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Ngay nay, cong nghé tri tué nhén tao (Al) co vai tro hét sitc quan trong trong moi linh v clia
Aol s6ig. Trong d6, finh vic an toan thong tin, gidm st an nink thong minh c6 tiém ndng lorg
dung rit ldn. Bén canh cdc gldi phdp nhue phdt hién mang Botnet [1), phat hién tin cong trink
sdt mang (2], viéc img dung Al trong gidm sét an ninh, ho tro diéu tra toi pham ding dang
duic nghién ciat, phit trién via lng dung rong rdi. Trong bai béo nay, nhom tdc gid dé xudt gidi
phdp sit dung mé hinh mang no-ron tinh gon phén loal tuong tdc gitta 2 nguix trong chudi dnh
rof rac. Két qud nghién ciat c6 vai brd quan trong lam co sd xay ding va phait trién cdc mo hink

GIOI THIEU

Muc tiéu clia bai bao la phéan tich tuong tac cua
con ngudi trong cac chudl anh rdi rac hoac video.
D lidu c6 thé dudc trich ra tif cac doan video hoic
cac bd suu tp anh trén Intemet. Cé 2 cach tiép
can chinh trong bai toan nhan dang hanh déng la
nhén dang hanh déng tryc tiép qua da liéu video
hoac dua vao cic diém chinh trén khung xuong
(skeleton-based methods) [3], trong dé toa dd
céc diém chinh trén khung xudng dugc xac dinh
trudc. Mt s8 gidl phap phd bidn xac dinh toa db
cac diém chinh trén khung xuong ngudi (skeleton
estimation) c6 thé ké dén nhu: OpenPose [4],
DeepPose va DeeperCuL

Trong nghién clu nay, nhém tac gid sé tap
trung nhén dang tuong tac gidia 2 ngudi trong chudi
anh réi rac, gia dinh ring dil lidu vé cac diém chinh
trén khung xuong dudc xac dinh truGc. Nhém
tac gid da xiy dung cac bd phan loai chuyén gia

(expert classifier) cho cac phan doan khac nhau
clia hanh ddng. M&i hanh ddng dugc chia ra thanh
4 phan doan, gém cé: giai doan bt diu, giai doan
trung gian thi nhat, giai doan trung gian thi hal va
giai doan ké! thic. Két qua cudi cing sé dugc tinh
todn dya trén két qua phan loal hanh déng cla 4
bd phén loai chuyén gia tai mél phan doan.

D& cé thé cung cdp chi tiét k&t qua nghién cuu,
nhém tac gia sé chia ndi dung trinh bay giai phap
thanh hai phin. Trong phin | nay, nhém tac gia
sé qidi thidu khai quat van dé nghién cdu; cac gidi
phap truyén théng dé giai quyét bai toan; k§ thuat
phat hién diém chinh trén khung xuong, thuat todn
gdp didm va trich xudt dic trung cho mé hinh.

GIAI PHAP
Kién tric

D liéu vao cho bd phan loai hanh déng la mot
chudi cac khung anh (frame) réi rac 1 video. Gia
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Hinh 1. Kién trie cda mo hinh

dinh réing thoi diém bat ddu va két thic hanh dong
cda mdt doan video dugc xac dinh truéc. Doan
video sé dugc chia thanh A doan ngén lién tiép
(chdng han M = /6). Chon 1 frame tif m&i doan
ngdn nay dé phan loai hanh ddng. Gia sl ring
M=N*m, trong d6: N la2 s& phan doan cla hanh
déng, m 1A s8 frame dugc chon trong mdi phéan
doan nay.

Trong nghién ciiu nay, nhém tac gia chon N=4,
bao gém cac phan doan: bit ddu, gial doan trung
gian thd 1, gial doan trung gian thi 2 va giai doan
két thic. Cac bd phén loal yéu duge xay dung dé
phén loal hanh ddng cho mai phan doan nay. Kién
triic tng thé cla gidi phap duge thé hién trong
Hinh 1, bao gébm mét s8 budc xUf ly sau:

Budc 1. Udc lugng toa do cdc diém chinh trén
khung xuong: SU dung thu vién OpenPose [5] dé
phat hién toa dd cac khdp xudng chinh trén co
thé ngudi.

Bude 2. Trich xudt vecto dac trung: Thuét
toan “keypoint enhancement algorithm" dugc dua
ra dé trich xudt ra 2 tap diém dang tin cay tuong
Ung vdi toa 46 cac khdp xuong chinh cda 2 ngudi
trong céac frame anh; tiép theo, cac veclo dic
trung tuang ting dugc trich xudt tif 2 tap didm diu
ra cda thuét toan.

Bude 3. Hudn luyén va ddnh gid cc b phan loai
chuyén gia: Hudin luyén cac mang no-ron tinh gon 6é
phén loai hanh ddng trong mé&i phan doan béng bd
phén loal y&u; 18I vu siéu tham s8 cic mang nd-ron
sl dung thu vién Keras-tuner; danh gia cac mé hinh.

Budc 4. BS phan loai két hgp: Xay dung mang
nd-ron két hop tif cac bd phan loai yéu dé phan
loai tudng tac gidia 2 ngudi. M&i di liéu vao, mb
hinh sé dua ra phan b8 xac sut trén tp hop cac
hanh ddng déu ra; hanh ddng c6 xac sudt I6n nhét
dugc lya chon lam két qua phan loal cudi cung.

Budc 5. Kiém thir mé hinh: Cac md hinh xay
dung ducc kiém thi trén 2 bb di lidu, bao gém bd
dil lidu ty xAy dung humiact5 dataset va b da liéu
NTU RGB-+D.

Udc lugng toa dd cic diém chinh trén khung xuong
Trong nghién clu nay, nhém tac gia sit dung
md hinh body_25_model cla thu vién OpenPose
@é trich xudt toa dd 25 didm chinh trén mdi b
khung xuong (cé chi s8 tham chiéu ti 0 dén 24),
tuong duong véi 1 mang 25 phén td. M&i phén td
clia mang gém théng tin toa dé va diém tin cay.

Trich xudt vecto dic trung

Tl cac tap diém chinh trén khung xuong trich
xufit bdi OpenPose, thuét toan gdp diém dugc s
dung dé trich xudt ra 2 tap diém dai dién cho méi
frame dya trén thudc do vé @ 16n, cu thé: 2 tap
diém c6 sy thay ddi vé toa db I6n nhét dugc chon
@é trich xudt déc trung.

Skeleton enhancement: C6 nhiling trudng
hdp OpenPose nhan dang sai va chia tach cac
diém chinh clia 1 ngudi thanh céc tap didm khac
nhau do ngudi bi che khudt hodc 4nh c6 dd phén
dai thdp. Vi vy, nhém tac gia da phat tridn mot
thuat toan cho phép tim kiém, thay thé va gdp
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cac tap diém c6 kha nang

cao la thubc vé mot ngudsi. szl

Déu tién, cd ging gbp cac ehiosbiter o

tap diém khi c6 thé ¢é tao m =

ra cac tap diém dang tin cay soormaned !

hon (Hinh 2). w,
Cac cong thic tinh toan

cho méi 2 tap diém bao

gdm céc chi s6 dugc chudn

héa vé s6 lugng diém giao
nhau va khodng cach gida
2 tap didm. Céac chi s8
tinh todn dugc so sanh véi

cac ngudng tham s8 thuc

nghiém tuong Ung dé quyét
dinh xem 2 tap dang xem
xét c6 thé gdp lai véi nhau
hay khéng. Néu cac chi s& nay thdéa man diéu
kién, khi gép 2 tap diém, cac didm cé xac sudt
cao hon tai cac diém giao sé duge chon.

Trinh bay mét cch b rang hon, mdi tap diém
Ung véi mét bd khung xuong tif mé hinh body_25_
model la mdt mang gdm cd dinh 25 phén tU. Tuy
nhién, phén t tai chi s8 / cla mang c6 cac gla tr
toa dd va diém tin cy déu bing 0 sé& dugc coi la
phén ti khuyét trong tap diém d6. Mot tap diém
c6 thé bi khuyét mét hodc nhiéu phén 1. Vi du,
cé 2 tap diém A va B nhu sau: A={0,1,2,5,8,23)
.B={0,5,6,7,8,9,10,24). Cac chi s8 khuyét clia tap
AvétépB(cécdtIsdoOcécglétritoadOvadlém
tin cy déu bing 0) sé& khéng xudt hién trong 2 tap
nay. V6i 2 tap @i cho, cac didm giao la cac diém
co6chisd 0, 5, B.

Gia sU, hal tap diém A va B dugc xem xét 6é
gbp lai véi nhau. Khéng mét tinh t8ng quét, gia sd
tap A 1 tap bé, tap B la tap I6n (tap bé 1a tap cb
s6 lugng didm nhd hon tap I6n). Hai tap A, B c6
diém trung binh I&n gt 1a m, va m_. DY léch chudn
clia céc tap diém A, B theo truc O_va O, i4n luot 1a
[std, std Jva fstd, std, ]. Diéu Kién 68 gbp nhu sau:

|AnB| (1)
_|B| <6,

lmA.r = mB.x'

|m~4o)' = mB..VI <@ (2)
stdy, + stdg,, ¢

stdy, + stdg, ~

Hinh 3. Cée budc thay thé cdc didm d9 tin edy thdp trén khung xuong

Trong d6, 4,0, la cac ngudng vé sd luong
diém giao va vé khodng cach dé cé thé gop 2
tap. Gol tap cic diém giao trong tap nhd A 1a S,
tap cac diém giao trong tap 16n B la B. Tap S
sé dugc xem xét dé thay thé tap B,. D& quyét
dinh diéu nay, cac chi s§ sau cdn dugc tinh
toan: Khoang cach Euclidean chudn héa gida
2 tap diém S va B, diém tin cdy trung binh cla
14t ca cac diém trong 14p S va tap B, (Hinh 3).
Cac gia tri phuong sai tiéu chudn cla tap nhé 1a
[Sed, Std, ] Gid tri x&c xudit 6 tin cdy cla diém
J thude tap didm ducc ky hiéu béi P(). Didu kién
thay thé cac diém dé tin cay thip nhu sau:

N
S o (- + g -3 )) 50, @)
X ]

N
1
52 P(S) = 6, (4)

N
52 P(B,) S B )

Trong @6, #, la ngudng khodng céach
Euclidean tiéu chudn, ¢, 1a ngudng dd tin cdy can
dudi cho tap S, va 4, 1a ngudng dod tin cdy can
trén cho tap B,

Sau khi thyc hién thuat toan gdp, cac tap diém
con lal s& dugc sip xép U 16n dén bé bdi kich
thuéc hinh chd nhat bao (bounding box) céc tap
diém nay. V6i (wh) bidu dién chiéu rdng va chidu
cao cla bounding box, diém score=w-h. Hai tap
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didm c6 diém s8 cao nhédt sé dugc gidl lal va sl
dung trong budc trich xuft d4c trung.

1) Trich xufit ddic trung: Cho H_H, 14n luct I
tap diém trén bd khung xuong clia ngudi thd nhét
va ngudi thi hai (Hinh 4). 0,0_1a diém chinh gida
xuong cbt s6ng, a,a. la géc nghiéng cla xudng
cdt sdng I4n lugt cda ngudi thd nhét va ngudi thu
hal, /, 1a % dai xuong cét s8ng cha ngudi thi nhat.
Dic trung khodng cach dudc tinh 10an 1a khodng
céch gilia hai géc toa db 0,0, va dugc chuin héa
béng céch chia cho /;:

distance 6)
d= T

90 Hy

W|
Hinh 4. Bac trung khodng cach gida 2 b khung xuong

Viéc chudn héa toa db cla mdi tap diém dugc
thyc hién déc lap. Bat p = (p o= / latoadbcla
1 diém trén bd khung xuong H, (i=1,2). Cong thiic
chudn héa clia didm nay dugc tinh todn theo cac
cdng thuc sau:

P: = (P: l'pl’.V) = (Pi.l = 0Py — l.v)‘ i=12 (7)
(m",) = Icos(a:) =sin (¢) (pi..). 1S4s ®)

'y sin{a;)  cos(er)) J\pj,

i) = (B252).  i=12 ©

2) Vecto dic trung: K&t qua nhan dang didm
chinh clia OpenPose trén bd di lidu humiact5 va
cdia thiét bi chuyén dung Kinect v2 trén bd da lidu
NTU RGB+D cung cdp 25 diém chinh trén bd
khung xudng. Bang viéc phén tich mdt tap con di
lidu khung xudng, nhém tac gia nhan thdy ring
dil liéu cac diém dugc danh s6 tis 15 161 24, tong
(ing v6i cac phén nhd trén cd thé ching han nhu

ngén tay, thudng xuyén bi thidu da liéu. Vi vay,
nhém tac gia chi st dung nhing diém trén khung
xuong c6 chi s& tir 0 dén 14. K&t qud, vecto dac
trung thu dugc ti da liéu khung xuong cla mét
frame c6 61 chidu; trong dé, 15 diém x 2 gid trj toa
db x 2 tap diém va 1 dac trung khodng cach. Gia
st riing chiing ta @i chon dugc m frame dé phan
tich, két qua sé& cé mét ma trin vecto dic trung
kich thudc m x 61.

Trén co sé vectd dic trung dugc trich xuft,
céc bd phan loai chuyén gia, bd phén loai két hop
sé dugc hudn luyén va danh gia. Cac ndi dung
nay sé dugc trinh bay trong phén IL.

KET LUAN

Nhém tac gid da trinh bay khal quat cac
phuong phéap chinh nhan dang hanh ddng trong
video va chubi anh réi rac. Kién tric gidi phap dé
xudt trong nghién clu duge dua ra, cung véi dé
viéc udc lugng céc diém chinh trén khung xuong
con ngudi st dung thu vién OpenPose, thuat toan
gbp cac tap didm clng nhu k¥ thudt trich xuét dac
trung dugc trinh bay chi tiét. Trén cd s céc ndi
dung nghién cdu trong Phén |, ndi dung tiép theo
sé dudgc trinh bay tai phén Il vé phuong phép ciing
nhu céc budc tién hanh hudn luyén va danh gia
cdc bd phan loai chuyén gia va dua ra cac hudng
nghién ctu tiép dé cé thé (ing dung sau réng hon
nda Al vao cudc sdng. %
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