Nguyén Hiu Phat, Nguyén Thj Thu Huong

PE XUAT HE THONG TRONG NHAN
DANG CUF CHI, HANH BONG S DUNG
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Tém tir: Bai bao nghién ctu mot hé théng dé nhan
dang cir chi, hanh dong trong nha thong minh. Phuong
phap ma chung toi d& xuat dya trén céc viéc sir dung
mobilenetV2 trich xuét dic trung két hop véi mang SSD
(Single Shot Detector). Chung t6i sir dung nam loai cu
chi dung Ién, ngdi xudng, ngira ngudi vé phia sau, di
gidy, va phay tay. Trong ung dung nay ngudn cap di liéu
tir camera cua thiét bi di dong sau dé thuc hién chay dé
phét hién dbi tuong. Két qua déi tuong trén khung hinh
bang hop giéi han. Mac du két qua dat yéu cau dat ra voi
d6 chinh xéc trén 90 phan tram. Tuy nhién trong mot s6
truong hop do chich xac con phu thugc nhidu vao sé
lugng hinh anh dao tao va do phan giai caa ching.

Tir khéa: MobilenetV2, SSD (Single Shot Detector),
nhén dang do6i tugng, ctr chi, hanh dong, dang di¢u.

I. DAT VAN BE

Ngay nay, nho co su tién bo cua khoa hoc ky thuat,
may tinh dan tr¢ thanh cdng cu dugc sir dung rong rai
trong cong Vviéc ciing nhu doi song con nguoi. Theo do sy
tuong tac gitta con nguorl va mdy tinh cling cang da dang.
Hién nay, con ngudi chi yéu twong tac véi may tinh qua
ban phim va chudt nhung véi su phat trién nhanh chéng
cua khoa hoc ky may tinh cac twong tac méi dwoc tim ra
nhu str dung giong noi, cir chi mang lai sy tryc quan dé
dang hon cho nguoi s dung. Theo d6 cac hé thong tuong
tac gilta con ngudi va may tinh dugc tap trung nghién
ctru.

Vigc str dung cu chi, hanh dong ngudi duoc xem la
mot y tuong hiéu qua dé con nguoi giao tlep véi nhau
trong thé gigi thuc. Hanh dong caa mot sy két hop cua
nhiéu bo phan khac nhau trén co thé mang ham y tuyén
dat thong tin. Do do trong bai bdo nay chung t6i s&€ nghién
ctu phat trién hé théng nhan dang ctr chi, hanh dong trong
nha thong minh. Dy 1a budc ticp theo phat trién cua bai
bao [1] da cong bé trong hoi thao NICS.

Muc tiéu ciia bai bado 1a thyc hién tim hiéu cach
tuong tac gilta con nguoi va may tinh gitp diéu khién cac
thiét bj dién tir. Trong bai bao nay chung t6i su dung cac
hanh dong nhu dung 1én, ngdi xudng, ngira ngudi vé phia
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sau, di gléy, va phéy tay dé thuc hién viéc tuong tac giita
con nguoi va may tinh. h¢ thong chuyén sang dinh dang
tensorflow lite dé c6 thé d& dang chay trén mot thiét bi
thong minh nhu 1a dién thoai di dong gilp giam bang
thong phia méy chu, giam do tré va cai thién toc do phan
hoi cua tri tué nhan tao (AI). Qua d6 giam chi phi luu
lugng truy cép di dong cho nguoi dung vi khdng can phai
tai mot luong 1én di liéu thd trén may tinh.

Phan con lai cua bai bao dugc trinh bay nhu sau.
Trong phén II ching tdi s& khao séat qua vé cac hé thdng
hién c6. Trong phén Il va phén IV, ching tdi lan luot
trinh bay md hinh va danh gia két qua ciia mo hinh dé ra.
Cudi ciing, ching tdi két luan bai bao trong phan V.

[l. CAC NGHIEN CLlPU LIEN QUAN

Nhén dang hanh dong la mot trong s6 ung dung trong
viéc kiém soéat cac thiét bi ky thuat so trong tuong lai. Dy
la mot cong ngh¢ tién tién trong tng dung nha théng
minh. Hién nay nhiéu cdng ty va cac phong nghién ctu
dang tich cyc nghlen ctu md hinh cong nghe cao cho
phép diéu khién man hinh ma khong can cham vao thiét bi
bang cong nghé Al va duoc quan tim hon ca & nhan dang
hanh dong.

C6 nhiéu nghién ctru d nhan dang hanh dong [2]+[9].
Trong [2] t&c gia thuc hién nhan dang theo bo xuong 3D
trén bo dir ligu NTU-RGB + D, Kinetic. Téc gia trong [3]
nhan dang dua trén mang noron va ban d6 quy dao (JTM).
Giai phép thuc hién theo [4] dé xuét sy két hop j[uén tu
cia Inception-ResNetv2 va mang bé nhé ngan han
(LST™M) dé tan dung phuong sai thoi gian dé cai thién
hiéu suat nhan dang. D¢ chinh xac nhan dang dat duoc la
95,9 va 73,5 phan tram trén UCF101 va HMDB51. Cac
thuat toan hoc may nhu biéu d6 dinh huéng cuc by, may
vecto hd trg (SVM) [9]. Nho kha nang hoc tap, mang luoi
than kinh khong can thiét lap tinh tha cong trong qua trinh
mo phong qua trinh hoc tap cla con nguoi va co thé thuc
hi¢n dao tao cac Mau cir chi, hanh dong dé tao thanh ban
dd nhan dang phén loai mang. Céac md hinh hoc tap sau
duoc ldy cam hung tir cac mo hinh xtr ly thong tin va giao
tiép dugc phat trién tir cac hé thdng than kinh sinh hoc,
bao gom céc mang ludi than kinh voi nhleu hon mét 16p
an. Ho c6 thé c6 duoc cac dic diém cua ddi twong hoc tap
mot cach dé dang va chinh xac dudi dbi tuong phirc tap va
thé hién hiéu suat vuot troi trong thi giac may tinh va xir
ly ngdbn ngit tw nhién (NLP) [7], [8]. Céc hé thdng phat
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hién ddi twong hién dai la cac bién thé cua Faster R-CNN
[7]. Trong mot bai bao theo [5] cac tac gia da kham pha y
tudng su dung cac LSTM trén cac ban do tinh nang duoc
dao tao riéng biét dé xem lidu n6 c6 thé nam bat thong tin
tam thoi tir céc clip hay khong. Ho két luan ring viéc gop
céc tinh nang phuc tap theo thoi gian to ra hi¢u qua hon
LSTM xép chdng Ién nhau sau cac ban db tinh ning dugc
dao tao. Trong bai bao hién tai, cac tac gia xay dung trén
cung mot y tudng st dung cac khdi LSTM (bo giai ma)
sau cac khol tich chap (bo ma hoa) nhung sir dung dao tao
tir diu dén cudi cua toan bo kién tric. Ho cling so sinh
RGB va dong quang la lua chon dau vao va thay rang viéc
Cham diém du doan c6 trong sb dua trén ca hai dau vao la
t6t nhat Mang lu6i phan doan tam thoi: Huéng toi thuc
tidn tot dé nhan biét hanh dong sau sic [6]. Mang tich
chap sau da dat duoc thanh cong Ién cho nhan dang hinh
anh trong anh tinh. Tuy nhién, dé nhan dang hanh dgng
trong video, loi thé so véi cac phuong phap truyén thong
khdng qué rd rang.

Tuy nhién, c6 mot sé thach thirc d6i véi nhan dang
hanh dong nhu sau:

Phét trién mau dao tao:

Nhan dang bang cach st dung may hoc doi hoi b dit
ligu mau pht hop do ching ta phai mat nhieu thoi gian de
thu thap dix liéu d@é tao ra cAc mau tiéu chuan.

Thoi gian xa ly:

Ching ta can xu ly mot lugng 16n dit ligu. Do do, véi
mot mang phal xtr ly qué nhiéu tham s6 voi may tich ¢6

cau hinh yéu s& xtr Iy cham anh huong dén két qua trong
thoi gian thuc

D¢ chinh xac ciia phwong phap:

D6i véi may anh thong thuong (webcam), do chinh
xac bi anh huong boi cac diéu kién khac nhu anh sang,
hinh nén, toc do chuyén dong cua tay vi ching toi phai
dwa ra mot s6 gia dinh cho céc ing dung.

Dua trén két qua phan tich ¢ trén, ching t6i dé xuét
mét hé thdng nhan dang hanh dong trén su két hop gitra
mang mobilenetV2 két hop voi mang SSD dé dé dang sir
dung trén cac thiét bi nhing c6 cau hinh yéu hon.

IIl. GIAI PHAP THU'C HIEN

A. Téng quan vé hé thing
Hé thdng dé xuét duoc xay dung dya trén [10] dé ung
dung trong cdc m6 hinh nha thong minh nhu trén hinh 1.

TensorFlow TensorFlow

lite (Bién dich)

D0 thi Kiém tra TensFlow lite (Dinh

dang)

Bién déi

May tram

Hinh 1. M6 hinh téng quan hé théng thurc hién.
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Muc tiéu cua hé thong nay la xdy dyng dir ligu hanh
dong don gian. Cac ctr chi duoc dé Xuat bao gom ndm
hanh dong, cu the la dang lén, ngo| xudng, ngtra nguoi vé
phia sau, di giay, va phay tay. Dau tién 1a trich xuat dac
trung cua dit liéu ddu vao bing mang mobilenetV2 sau do
dua vao mang SSD dé du doan két qua. Két qua thu duoc
sau qua trinh train duoc chuyen dbi sang dinh dang
tensorflow lite (tflite) dé d& dang chay trén cac thiét bi di
dong.

B. Cac budc thuc hién

Tensorflow c6 thé duoc sir dung cho viéc tao cac md
hinh, dao tao, thao tac dir ligu va thuc hién du doan nhu
trén hmh 2 dya trén [11]. Vién dé 13, hoc mdy, dac bi¢t la
hoc sau, can sicc manh tinh toan Ién. C6 thé thuc hién dao
tao trong thiét bi di dong va thiét bi nhung, nhung sé& tén
rat nhidu thoi gian. Vi vay, s& sir dung Tensorflow cho
giai doan dao tao va Tensorflow Lite c6 thé duoc sir dung
cho giai doan suy luan.

Tra loi

Mo hinh hgc
may

Dit ligu

Hinh 2. M6 hinh nhan dang ct chi hanh déng st
dung tensorflow.

Phuong phéap thuc hién qua trinh huan luyén gém céc
budc sau:

Budc 1: Chuén bi dir liéu cua riéng ban.

Budc 2: Gan nhén cho dir liéu.

Budc 3: Str dung mang mobilemetV2 trich xuat dic

trung.
_ Budc 4: Sir dung dau ra cua mang mobilenetV2 lam

dau vao ciia mang SSD dé phét hién ddi tugng.

Budc 5: Chuyén déi sang dinh dang Tensorflow Lite

Budc 6: Tao app Android chay md hinh Tensorflow
Lite

Chi tiét cac budc thuc hién dugc trinh bay & phan dudi
day.

Chudn bj dé ligu ciia riéng ban:

Trugc hét chiing ta can chuan bi dir liéu tir nguon trén
mang qua cong cu tim kiém cta google va mét phan b
dir ligu UCF101 [12] va BU203 [13] v6i cdc hanh dong

dung Ién, ngodi xuong, ngira nguoi Vé phia sau, di gidy, va
phay tay nhu trén hinh 3.

Hinh 3. Chudn bi di liéu thuc hién [12],[13].

S6 lugng cac nhan va céc anh duoc thé hién trén bang
.
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Bang I. Sé luong dnh va nhan duwoc chuén bj dé thuc
hién
Nhan Sb lu’(_rn.g anh | S6 lwong dnh

train test

Ping 1én 400 100

Ngdi xudng 400 100
Ngua tay 400 100

Viay tay 400 100

Di gidy

Gan nhan cho da ligu:

Trong budc nay thuc hién xac dinh khéi ROI cua ting
hanh dong dua trén viéc gan nhén bang tay. Trong bai bao
nay chung t0i str dung mot tool co san la labeling. Qua
trinh ndy vé co ban la vé& cac hop xung quanh déi tuong
trong anh. Trén hinh 4 la mét vi dy sir dung cong cu
Labellmg tu dong tao mot tép XML mé ta vi tri d6i tugng
trong anh.

Hinh 4. Mét vi du vé gén nhan di liéu.

Tao

TdD Flle TFRecords [frin rec [ Train |
train.csv ord modPI

Images ——

Panh gia

TFRemrdq model

| Testrec
ord

Test.csv |

Hinh 5. M6 hinh chi tiét thuc hién gén nhén.

Nhiing gid tri thu dugc duogc thuc hién nhu trén hinh 5
dua trén [14]. Sau khi gan nhan dit li¢u chia dir li¢u thanh
cac tép train/test. Chuyén doi cac tép XML thanh céc tép
CSV va sau do tao TFRecords tur cac tep nay. T¢p train
TFRecords nay duge dua dé dao tao md hinh. Cudi ciing
cé4c gid tri dugc dua vao mo hinh dé danh gia.

Trich xudt ddc trung:

Anh dau vao sau khi da dugc gan s¢ duoc luu dudi
dinh dang csv tiép dén dwoc chuyén thanh dinh dang
record trong tensorflow. O day sir _dung hai mang
MobilenetV2+SSD trong tensorlow dé thuc hién viéc
nhan dang hanh dong.

Trong phan trich xuit dic trung s& sa dung mang
MobilenetV2 dyua trén [15], [16]. Mang MobilenetV2 sir
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dung céc tich chap phan tach theo chiéu su. Cac khi
dugc xay dung giong nhu hinh 6.

Lép chip 1xl

Chudn hia

Py rneg (é 58 mac dinh |3 6)

:

Chip siu 3x3

Chudn hia

M& rbng (hé 38 mac dink 13 6)

)

Gidrn chdp 141

Chudn héa

Hinh 6. M6 hinh mang MobilenetV2.

Lép chap dau tién 1a mot t6 hop 1x1 muc dich cua né
ma rong sb luong kénh trong dit lidu trudce khi di vao tich
chép sau. Dit ligu dugc ma rong duge dua ra bdi hg so mé
rong. Hé sé mo rong méc dinh la 6. Lép chap theo do sau
dung dé loc dau vao cudi cung la I6p chap 1x1 lam cho
so lugng kénh nho hon hay con gol la projection layer
hodc nit ¢ chai. N6 dwa dit liéu véi so lugng kich thuac
(kénh) cao thanh mot thang do véi sb lugng kich thudc
thip hon nhidu. Lép ndy con giam dit liéu chay qua mang.

St dung mang Single Shot Detector (SSD) d@é phat
hign:

Mang SSD co sé la mang VGG16, theo sau la cac 16p
multibox conv [17]+[20]. SSD co hai thanh phan md hinh
xuong song va dau SSD. Mo hinh xuong séng thuong la
mot mang phan loai hinh anh dugc dao tao trude nhu la
mét trinh trich xuét tinh | ndng. O day chung toi s dung
mang mobolenetV2. Dau SSD chi la mot hoac nhiéu I6p
chéap duge thém vao duong truc nay. Cac déu ra duoc hiéu
14 céc hop gidi han va céc I6p doi tugng o vi tri khéng
gian cua céc kich hoat 16p cudi cung [21] nhu trén hinh 7.

NISNER

512 1024

Mobilenetv2

N

I,
g, | He
3%“%

ﬂuén ueuN

Hinh 7. Model of SSD [17],[18].

Thay vi st dung ctra_ s6 truot, SSD chia hinh anh bing
cach str dung ludi va mdi 6 ludi co trach nhiém phat hi¢n
cac d6i tugng trong ving do6 cua hinh anh. Céac déi tuong
phat hién chi don gidn la du doan lop va vi tri cia mot doi
tuong trong ving do. Néu khoéng c6 dbi twong nao hién
dién, chung t0i coi no la I6p nen va vi tri bi bo qua. Mai 6
ludi c6 thé xuat vi tri va hinh dang ciia d6i tugng ma né
chwra. Chi tiét xem thém trong [21].

Chuyén déi thanh dinh dang tensorflow lite (TSL):
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Tensorflow lite 1a giai phdp gon nhe cua tensorflow
cho thiét bi di dong va thiét bi nhiing. N6 cho phép chay
cac md hinh hoc may trén thict bi di dong. Qua trinh thuc
hién cho m6 hinh nay thé hién trén hinh 8.

=Y Mo hinh TSL o

Dir ligu

Hinh 8. M6 hinh tensorflow lite dwa trén [11].

IV. KET QUA PAT PUQC

Hinh 9. B4t ddu chay mé hinh.

& Command d Prompt

Hinh 10. Két qua huén luyén véi tap ndm ctr chi.

Hinh 11. Két qua huén luyén véi tap ndm ctr chi véi
tensorflow.
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=
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i

Hinh 12. Két qua huén luyén véi tdp ndm ctr chi voi
tensorflow lite.

Bang Il. Banh gia hiéu nang hai mé hinh Tensorflow va
Tensorflow lite
Do chinh . .. . | CPU(phi
M6 hinh Xi’l(;)! :plllﬁn Bo nh sir trffgl)an
< dung (MB)
tram)
Tensorflow 82 3179 76,7
Tensorflow Lite 98 121,8 301

Thyc hién huan luyén véi tap nam hanh dong néu trén
chlng ta c6 két qua nhu trén hinh 9 va 10.

Thuc hi¢n nhan dang tap ndm hanh dong néu trén véi
Tensorflow. Két qua thyc hién hoat dong nhu trén hinh
11.

Tlep tuc thyc hi¢n nhan dang tap ndm hanh dong néu
trén véi Tensorflow lite. Két qua thuc hién hoat dong nhur
trén hinh 12.

Bén canh d6 chung t6i cling thuc hién danh gia hiéu
nang va thoi gian xu ly caa hé théng théng qua viéc chay
video ¢ hai md hinh tensorflow va tensorlow lite trén may
tinh véi cau hinh core 15, RAM 8G. Két qua thé hién nhu
trén bang II.

Tur cac két qua trén chdng ta thay hé thong dat duoc
yéu cau dit ra véi do chinh xac trén 90 phan tram. Dac
biét véi viéc su dung Tensorflow va Tensorflow lite h¢
thong dat do chinh xac 1én dén 99 phan tram vai thoi gian
thuc hién 1a 14 gidy. Day la thoi gian chap nhan dugc cho
hé thong diéu khién trong nha théng minh.
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V. KET LUAN

Bai bao tap trung vao nghién cuu viéc st dung cac
mang no-ron trong viéc nhan dién hanh dong cuaa con
nguoi. Trong bai bdo nay ching téi da nhan dién dugc
céc hanh dong voi do chinh xéac trén 90 phan tram. Tuy
nhién hé théng van con nhugc diém nhu két qua nhan
dién cac hanh dong chua cao va téc d6 khung hinh trén
gidy con thip. Do d6 hudng tiép theo chlng toi s& thuc
hién cac budce nhu ting toc do khung hinh trén gidy, cai
thién do chinh xac bang cach ting do phan giai cia anh
dau vao hoic sir dung phuong phap tién xur 1y da thyc
hién trong bai béo trudc [22], [23], ciing nhu két hop
mang no-ron Véi cac mang khac dé ting hiéu qua tinh
toan va thuc hién véi di tuong bat ky.

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 tidu dé
"Nghién ctru phat trién hé théng nhan dang ctr chi, hanh
déng tng dung tri tué nhén tao trong nha théng minh"
theo d¢ tai cdp bo ma sb B2020-BKA-06. Cam on Bo
KHCN d43 tai trg trong qua trinh thuc hién bai bao nay.
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PROPOSING GESTURE ALGORITHM USING
ARTIFICIAL INTELIGENCE FOR SMART HOME
APPLICATIONS

Abstract: The paper studies a system for recognizing
gestures and actions in smart homes. The proposed
method is based on the use of mobilenetV2 to extract the
feature associated with the SSD network (Single Shot
Detector). We used five types of gestures of standing up,
sitting down, leaning back, wearing shoes, and waving
hands. In this application, the feed from the camera of the
mobile device is used to detect the object. Objects on the
frame are detected by bounding boxes. Results achieved
with an accuracy of over 90 percent. However, the degree
of sting will depend greatly on the number of training
images and their resolution in some cases.

Keywords: MobilenetVV2, SSD (Single Shot Detector),
identify objects, gestures, actions, postures
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