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Tém tit: Myc dich ciia bai bao nay 1a d& xuat thuat toan xay
dung hé thong xe tu hanh di chuyén theo déi tugng (nhén dan)
nhim giam b6t cong sirc va thoi gian cho viéce tu tay day kéo
hoic mang véac vat. Y tusng nay cé thé ang dung cho xe chg
hang trong cac nha kho hoic cho vali tw dong di chuyén theo
nguoi ding. Xe hoat dong theo nhig budc chinh la video dwoc
quay lién tuc rdi giri 1én server. Tir video d6, server s& phat hién
dbi twong c6 trong khung hinh bing thuat toan YOLO (la déi
tuong da duoc huan luyén dé phat hién trude do) va xac dinh vi
tri twong di cua tam ddi twong trong khung hinh. Cuéi ciing né
gui 1énh xudng xe bam theo déi turong dé. Do tap dir liéu huin
luyén con chua 16n (392 anh) nén do chinh xac cua viéc phéat
hién vat thé con chua cao. Tuy nhién, trong diéu kién thich hop
thi hé thdng c6 thé xac dinh chinh xac va bam theo dbi tuong
1&n t6i 98%. Do d6, néu tang tap mau anh va hra chon sé lugng
busc xi ly thich hop thi hé théng hoan toan c6 thé ting do
chinh xéc trong nhimg diéu kién anh x4u hon.

Tir khéa: d6i tuong; hé thong xe ty hanh; thuat toan;
xtr ly anh; ma hoa.

I. DAT VAN BE

Hi¢n nay, nhiing thuét toan trong linh vuc thi giac
may tinh dang dugc phat trlen manh m& va c6 nhiéu tng
dung nhu trong giam sat, y té [1], [10], [11], [12].

Trong linh vyc robot di dong tu di Chuyen trén duong,
dugc trang bi hé thong maéy anh stereo, vin d& quan trong
nhat 1 chiét thch cac miat phang dat va xac dinh céc vat
can dé tao thuan lgi cho phuong tign di Chuyen Trong
nhitng nim gan day, c6 rat nhleu cdng vige véi cac cach
tiép can tuong dbi da dang dé giai quyét cau hoi. Mot s6
cong trinh noit bat [1],[2],[3] s dung cac thuat toan
RANSAC cé dién dé udéc tinh ‘mat phang dat voi do tin
cay cao. Tuy nhién, véi yéu cau sb luong lon cac phep
toan can thiét, phuong phap nay c6 thé dan dén thoi gian
chi phi 16n. Hai céch tiép can trong (4], [5] ap dung khai
niém ludng quang va sir dung dir li¢u dau vao la chudi anh
mau hoac anh xam da cap dé co dugc mot s6 két qua rat
thd vi gi6i han trong moi truong c6 dac tinh dac bigt.
Trong truong hop khac, cac mat phang dt chira cac mau
phuc tap, ty I¢ phat hi¢n dbi tugng chinh xac s& giam
manh. Ddi véi ung dung thoi gian thyc, cac tac gia trong
[6] da trinh bay mot thuat toan dé chi can tim mat phang
dat bang cach xur Iy cac dir liéu ban @6 chénh léch dau vao
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2D, tuy nhién nhiing hinh anh dau vao duoc thu thap va
dugc thu nghlem trong mot moi truong trong nha véi mot
nén tang don gian. Dieu nay han Che kha nang giai quyét
C4cC vén dé trong moi truong thuc té [7],[8].

Xe di chuyén bam theo dbi twong (nhan dan) cling la
mot ng dung cta no. Trong bai bao [28] de xuat cac bign
phap hi¢u suat d¢ danh gid cac thuét toan theo doi doi
tuwong bang cach sir dung nhédn va kich thuée doi tuong.
Tinh hitu ich va hi¢u qua cua cac bi¢n phap danh gia dé
xuit dugc thé hién bang cach danh gia hiéu Suat caa hai
thuat toan theo doi. Trong bai bao [29] dé xuét viéc phat
hién va trich xuat cing mot doi tuong chuyén dong ¢ tién
canh va nhan phu hop trong video giam sat nhiéu ché do
xem. M6 hinh so sanh nén truéc nhiéu ché do xem dya
trén phat hién HOG va phan cum hé thong duoc thiét lap
bang cach sir dung phuong phap trir nén, phat hi¢n tinh
ning HOG va binh phuong sai 1éch nhé nhét trong phan
cum hé thdng.

Bai b4o [30] nghién ctu cach cac dbi trong ghi nhan
thong tin duoc tra vé bdi bé loc nhiéu Bernoulli dwoc gin
nhan c6 thé dugc sir dung hiéu qua cho muc dich diéu
khién cam blen Ket qua md phong cho biét cac phuong
phép dugc dé xuit co thé dan dén nhiing cai tién dang ké
vé d6 chinh xéac theo ddi cua cac ddi tuong quan tam, so
Véi viéc str dung cac phuong phap diéu khién cam bién
chung (khéng chon loc). Trong bai bao [31], céc tac gia
kham pha khai niém vé vong phan hdi cua trinh theo doi-
cam bién c6 thé thdng béo cho qua trinh xt ly cua cam
bién va diéu tra xem liéu n6 c6 thé cai thién higu suét theo
ddi nhiéu muc tiéu va cho phép phat hién déi twong tinh
trong video hay khong.

Trong bai bao [32], CAc tac gia trinh bay mot cach tiép
can tu dong truyén cac nhan tir mot khung hinh duy nhat
sang cac khung hinh tiép theo. Cac tac gia da chay thu
nghiém trén chudi video diéu khién 101 khung hinh tao ra
quy trinh co s& dugc gan nhan tha cOng tuong tng. Két
qua cho thay hau hét cac pixel duoc gan nhén c6 thé dugc
truyén chinh xac ngay ca sau mot traim khung hinh. Tuy
nhién, vi¢c dua m6 hinh nay vao thyc té con chua dugc
rong rai vi cho dén nay cac thuat toan cua thi giac may
tinh m¢i thuc sy phat trién manh mé [11], [12]. Trong
diéu kién thyc té, xe di chuyen trén duong pho s€ gap phai
nhleu vt thé khéac nhau, vi vay ngoai viéc cac thuat toan
can dép g toc do xur ly thoi gian thuc, con phdi dap tng
s6 luong I6n vat thé ¢ thé nhan di¢n cua h¢ thong Ngoai
ra, viéc xac dinh khoang cach dé gitra cac vat thé con chua
duoc linh hoat.
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Vi bai toan dua ra, chung ta khong thé st dung
phuong phéap do truyén thong ma phai str dung céc thuat
toan do dac. Thuat todn phé bién hién nay 1a st dung hai
camera dé xac dinh khodng cach, tuy nhién néu st dung
hé thong hai camera, ciu tric phan cing tré nén cong
kénh va kho lap dat. Xuat phét tir thuc té do Jrong bai bdo
nay chlng t6i tap trung nghién ctu vao phan xu 1y hinh
anh trong h¢ thong xe ty hanh tir d6 dua ra mot hé théng
md hinh gom co:

e Xe di chuyén c6 gin camera: Xe gdém c6 Raspberry
PI, Module L298 diéu khién dong co, 2 dong co, 1
camera; Raspberry pi ¢6 nhiém vu truyen tai hinh
anh I&n server va nhan lénh tir server didu khién
dong co di chuyén

e Server: ¢6 nhi¢m vu nhan video tur raspberry pi, sau
d6 chay thuat toan xu ly va gui lai lénh dén
raspberry pi.

Phan con lai cua bai bao dugc trinh bay nhu sau.

Trong phan Il ching t6i s& khao sat qua vé cac hé thong
hién c6. Trong phan 11, chiing t6i lan luot trinh bay mo

hinh va danh gi4 két qua caa mo hinh dé ra. Cudi cung,
ching t6i két luan bai bao trong phan IV.

Il. GIAI PHAP THWPC HIEN

A. Cdu tric hé théng
So db cau tric hé théng dugc dé xuat nhu trén hinh

Xay dyng thujt
n

Hinh 1. So dé dé xuét qué trinh xay dung hé théng

Trong budc xac dinh vat thé, ching toi s dung
thuat todan YOLO [13], [14] [15], [16] [17]. Uu diém
Ién nhat cua thuat toan ndy so véi cac thuat todn nhan
di¢n anh phé bién hién nay nhu: MobileNet, ResNet,..
1a tbe @6 xu ly nhanh, gan nhu ngay 1ap tac nén dap
trng duoc yéu cau dua ra tir dau. Voi thuat toan nay,
hinh anh dau vao va s& duoc xur Iy qua mot mang
noron duy nhét, dau ra ciia mang s la du doan tam va
hop bao vat the didu nay 1am toc do xt Iy nhanh hon
S0 Vi cac thuat toan phét hién vat thé khac, phu hop
Vi cac ing dung xu ly anh theo thoi gian thuc.

B. Thu thdp tdp mau va danh doi twong

Tap méu trong lan thir nghiém cua chung toi la cac
d6i tugng can theo dai. Trong bai bao nay, chung t0i
chi dua ra mot vat thé pho bién trong nha, voi gid dinh
dat ra la khi xe dén gan déi tuogng, xe s¢ giam toc do
dan. Yéu cau dit ra cho tap miu la du sy da dang,
trong nhiéu bol canh khac nhau, mau sic, 6 sang anh
khac nhau dé tranh bi overfitting trong qua trinh huan
luyén (overfitting: khi huan luyén két qua cho ra rat
t6t, nhung khi dwa tap méi thur lai thi két qua kém)
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[12]. Vi vay ching t6i d4 thu thap tap mau la cac anh
that lay tir Google va cac anh ty chyp trong cac thoi
gian, dia diém, g6c chup khac nhau dé 1am da dang tap
mau.

Sau khi c6 tap mau s& xéc dinh vt thé trong ting
anh. Budc nay phai lam thu cong véi sy hd tro cua
phan mém labellmg. Vi mdi anh, ta s& chon tat ca cac
khu vuc c6 vat thé va sau do luu file do6i tuong (nhan
dan). Trong két qua gdm c6: tam cua vat thé, chiéu
cao, chiéu rong cua hop bao vat thé nhu trén hinh

Hinh 2. Anh déi twong dat frén mat san

. Hudn luyén tgp mé hinh

Sau qua trinh huan Iuyen két qua s& thu duoc mot b
trong s6 va mot md hinh mang (md hinh gdm cac
thdng 50 Vvé so 1u'0'ng noron, gia tri ti I1¢ hoc: learning
rate, s 16p,...) cac két qua sau sé dugc xay dung dua
theo nhitng b trong s6 va mo hinh trude d6 da duoc
thuc hién va di dugc céng bd mién phi trén Darknet
(18], [19].

Pé xay dung md hinh ndy, ching toi sir dung bo cong
cu darkflow, gom céac thu vién hd tro hun luyén mang
YOLO. YOLO la mot trong nhirng thuat toan object
detection manh nhat hién nay. Muc tiéu cia md hinh
khong chi la du bao nhén cho vt thé nhu cac bai toan
classification ma n6 con xac dinh location cua vat othe
Do @6 YOLO c6 thé phat hién dugc nhiéu vat thé co
nhan khéc nhau trong mét birc anh thay vi chi phan
loai duy nhit mot nhan cho mot b anh.

YOLO nhin toan b hinh anh cung mét luc; do do, sy
phét hién cta né c¢6 duoc bai toan bo thdng tin trong
hinh anh. YOLO str dung mang don, khong giéng nhu
cac may do mang no-ron phirc hgp khu vuc (R-CNN
va Fast-RCNN) can hang nghin khu vuc cho mét hinh
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anh. Mo hinh c6 dwoc céc tinh nang dau vao hinh anh
va chia n6 thanh ludi S x S. Sau do, n trich xuét dix
liéu tir mdi lusi trong hinh anh dau vao va sir dung
diém tin cay cua doi tugng duoc phat hién dé tao ra
hop hinh chir nhat. Mbi 6 dy doan hop gi¢i han va
diém tin cdy. HOp gisi han chira nam tham s6 du dodn,
dugc xac dinh bai (x, y, w, h) va gia tri diém tin cay,
trong do (x, y) toa do dai di¢n cho tam cta hop gidi
han va (h, w) phan anh chiéu cao va chiéu rong cua
toan bo hinh anh. Piém tin ciy dai dién cho phép do
murc do ty tin cua kién tric ma hop chira ddi twong can  11l. KET QUA PAT PUGC
du doan. Két qua vi du thir nghiém nhu trén hinh 3.

Hinh 3. Qua trinh huén luyén.

A. Tinh théng sé lién quan dén hép bao vt thé
Sau khi qué trinh huan luyén két thic ta c6 bo trong s
va cau hinh mang mai. Két qua nhu trén hinh 4 va hinh 5.

Hinh 4. Két quéa phét hién vat thé khodng cach a)20 cm va b)30 cm

{"label': "hung', 'confidence': 8.58272636, 'bottomright’: {'x': 343, 'y': 379}, "topleft’: {'x': 289, 'y': 174}}
{'label": "hung', 'confidence': 8.58272636, ‘bottomright': {'x': 349, 'y': 379}, "topleft’: {'x': 289, 'y': 174}}
{'label': 'hung', 'confidence': 8,58272636, 'bottomright’: {'x': 349, 'y': 319}, 'topleft": {'x' y" 174}}
{'label': "hung', 'confidence': 8,517604, 'bottomright': {'x': 355, 'y': 355}, "topleft': {'x": 283 12d}}

{'label": "hung', 'confidence': 8,517684, 'bottomright': {'x': 355, 'y': 355}, "topleft': {'x': 283, 'y': 124}}

{'label': 'hung', "confidence’: ©.80468816, 'bottomright': {"x': 352, 'y': 374}, 'topleft': {'x": 'y't 178}
{"label': "hung', 'confidence': 9.83068914, 'bottomright’: {'x": 351, 'y': 372}, 'topleft’: {'x': 13?, y't 180}}
{'label': 'hung', 'confidence': 8.75533813, 'bottomright': {'x": 352, 'y': 377}, 'topleft': {'x': 286, 'y': 175}}
{'label': "hung', confidence': 8.75533813, 'bottomright’: {'x": 352, 'y': 377}, 'topleft': {'x': 286, 'y': 175}}
{"1abel': "hung', 'confidence’: 8.87302387, ‘bottomright': {'x': 208, 'y": 330}, 'topleft': {'x': 242, 'y": 102}}
{"label": "hung', 'confidence': 8.87302387, 'bottomright': {' x 298 'y' 350}, 'topleft': {'x': 242, 'y": 202}}
{"label": "hung', 'confidence': 8,6170359, 'bottomright': {'x’ 't 385], 'topleft': {'x': 188, '}r' 167})
{"label': "hung', 'confidence’: 9.6422932, 'hottomright': {'x : 252, 'y'i 362}, 'topleft': {"x': 189, 'y'1 178}}
{'label': "hung', 'confidence': 8.6422932, 'bottomright': {'x": 't 382}, 'topleft': {'x": 189, 'y': 178}
{'label': "hung', 'confidence': 0.6219283, 'bottomrdght': {'x": 2 3?4} ‘topleft's {'x": 185, 'y": 178}}
{"label': 'hung', confidence': 8,73324%6, 'bottomrignt’: {'x": 255 'y' 81}, "topleft': {'x': 187, 'y': 171}}

Hinh 5. Théng sé lién quan dén hép bao vét thé.
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Trong do: ‘label’ 1a tén vat thé, ‘confidence’ 1a do
chinh xac cua du doan, ‘bottomright’ 1a toa dé goc duéi
bén phdi cua hop, ‘topleft’ 1a toa do goc trén bén trai cua
hop (gdc toa d6 nam & gdc trén bén trai caa khung hinh).

Tu cac toa do trén ta xac dinh duoc tdm va kich thuéc
cua hop. Vi du ‘bottomright’: (255,381), ‘topleft’: (187,
171) ta cé tam C cua hop la:

C 255+187 381+171

2 ’ 2

j =C(221;276)
1)

B. Tinh khodang cach tir camera dén vt thé

C6 2 phuong an dé tinh khoang céch tir camera dén
vat thé: i) sir dung 2 camera va do dac dya vao cic tinh
toan vat ly (dua vao tiéu cu va kich thuéc anh trén khung
hinh); ii) str dung mot camera dé do khodng cach (két qua
tuong doi). Trong bai bao nay dé xuat phuong an sir dung
1 camera dé giam do phtc tap cho viéc 1ap trinh va vi két
qua dy doan vat thé tir 2 camera khdng khép nhau 100%.

Céc budc thyc hién nhu sau:
Bude 1: Xac dinh dugc hop bao vat thé

Budc 2: Tinh ti 18 (T) chiéu rong cua hop bao/ chiéu
rong caa khung hinh

) Bm’rc 3: Tinh khoang céch S bang cach nhan T véi hé
$0 €6 dinh a (a dugc xac dinh dya vao do dac khoang cach
cua Vvt tgi camera trong thuc te vatisd T “tuong ung khi
d6 (ham biéu dién 1a ham tuyén tinh). Két qua thé hién
trén hinh 6.

Uu diém: dé& thyc hién, giam thoi gian xa 1y va lap
trinh

Nhuoc di,ém: yéu cau déi twong (nhan dan) phai 6
kich thuéc co dinh va két qua chi twong doi do goc quay
camera anh huong dén du doéan (két qua tot nhat khi nhin
thang) Tuy nhién, véi yéu cau cua xe thi viéc sai s6 nhu
vay van chap nhan dugc.

C. Xay dung thudr todn diéu khién xe
Budc 1: Vi tri can bang cia xe 1a khi toa do tam cua
vat thé co6 hoanh do nam gitra khung hinh.

Budc 2: Khi doi tuong (nhan dan) di chuyén sang trai,
hoanh d6 cua vat thé nho dan. Khi d6 ta sé dleu khién
banh xe (banh tréi co toc d6 0, banh phai co toc do 0+x)
dé xe quay sang trai sao de hoanh d6 caa tdm s€ dich vé vi
tri can bang (camera gan c6 dinh trén xe).

Bud6c 3: Khi ddi twong (nhan dan) cé khoang cach 16n
hon 1 nguong dat trudc, xe s€ di Chuyen lén phia trudc
(tranh trai c6 téc do b+0, banh phai cd toc dd b+0+x).

Budc 4: Khi dbi tugng (nhan dan) cé khoang cach nho
hon ngudng dat trudc xe dung lai.

Budc 5: Gui lénh tir server dén raspberry pi va diéu
khién L298 bang raspberry pi st dung cac chan GPIO cua
Pi dé diéu khién.
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Hinh 6. Tinh toan khoang céach.

D. Thao lugn

Mot trong nhiing phuong phép,truyén théng c6 thé do
duoc khoang cach xa va twong doi chinh xéc la phuong
phap st dung tia laze. So véi phuong phap duoc dua ra
trong dé tai, chung t6i dwa ra mot s6 nhan xét nhu bang I:

Bang I. So sanh phuong phap dé xuét véi céc phuong
phap khac
Thong sb Phuong Phuong phap dé
phap truyén | xuét sir dung mang
théng dung YOLO
Laze [20] + [27]
Do chinh xéc 1&n dén 99% 70 - 98%
Po tré <0.5s <0.5s
Khoang cach do <30m < 80m
Chi phi dudi 2 triéu dong dudi 2 triéu dong

Nhan xét: Do chinh xac cua hé thong do qua thuat
toan c6 thé duogc tang 1én voi lugng dau vao cho phan
hoc may nhiéu va chat lugng hon. Bén canh d6 phuong
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phép~dé Xuit ciing do dwoc vé6i khoang cach xa hon voi
d0 tré nhu nhau.

IV. KET LUAN
Bai bao nghién cuu viéc xay dung hé théng xe di
chuyén theo ddi twong (nhan dan). O day ching toi mo
phong qua trinh tap hop dir liéu huan luyén va danh gia
két qua. Hudng tiép theo ching toi sé& thuc hién:
e M0 phong qud trinh tap hop dix liéu cho toan
b xe clng mot thoi diém.
e Danh gia muc tiéu thu ndng lugng cua thuat
toan va h¢ thong.
e Xir ly song song nhiéu dbi twong (nhan dan).

LOI CAM ON

Nghién ctru nay duoc thyc hién trong khuén kho dé tai
do Truong Pai Hoc Béach Khoa, Viét Nam tai trg voi tiéu
dé Nghién ciru phat trién thuat toan phét hign mat san
dwa trén dong video dd sau tir hé théng cam bién
Realsense wng dung hd tre din dwong cho xe tw hanh
trong nha" theo dé tai cip trudng mé sé T2021-TT-004.
Cam on Truong PHBK da tai trg trong qua trinh thuc
hién bai bao nay.
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PROPOSED OBJECTIVES ON THE FLOOR
ORGANIZATION BASED ON VIDEO RECEIVED
FROM AUTOMATIC VEHICLES

Abstract:  The goal of this paper is to propose
algorithm to build a car system for moving by object
(label); moving vehicles following the sticker is an idea
to reduce effort and time for pushing or pulling and
carrying the carts by hand. This idea can be applied to
cargo trucks in warehouses or for suitcases that
automatically move with the user. The vehicle works in
the main steps: Video is continuously recorded and then
sent to the server, from that video, the server will detect
the sticker in the frame by YOLO algorithm (the sticker
has been trained to detect) and determine the relative
position of the center of the label in the frame, finally
sending the order down to the vehicle following that
sticker. Because the training data set is small (392
images), the detection accuracy of the object is not high,
but under the right conditions it can be determined up to
96%. By increasing the sample set and choosing the
appropriate number of steps, it is possible to increase
accuracy in worse image conditions.

Keywords: object; label; automatic vehivle; YOLO
algorithm; label processing; encoding.
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