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Tom tit: Bai bao d& xuit mot hé thong nhan dién
dang diéu, theo d&i hanh vi con ngudi ap dung cho gidm
sat y té, sac khoe trong van dong thé duc, thé thao.
Phuong phap ma chiing t6i st dung 1a wéc tinh dang diéu
cua con ngudi bang thuat toan Openpose c6 backbone
(xwong song) 1& mang MobilenetV2, theo ddi va phan
loai cac dang diéu d6 bang mang LSTM. 4 dang diéu
dugc d& xuat huan luyén bao gdm da chan, danh dam,
nhay va thé duc khuyu chan. Pau ra cua hé thong 1a trich
Xuit ra bo khung xuong ctia con nguoi va nhin twong
g cho cac dang diéu. Két qua hé thong c6 do chinh xéac
khoang 91% va c6 kha nang (ng dung giam sét y té, thé
duc thé thao hoic diéu khién thiét bi dién tir trong nha
thdng minh.

Tir khoa: Openpose, VGG19, Mobilenet, Mobilenet-
thin, LSTM, pose estimate, extract skeleton, pose human.

I. DAT VAN PE

Nén cong nghiép Al sir dung méy méc thay thé suc
lao dong cua con ngudi duoc nghién ctu va phat trien ra
nhiéu may moc hiu ich, ap dung rong rai trong thuc té
nhu didu khién nha théng minh bang giong ndi, cham
cong bang nhan dién khuén mat, xe tu lai,... Mot (ng
dung dé diéu khién may moc ma chung t6i dang nghién
ctiu hién tai chua c6 phuong phap nao t6i uu tuyét doi dé
van dung rong rai trong thyc té d6 1a diéu khién thiét bi
dien tu trong nha bang cir chi, hanh dong, dang diéu cia
con ngum ddng thoi giam sat, giam sat hanh vi cta con
ngu’O’l dua ra cic canh bao nguy hiém trong y té, theo doi
cac dong tac trong thé duc thé thao. Hé thong nhan dién
dang diéu ma chung toi xay dung mang dén loi ich tuyet
Vvoi nhu vay. Lay vi du mét sb vi du dién hinh nhu trong y
té theo doi nguoi gia bi nga bi dot quy, tré nho ngé hoac
gap nguy hiém, dua ra cac canh bao cho nguoi than hogc
bénh vién; trong hinh sy nhan biét dugc hanh vi trom cap,
de doa; trong thé thao nhan biét dugc van dong vién sai
luat,. .

Thuc té di c6 mot sb nghién ctu nhan dién cir chi,
hanh dng da dugc ap dung cho cac tng dung trén nhung
dem lai ket qua khong cao hogc chi phi phan cang lon. Hé
thdng nhan dang dang diéu dugc coi la nang cao cua nhan
dang cir chi, hanh dong. Pau vao cua ching toi yéu cau
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can dit lieu 1a cac khung hinh lién tiép, chua toan bd co
thé con nguoi. Qua thir nghiém, hé thong phat hién kha
chinh x&c con nguoi va dua ra nhan chinh xac.

Su khéc biét trong he thong cua chiing toi bt nguén tr
dir liéu vao la cac khung hinh cat tir cac video va chira
toan bo co thé con nguoi. Heé thong nay muén dat dugc
két qua tot nhat thi dir liéu can huan luyén la vo clng lon.
Hay hinh dung h¢ thong cua chung toi goém 2 phan 16n.
bau tién I1a phat hién va trich xuat by xuwong cua con
ngudi, chung t6i st dung thuat toan Openpose, chung toi
thay thé backbone nguyén thuy & mang VGG19 bang
mang Moblle,net giam kho; luong tinh toan, giam so6
luwgng tham so6 di 40 lan. Tiép theo, hé thong s& su dung
mang LSTM dé hoc cac dic trung cua bo xuong duoc
trich xuét dong thoi phan loai nha dang digu, day la mang
by nhé dai ngin sir dung dir liéu video dé huan Iuyen
nam bét dwoc wu diém nay nén chang toi quyét dinh ap
dung vao hé thdng nhan dién dang diéu.

Il. CAC NGHIEN CUPU LIEN QUAN

Hién nay, chu d& vé nhan dién hanh dong cua con
ngudi khdng con xa la dbi véi nhiing ai c6 dam mé nghién
cau ve linh vuc thi giac may tinh. C6 rat nhidu phuong
phap dugc dé xuat nhung méi chi dirng lai & mac nghién
ctu hodc md phong trén may tinh.

Truge day, phuong phap don gian dé phat hi¢n hanh
Vi ctia con ngudi dwa trén phuwong phap trir nén dé tim
kiém do1 tuong chuyén dong [1]-[3], do d6 dir li¢u huan
luyén can chat luong t6t, anh sang tot, tién xu ly mét
nhiéu cong doan va phai ap dung cic phuong phéap tbi wu
cho viéc loc,, trir nén,...Cac phuong phap, mo hinh mang
Deep Learning dugc ra doi nhu Yolo [4] trong chuyén
dong video, phat hi¢n con nguoi va sir dung hop gisi han
dé theo ddi va nhan dién hanh dong hay Mobilenet V2 két
hop SSD [5] V6i anh tinh dat do chinh xac trén 90% khi
chay trén cau hinh yeu nhu di¢n thoai. Nhiing phuong
phap nay mic du da cai thién tot ‘hon tuy nhién tuy thudc
vao dir liéu dao tao ma hiéu suat co thé kém va model
nang, anh huong truc tiép dén hiéu nang va kha ning ap
dung vao thuc té cau bai toan.

Cac phuong phap st dung camera RGB-D Kinect
hodc str dung sensor dat dugc do chinh xéac kha cao nhung
t6n kém vé mat phan ctng [6][7]. Mot s6 thuat toan xir Iy
anh duoc ap dung pho bién cho bai toan wéc tinh hanh vi
cia con nguoi nhu SimplePose [8], AlphaPose [9],
OpenPose [10] str dung cac bo dix lieu I6n nhu COCO,
MPIL,... Cac thudt toan nay duogc nghién ctu va ap dung
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dé trich xuét ra bo xwong tir viéc tim ra cac diém trén co
thé dén ghép ndi mot cach pha hop, sau d6 ude tinh tu thé
con nguoi, tham chi ¢ thé thyc hién trong thoi gian thuec.
Dé cai thién toc do cling nhu do chinh xac cho hé théng
phat hién dang diéu con nguoi, mot s6 nghién ctu tién
phong [11] [12] d& cho ra doi phuong phép tim ra cac
keypoint tao ra bo xuong, hé thong s€ hoc cac dac trung
cia bo xwong dé d¢ nhan dién cac tu thé, hanh vi con
nguoi. Ban déau, cic keypoint dugc tim kiém theo phuong
phéap top-down [9] hé thong do tim ddi tuong sau do trich
Xuit bo xwong va udc tinh tu thé, theo thuc_nghi¢m
phuong phéap nay s& c6 phat hién du thira do nhiéu tu thé
dugc phat hién cho mot ngudi vi ¢ nhiéu hop gisi han 15i
bao quanh, phuong phap nay c6 thoi gian chay tuong (rng
V6i O ngudi Xuat hi¢n trong khung hinh, do d6 phuong
phép sé& hiéu qua néu chi c6 it nguoi. Trong khi [10]
phuong phap down-top trong Openpose lai tach thoi gian
chay h¢ thong véi so nguoi xuat hi¢n trong khung hinh,
dieu nay rat gidp h¢ thong vira chay trén thoi gian thuec,
vra trich xuat dugc nhiéu bo xuong. Pay chinh 1a diém
mau chét dan dén quyét dinh lya chon Openpose cho uéc
tinh tu thé con nguoi cia chung téi. Tuy nhién, ban dau
tac gia [10] sir dung backbone cua Openpose la mang
VGG19, mang CNN nay dugc danh gia 1a mot mang hoc
sau, bao gom mot chudi cac tang, mot tang tich chap (voi
phan dém d¢ duy tri d6 phan giai), mot tang phi tuyen nhu
ReLU, mot tang gop nhu tang gop cuc dai. Mot khoi
VGG gom mot chuoi céc tang tich chap, tiép noi boi mot
tang gop cuc dai d¢ giam chiéu khong gian. Trong bai bédo
goc cua VGG [13], tac gia su dung tich chap véi cac hat
nhan 3x33x3 va tang gop cuc dai 2x22x2 véi sai budc
bang 22 (giam mot nira d6 phén giai sau moi khoi). S6
lugng tham sé ma mang VGG19 duoc tinh toan khoang
138 triéu tham s6. Do hé théng cua ching ti can téi uu
vé hi¢u suat nén chiing toi thay backbone cua Openpose
bang mang Mobilenet V2 ¢6 tham s6 giam hon 40 1an so
voi VGG109.

Sau khi str dung Openpose dé trich Xuét ra bo xuong,
ching t6i sé tich hop LSTM vao hé thong nham trich xuat
ra cac ddc trung va phan loai nhan dang di¢u. Dua LSTM
vao hé thong, chlng téi s€ cai thién duoc sy sai khac gitra
cdc hanh dong tinh va dong c6 dang digu dé gay nhﬁm
lan. Chi tiét vé hé thong chung tbi s€ trinh bay & phan Il
va danh gid két qua ¢ phan 1V, bao gém ca két qua danh
gia trén phan cung that ma ching t6i mé phong trén may
tinh nhing Jetson Nano Kit.

Ill. GIAI PHAP THWC HIEN

A. Téng quan vé hé thang

Hinh 1 1a md hinh tong quan cac khdi chinh cua hé
théng nhan dién. Dau tién, dir liéu dau vao di qua md
hinh Openpose, thuat toan gidp phét hién con nguoi, tién
hanh phan tich va trich xuat cac diém luu lai trén co thé,
ghép ndi tao thanh cac khép va tao bo xuong hoan chinh,
dong thoi thuat toan ciing theo ddi su thay doi qua cac
khung hinh dé viéc trich xuét chuan xac hon. Céc gia tri
b6 xuong da trich xuit dwoc mang LSTM hoc cac dic
trung, huin luyén va tién hanh phan loai. Sau khi huin
luyén va thir nghiém voi bo dir lidu test, hé thong duoc
danh gia 1a c6 kha ning chay trén phan cang ciu hinh
thap hon. Vi vay két qua huan luyén duogc dua vao may
tinh nhiing Jetson Nano dé thir nghiém va cho ra két qua
kha kha quan, dénh gia chi tiét & phan IV.
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Hinh 1. M6 hinh téng quan hé théng thuc hién.

Moi hé thdng dugc nghién ctu va xay dung néu chi
dung & md phong sé la vb tac dung, do do6 chung t6i s&
danh gia két qua md phong va thuc thi thir nghiém trén
phan cung, tu day ching t6i khang dinh hé thong nay
khong chi ding ¢ budc nghién cu ma c6 thé dua vao md
phong thuc té nhu diéu khién thiét bi dién tir that théng
qua giam sat camera thuong.

B. Chi tiét hé thong
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Hinh 2. So dé hoat déng chi tiét ciia mé hinh

Hinh 2 khai quat chi tiét cach thic huan luyén mo hinh
nhan dién dang diéu cua hé thong.

1. Openpose va Mobilenet-thin
Khai thir nhét 1am nhiém vy trich xuat b xuong dong
thoi theo ddi doi tugng dé noi cac khép xuong tir cac
diém chinh trén co thé da dugc tim thay, xem Hinh 3.
Thuat todn Openpose thuc hién toan bo cong doan nay.
Hinh 4 [14] mo ta kién trac cua thuat toan Openpose.
Cac khung hinh lan lwot dwgc dua vao, Openpose,
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backbone 1a mang VGG-19 phét hién con nguoi, céc
nhanh Stage 1 — Stage t dé dao tao model nhan dién cac
diém cta bo xwong. Sau do, 38 Part Afinity Fields (PAF)
cho biét mirc d6 lién két cac khop va du doan lién tuc.

Tir viéc dénh gid kich thuéc mang, tham sé va do
chinh xdc duoc li¢t ké ¢ Bang 1. H¢ thong cta ching toi
quyet dinh st dung backbone Openpose la mang
Mobilenet.

[ ] 3. oll L 15
._
a0 9. §12 !
10g § 13

Hinh 3. 18 diém trén co thé va bo xuong tuong tng
ma Openpose can trich xuat

Mobilenet sir dung 16p tich chap Depthwise Separable
Convolution, xem Hinh 5 [15]. Y tuéng cua Depthwise
Separable Convolution la chia phép convolution lam 2
phan: Depthwise convolution & Pointwise convolution.
Depthwise convolution la mét loai tich chap ap dung mot
bo loc tich chap duy nhat cho mdi kénh dau vao. Trong
phép tich chap 2D thong thuong dugc thyc hién trén nhiéu
kénh dau vao, b loc ciing sdu nhu dau vao va cho phép

chiing ta ty do tron céc kénh dé tao ra ting phan tir trong
dau ra. Nguoc lai, su bién doi theo chiéu sau giir cho mdi
kénh riéng biét. Pointwise Convolution 1a mot kiéu tich
chap sir dung mot nhan 1x1: mot nhan Ip lai qua tung
diém don 1é. Kernel nay ¢6 do sau bang nhleu kénh ma
hinh anh dau vao c6. MobileNet ding rat nhleu 16p
Depthwise Separable Convolution dé giam sé lwong
parameter di nhiéu lan khoang 9 lan.

Tuy nhién sau khi khio sat thidy mang
Mobilenet-thin dwgc nghién ctu dya trén mang
Mobilenet cho tdc do tinh toan nhanh hon gap doi va do
chinh x4c gan bang nhau, xem Bang 4 [15], chung tdi
quyét dinh sir dung mang Mobilenet-thin cho backbone
ctia Openpose. Hinh 6 1a céu tric mang ctia Mobilenet-
thin. Drop-Activation 13 ham kich hoat phi tuyén, cu thé
1a ham ReLU6. ReLU6 cung cap hé s6 mé rong, day la
mot ham bé gy sy tuyén tinh ciia cac Neuron, né manh
mé khi dugc sir dung véi tinh toan co d6 chinh xac thap
[16]. Batch Normalization 13 16p chudn hoa hang loat dé
giam thiéu Overfitting [17]. Lop chép theo chleu sau giap
loc dau vao cudi ciing 1a 16p chap 1x1 gitip sd lugng kénh
nho hon, 16p nay con dugc goi la 16p nut c6 chai —
Projection Layer. Lép nay gidm dir liéu chay qua mang.
Mang Mobilenet-thin cat giam di 1/3 sb 16p cua
Mobilenet, mb ta & Bang Bang 111 [15], du vao 1a anh c6
kich thudce 32x32x3, bo dir liéu st dung la CIFAR-10.

Véi két qua khao sat dugc ¢ Bang II, hé théng cua
chlng tdi sé su dung Pretrained model (mé hinh mang da
dugc huan luyén duya trén bo dit liéu 1on va dugce déanh gia
cong khai) cua mang Mobilenet-thin dé thyc hi¢n huan
luyén hé théng cua chung t6i. Piém tuong dong vé di liéu
dao tao dugc md ta ¢ Hinh 7 va Hinh 8. Theo [15] t&c gia
st dyng mang Mobilenet-thin huin luyén b dix ligu
CIFAR-10, bai toan cu thé la nhan dién doi tugng (object
detection). O hé thong nay, chiing toi s& ap dung bai toan
co s¢ object detection dé thuc hi¢n bai toan phirc tap hon,
cu thé ddi twong mang can thyc hién phét hién va nhan
dién la con nguoi, ddng thoi tim kiém cac diém trén co
thé dé trich xuat bo xuong.

el

Pooling

Stage 1 Stage t, t>1
Loss f}
Branch 1 Branch 1
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VGG19 Branch 2
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Hinh 4. Kién tric Openpose
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Full Convolution

l

Depthwise separable
convolution

!

Avg. Pooling

FC & Softmax

Hinh 5. M6 hinh mang co s& cta Mobilenet

Input I I I I I
D — — o

Output I I I I
- - -«

W Convolution Drop-Activation

Separable ["] Global average pooling

I Batch Normalization [ FC and Softmax

Hinh 6. M6 ta cau triic mang Mobilenet-thin

Bang I. Panh gia tham sé va dé chinh xéac cua mét sb
mang CNN trén cung tap di¥ liéu ImageNet ttr Keras

Bang lll. Kién tric mang Mobilenet-thin

Layer/Stride QOuput Shape Parameter
Input layer 32,32,3 0
Conv2d/2s 16,16,32 864

Separable conv2d/sl 16, 16, 32 1312
Separable conv2d/s2 8, 8, 64 2336
Separable conv2d/s1 8, 8,128 8768
Separable conv2d/s2 4,4,128 17536
Separable conv2d/sl 4,4, 256 33920
Separable conv2d/s2 2,2, 256 67840
Separable conv2d/s2 1,1,512 133376
Separable conv2d/s1 1,1,1024 528896
Global average pool/sl 1,1, 1024 0
FC & Softmax/s1l 1,1,10 10250

Mang Kich thwée | Do chinh Tham s
Xac
Xception 88MB 0.945 22,910,480
VGG16 528MB 0.9001 138,357,544
VGG19 549MB 0.900 143,667,240
ResNet50 99MB 0.921 25,636,712
InceptionV3 92MB 0.937 23,851,784
MobileNet 16MB 0.895 4,253,864

Bang Il. So sanh mang Mobilenet va Mobilenet-thin
huan luyén trén tap di¥ liéu CIFAR-10 v&i 200 Epochs

[15]
Mang Kich bo Tham Thoi gian
thuée chinh s0 tinh toan
Xac trén moi
epoch
Mobilenet | 39.1MB | 84.3% | 3,239,11 31s
4
Mobilenet- | 9.9MB | 85.61% | 814,826 14s
thin
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Hinh 7. D@ liéu CIFAR-10

Hinh 8. D@ liéu cta chung téi thte nghiém

Céc bo xuong ma Openpose trich xudt ra mot ma tran
chtra vi tri 18 diém trén bd xuong, c6 gia tri trong khoang
tr 0 - 1 va file nhan twong Ging véi dang diéu cua bd
Xuong.

2.LSTM

RNN (Recurrent neural network) Ia md hinh Deap
Learning, c6 thé xu ly thong tin dang chudi (sequence/
time-series). Trong bai toan du doan hanh dong dau vao 1a
video, RNN c6 thé mang thong tin cua frame (anh) tu
state trudc toi cac state sau, roi ¢ state cudi 1a su két hop
cuia tat ca cac anh dé dy doan hanh dong trong video.

Mang bd nhé dai-ngén (Long Short Term Memory
networks), viét tat LSTM - 1a mot dang dac biét cia RNN,
no c6 kha nang hoc dugc cac phu thuge xa. LSTM duoc
thiét ké dé tranh duoc van dé phu thudc xa (Iong-term
dependency). Viéc nhé thong tin trong suét thoi glan dai
la ddc tinh mac dinh caa ching, chir ta khéng can phai
huén luyén né dé c6 thé nh¢ duoc. Tac la ngay néi tai cia
no6 di c6 thé ghi nho duoc ma khong can bat ki can thigp
nao.
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Moi mang hdi quy déu c6 dang Ia mot chudi cac mo-
dun lap di lap lai cta mang no-ron. Véi mang RNN
chuan céc md-dun nay cé cau trlic rat don gian, thuong la
mét tang tanh.

he

3

Dt liéu video duoc pét thanh cac frame, gan nhan va
phan loai theo myc. Téng so6 khung hinh chL'Jng toi co
khoang hon 8200 khung hinh cho tép train va 900 khung
hinh cho tap test, Bang IV mo ta chi tiét s6 lwong khung
hinh cua tirng dang diéu.

Bang IV. S6 lwong dir liéu thu thap

Cer [ 2 3 D ﬁ‘ Dir liéu HuAn luyén Thir nghiém
Exercise Foot 1800 180
fil i 0 Jumpipg Jack 2900 290
C; Kick 2300 250
ol |G| [EEhod S Punch 1200 180
heal |1 1 ) G

Hinh 9. Céu tric bén trong mét state cia LSTM

LSTM ciing c6 kién truc dang chudi nhu vay, nhung
cac mo-dun trong noé co Cau tric khac voi mang RNN
chuan Thay vi chi c6 mét tang mang no-ron, ching co toi
4 tang twong tac véi nhau mot cach rat dac biét, mo ta
trong Hinh 9.

"

Céc dac trung clia bo xwong s& dwa vao X, cac trang
thai ticp theo [18][19]:

o Input: c1, hea, X Trong d6 x; la input & state
thir t caa model. c.1, he1 1a output cua layer
truge. h 1a két qua ham tanh.

e Output: ¢, h: ta goi c la cell state, h la hidden
state.

o fi, it , Ot tuwong Uing vai forget gate, input gate
va output gate.

Diém méi ciia LSTM so v6i mang RNN noi chung la
bang chuyén tir ¢, dén c; gidp thong tin nao quan trong va
can dung ¢ sau s& dugc giri vao va sir dung khi can thiét
nén LSTM c6 thé mang thong tin di tir xa (nh¢ dai han),
két hop Vvéi cac dac biet ké thira tir RNN 1a bo nhé nhan
han, day 1a ly do tai sa0 LSTM la mang dai — ngan han.
Dic diém nay caa LSTM thich hop voi dir lidu dau vao
ctia chdng t6i la chudi khung hinh.

O khéi the hai, sau khi mang hoc hdu hét cac dic
trung sau tung state thi dir ligu duoc dwa vao ham kich
hoat Softmax nam & layer cui cling cia mang LSTM dé
phan 16p nhan dang di¢u. Ham softmax sé tinh kha nang
XUét hién cua mét class trong tong s6 tat ca cac class co
thé xut hién. Sau d6, xac suat ndy s& dugc st dung dé xac
dinh class myc tiéu cho cac mput Xac suat s& lubn nam
trong khoang [0:1]; tong tat ca cac xAc suat bang 1 [20].

Hinh 11. Minh hoa b6 di¥ liéu thir nghiém

B. Két qua hudn luyén mé hinh

IV. KET QUA PATDUQC

A. Dir liéu dao tao

Dit ligu duoc thu thap dya trén thuc té, 30% dir liu
duoc ldy tir ngu0n Youtube, 70% dir liéu chung toi tu
quay. Muc dich de hé théng hoat dong chinh xac nhat khi
thir nghiém thyc té.

Bo dir ligu gom 4 dang diéu: kick (da chan Ién cao)
punch (d4m boc) jumping jack (nhay két hop dap tay) va
exercise foot (thé duc dan co chan), mé ta Hinh 10, Hinh
11

Hinh 12. Két qua phén loai dang diéu trén tap test
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Normalized confusion matrix
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__ Jumpjack 0.6
2
)
Qo
= 0.4
a Kick )
0.2
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Hinh 13. Ma trén nhadm Ian gitia cac dang diéu

Hinh 13 m6 ta ma tran nham lan giita cac dang diéu
ma chung t6i dat dwoc sau khi huan luyén xong mé hinh,
ching téi nhan thay rang dang diéu Punch c6 sy nham lan
cao nhét véi cac dang con lai do tu thé thuc hién hanh
dong cua dang diéu nay chii yéu tay hoat dong va ¢ tu thé
dang. Hinh 12 1a mét vai minh hoa ching tdi thuc hién
test trén bo dir liéu test. Két qua ching toi dat dwoc khé
kha quan, cu thé d6 chinh xac khoang 91.2%, toc do xir
Iy khung hinh trén gidy khoang 13.5fps. Cac truong hop
bo xuong khong chinh xac nhu dbi twong bi thiéu bo
phan, vi du nhu ¢d, xuong dui.

Chung t6i dua ra nhitng so sanh nhat dinh véi mot sb
nghién ctru lién quan, trong d6 c6 danh gia vé do chinh
xéc, hiéu nang hoat dong va phan cang st dung dé dao
tao md hinh, Bang 6 mo ta nhitng sb liéu nay.

Béng V. So séanh cac phwong phap nghién ctru

Phwong | P | Tocdd
phap chinh xir ly gian du
xac | (hinh/s) | doan méi

(%) khung
hinh
Phat hién 86 N/A N/A CPU
ngd bang
Threshol
d+SVvM
[21]
Phat hién | 91.7 N/A 45s GPU
ngi bing
Openpos
e+ CNN
[22]
Nhan 91.2 135 2s GPU
dang
dang
diéu
bﬁng
Openpos
e+
LSTM

Thoi Phén cirng

str dung

Phat hién nga Ia mot (rng dung trong giam séat sirc khoe.

Phuong phdp trich xuit con ngudi bang Threshold cho
hiéu suat kém nén viéc ghén loai dat d6 chinh xac thap.
Ly do chinh la su thay d6i méi truong s& lam anh huéng
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dén hiéu qua nhan dién, vi du dién hinh 1 su thay di anh
sang hay su thay d6i hau canh di nho nhung van khién
cho viéc nhan dién ddi tuong vo cling kho khan. Khi viéc
du doan sai thi din dén viéc phan loai gap tro ngai 16n.
Do d6, phuong phép Threshold phan loai bing SVM
trong [21] chi dat két qua nhan dién khoang 86%.

Cung phuong phéap wdc tinh tu thé con ngudi sir dung
Openpose nhung thuét toan phan loai khac nhau nén cho
ra nhitng d4nh gia khac, cu thé QingzhenXu [22] st dung
mang Inception-ResNet-v2 — mot mang CNN dé trich
XUit ddc trung va phan loai, tham s mang khoang hon
54 triéu [23], mang hoc kha sau, day chinh la 1y do tai
sao do chinh xac ma t&c gia dat dugc cao hon phuong
phap cua ching t6i 0.5%. Nhung dé so sanh vé khdi
lwong tinh toan cua mang thi ching tdi chic chin mang
LSTM ma chdng tdi sir dung cho hé théng nhan dién c6
s6 lugng tham sé nhé hon gap 27 lan, khoang 2 triéu
tham sé. Vi dac thi tng dung cua hé théng giam sat sirc
khoe ma ching toi xay dung 1a quan tim dén hiéu ning
hoat dong cua hé thong nén dé chinh xé&c thdp hon.
Nhung do khéi lugng tinh todn nho nén so sanh vé thoi
gian du doan khung hinh/gidy, hé théng cua ching toi
nhanh gip 22 lan va chung t6i danh gia dugc toe do xir ly
khoang 13.5 fps, trong khi phan ciing st dung dé dao tao
mé hinh ¢6 cau hinh: Core i5 8300H, RAM 16GB, GTX
1050 Ti. Pay chinh 1a diém ndi bat ma hé théng chung
toi dat duoc.

C. Pdnh gid hé thong trén phan ciing

Sau khi c6 két qua moé phong, ching tdi nhan thiy
rang véi két qua ma chung toi dat dwoc c¢6 kha ning
nhiing duoc vao phan cing that. Vi vay, ching toi da tién
hanh danh gia hé thdng trén thiét may tinh nhang Jetson
Nano Kit c¢6 théng sé nhu trén Bang VI.

Bang VI. Théng sé Kit Jetson Nano
GPU 128-core Maxwell
CPU Quad-core ARM A57 143GHz
B6 nhd 4GB 64-bit LPDDR4 25.6 Gb/s
Hién thi HDMI/Display port
DC 5V 4A
Bang VII. Danh gia hé théng trén Jetson Nano
Cong suat trung binh 6166mwW
CPU 44% - 1.5GHz
Ram 3GB/4GB
Bo nhG swap 1.6GB/8.1GB
FPS 2.2

Két qua danh gia cua hé thong thé hién trén Bang VII.
Theo d6, hé thong sir dung khoang 44% CPU & tan sb
1.5GHz, tiéu ton khoang 3GB/AGB cua Kit, toc do xur ly
mét khung hinh theo gidy l1a 2.2fps, bo nhé swap chiém
1.6GB/8GB. Tiur cac két qua nhan dwgc kha kha quan,
chiing t6i d4nh gia rang hé théng nhan dién dang diéu ma
chiing t6i xay dung c6 kha ning ap dung vao thyc té.

D. Han ché va cai thién dinh hwéng nghién ciru

Mic dU nhan dwoc két qua kha tich cuc cho hé
thdng, tuy nhién & mot vai truong hop thir nghiém, hé
thong cho ra két qua khong tét, vi du nhu anh huong tir
mdi truong nhu dnh sang yéu, canh vat gan gidng voi
nguoi nhu canh ciy, ma no canh, khung treo quan 4o, ...
hé théng c6 thé nhan nhim thanh con nguoi. Ngoai ra
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Nguyén Hdu Phat, Nguyén Thi Ngoc, Pham Ngoc Thién

trong truong hop dbi tugng can nhan dién 1a con ngudoi
nhung khong du cac bo phan trén khung hinh thi hé thong
cling nhan dién sai hodc khong, truong hop lon hon la
khung hinh c6 chira trén 5 nguoi, hé thong khé cé thé
nhan dién duogc tat ca. Bé cai thién nhitng han ché nay,
huéng tiép theo ching toi s& thuc hién cac bude nhu bd
sung dir liéu, quan tim dén moi truong hop xau ma
ching t6i néu ra; thuc hién thém véi nhiéu dang diéu hon
két hop thir nghiém véi nhiéu déi tuong trong mot khung
hinh; ting téc 6 khung hinh trén giay, cai thién do chinh
Xac bang cach ting do phan giai cia video.

V. KET LUAN

Bai bao tap trung vao nghién ciu viéc sir dung CNN
dé u6c tinh tu thé con nguoi va phan loai dang diéu.
Trong bai bao nay chung t6i dd nhan dién dugc cac dang
diéu véi @6 chinh xéac trén 90% bang cach wdc tinh khung
xuwong st dung Openpose v6i  Backbone mang
Mobilenet-thin va sir dung LSTM dé hoc cac dic trung
ddng thoi phan loai cac dang diéu. Hé théng cua ching
t6i c6 kha nang chay duogc trén phan cing that dya vao
két qua ching toi thir nghiém duoc trén Jetson Nano Kit.

Tuy nhién hé théng van con nhugce diém nhu két qua
nhan dién cac dang diéu chua cao va toc d6 khung hinh
trén gidy & mic chip nhan dugc. Li do chinh la do di
liéu chiing toi tu thu thap c6 chat lwong kém, anh sang
yéu, thlet bi quay bi han ché. Trong twong lai, néu dwoc
cung cap mot bo di lidu chat lwong hon, c6 thé hé théng
cua ching toi s& cai thién dwoc cac han ché néu trén.Ti
do, tng dung két qua nhan dién dang diéu cho viéc giam
sat y t& nhu hudng dan tap thé duc, huéng dan tap va,.

LOI CAM ON

Nghién ciru nay duoc thyc hién trong khuén kho dé tai
do Bd Gido duc va Pao tao, Viét Nam tai tro véi tiéu dé
"Nghién ctru phat trién hé thong nhan dang ct chi, hanh
déng tng dung tri tué nhan tao trong nha théng minh"
theo dé tai cap bo ma sb B2020-BKA-06. Cam on Bo
KHCN d43 tai trg trong qué trinh thyuc hién bai bao nay.
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PROPOSING POSURE DETECTION SYSTEM
FOR MONITORING SPORT HEALTH

Abstract: The article proposes a system of posture
recognition applying to medical and health monitoring in
exercise and sports. The method that we use is to
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estimate human postures by the Openpos algorithm
whose backbone is MobilenetV2 network. Besides, the
system tracks and classifies those postures by LSTM
network. The four poses that are used for training include
kicking, punching, jumping, and elbow training. The
output of the system is to extract the human skeleton and
corresponding label for poses. The results show that an
accuracy of system is 91% that is capable of applying to
medical monitoring, sports or controlling electronic
devices in smart homes.

Keywords: Openpose, VGG19, Mobilenet, Mobilenet-
thin, LSTM, pose estimate, extract skeleton, pose human
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