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TOM TAT

Vi su phat trién gan day cua linh viee hoc sau, cac phwong phap phat hién doi tuong
da dat duoc hiéu suét cao trén ca téc do va do chinh xac trén cac hé thdng may tinh
dé€ ban hién dai. Bén canh d¢, viéc phat trién cac mod hinh hoc sau nho hon va nhanh
hon dé€ phu hop véi cac thiét bi IoT dang thu hit duwoc nhiéu su quan tam. Bai bdo
nay tim hi€u sy phu hop cta cac mo6 hinh phét hién ddi tuong trén Raspberry Pi,
mot bo mach mdy tinh nhing phd bién c6 thé duoc tich hop vao cac hé thong IoT dé
gitip cdng viéc trd nén dé dang. Chung tdi tién hanh khao sat anh hwdng ctia hai mo
hinh phat hién d6i twong hién dai 1a Single Shot Detector (SSD) va You Only Look
Once (YOLO). Hai md hinh nay sé duoc danh gia dwa trén tdc d6 xtt ly khung hinh
va do chinh xac trung binh khi thuc hién suy luan. Cac két qua thi nghiém cho thay
tinh kha thi cia cac mo6 hinh nay khi dugc st dung trén cac thiét bi may tinh cau
hinh thdp.

Tw khéa: Phat hién d6i twgng, YOLO, SSD, Raspberry Pi.

1. MO PAU

Phat hién d6i twong co 1€ 1a nhiém vu quan trong nhat trong cac hé thdng giam
sat. Muc tiéu ctia nhiém vu nay la phat hién sy hién dién ctaa doi twong tir mot tap cac
16p nhét dinh va xac dinh vi tri chinh xac trong mot hinh anh. Trudc khi AlexNet [1],
mot mang noron tich chap (CNN), duoc gidi thiéu, day dugc xem 1a mot van dé kho giai
quyét ddi vdi cac nha nghién ctru trong viéc tim giai phdp phan loai hinh anh véi ty 1&
16i rat thap. Tl cdt mdc nay, nhiéu phuong phép phat hién ddi twong ap dung CNN da
duoc trinh bay cho thdy hiéu suat va hiéu qua tuyét voi. Tuy nhién, d€ thyc thi cac tac
vy sit dung CNN mot cach hiéu qua, chung ta van can nhiéu sttc manh tinh toan. Do
vay, viéc chay mot hé thdng phat hién doi twong trén mot thiét bi ¢ tai nguyén phan
cténg han ché cé thé'la mét thach thiec.

Raspberry Pi [2] la mot loai mdy tinh ¢& nhé vdi kich thuwdc khong 16n hon mot
thé tin dung. Loai may tinh nay thiéu sttc manh tinh toan nhu cta cac hé thong may tinh
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dé€ ban truyén thong. Tuy nhién, do kich thudc va chi phi thap, chung c6 thé duoc sw
dung cho cac tac vu nhat dinh.

Hién tai, c6 nhiéu phuwong phap khac nhau c6 thé duoc sit dung dé phat hién cac
ddi twong. Tuy nhién, khong c6 phuong phép nao la lwa chon t6i wu dé€ sit dung trong
cac hé thoéng phat hién ddi twong. Cac phuong phap duoc dé xuat déu tap trung vao
viéc dat dugc do chinh xac cao ma khong can xem xét nhitng gioi han vé thoi gian chay
hodc phén cting. Trong cac ting dung thuc t&, viéc can nhéac dén cac yéu to trén sé khién
cho viéc tim ra mot phwong phap phtut hop dé st dung la rat kho.

Gan day, hai phwong phap SSD [3], YOLO [4] duoc gidi thiéu nhuw nhiing
phuong phap dat duoc hiéu qua tot nhat trén do chinh xac phét hién va tdc do xu ly.
Trong nghién cttu nay, chung t6i trién khai hai phwong phap néu trén voi Raspberry Pi
3 d€ danh gia xem sy pht1 hop khi chay trén phan cting hiéu sudt thap. Mot bd phat hién
ddi twong dugc thuc hién dugc coi 1a phtu hop néu né dat duwoc do chinh xac va toc do
khung hinh du cao d€ c6 thé trién khai trong cac tng dung thuc té.

2. PHUONG PHAP NGHIEN CcUU

Phat hién d6i tuwong la mot trong nhitng van dé kinh dién trong thi gidc may tinh
véi muc tiéu la d€ nhan ra cai gi va ¢ dau. Tuc 13, chung ta phai xac dinh nhiing vat thé
nao bén trong mot hinh anh va vi tri ctia ching ¢ trong hinh anh d6. Do d6, mot hé thong
phat hién d6i twong phai bao gom qua trinh phan loai va dinh vi khong chi mot doi
twgng trong anh ma con moi déi twong duoc tham chiéu. Day la mot nhiém vu kho khan
hon nhiéu so véi phan loai hinh anh truyén thong. Trong phan nay, ching toi trinh bay
mot cach tong quan hai mo hinh phat hién d6i twong hién dai: SSD va YOLO. Day la hai
md hinh dwgc dé xuat dua trén cdc CNN dé tao thanh mot hé thong phat hién d6i tuong
end-to-end.

2.1. M6 hinh SSD

SSD [3] 1a md hinh duoc thiét ké' d€ phat hién d6i tuong trong thoi gian thuee. Bai
toan phat hién ddéi twong danh dau sy dot pha véi mo hinh R-CNN va céc cai tién cua
no6 nhu: Fast R-CNN va Faster R-CNN. Cac m6 hinh nay thuc thi qua hai giai doan: (i)
giai doan dau tién la st dung mang dé xudt vung (Region Proposal Network) d€ tao ra
cac vung tng ctt vién (proposals); (ii) giai doan thit hai la phan loai cac proposals nay
boi mot bo phan 16p manh. Mac di, mo hinh Faster R-CNN dat dwoc d¢ chinh xac cao,
nhung toc dd thuece thi cta toan bd qua trinh thdp hon nhiéu so véi yéu cau vé xt ly theo
thoi gian thuc. Trong khi d6, mo hinh SSD chi gom mot giai doan duy nhat. Kién trac
cta SSD chi bao gom mot mang noron cho toan bo qua trinh phat hién d6i tuong (xem
Hinh 1). Trong kién tric nay, mang RPN duoc loai bo hoan toan. D€ gia tang d¢ chinh
xac, SSD ap dung mot vai cai tién bao gom cac dac trung da ty 1é (multi-scale features)
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va cac hop mic dinh (default boxes). Nhiing cai tién nay cho phép SSD dat duwoc do
chinh xac twong duwong voi Faster R-CNN (tham chi la cao hon) khi st dung cac hinh
anh c6 do phan giai thap hon, gitip nang cao tdc d6 hon.
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Hinh 1. Kién trtic ctia mo6 hinh SSD.
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Kién truc tdng quat ctia SSD bao gdém hai phan: (i) trich xuét feature maps, va (ii)
ap dung cac bo loc tich chap (convolutional filters) d€ phat hién d6i twong. Giong nhuw
cac md hinh R-CNN, SSD ciing st dung cac mang CNN d€ trich xuét dac trung. Trong
kién truc dwoc mo ta & Hinh 1, mang VGG-16 [5] dugc str dung d€ thyc hién nhiém vu
nay. Cac ddc trung nay, sau do, sé duoc dung dé tinh toan vi tri va d¢ tin cay ctia doi
twong duoc phan 16p. Dacbiét, trong kién tric ctia SSD, dau ra cuia cac 16p Convolutional
sé dugc st dung dé€ dong gop vao qua trinh tinh toan cudi cung.

2.2. M6 hinh YOLO

Twong tu nhu SSD [3], YOLO [4] cling 1a mot kiéu kién tric end-to-end, bao gom
ca hai qua trinh trich chon dac trung va suy luan (phan loai va dinh vi). YOLO cling la
mot trong nhitng mo hinh dat dugc d¢ chinh xac cao dong thoi cling c6 thé thuec thi suy
luan trong thoi gian thwc. M6 hinh nay chi can mot Ian truyén thong tin chuyén ti€p qua
mang noron dé dua ra du doan. Sau d6, mot thuat toan Non-Maximum Suppression sé
duoc ap dung dé gitt lai mot dy doan tot nhat trén mdi d&i teong dwgc phat hién.

Khac véi kién trac ctia SSD, YOLO chi stt dung thong tin tir 16p Convolutional
cudi cung cho nhiém vu phét hién va phan 16p d6i twong (xem Hinh 2) d€ tang toc dd
xt ly. YOLO ciing dé xudt nhiéu cai tién nhu: (i) st dung b trich xuat dac trung tot hon;
(ii) bo sung Feature Pyramid d€ phat hién cac ddi twong nho tot hon.

\ YOLO Customized Architecture

Detections: 98 per class
| Non-Maximum Suppression j

YOLO

Fully Connected  Fully Connected

Hinh 2. Kién triic ctia mo6 hinh YOLO.
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3. KET QUA VA THAO LUAN

Trong phéan nay, chiing toi trinh bay cac thiét 1ap thi nghiém d€ thuec hién danh
gia hai mo hinh SSD va YOLO. Bén canh d6, ching tdi cling bao cao cac két qua thi
nghiém da tién hanh. Cudi cung, chiing t6i phan tich, thao luan dua trén cac két qua da
bdo cdo dé€ danh gia vai tro cua hai mo hinh trong viéc trién khai trén Raspberry Pi 3.

3.1. Céc thiét 1ap thi nghiém

Chung t6i thye hién danh gia SSD va YOLO théng qua hai m6 hinh da duoc huan
luyén s&n: MobileNetV2-SSDLite [7] va YOLOv3-tiny [8]. Hai md hinh nay déu dwoc
hudn luyén cung bo dix liéu COCO [6].

Bén canh d6, do SSD va YOLO déu la cac CNN day dd nén ca hai mo hinh déu
o thé thuc hién suy luan trén cac hinh anh ¢ nhiéu kich thudc khac nhau. Do vay, ching
t61 sit dung kich thudc anh dau vao nhu moét tham sd dé€ danh gia téc do va do chinh xac
phat hién. Trong cac thi nghiém, chang t6i danh gia trén ba kich thwdc khac nhau caa
anh dau vao, [an luwot 1la: 96x96, 160x160, 224x224.

Chung t6i cung cap cac danh gia lién quan duya trén d¢ chinh xac va téc do xtr 1y
cua SSD va YOLO. Cac két qua duoc béo cdo trong bai bdo nay déu duoc danh gia trén
Raspberry Pi 3. Danh gia vé do chinh xac duwoc khao sat dua trén cac cong trinh da duwoc
cong bo. Riéng danh gia vé tdc d9, chung toi thuc hién thi nghiém trén 1000 khung hinh
vdi cac kich ¢ dau vao khac nhau.

3.2. Cac két qua thi nghiém
3.2.1. T6c 4o xtx ly

Bang 1 thé hién cac két qua cac két qua thi nghiém khi danh gia tdc d¢ xu ly cua
SSD va YOLO. Téc do xtr ly duoc tinh b.%mg s0 luong khung hinh duoc xtt ly trong mot
giay. Cac két qua ciing duoc bao cdo voi cac kich ¢ dau vao khac nhau tir 1000 khung
hinh dwoc quay san.

Bang 1. Toc d6 xtr ly ctia SSD va YOLO véi kich c& dau vao khac nhau

Kich c& dau vao M6 hinh FPS
SSD 4.41
96 x 96

YOLO 2.71
SSD 2.66

160 x 160
YOLO 1.92
SSD 1.73

224 x 224
YOLO 1.03
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3.2.2. B0 chinh xac

Hinh 3 thé hién d6 chinh xac trung binh ctia hai m6 hinh YOLO va SSD khi duoc
thiec nghiém trén tap di liéu AU-AIR [9]. Day la tap di liéu dwoc ghi hinh bdi cdc cam
bién gan trén mot thiét bi bay khong nguoi 1ai. Tap dit liéu nay gom nhiéu loai dit liéu
khac nhau, nhu: hinh anh, thoi gian, GPS, IMU, van t6c. Muc dich cua tap dit liéu nay la
dé€ phuc vu cho cac hé thong giam sat giao thong tit trén khong.
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Hinh 3. D6 chinh xac trung binh ctia hai m6 hinh trén tap dit liéu AU-AIR [9].
3.3. Phan tich va thao luan

Cac két qua dugc bao cao trong thi nghiém thé hién t6c d¢ xr ly ctia hai mo hinh
SSD va YOLO véi cac kich c& dau vao khac nhau. Két qua thi nghiém cho thay rang bang
cach st dung kich thudc dau vao nho hon, ching ta c6 thé dat dugc téc dd xw ly cao
hon. Tat nhién, ching ta phai danh do6i vdi su suy giam cua d¢ chinh xac trong du doan
ddi twong. Trong Bang 1, ching ta thay rang SSD c6 tdc d xt ly nhanh hon so véi YOLO.
Khi kich thwdc dau vao 1a 96x96, SSD dat t6i 4,41 fps trong khi YOLO chi dat 2,71 fps,
nhanh hon modt chit so véi SSD tai kich thuwde dau vao 160x160. Ca hai mo6 hinh déu c¢6
toc do xtr ly kha cham khi kich thudc dau vao 1a 224x224, YOLO chi x& ly ¢ t6c d¢ 1,03
fps va SSD xtt ly & t&c d6 1,73 fps.

Trong bao cao thi nghiém vé d6 chinh xac du doan, YOLO cho két qua dy doan
tot hon dang ké so v6i SSD. Véi nhiém vu phat hién nguoi, YOLO c6 thé du doan véi
do chinh xac 34,05%, trong khi SSD chi dat 22,86%. Dac biét voi nhiém vu phat hién xe
dap hay xe gdn mdy, SSD gan nhw 12 thit bai trong hdu hét cdc mau kiém tht, chi dat d6
chinh xac 0,01% & ca hai nhiém vu nay, trong khi YOLO dat duoc d chinh xac lan luot
1a 12,34% va 4,80%. Két qua dy dodn trung binh cling thé hién r6 rang suw khac biét dang
ké gitta YOLO (dat 30,22%) va SSD (dat 19,50%).

Cac bdo cado thi nghiém cho thay viéc thuc thi nhiém vu phat hién ddi tuong trén
cac thiét bi nhing nhu Raspberry Pi 3 la kha cham khi kich thudc dau vao tang 1én. Bén
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canh d6, d€ dam bao dwgc dd chinh xac phu hop vdi cac bai toan thuc t€, viéc st dung
kich thwdc dau vao nho la khong hop ly nhat la cdc nhiém vu lién quan dén hoat dong
gidm sat. Tuy nhién, chiing ta can nhan thtc rang cac ing dung khéc nhau c6 cac yéu
cau khéac nhau vé t6c d¢ va do chinh xac. Do vay, khi trién khai nhiém vu gidm sét trén
thiét bi cap thap, ching ta can phai can bang t6c d6 va do chinh xac.

Khi ddi twong duoc yéu cau gidm sat la con nguoi, thi cac mo hinh YOLO hay
SSD sé& dé dang phat hién ngay ca 6 khoang cach xa do béi kich thuéc 16n va hinh dang
dac thu. Do vay, viéc stt dung cac mo hinh nay ¢ téc do cao la khong can thiét. Chung ta
o thé trién khai véi kich thude dau vao la 224x224 hodc 16n hon d€ phuc vu cho muc
dich giam sat. Trong treong hop nay, mo hinh YOLO sé duoc wru tién Iyra chon do ¢ do
chinh xac cao hon dang ké. Bén canh d¢, chiing ta c6 thé tang toc do xtr ly thong qua viéc
st dung cac ky thuat tién xt ly nhu trte nén, hodc cac ky thuat theo dau ciing nhu nang
cdp phan ctiing va phu thudc yéu cau cta bai toan ma chung ta cé thé c6 nhiing tuy chon
thich hop.

4. KET LUAN

Muc dich ctua nghién cttu nay la danh gia sy pht hop ctia viéc ap dung hé thong
phat hién d6i teong thoi gian thuc trén may tinh ¢6 cau hinh thdp nhu Raspberry Pi. Hai
md hinh SSD va YOLO da duoc lwa chon dé danh gia trén d¢ chinh xac va téc do x ly.
Két qua cho thay ca hai model déu khong dap ting duoc tdc do xir ly theo thoi gian thuec.
Tuy nhién, trong cac ting dung khong yéu cau tdc do cao thi moé hinh YOLO c6 thé dwoc
stt dung trong cadc mdy tinh nhang nhu Raspberry Pi.

Viéc dat duoce sw can béng gitra toc do xtt ly va do chinh xac phu thudc rat 16n
vao yéu cau cta timg tng dung thuec t&. Diéu nay dan dén viéc lwa chon kich thudc dau
vao pht hop 1a rat quan trong dé c6 duoc su can bang can thiét cho mot ing dung cu
thé. Nghién cttu nay c6 thé gitp ich cho viéc trién khai cac hé thong giam sat trén phan
cing tuong tw d€ dat duoc hiéu qua cao nhat.
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DEEP LEARNING - BASED OBJECT DETECTION ON RASPBERRY PI
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ABSTRACT

With the recent development of deep learning, object detection methods have
achieved high performance on both speed and accuracy on modern desktop
systems. In addition, the development of smaller and faster deep learning models to
fit IoT devices has been attracting much attention. This article explores the relevance
of object detection models on the Raspberry Pi, a popular embedded computer that
can be integrated into IoT systems to make work easy. We consider the effects of two
modern object detection models, Single Shot Detector (SSD) and You Only Look
Once (YOLO). The models will be evaluated based on the frame rate and the average
precision in the phase of inference. The experimental results show the feasibility of

the models on low-profile computers.

Keywords: object detection, YOLO, SSD, Raspberry Pi.
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