, trong tuong lai, hudng
nghién ctu ti€p theo sé mo rong viéc ap dung SE-Block c6 chon lgoc vao cac nhanh phan
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giai

khac nhau trong HigherHRNet, cing nhu két hgp véi cac co ché cht y nang cao

khac nhue CBAM dé tiép tuc cai thién chat luwong trich xudt khung xwong trong cac moi

truong thuee t&€ phiic tap. Bén canh d6 viéc tién hanh thuc nghiém trén cac dataset khac

nhu MPII, CrowdPose ciing nhw trén cac m6 hinh ¢6 kién tric nhiéu tang khac cting 1a

mot hudng nghién cttu ma nhém tac gia huéng dén.
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IMPROVING HIGHERHRNET’S FEATURE LEARNING
WITH SE-BLOCK FOR HUMAN POSE ESTIMATION
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ABSTRACT

Skeleton extraction, or human pose estimation, is important role in tasks like action
recognition and motion tracking. Over the years, many approaches have been
developed to extract skeletal key points from images and video frames. This paper
proposes a lightweight enhancement to HigherHRNet by integrating a Squeeze-
and-Excitation (SE) block to adaptively recalibrate channel-wise features for better
human pose estimation. Experiments on the COCO dataset show improved Average
Recall (AR), especially in complex poses with occlusion and smoother loss
convergence. This demonstrates the potential of SE-Block as a practical
improvement for skeleton-based models, and it opens up possibilities for future

work in pose estimation and related applications.

Keywords: computer vision, deep learning, skeleton data.
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