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Abstract

Nowadays, mobile robots have been popular not only in industrial applications such as materials transportation but also in non-industrial
applications, e.g., human assistance. Among developed configurations, omnidirectional mobile robots have attracted great attention recently
due to their superior maneuverability over their conventional counterparts. In this research, an application of a four mecanum-wheeled
omnidirectional mobile robot (4-MWMR) in human assistance has been developed. By using a vision-based deep neural network in real-time,
the 4-MWMR is capable of following an authorized person, collsion avoidance and obeying the hand pose command, thereby assisting users in
transporting materials in unknown environment. Good experimental results show the ability of the developed system to be used in practice.
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Cac tir viét tit

OMR Omnidirectinal mobile robot

4-MWMR  4-Mecanum wheeled mobile robot

SSD Single shot detector

VGG Visual graphic group

CNN Convolution neural network

PCA Principle component analysis
Tom tat

Ngay nay, robot di dong da trd nén phd bién khong nhiing trong cong
nghiép, ching han nhu van chuyén vt tu giita cdc cong doan san xudt,
ma con trong dan dung nhu h trg con ngudi trong cd sé y té, siéu thi,
kho hang. Trong s cac cAu hinh da dudgc phit trién, robot di dong st
dung banh xe da huéng dic biét dugc chd y trong thdi gian gin day, do
kha niing co dong vugt troi so véi cac dbi thi st dung banh xe truyén
th6ng. Trong nghién ctiu nay, mot robot di dong st dung cu hinh bbn
banh da huéng ki€u Mecanum (4-MWMR) vé6i kha ning tucng tac
va hd tr¢ con ngudi dudc phit trién. Bing cach xi 1y hinh anh trong
thdi gian thyc duya trén ky thuét hoc sdu, 4-MWMR c6 kha nang di
chuyén bam theo ngudi dudc cip quyén dong thdi tranh chuéng ngai
vat, cling nhu ¢6 thé dudc diéu khién tir xa qua cit chi tay, tit d6 hd

trg ngudi dung trong ting dung van chuyén vat tu hang héa trong moi
trudng khong c6 ban dd 1ap sin. Cac két qua thit nghiém budc dau
cho thiy tiém niing clia hé thdng c6 thé dudc ing dung trong thuc té.

1. Gidi thiéu chung

Gan day, ting dung robot di dong bung nd vi tinh co dong va
hiéu qua cao. Nhiéu nguyén miu va san pham khéc nhau da
dugc phat trién dé dap tng cdc yéu cau khit khe ciia ngudi
ding. Véi su phat trién manh ciia cac k¥ thuit hoc sau, kha
ning tich hop cao vé su nhan biét, didu huéng va tuong tic véi
ngudi ding dugc dic biét quan tim trong thdi gian gan day [1].
Thong thudng, céac robot di dong sit dung banh xe tron truyén
théng véi cac cAu hinh phd bién nhu hai banh vi sai hodic bén
banh gidng 6 t6. Mot nhudce diém rd rang clia cic cAu hinh néu
trén 1a ching khong c6 kha niing chuyén huéng tiic thdi ma can
thyc hién tif tif thong qua banh 14i, do d6 han ché kha ning di
chuyén trong khong gian hep. D€ khic phuc nhugc diém nay,
robot di dong da huéng (OMR) vdi banh chuyén dung da dugc
phét trién, mang lai kha ning cd dong cao hon ciing nhu thich
ting tot trong khong gian hep. Hai cAu hinh OMR dudc sit dung
rong rii trong nghién cifu ciing nhu Gng dung thuc té 12 3 banh
va 4 banh. CAu hinh 3 banh thudng dudgc sit dung dé thiét ké
robot di dong nho véi trong tai nhe. Trong trudng hgp tai trong
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ning, cAu hinh 4 banh thudng dugc st dung [2].

Nhin chung, hé théng diéu khién ctia OMR c6 thé dugc phan
loai thanh diéu khién cip chip hanh, tip trung vao bai toin
ddng hoc va dong luc hoc ctia robot, ciing nhu xi 1y cic van
dé lién quan dén an toan van hanh nhu tranh va cham. Va hé
diéu khién cép cao, chi yéu xt ly cic nhiém vu diéu huéng
dua trén dif liéu camera va cam bién laser. V6i su phat trién
bung nd ctia tri tué nhan tao (AI) trong thap ky nay, két hop
v6i cam bién hinh 4dnh, lugng thong tin thu thap di ding cho
hau hét cic vin d lién quan dén diéu khién robot di dong, nhd
do6 khong chi ning cao kha ning tuong tac véi ngudi dung ma
con lam cho robot ngay cang thong minh hon. Do d6, cac hé
théng diéu khién cip cao dua trén Al trd thanh dé tai hip dan
trong thdi gian gan day [3].

Dé dam bdo robot di dong c6 thé di chuyén va thuc hién céac
nhiém vu ctia chiing trong moi trudng phiic tap, hau hét cac
nha nghién ctiu tap trung vao gidi quyét van dé 1ap ban do va
dinh vi [4, 5] ma it tap trung vio vin dé tuong tac giita robot
di dong va ngudi st dung. Trong nghién citu nay, mdt robot
di dong véi cAu hinh b6n banh da huéng mecanum dugc phat
trién v6i muc tiéu chinh 13 ting kha niing tucng tic véi ngudi
st dung. Cic tinh ning méi dudc phat trién bao gdbm: nhan
dang khudn mit clia ngudi dudc cip quyén (admin), bam theo
admin hoic nhan 1énh bang ct chi tay ctia admin dé thuc hién
cic thao tic di chuyén, dong thdi c6 kha ning tranh cic chuéng
ngai vt gip phai trén dudng di. Cac tinh ning rat hitu ich trong
trudng hop can robot di chuyén ngoai quy dao da thiét 1ap tir
trude trén mit bang san xuét (line tir, vach mau), hoic trong
moi trudng khong biét trudc ban dd nhu trong siéu thi, kho
hang, cd sd y té ... Pa c6 mot s6 nghién ciiu vé robot di dong
tuong tac véi con ngudi dua trén xi ly dnh [6,7]. Tuy nhién
trong nghién ctiu nay, nhom tac gia tap trung vao viéc st dung
nhitng thanh tyu méi cda mang neural hoc siu (deep neural
network) trong xi Iy anh dé giai quyét bai toan trén.

2. Mb ta hé théng

2.1. M6 hinh dong hoc cia -MWMR

KXw Admin
Position

Hinh 1. Hé toa do ctia mobile robot

Cé4u hinh ctia robot di dong va cic khung toa do tuong ting
dudc minh hoa & hinh 1, trong d6 X,,0,,Y,, va X,O_,Y,_ lén_ lugt la
hé toa do gbc va hé toa do gin véi than xe. Dit [0, 62, 65, 647

Bang 1. Tham s6 ctia md hinh mobile robot

Ky hiéu Mo ta Giatri DPonvi
w Mot ntta chiéu rong xe 0.3 m

L Mot nita chiéu dai xe 0.3 m

m Téng khbi lugng xe 40 kg

R Ban kinh banh xe 0.076 m

6; Van tdc géc banh xe thd i'h - rad/s
0] Goc 1éch gitra 2 hé toa do - rad

va [%,, 9., ®]T 1an lugt 1a vector van tbc géc clia banh xe va vin
tdc xe trén hé toa do than xe, khi d6 ta c6 mdi quan hé dong
hoc thuén va ngudgc lan lugt dugc biéu dién béi (1) va (2) nhu
sau:

T

. . . . 1 .
6 6 6 6] =ik y @ (1)

% v @ =RIT[6 6 6 6] )
Trong do,
1 1 L+W
=100 Tiw ®
1 1 L+W

vaJ T = (JT7)~1J7 1a ma tran gid nghich dao cta J:

(Tt 1 1 -1
Jt=-11 1 1 1 4

41 1 1 1

L+W L+W L+W L+W

Cic thong s ctia mo hinh dugc cung cip chi tiét & bang 1. Con
tdc do dich chuyén clia than xe quy ddi vé hé toa do gbe dudc
tinh bdi phép chuyén déi (5):

o dw D] =R@) [5 v D] 5)
trong d6 R(P) 1a ma tran chuyén toa do biéu dién bdi (6):
cos(®) —sin(®) 0
R(P) = |sin(P) cos(P) O (6)
0 0 1

2.2. Trang bi dién cho -MWMR

Dé€ thuc hién céc chiic ning diéu khién nhu di dé cap 6 trén, hé
thong diéu khién xe dudgc thiét ké véi kién tric nhu md ta & hinh
2. C6 thé chia hé théng diéu khién ra hai ting. Hé diéu khién
trung tim dugc trang bi mdy tinh hiéu suit cao Intel NUC-11
NUCI1TNHi70Z véi bo xi ly Intel corei7 thé hé thd 11 d€ c6
thé thuc hién céc thuét toan xd 1y 4nh trong thoi gian thuc. Cac
thong tin vé d6i tuong va méi trudng xung quanh dudc thu thap
va giii dén hé thdng diéu khién bdi mdy anh cam bién do sau
intel realsense D435i. Ngoai c4c thong s cd ban nhu dd phan
gidi 1280x720, tbc do xi ly t&i 90 khung hinh/gidy, D435i con
cung cip cdc thong tin quan trong khac cho diéu huéng nhu
khoang cach dén cac dbi tugng trong dai tir 0.1m dén 10m, gia
tdc va van toc géc ctia phan khung robot di dong thong qua
cam bién do ludng quan tinh (IMU) tich hop trén thiét bi.
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Hinh 2. Trang bi dién cta robot di dong da huéng

O tang diéu khién cip thap hon, mbi banh xe dugc truyén dong
bdi mot bd servo st dung dong cd budc lai. Pay la loai dong co
dic biét phit hop cho cic ting dung c6 toc do quay thip nhung
ddi hdi md men 16n. Viéc dam béo an toan va chdng va cham
cho xe trong qua trinh van hanh dudc thyc hién bdi cac cam
bién siéu am lip & 4 phia ctia xe. Trung tim ciia hé diéu khién
cép nay 12 mot bang mach do nhém nghién ctiu tu phat trién
trén nén tang vi diéu khién 32 bit STM32F103ZCT6. Bang
mach diéu khién nhiing ndy déng vai trd ciu ndi gitta mdy tinh
diéu khién trung tdm va cic thiét bi truyén dong, dong thai xi
ly truc tiép cac tin hiéu lién quan dén an toan trong qua trinh
van hanh nhu tin hiéu tif cAm bién va cham kiéu tiép xic, va
khong tiép xtic (ciAm bién siéu am, radar...).

3. Xu ly anh dua trén ky thuit hoc siu

Nhu da thdo luan & trén, admin sé 13 ngudi ra quyét dinh diéu
khién mobile robot thong qua cii chi tay. Do d6, hé diéu khién
phai xit Iy ba tic vu chinh nhu sau. PAu tién la tic vu nhan dién
khudn mit dé nhan dang quan tri vién. Thi hai 12 phat hién va
xdc dinh vi tri cia quan tri vién so véi hé toa do gin trén khung
mobile robot, tit d6 cung cp thong tin cho bd diéu khién cip
dudi trong ché do diéu khién xe bam theo ngudi. Nhiém vu
cubi cuing 1a phat hién tu thé tay va chuyén thanh cic ménh
1énh di chuyén xe theo y mubn ngudi diéu khién.

FC
2048,
RelU

Output
Sofmax

Flatt
12128 aen '@

224x224x3

224 x 224 x 64

56 x 96 x 256

A8 38 1512 o
1 Il’ll’ll‘ 2048, Output
RelU Sofmax

i@ convolution + Relll
@ max pooling

i@ fully Connected + Rel Ul
i softmax

Hinh 3. M0 hinh phét hién va nhan dang khuon mat dua trén VGG-16

3.1. Nhan dang khuon mat bang mang neural tich chap

Mang nd-ron tich chip (CNN) la mot trong nhiing mo6 hinh
hoc sau thanh cong nhit dung dé nhan dang khuon mit. Diém
khac biét chinh gitta CNN va mang neural kinh dién 12 & cdc
16p tich chap. C6 thé coi day 1a mdt bo loc vira gitp trich xuét
cdc dic trung cda hinh anh du vao, vita gidm s6 lugng tham
s6 can xt ly. Trong ing dung nay, mang CNN véi kién tric
VGG-16 do nhém nghién ciiu tai dai hoc Oxford phit trién
dugc st dung [9]. Pau vao clia mang 12 mot hinh anh ¢6 kich
thude (224, 224, 3). Viéc st dung cic 16p tich chap vé6i nhiéu
bd loc 3 x 3, kém sau d6 1a céc 16p gop 2x2 ki€u max pooling
gitip giam kich thudc céc 16p tiép theo di mot nita ma van bao
toan dugc cic dic trung clia hinh dnh. Cubi cing, cic dic trung
da trich xuét dugc dua qua cac 16p dudi thang (bién ma tran
thanh vector) va dua vao cic 16p két nbi day di (FC) clia mang
neural kinh dién véi 16p dau ra cubi ciing c6 1000 nd ron. Mo
hinh nay dat vi tri s6 mot vé phat hién déi tugng va vi tri s6 hai
phan loai 4nh trong cudc thi ILSVRC 2014. Kién triic diu vao
ctia mang CNN dudc mo ta chi tiét & hinh 3, trong khi céc 16p
FC & phia dau ra ciia VGG-16 dudc thay ddi dé€ c6 thé vira phat
hién ra khudn mit, vita cung cip toa do 6 vudng chiia khuén
miit trong hinh dnh dau vao. Trong dé, 16p dudi thang diu ra
tit VGG-16 dudgc chia lam 2 nhdnh. Mot nhanh két nbi vé6i 16p
FC c6 2048 nd ron va mdt ham softmax diu ra dé€ xdc dinh
xéc suét p ctia khudn mit, nhanh con lai gdm 2 16p FC c6 kich
thudc 1an lugt 1a 2048 va 4 tuong ting toa do r = [x1,x2,¥1,y2]
cta 6 vudng chia khuon mat.

V6i dit liéu dAu vao 1a 888 bic hinh tu chup va dan nhan, két
qua huin luyén theo phucng phdp gradient decent ctia md hinh
cho két qua kha quan vé6i do chinh xéc t6i 0.95. Sau khi c6
dugc vi tri ctia khudn mét, phuong phép phan tich thanh phan
chinh (Principal Component Analysis - PCA) [10, 11] dugc st
dung d€ nhan dién khuén miit tai vi tri d dugc x4c dinh xem
c6 phai ngudi d6 12 admin khong. Véi dic thu hé diéu khién
danh cho mobile robot thung doi hoi chi phi thip, din dén
ning luc tinh todn han ché, phuong phap PCA dic biét phu
hgp do ky thuit tinh toan don gian cling nhu di liéu cia admin
thudng han ché & mot vai ngudi [12].

3.2. Phat hién va dinh vi ngudi bang mang Mobilenet-SSD

Phét hién con ngudi trong mot biic dnh bao gém hai tic vu,
phan loai (classification) va dinh vi (localization) bang cach vé
0 vuong bao quanh vi tri hinh anh dugc xac dinh 1a "con nguai".
V6i cac hé thng cé ning luc tinh toan gidi han, cac thuit todn
dua trén k¥ thut hoc sau nhu Faster R-CNN [13], Single Shot
Detectors (SSD) [14], va You Only Look Once (YOLO) [15]
chiém uu thé nhd kha ning xt 1y tinh toan nhanh [16]. D€ théa
man yéu cau vé kha ning xi ly thdi gian thuc trong khi van
dat do chinh xdc tuong dbi cao, Mobilenet SDD dudc Iva chon
do mb hinh nay c6 kha niing phan loai dudc nhiéu dbi tuong
v6i ti 1& kich thudc khac nhau trén mot khung hinh. Kién tric
clia mang Mobilenet SDD dugc thé hién & hinh 4. Khac véi
mang VGG-16, Mobilenet st dung cac 16p tich chap tach biét
chiéu sau (depthwise separable convolution layers) & phia dau
vao, tiic 12 mbi kénh dit liéu dau vao sé ap dung mot bd loc
khéc nhau va hoan toan khong chia sé tham s6. Do d6 gitp qua
trinh hoc va nhan dién dac trung sé dugc tach biét theo ting bo
loc. Khi d6, néu dic trung trén cac kénh 1a khac xa nhau thi st
dung cac b loc riéng s€ mang lai hiéu qua cao hon trong viéc
phit hién cic dic trung. Cac 16p tich chap thong thudng & dau
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Hinh 4. Kién tric mang Mobilenet-SSD

ra (extra feature extraction layers) tao thém dit liéu hd trg ra
viéc phat hién cac dic trung trong biic anh. PAu ra cudi cling
clia Mobilenet SDD 1a mot vector y!' = [x,y, w, h, p] chi toa do
x,y, kich thudc dai rong w, h va xdc xuit clia ngudi dudc phat
hién trong buc anh.

Cudi cling, toa d6 tAm ctia 6 vudéng bao quanh hinh anh ngudi
sé dudc sif dung dé tinh todn kho4ng cach va huéng t6i mobile
robot dua trén camera c¢6 cam bién chiéu sau D435i. Thong tin
vé hudng va khoang cach dudc st dung bdi bd didu khién xe
niam & cap thip hon.

3.3. Nhan dién tu thé tay

D& giai quyét bai toan h trg con ngudi, ngoai viéc bam theo
admin thi viéc di chuyén theo ¥ mubn bing cach nhan dién ctt
chi tay cling dong vai tro quan trong, dac biét 1a 6 moi trudng
khong gian hep va nam ngoai pham vi ban dd da cai dit sin
trén xe. Do d6 nhém nghién ctiu tdn dung module MediaPipe
Hand [20] di dugc huén luyén sin dé phat hién céc diém dic
bién cta ban tay nhu mo6 ta & hinh 5, tir d6 hinh thanh nén céac
1énh di chuyén nhu "chay", " tién",
"lui", "quay tron"...

PSRN

dung", "ré trai",

mon

ré phai",

[ Descrgion o Descriotion |

0  WRIST 11 MIDDLE_FINGER_DIP
1 THUMB_CMC 12 MIDDLE_FINGER_TIP
2 THUMB_MCP 13 RING_FINGER_MCP
3 THUMB_IP 14 RING_FINGER_PIP

4 THUMB_TIP 15 RING_FINGER_DIP

5 INDEX_FINGER_MCP 16 RING_FINGER_TIP

6  INDEX_FINGER_PIP 17  PINKY_MCP

7  INDEX_FINGER_DIP 18 PINKY_PIP

8  INDEX_FINGER_TIP 19 PINKY_DIP

9 MIDDLE_FINGER_MCP 20 PINKY_TIP

10 MIDDLE_FINGER_PIP

Hinh 5. M6 hinh khung xucng ctia ban tay

4. Thiét ké hé diéu khién
4.1. Piéu khién huéng di chuyén cia xe
Véi viéc mbi banh xe dudc diéu khién bdi mot hé truyén dong

servo, dong thoi gia thiét 1a cac banh xe tiép xic t6t v6i miit
san sao cho khong c¢6 hién tugng trugt, khi d6 ta c6 thé gia thiét

ring mbi quan hé giita van tdc mong mudn va van tdc thuc ciia
xe 12 mot khau quan tinh bac nhit nhu (7)

6, 1 0 0 0] [6
6 1 0 1 0 0| |6
. = —_— by 7
6| =TT o 0 1 of |6 )
64 00 0 1] (6

trong d6 Ty, 12 hing s thoi gian ctia bd bién ddi.
Dua trén (2) va (7), mbi quan hé giita quang dudng dich chuyén
ctia xe va téc do géc clia tiing banh xe c6 thé dudc mo ta bdi

®)

Avloy . gl*
Ay | = R 8
V| = ST Taes) o ®)
AD,
6,

O ché do bam theo admin, muc tiéu didu khién 1a giit khoang
cach an toan giifa ngudi va mobile robot, cu thé hon Ia ta can
bam lugng dit g, = [x; ¥, 6;,]" trong khung toa do than
xe nhu mo ta ¢ hinh 1. D& thy véi su xuét hién ctia mot khau
tich phan trong (8), mot bo diéu khién ti 1¢ 1a di d€ dam bio
muc tiéu diéu khién trén. Do c6 rang budc vé van toc cuc dai
ctia xe, hé s6 ti 1& Kp nén dugc hiéu chinh trong khoang:

0< ex,maxKPx < Vxr,max
0< ey,maxKPy < Vyr,max (&)
0< ee,muxKPG < Wy max

trong do6, exmax, €ymax VA € max 1an lugt 1a sai léch cuc dai
theo céc truc. V2 vy maxs Vyrmaxs Ormax 1an 1ugt 12 gidi han van
tde theo cic truc ctia xe. Bit déng thic (9) c6 thé dudc hiéu
mot cach rit don gian 1a xe sé dat tSi van tée cuc dai néu sai
léch bam 16n hon ngudng cho phép. Trong thuc té, néu admin
diing tai chd va khi xe dat t&i khodng cach an toan mong mudn,
hién tugng rung c6 thé xdy ra do dit liéu khoang cach lay vé
tif camera khong thuc su &n dinh. Do d6 mot khau "dead-
band"dugc thém vao d€ ddm bdo xe ding hoan toan khi sai
léch vi tri dat t6i gia tri "chip nhan dugc". Pong thi mot khau
quén tinh ciing dudc thém vao ngay sau khau khuéch dai dé
han ché gia toc clia xe, tranh hién tugng giat manh khi admin
chuyén tir trang théi diing im sang di chuyén. Do d6, ciu tric
hé diéu khién diéu huéng xe bam theo nguvi dudc dé xuit nhu
mo ta & hinh 6.
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Hinh 6. Hé diéu khién xe bam theo ngudi va tranh vat can
4.2. Diéu khién tranh vat can g
Trong qua trinh bam theo ngudi st dung, tinh hubng gip vat
can trén dudng di thuong xuyén xay ra. Do d6 nhém nghién ctu o
dé xuét mot thuat toan don gian dé tranh vat can dua trén xi 1y R
anh cling nhu khd ning di chuyén da huéng ctia 4-MWMR. Gia 20
1080
____________________________________ IR v [ v = v [ v [
| ; ) r' J
N1 N2 N3

Chudng ngai vat

/
Madt san
/

dmin

Hinh 7. Vi tri dit camera so v4i vit can

st mit san 1 bang phang va vi tri dit camera so véi chudng
ngai vat nhu thé hién & hinh 7. Khi d6, khoang cach ti thiéu
dpnin d€ camera phat hién chuéng ngai vat dudc xdc dinh béi
phuong trinh:

a—0900— 1%
2 (10)

dpin = htan o

Trong d6, & 1a chiéu cao dit camera va fov = 58° 1a trudng
nhin doc cia camera.

Dt liéu thu dugc tit D435i 1a mdt ma tran chia thong tin khoang
cach dén cic di€ém anh tuong ting, c6 kich thude 1080 x 720.
Khoang cédch dugc biéu dién bang céc sb nguyén cé don vi
12 milimet. P& don gian, nghién ctiu nay chi xét cic vat can
tinh tif mat dat 1én mot do cao nhit dinh tuong duong chiéu
cao ctia xe. Do d6 dif liéu dugc xét dén & day 12 hai muoi hang
duéi cling ctia ma tran diém anh. Ma tran kich thuée 1080 x 20
dudc chia thanh mudi vung (V;,i = 1...10) nhu hinh 8, mbi
viing c6 kich thuée 108 x 20. Mbi phan tif clia tiing viing dudc
s0 sanh v6i dy,i,, néu c6 téi thi€u 10 phan tit nhd hon d,,;, thi
vung d6 dudc dinh nghia la “co chudng ngai vdt”, tuong ung

Hinh 8. Phin ving dif liéu d€ phat hién vat can

gia tri V; = 1. Miit khac, néu c6 it hon 10 hoic khong c6 phan
td nao nhd hon dy;, thi vung dé dugc coi la “khong chudng
ngai vdt”, tuong ting véi Vi = 0. Tiép theo, cic ving dugc gdp
lai thanh ba nhém (N;,i = 1...3) nhu mo ta & hinh 8, trong do:

N =ViuW,
N, =V3UV,uUVs UVeUV, UV (11)
N3 =VoUV)o

Dua vao cic thong tin thu dugc tit (11), hé diéu khién s& dua ra
Iya chon cho viéc xe tiép tuc di chuyén thang, hay cin ré sang
mot trong hai bén dé tranh vat can theo luu dd thé hién & hinh
9. Trong qua trinh tranh vt can, lugng dit tbe do cho mobile
robot dudc tinh theo bang 2, trong d6 c6 thé hiéu 1a dbi tuong
cAn bam cang xa xe thi cang cin tranh nhanh chuéng ngai vat
d€ dudi theo.

Bang 2. Bing tinh ludng dit tbc do xe & ché do tranh vt can

Trang thai
Ré phai vy =KpyyJez+el, vy =0"=0

= ] * 2 2 * *
RE trai Vi = —Kpxy [ex+ey, V=0 =0
*

Diing vi=vi=0*=0

*
X Y

Lugng dat toc do
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(NI=D)&(N2==1) 0
P Dimg
(N1==1)&(N2==0) Pi thfmg

&(N3==1)

Di sang phai

Pi sang trai

Hinh 9. Luu d6 thuat toan tranh vét can

4.3. Diéu khién logic van hanh

Cudi cling, dé€ dim béo cdc thuat todn diéu khién mobile robot
van hanh phdi hdp véi nhau, hé diéu khién logic dudc thiét
ké dua trén ky thuat mo ta trang thai may (state-machine) nhu
mo ta & hinh 10. Khi méi dudc cip ngudn, xe & trang thai

Cap nguén

Digu khién
tranh chudng
ngai vat

Diéu khién
béng tu thé
tay

khuén mat
Hinh 10. Diéu khién phéi hdp cic ché d6 van hanh xe

ditng. Néu c6 1énh chay, xe chuyén sang trang thdi "do tim
khudn mit". Néu phat hién ra ngudi dudc cip quyén (admin),
xe sé ciin ¢t vao hiéu lénh tay ctia "admin"dé chon ché do diéu
khién "bang tu thé tay"hay "bdm ngudi". Trong qua trinh "bam
ngudi", viéc tinh chon lugng dit tbc do cho ting banh xe sé do
bo diéu khién thiét ké & 4.1 néu khong c6 vit can giita xe va
ngudi. Ngudc lai, tbe do dit sé dudc tinh bdi bang 2.

5. Cac két qua thuc nghiém

Dua trén nguyén mau xe nhu minh hoa & hinh 11, nhém da tién
hanh mot s6 thuc nghiém. DE phat hién khudén mit, mo hinh
cho thiy két qua kha t6t khi t&n that trung binh trén toan bo tap
di liéu dao tao véi 888 hinh anh nhé hon 0.1, va d6 chinh xac
dat dugdc 16n hon 0.95. Két qua phat hién va nhan dién admin
dugc minh hoa & hinh 12, trong d6 phép do do tin cdy 1a 86.7
va vi tri cia hop gidi han la chinh xac.

(a) Face detection (b) Face recognition

Hinh 12. Phat hién va nhan dién khudn mit

Hinh 13 va 14 cho thiy két qua phat hién con ngudi ciing nhu
tu thé ban tay. C6 thé thiy admin c6 thé dudc nhan dang ngay
ca khi mot phan co thé bi che khuit. Dua trén két qua du dodn
tot, robot di dong dudc thi nghiém hoat dong & ci ché do diéu
khién bam theo ngudi va diéu khién tu thé tay. Sau khi da dugc
nhéan dang khu6én mit va hinh déng, admin c6 thé quay lung lai
ma xe van c6 thé bam theo nhu mé ta & hinh 15. Két qua thi
nghiém v6i mo hinh xe c6 thé dugc xem chi tiét theo dudng
link: https://www.youtube.com/watch?v=PPIrzwVJ3WI

O ché d6 tranh vat can, ddu tién dit liéu phan ving cla vat can
dugc kiém tra nhu mo t4 & hinh 16. Viéc dit vat can & cdc vi tri
biét trudc gidp hiéu chinh cdm bién hinh anh ciing nhu thuat
toan trude khi bat dau van hanh. C6 thé thiy cac két qua thu
dugc cho thiy thuat todn hoat dong tt khi xac dinh dudc vi tri
vat céan.

Sau khi da hiéu chinh xong cim bién, nhém nghién
ctfiu tién hanh thi nghiém ché d6 tranh vat can theo
kich ban md td & hinh 17, trong d6 xe sé€ thuc hién

Hinh 13. Nhan dién 1énh diéu khién qua tu thé tay
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STATE
ID

READY

2 person 0.92

Hinh 14. Phét hién ngudi trong khung hinh

STATE :
1D HE-J

FOLLOW

STATE :
1D : 6

FoOLLOW

Hinh 15. Qua trinh xe bam theo ngudi

viéc bam theo ngudi dong thoi lach qua mot va hai
vat can. Video thuc nghiém dugc cung cip theo dudng
link https : //drive.google.com/ file/d/1TaLHquEv —
WywykHIW2KN6m4gmOOnXu5 /viewusp = sharejink
Céc dif liéu thu vé tif qud trinh thuc nghiém dudc thé hién &
hinh 17 cho thiy xe van duy tri bam theo ngudi va diing lai khi
dat t6i khoang céch an toan dudc cai dit tir truée. Mac du trong
qua trinh tranh vt can, khoang cach tdi ngudi bi dan ra xa do
Xe Uu tién tac vu "tranh vat can"hon.

6. Két luan

Trong nghién ciiu nay, mdt robot di dong da huéng nham h trg
con ngudi dudc phat trién. Bing cach st dung cac ky thuat xi
ly hinh anh dua trén k¥ thuét hoc sdu nhu VGG-16, mobilenet-
SSD, kém theo mot thuét toan tranh vt can do nhém nghién
ciiu d& xuit, mo hinh xe da c6 thé thuc hién cac chic ning
chinh nhu nhén dang, bam theo quan tri vién, tranh chuéng

ngai vat va diéu khién dua trén tu thé tay. Céc két qua thuc
nghiém dat dudc cho thiy tiém ning ting dung ctda robot di
dong trong thuc té.
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