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TOM TAT

Trong bai bao nay, mot hé théng nhén dién vat thé s& dung cam bién Kinect
va md hinh hoc sau d& xt Iy hinh nh d6i tugng dugc dé xuat. Mo hinh hoc sau
dugc ap dung véi co s& dit liéu thu thap tir thuc té dé dua ra cac dac tinh nhu hinh
dang, mau sac. Bén canh d6 st dung cam bién Kinect con gidp thu nhan thong tin
chiéu sau clia ddi tugng mot céch dé dang. Cac vat thé c6 tinh chat khac nhau dugc
thir nghiém nhu: hinh tron, hinh vuong, hinh tam gic, mau dd, mau xanh, mau
vang vdi chiéu cao khac nhau. Hé thdng dé xuat c6 kha nang phén loai dac diém
clia mdi doi tugng véi do chinh xac cao véi chi phi tiét kiém. K&t qua thuc nghiém
cho thdy cac doi tugng dugc phan loai véi do chinh xdc 92% vdi thai gian trung
binh nhan dién moi vat thé la 50ms. Qua d6 thé hién kha ning (ing dung trong
thuc t€ cla hé thong dé xuat trong cong viéc phan loai vat thé.

Tir khéa: Hoc sdu, phdn loai vat thé, cam bién Kinect.

ABSTRACT

In this paper, an objective classification system using a Kinect sensor and
deep learning model to process object images is proposed. The deep learning
model is carried out with the data collected from reality to give features such as
shape and color. Besides that, using the Kinect sensor also helps to acquire depth
information of the object easily. Objects of different properties are tested such as
circles, squares, triangles, red, blue, and yellow with different heights. The
proposed system is capable of classifying the characteristics of each object with
high accuracy and low cost. Experimental results show that the objects are
classified with an accuracy of 92% with the average time to recognize each object
being 50ms. Thereby demonstrating the practical applicability of the proposed
system in object classification.
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1.GIGI THIEU

Nghién ctiu cac hé théng nhan dién théng minh dua trén
thuat toan hoc sau la xu huéng cltia thé gidi trong nhing
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nam gan day. M6 hoc sau da dugc phat trién dé c6 thé dam
nhan cac nhiém vu phuc tap nhu nhan dang giong néi, nhan
dién d6i tugng [1, 2]. Cac thuat toan nhan dién déi tugng
dua trén mé hinh hoc sau da mang lai nhiéu hiéu qua [3, 4].
Céc ky thuat nhan dién nay dugc chia thanh hai loai co ban
[5]: thi nhat bao gom cac thuat toan hai giai doan nhu RCNN
[6], SPP-net [7], Fast-RCNN [8] va Faster-RCNN [9],... str dung
vliing dé xuat hodc tim kiém c6 chon loc dé tao ra vung dé
xudt, sau d6 phan loai va hoi quy trén phan vung nay. Mé
hinh cho phép phan loai vé6i d6 chinh xac cao, tuy nhién thoi
gian x& cham. M6 hinh con lai bao gém SSD [10] va YOLO
[11], s&r dung phuong phap héi quy lan lugt dya trén mot
mang no ron duy nhat dé du doan bién dang va xac suat ton
tai d6i tugng. T6c d6 xu ly dugc cai thién dang ké d6i véi mo
hinh nay tuy nhién dé chinh xac khong cao bang mé hinh
hai giai doan.

Bén canh cac thuat toan théng minh, camera la bé phan
quan trong anh hudng dén d6 chinh xac va téc do xur ly
trong mét hé théng thi gidac may tinh. Khac véi céac loai
camera thong thudng cdm bién Kinect c6 kha nang thu nhan
thém d6 sau bén canh thong tin anh RGB. Khi so sanh véi cac
thiét bj Time-off-light trudc day, Kinect c6 tinh kinh té vugt
troi véi dé phan giai chdp nhan dugc. Nhiéu nghién ciu da
ap dung Kinect vao cac ing dung nhu nhan dang hoat dong
cti chi ngudi [12], hé trg robot di chuyén [13], nhan dang déi
tugng trong khong gian 3-D [14]. Robot theo déi si dung
Microsoft Kinect va Matlab cho thay két qua tét trong viéc
xac dinh muc tiéu da chon trong hinh anh va tinh toan
khoang cach véi thong tin trd vé ti Microsoft Kinect [15].
Cam bién Microsoft Kinect dugc dung dé€ phat hién cac
chuyén déng dé diéu khién robot Khepea Il [16].

Cac nghién ctiu két hop Kinect sensor va thuat toan hoc sau
dang phat trién va dat dugc thanh cédng néi bat. Douglas va
cdng su dé xuat mét hé théng thi gidac may tinh nham muc
dich phat hién vat can trén dudng di ctia mobile robot [17]. Hé
théng dugc lap trinh trén Nvidia Jetson TX2, str dung cdm bién
Microsoft Kinect va YOLO. Két qua thuc nghiém cho thay su
hiéu qua ctia thuat toan khi sai s6 do sau la bé han 3,64%. Choi
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va cong su [18] da ap dung hé théng trén trong viéc phan tich
trang thai cda dan Ign con trong thai gian thuc. Cac tac gid si
dung dé sau do dac tir camera Kinect va mang YOLO dé tach
cac con lgn ndam chong chéo Ién nhau. Hé théng dé xuat da
hoat déng t6t vai d6 chinh xac trong viéc phan loai la 91,96%.
Trong nghién ctru nay, nhom tac gia dé xuat mot hé théng
phan loai cac vat thé khac nhau st dung thuat todn hoc sau két
hop camera Kinect. Trong do, camera Kincet dugc dung dé thu
nhdn anh RGB va dé sau (RGBD) trong thai gian thuc. Muc dich
cla viéc phan loai la 1ay chinh xac vi tri va phan loai cha déi
tuong dé gui tin hiéu diéu khién cho robot gép va dat. Cac ddi
tuong st dung trong mé hinh thuc nghiém la cac phéi hinh
vuéng, hinh tron, hinh tam giac véi cac d6 sau va mau sac khac
nhau. Két qua thuc nghiém chiing minh hiéu qua ctia hé théng
dé xuat khi sai s6 phan loai cac dac tinh cta vat dat 92%.
2. PHUONG PHAP

Trong nghién cltu nay, tac gia tap trung vao téc d6 phan
loai clia thuat todn. Qua cac nghién ctu [19, 20] cho thady mo
hinh YOLO v5 dugc danh gia la mé xt ly nhanh so véi cac
thuat toan hoc sau da dé cap. Vi vay trong bai bao, mé hinh
YOLOVS5 dugc lua chon dé thuc hién phan loai d6i tugng.

Nguyén ly va kién tric mang YOLO

YOLO la mét thuat toan tién tién ing dung trong phat
hién d6i tugng dua trén mo hinh mang ng-ron tich chap
(CNN). YOLOV5 dugc phét trién vao nam 2020 ti cac phién
ban YOLOv1 - YOLOvA4. VGi nhiéu cai tién vé téc dé clia thuat
toan R-CNN, YOLOV5 dugc xem la mét trong nhiing lya chon
hang dau cho mé hinh phan loai déi tugng theo thai gian
thuc. Qua trinh tinh toan ctia YOLOvV5 dugc thuc hién nhu
sau [21]: &nh d4u vao dugc chia thanh MxM 6. C6 téng cdng
MxMxK hop gisi han (bounding box) dugc tao thanh tu
MXM 6. Mbi 6 sé dugc du doan théng tin vé déi tuong va dat
hép giGi han. Mbi hop gidi han chira 5 théng s6: Toa d6 tam
(x, y), chiéu dai va chiéu rong (w, h), cudi cung la dé tin cay.
MXM 6 ti€p tuc du doan vé xac suat ton tai clia d6i tugng.
Hai thong s6 d6 tin cdy ciia hdp gidi han va xac suat ton tai
dugc nhan véi nhau dé tinh diém cho méi hop du doan
(prediction box). Hop du doan dugc loai bd cac pixel khong
& vi tri cuc dai toan cuc (loU) dé phat hién vat thé cudi cung.
Nguyén ly lam viéc clia YOLOVS5 c6 thé thay & hinh 1.

N x N grid input Final detections

Class probability map
Hinh 1. Nguyén Iy lam viéc cta YOLO
Mang YOLOV5 sé thdong qua ba thanh phan chinh dé
thuc hién nhan dién déi tugng. Anh dau vao lan lugt thong

Website: https://jst-haui.vn

qua cac khai xt ly: Backbone: la mot mang no-ron sau dung
dé chia hinh anh thanh cac 6 va trich xuat cac dic tinh cda
anh. Bao gém cau tric Focus va CPS; Neck: Thu thap cac dac
tinh tai nhiing giai doan khac nhau vung véi Backbone dua
vao cac I6p du dodn; Prediction: Tim nhiing vung cé kha
nang chia cac déi tugng va tao hdp gidi han xung quanh
cac vung c6 tiém nang. Kién truc mang ctia YOLOV5 c6 thé
thay & hinh 2 [21].
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Hinh 2. Kién tric mang cia YOLOvS

Ham loss

Ham loss trong YOLOV5 dugc st dung dé danh gia cac
thong tin vé dé chinh xac cia d6i tugng dugc phan loai [22].
Ham loss la téng clia tiéu chi danh gia sau:

Ham loss d6 tin cady (Confidence loss): Ham dugc tinh
toan trén toan bd anh MxM 6 va méi 6 bao gém K hép gi6i
han.

bi N2
confldence - z z RO ](Ci - Cl)

i=0 j=
N (1)

bj
+ (Pcoordzz ]Ro ](C -C )
i=0 j=
Trong d6 C |a diém cia d6 tin cay va C 1a do do danh gia
cac moé hinh nhan dién thuc thé (loU). R °b] =1 khi cé vat thé

trong 6, nguoc lai ]R(’b] =0

DPé tang tinh 8n dinh cho M6 hinh, hé $8 @cperq dUdC
thém vao dé diéu chinh gia tri cho ham loss. Hé s6 dugc st
dung cho nhiéu phuong trinh khac nhau.

Ham loss vi tri (Localization loss): Lién quan dén du doan
vi tri cla hép gidi han.
M? K
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Trong d6 (x, y) la vitri du dodn clia hép gidi han va (y;, ¥,)
la vi tri cGla hép gidi han clia d liéu huan luyén. Tuong tu w,
h 1an lugt |a chiéu réng va chiéu cao du doan cua hép gidi
han trong khi W, h 1a chiéu réng va chiéu cao hop gidi han
cUa qua trinh dt liéu huan luyén.

Ham loss phan loai (Classification loss): Du doan vé dé
chinh xac khi xac dinh vat thé. Ham khéng dugc sir dung khi
trong 6 khéng cé d6i tugng.

MZ
obj ~ 2
Lelassification = z z Ri]‘ (pi (C) — b (C)) 3)
i=0 ceclasses

Trong d6. p;(c) xac suat cla déi tuong tai I6p ¢ tuong
ung.

Theo dé ta c6 Ham loss ctia mdi déi tugng dugc tinh toan
nhu sau:

L= Lconfidence + Llocalization + Lclassification

M? K
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3. XAY DUNG MO HINH THUC NGHIEM

So d6 hé théng dugc thé hién & hinh 3. Trong d6 hinh
anh RGB dugc thu nhan tir cdm bién Kinect sau dé dugc xur
ly va lam dau vao cho mé hinh YOLO. Théng tin sau khi YOLO
XU ly bao gém théng tin vé dac tinh va vi tri ctia déi tugng.
Thoéng tin vi tri cGa vat dugc phan hoi lai cdm bién Kinect ti
do trich xuat ra dugc thong tin vé chiéu sau cla vat.

Qua trinh trich xuat hinh anh

Kinect dugc hang Microsoft thiét ké nham muc dich
phuc phu ngudi dung tang trai nghiém thuc té€ cho cac tro
chdai. Tuy nhién do nhiéu uu diém vé kha nang do do6 sau
va gia thanh, su ra doi ca Kinect d@ mé ra nhiéu iing dung
mdi trong nganh khoa hoc thj gidc may tinh. Tuy da dugc
dong goi ca phan ciing va phan mém nhung nhiéu thu vién
da dugc ra dai giup Kinect thuc hién cac nhiém vu khac.
Nhom téc gid st dung thu vién Microsoft Kinect SDK va
OpenNI dé thuc hién trich xuat &nh lam dau vao cho YOLO
va lay dir liéu d6 sau.
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Cam bién Kinect
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Hinh 3. So d6 khdi hé thdng

Qua trinh tién xt ly

Tién xtr ly la mét qua trinh quan trong trong viéc xt ly
hinh anh bao gém viéc xay dung co s& dir liéu cung cap cho
cac thuat todn hoc sau. Kich thuéc anh cang 16n thi do chinh
xac cang cao, déng thoi dan dén thai gian x ly lau hon. Kich
thudc anh mac dinh ctia YOLOVS5 la 640 pixel, tuy nhién véi
dd phan giadi nay thai gian ctia hé théng khong dugc dam
bdo. Nhém tac gia thuc hién thuc qua trinh xtr ly dé dua kich
thudc anh chia d6i tuong & 300 pixel. So d6 xu ly dugc thé

hién & hinh 4.
Cat anh tai vi ]
[ trf vat thé ] [ Phéng to ]

300x300 ]—-[ Yolo ]

Hinh 4. So d6 qua trinh tién x( Iy dnh cho YOLO
Qua trinh huan luyén dii liéu

120x130

[ et ]—-[ 640x480
Sensor

D& huan luyén va kiém thir mé hinh, tac gid st dung bd
dir liéu bao gém 200 anh cho bai toan phan loai vat thé. M6
hinh dugc huan luyén bang Google Colab. Dich vu nay cho
phép truy cap vao may tinh 40 manh mé dé tiét kiém thaoi
gian hudn luyén mé hinh. Nhém tac gia st dung tai liéu do
Roboflow.ai phat trién hé trg cho YOLOVS5 [14] va st dung
cac trong s6 COCO dugc dao tao trudc do.

Qua trinh huan luyén dit liéu dugc thé hién qua hinh 5.
Sau khi cai dat Framework ctia YOLOV5, cac dirliéu anh duogc
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thu tap t nhiéu méi truding khac nhau sau d6 cac déi tugng
dugc khoanh vung va gan nhan dac tinh. Sau khi thuc hién
gan nhan, cac tép thuc thi dugc sinh ra nhu YOLO.data,
train.txt,.... C6 thé tién hanh thuc hién huén luyén va thu
nghiém hé théng.

. Chudn bi di liéu Chudn bi cdc t§ " :
Cai dat Framework Lo - ,'p Tién hanh huan )
huan luyén va gin phuc vu qud trinh . Chay thur
YOLOv5 " Lo luyén
nhin huan luyén

Hinh 5. Qua trinh hudn luyén va thi nghiém hé thong YOLOV5
4. KET QUA PHAN LOAI DOI TUGNG

Sau khi thuc hién huan luyén, tac gia thuc hién 1ay di liéu
hinh anh thoi gian thuc qua Kinect sensor va dua ra cac thi
nghiém. Phan cling cau hinh thiét bi thuc hién mé hinh sur
dung CPU ¢6 cdu hinh: XEON E3 -1505, RAM 16GB, Quadro
M2000M dé hudn luyén YOLO. Hé théng thuc nghiém dugc
thé hién & hinh 6.

May tinh chay Yolo

Cam bién
Kinect

Hinh 6. Hé thong phan cling thuc nghiém

Do chinh xac trung binh cta cac I6p trong truong hop
loU la 0,5 (mAP_0.5) va trudng hgp loU la 0,5 dén 0,95
(mAP_0.5:0.95) dugc thé hién trong hinh 7. K&t qua cho thay
dé chinh xac cia mé hinh dugc cai thién dang ké khi chi s
mAP_0.5 dat 90% sau 300 lan huan luyén va mAP_0.5:0.95
dat 98% sau 100 lan huan luyén.

1

0.8
0.6
0.4
0.2 mAP_0.5
mAP_0.5:0.95
0
0 50 100 150 200 250 300 350 400

Hinh 7. Chisd do chinh xdc trung binh qua qua trinh huan luyén

Do hoi tu trong qua trinh hudn luyén va kiém thdr cda
ham loss dugc trinh bay & hinh 8. Chi s6 box loss thé hién
muc d6 phat hién dugc vi tri tdm cda gidi han bao pht doi
tuong; object loss biéu dién cho xac suat ma déi tugng tén
tai trong khu vuc dé xuat; class loss dua ra mic dé du doan
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dung 16p ctia moét doi tuong nhat dinh. Cac chi s6 box loss,
object loss va class loss déu c6 xu hudng gidm manh sau dé
& muic 8n dinh. C6 thé thay chat luong thuat tan phat hién
vat dugc cai thién dang ké va dat d6 chinh xac cao sau 400
lan huan luyén.

012 train box loss
——val_box_loss
0.09
0.06
0.03
0
[¢] 50 100 150 200 250 300 350 400
0.08 train_obj_loss
——val_obj_loss
0.06
0.04 |
0.02
o
(0] 50 100 150 200 250 300 350 400
0.05 =
train_cls_loss
\ ——val_cls_loss
0.04 \
0.03 \
0.02 \
" \&—‘\.‘
0
0 50 100 150 200 250 300 350 400

Hinh 8. Céc chi s6 dac tinh clia qua trinh huan luyén (train) va thir nghiém
(val) cta tap dit liéu dau vao lugt 1a box loss, object loss va class loss

Do chinh xéac khi nhan dang cac loai phoi khac nhau c6
thé thay & hinh 9. Trong khu vuc 6n dinh (khi vat thé & gilta
khung hinh) d6 chinh xac cta cac vat thé trung binh dat
92%. Cac phoi di qua viing nhin thdy ctia camera la 60 khung
hinh. Video thai gian thuc cé gid tri khung hinh trén giay
(FPS) trung binh la 33.
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Hinh 9. D6 chinh xdc khi tién hanh thuc nghiém cho phéi di chuyén trén bang
chuyén (a) phadi tron, phoi tam gidc, phdi vudng

Hinh 12. Nhan dang vét thé hinh vudng

Két qua trong hinh 10, 11, 12 ¢6 thé thay, hé théng da
phat hién dung cac dac tinh clia phoi nhu tron do, tron vang
& hinh 10, tam gidc do va tam giac vang & hinh 11, vuéng do
va vudng vang & hinh 12. C4 thé thay hé théng da hoat dong
t6t khi da xéc dinh chinh xac dac tinh cac doi tugng va lay
dugc dit liéu d6 sau cia mdi doi tugng qua Kinect.
5.KET LUAN

Bai bao da thuc hién trich xuat cac tinh chat cta phoi
dong thai véi théng tin d6 sau st dung két hgp Kinect va
YOLO. Viéc trich xuat thong tin dé sau & Kinect va phan loai
ddc tinh cGia phoi dua trén YOLO da dugc thuc hién thanh
cong trén thoi gian thuc. Két qua thuc nghiém phan anh su
hiéu qua va chinh xac ctia mé hinh. C6 thé thay day la mot
hé théng phan loai d6i tuong co hiéu suat cao va chi phithap
cho cac day chuyén phan loai sadn phdm. Trong tuong lai mé
hinh c6 thé cai thién vé thdi gian x{ ly va dé chinh xac toa
d6 cha vat.

LOI CAM ON

Bai bao nay dugc tai trg bai Truong Pai hoc Cong nghiép
Ha Noi vai dé tai cd ma s6 02-2022-RD/HD-DHCN.
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