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Tom tdt néi dung—Pinh vi 1a bai toan quan trong dbi véi robot
di dong. Bai bao trinh bay mot sb két qua nghién citu vé viéc
dinh vi robot di dong trong nha dua trén tin hiéu WiFi. Phuong
phap dinh vi st dung nhin dang dau hiéu cudng do tin hiéu
WiFi so véi co sé dit liéu ban dau (Finger Printing). Véi khong
gian dinh vi 13 hanh lang thiing dai 20m, hai thuit toan dugc
stt dung trong dinh vi 1a cuc tiu héa khoang cach Euclide va
hoc may SVM véi do chinh xac tuong tng dat duge la 6,33cm
va 13,21cm véi ty 1€ thanh cong 27,5%.
Tir khéa chinh- Pinh vi trong nha, robot di dong, khoang
cach Euclide, SVM.

I. Gi161 THIEU

Robot di dong 1a mot ky thuit quan trong trong su phat
trién cla cach mang cong nghiép 4.0. Trong d6, thach thiic
hang diu clia robot di dong la kha ning xdc dinh vi tri. Hé
théng dinh vi dugc dung rong rai nhét 13 hé théng GPS (Global
Positioning System), nhung hé thng nay khong thé st dung
dudc cho cic dng dung trong nha do tin hiéu bi suy yéu va
khong c6 tia nhin thang [1]. Hau hét cic hé théng dinh vi
trong nha IPS (Indoor Positioning System) ngay nay dua trén
tin hiéu RF (Radio Frequency), dnh sdng, va song siéu am [2].
MBoi loai tin hidu c¢6 nhiing diém manh va diém yéu nhét dinh.
Déi véi robot di dong, hé thdng dinh vi hién dai nhit hién nay
dua trén viéc nhan dang cdc dau hiéu (dd vat, ky hiéu,...) va
do khoang cach t6i diu hiéu d6 nhu LiDAR (Light Detection
and Ranging) hoic hé théng dua trén camera v6i do chinh xdc
vai em trén khoang cach di chuyén vai chuc m [2]. Tuy nhién,
cac ky thudt nay c6 do phuc tap tinh todn 16n va do nhay véi
dnh sang va cic loai diu hiéu khéc nhau cao [2].

Trong khi d6, WiFi 1a mot hé thong WLAN dudc phi séng
rong rii tai cac toa nha (ca cong sé va nha dan). Viéc phat trién
hé théng IPS dua trén tin hiéu WiFi nhan dugc su quan tim
ciia nhiéu nha nghién ciiu véi vu diém khong can xay dung hé
théng ha tang, céc thiét bi cAm tay hau hét déu tich hdp bd thu
WiFi. Céc ky thuit dinh vi dua trén tin hiéu WiFi gom: xic
dinh khodng cach giffa mdy thu va di€ém truy cip, xac dinh
g6c hodc thoi gian t6i cua tin hiéu, va Finger Printing. Trong
ba phuong phap trén, nhdm nghién ctu lya chon phuong phap
sau cuing do khong doi hdi tin hiéu c6 tia nhin thing, ciing
nhu khong can thay d6i ha ting sin c6 cta toa nha (viéc su
dung k¥ thudt xdc dinh hudéng/thdi gian song téi chi thuc hién
dudc v6i cdc modem thé hé méi).

Finger Printing 1a phuong phéap xac dinh vi tri dua trén viéc
so sanh diu hiéu hién tai véi d4u hiéu c6 san trong co s& dif
liéu. Vi vdy, c6 hai vin dé cin quan tim nghién ctu dbi véi

phuong phdp nay la: 1) Xay dung ban do vo tuyén tén rt
nhidu cong stc va can cip nhat lién tuc do mdi trudng vo
tuyén bién dong rat 16n; 2) Phuong phap nhin dang du hiéu
phai thuc hién dugc & thoi gian thyc.

Nghién ctu nay thuc hién viéc danh gid kha nang dp dung
IPS st dung phuong phap Finger Printing dya trén tin hiéu
WiFi vao robot di dong. Thuc nghiém dudc tién hanh trén
mot hanh lang dai 20m vé6i thuat todn cuc tiéu héa khoing
cach Euclide truyén théng va hoc mdy SVM hién dai dé nhan
dang vi tri can xédc dinh so v6i co s3 dit liéu ban dau.

Cu thé cic ndi dung nghién citu gdm: phin 2 gidi thiéu vé
viéc thu thap dif liéu dé€ xay dung ban dd vo tuyén, phan 3
trinh bay vé cac ky thuit nhin dang vi tri, phin 4 dua ra céc
két qui thuc nghiém va thdo lun, va cudi cling 12 phan két
luan.

II. XAY DUNG BAN PO VO TUYEN
2.1 Mo td thuc nghiém

Trong robot di dong, bén canh viéc xdc dinh vi tri, van dé
xdy dung ban dd dong thoi ciing ludn dudc dit ra, hé théng nay
dudc goi la SLAM (Simultaneous Localization and Mapping).
Pay la vin dé phiic tap do robot vita phai dinh vi, vira phai
thu thap ban dd. Téng quan vé cic hé théng SLAM dugc chi
tiét trong [3]. Tuy nhién, d&€ don gian, ban dd vo tuyén trong
thuc nghiém ctia bai bao dudc xdy dung dua trén viéc biét
truéc quy dao di chuyén trén mot dudng thing doc hanh lang
bén trai nhu trén hinh 1.
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Hinh 1. Hanh lang xdy dung ban do vo tuyén

Ngoai ra, cling trén hinh 1, ching ta c6 th€ quan sit dugc
cic diém truy cip WiFi dudc danh diu tir A dén Z, trong do,
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cac diém A, B, C gan quy dao di chuyén hon cic diém D,
E, F.

Robot di dong do nhém nghién ciiu xdy dung dugc biéu
dién trén hinh 2. Robot sit dung dudc thiét ké don gian véi 4
motor dién mot chiéu, L298N dé diéu khién motor. Module
NODEMCU 1.0 chipset ESP8266EX dung dé do RSSI, gui
nhan dif liéu 1én server, ddng thdi tich hop vi x{ 1y gidp xi
Iy s6 liéu, cubi cling 1a cAp xung diéu khién L298N.

Ngoai cic bo phan cd ban nhu 04 motor md to mot chiéu,
01 md dun diéu khién toc do dong co LN298, 01 cam bién do
dudng va 01 md dun xi ly tin hiéu Arduino uno R3 dé diéu
khién viéc di chuyén cda robot doc hanh lang (dudng mau
den), b0 phan quan trong con lai 1a NodeMCU 1.0 chipset
ESP8266EX chua bd phan thu tin hiéu WiFi hoat dong dugc
trén bing tin 2.4 GHz hd tr¢ chuin 802.11 b/g/n va dudgc lap
trinh dé dang qua Arduino IDE.

Trong khi robot di chuyén, dif liéu dugc thu thap lién tuc
theo Iuu dd hinh 3 va dudc luu vao thé nhé SD Reader hoic
trén server nhu trong bang I. Chiing ta ciing nhan thiy tin hiéu
RSSI thu dudc ctia cdc diém truy cip (APs - Access Points)
A, B, va C & gan ving dich chuyén ctia robot 16n hon céc
diém D, E, F & xa ving dich chuyén.

SD Reader

lodeMCU

Hinh 2. Robot di dong thu thdp cuong do tin hiéu WiFi
STT  Time RSSIA RSSIB RSSIC RSSID RSSIE RSSIF
1 15:31:14 73 dBm -78 dBm -64 dBm -86 dBm -89 dBm  -82 dBm
2 15:31:16  -72.dBm  -78 dBm  -64 dBm -86 dBm -89 dBm  -82 dBm
3 15:31:19  -67 dBm  -79 dBm  -63 dBm  -86 dBm -89 dBm -84 dBm
4 15:31:21  -66 dBm 79 dBm  -62dBm  -86 dBm -89 dBm -85 dBm
5 15:31:24  -66 dBm  -79 dBm  -60 dBm -86 dBm -89 dBm -85 dBm
6 15:31:226  -76 dBm  -79 dBm  -67 dBm  -86 dBm -89 dBm -85 dBm
7 15:31:29  -72.dBm  -79 dBm  -61 dBm  -86 dBm -89 dBm -85 dBm
8 15:31:31  -67 dBm  -79 dBm  -59 dBm  -86 dBm -89 dBm -84 dBm
9 15:31:34 -63 dBm  -79 dBm  -64 dBm -86 dBm -89 dBm  -79 dBm
Bang I

BANG DU LIEU RSSI

Véi quang dudng 20m thdi gian robot di chuyén dé thu thap
dit liéu 1a 6 phit. V6i toc do nay, robot c6 thé thu thap dudc
120 mau trén quing dudng 20m do tdc do doc RSSI (Received
Signal Strength Indicator) ctia NodeMCU rat cham, khoang 3
gidy/mau.

Bb qua tiép tuc
v SSID tiep
theo

Giri tén cic
diem truy cip
WiFi can do

Do RSSI ciia
WiFi giri 1én
server valuu
trit thé nhé

Do tat ¢ cic
‘WiFi xung
quanh

Hinh 3. Luu d6 thu thap di liéu RSSI

2.2 Xdy dung bdn dé vo tuyén

Ban dd vo tuyén 1a co s& di liéu quan trong trong phuong
phap Figure Printing d€ robot di dong c6 thé xac dinh vi tri.
Viéc dinh vi nay cang chinh xdc khi cuong do RSSI c6 sai
khéac déng ké giita cac diém trén ban dd, dong thdi cac gia tri
tai m&i vi tri cAn &n dinh theo thoi gian. Nhém nghién ctu da
thuc hién do dac dit liéu dé€ xay dung ban dd vo tuyén trong
5 ngay véi dif lidu thu dugc cla diém truy cap A dugc biéu
dién trén hinh 4. Mic du thing gidng ngiu nhién, dif liéu cta
cac ngay kha tap trung. DU li€u sau khi thu thap lién tuc dugc
tach thanh 20 nhém gan nhau tuong ting véi 20 vi tri va dugc
lay trung binh theo ngay (trong 01 tuan).

Pé kiém tra tinh 6n dinh cta dit lidu tai méi vi tri theo
thoi gian, nhém nghién citu thuc hién do dac va liy trung
binh thém hai khoang thdi gian (2 tuan) nita. Két qua thu thap
dugc biéu dién trén hinh 5 theo céc tuin khac nhau. Ching ta
nhan thdy nhém tin hiéu ctia méi diém truy cap theo tuan kha
gan nhau. Gia tri trung binh va do léch chuin ctia RSSI theo
vi tri, Gng véi cac diém truy cap A, B, va F dugc biéu dién
trén hinh 6. Tir déy, c6 thé thiy ring: tai cing mot vi tri, trung
binh RSSI clia cdc diém truy cip kha khic nhau trong khi do
léch chuéan thi khong khdc nhau nhiéu. Pay 1a ly do trung
binh ctia RSSI sé dugc sit dung trong ban do vé tuyén dé
ding cho muc dich nhan dang vi tri. Ngoai ra, nhiing diém
truy cap cho két qua khong khac nhau nhiéu giita cic diém
cling khong dugc st dung trong nghién cifu niy. Ban do vo
tuyén hoan chinh vé6i 6 diém truy cap dudc biéu dién trén hinh
7 va biéu dién 3D ctia mot sb diém truy cip nhu trén hinh 8.

Hinh 4. RSSI ctia mot diém truy cap trong 5 ngay do
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Hinh 5. Gi4 tri trung binh ctia RSSI theo tuin
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Hinh 7. Ban dd vo tuyén ctia 6 APs

III. THUAT TOAN XAC PINH VI TRI ROBOT DUA TREN TIN
HIEU WIFI

Phin nay ctia bai bdo thuc hién so sianh khi ning nhan
dang tin hiéu WiFi tai mdi vi tri clia robot. Hai phuong phdp
nhén dang dic trung cho phuong phap nhin dang truyén thong
va hién dai thudng dugc dung phd bién la: phuong phéap cuc
tiéu hoa khoang cach Euclide [4] va phuong phdp hoc may
SVM (Support Vector Machine). Trén thuc t&, do chinh xdc
ctia phuong phap xic dinh vi tri dua trén diu hiéu nhian dang
dua trén hai yéu td: 1) D4u hiéu khac biét gitia cdc vi tri khic
nhau; 2) Ban d6 vo tuyén 6n dinh theo thoi gian. Tuy nhién,
nhu da phin tich & phan II, tin hiéu WiFi 1a tin hiéu ngiu
nhién, chiu d4nh hudng nhiéu ctia mdi trudng xung quanh, vi
vdy can tim ra dic trung khéng (it) thay ddi theo thdi gian
cta tin hiéu nay.

3.1 Phuong phdp cuc tiéu héa khodng cdch Euclide
Phuong phdp nay dua trén ban do vo tuyén c6 RSSI trung
binh khd 6n dinh theo thoi gian. Ngoai ra, dé ting su khéc
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Hinh 8.

Ban db vo tuyén 3D

biét RSSI gitta cac vi tri, 6 APs dudc st dung. Cong thic dé&
xdc dinh vi tri dua trén phucong phap cuc tiéu héa khoang céch
Euclide 1a [4]:

6
& = argmin,, Z(Tz — d(x))? (M
i=1

voi @, 7, va d(wz;) 1an lugt 1a vi tri can udc lugng, tin hiéu
RSSI trung binh nhan dudc, va tin hiéu RSSI trung binh trong
co sG dit liéu.

3.2. Phuong phdp hoc mdy SVM

Phuong phap hoc may SVM (Support Vector Machine) [5]
12 mot trong nhiing thuat toan phan 16p phd bién. Phuong phap
nay gém 2 budc:

o Budc 1: Xay dung mo hinh déc trung cia tap da liéu dua
trén viéc tap huan tip dit liéu dugc dan nhin sin.

o Buéc 2: Xdc dinh vi tri dua trén nét tuong dong cia dit
liéu ki€ém thit v6i md hinh dit liéu.

D€ phan loai nhiéu vi tri, bai bdo d4p dung thuat toan hoc
mdy nhiéu 16p Multi-Class SVM [6]. Thuat toan nay két hop
SVM va mang Neural dé cho bo phan 16p t6t hon.

Khac v6i phuong phdp trong phan 3.1 (méi vi tri dugc dic

trung bdi gia tri RSSI 14y trung binh tif 5 mau), SVM st dung
toan bo 5 miu clia vi tri 1am dic trung cho vi tri dé.

IV. KET QUA THUC NGHIEM VA THAO LUAN

Phan nay trinh bay két qua thuc nghiém hé théng véi ung
dung Android d€ theo déi/dit vi tri dich ctia robot va luu do
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thuat toan diéu khién robot biéu dién tuong ting trén hinh 9
va hinh 10.

Dé don gidn, robot dudc gidi han chay trén mot dudng thang
cho trudc (vach mau den) doc hanh lang 20m va can dimg lai
tai diém dugc cam co. Hai phuong phap dinh vi mo ta trong
phan 3.1 va 3.2 dugc dp dung, ciing nhu c& dich dugc thay
ddi vi tri d€ phan tich hiéu ning ctia hé thong.

DU liéu RSSI cua cac APs dugc thu thip trong vong 01
thang tai cac ngay khac nhau, méi ngay thu thap 20 lan, mdi
lan do khoang 120 miu. Di liéu nay dudc st dung dé xay
dung ban d6 vo tuyén st dung trong thudt todn cuc tiéu khoang
céach Euclide va tap huin d€ xac dinh mo hinh trong thuét toan
SVM.

Véi phwong phdp cuc tiéu hoa khodng cdch Euclide: robot
lién tuc thu thap RSSI, tinh gi4 tri trung binh ctia 5 mau va so
sanh v6i dit liéu trén ban do vo tuyén theo cong thiic (1). Trong
thuyc nghiém, do dif liéu ban do v tuyén nhd nén khong can
stt dung mdy chd dé luu trit va xd Iy ma chi v6i mot module
tich hop chip xi 1y 1a dd dé thuc hién ca viéc dinh vi va diéu
khién xe theo dich dén cho trudc.

Voi phuong phdp SVM: dugc thuc hién trén Visual Studio
Code, bang ngdn ngit Python. Dit liéu trong pha xdy dung co
s6 dif liu dugc dua vao huin luyén trén mdy tinh dé thu dugc
mo hinh dit liéu. Trong pha xac dinh vi tri, may tinh cdp nhat
di liéu RSSI hién tai tr may chi (do NodeMCU gti 1én) va
dua qua mo hinh dit liéu d€ xdc dinh vi tri, sau d6 gii vi
tri ndly 1én mdy chi, robot sé& ldy thong tin vi tri tif mdy cha
dé quyét dinh 1a vi tri dich hay khong (robot sé& ding lai néu
diing 1a dich cin dén). Mdy chi luu tri¥ di liéu dudc chon
12 FireBase ctia Google, 1a loai dé st dung va thuan tién déi
v6i nhidu ngén ngi va nén tang khac nhau nhu: Java, Python,
C#,... tng dung cho Android, i0OS, Windows, Web.

Ngoai ra, robot ciing dugc ldp trinh ditng lai khi di dén
cudi hanh lang (trudng hdp robot khong xdc dinh dugc dich
can dén).

4.1. Két qud thuc nghiém

Két qua thuc nghiém dudgc biéu dién trén bang II dugc danh
gia bdi hai tham sb:
« S6 lan robot khong xac dinh dudc vi tri (di thing - khong
dung).

o Sai s6 trung binh trong trudng hdp robot xdc dinh dudgc
vi tri (robot dung).

4.2. Thdo ludn

Tir s6 liéu biéu dién trén bang II va bang III ta c6 mot sb
nhan xét sau:

o Dbi véi phuong phap Euclide, vi tri 1, 3, va 14 1a vi tri

56

202 -
-
R
201
< Connect
- | |

Hinh 9. Giao dién tGng dung

Bit ddu

l

Léy théng tin diém dich
trén server

l

Vira di vira do RSSI —

l

Binh vi vi tri hién tai
l Sai

So sanh vi tri hién tai —
va dich

lDl’mg

Dung lai

l

Két thiic

Hinh 10. Luu d6 diéu khién xe robot

dic biét c6 sb 1an robot khong xdc dinh dudc vi tri 16n
nhit (7 1an) trong khi phuong phap SVM 1a 3 vi tri 3, 4,
va 14 (10 1an). Piéu nay c6 thé do viéc do kiém co s6
dii liéu chua chinh xdc tai cac diém nay.

S6 lan khéng xac dinh dudc vi tri ctia robot khi st dung
thuat toan SVM nhiéu hon han so véi khi st dung thut
todn cuc tiéu khodng cach Euclide (38,5% so v6i 71%).
Diéu nay c6 thé do dif liéu hun luyén chua dd.

Xét trong nhiing lan robot xdc dinh dudc vi tri, sai sb
trung binh ctia ci hai phuong phiap déu nhd hon 0, 5m.



Vi | S61an khéng xéc dinh dugc vi tri | Sai sb véi trung tm 6 (cm) V. KET LUAN
tri Euclid SVM Euclid SVM g N N N , N . N . o ,
" penee i Bai bao nay trinh bay cac nghién cdu vé kha ning su dung
1 7 5 50.00 42.00 tin hiéu WiFi d€ x4c dinh vi tri cho robot di dong don gian
(robot chi c6 phan thu phat WiFi va diéu khién chuyén dong).
2 3 4 37.14 48.33 e Al A A £ ) N IR
Khéc v6i mot s6 cong bo khac, nghién ciu nay thuc hién viéc
3 7 10 56.67 _ thu thap di liéu lién tuc trong sudt qué trinh robot di chuyén
dé xay dung co s& dif liéu ciing nhu xdc dinh vi tri. Diéu nay
4 3 10 47.14 - tao ra khé khin trong viéc ting do chinh xic cta hé thong
5 ) 7 3750 56.67 nhung lai 13 vAn dé thuc tién can phai thuc hién. Két qua
nghién ctu chi ra rang, mac du la ky thuit hién dai nhung
6 2 4 47.50 30.00 SVM cho két qui dinh vi khong tot biang phuong phap truyén
7 5 9 50.00 théng dua trén cuc tiéu héa khoing cich Euclide (kha ning
xdc dinh dugc vi tri ctia robot dbi véi phuong phap SVM la
8 1 4 28.89 41.67 38,5% trong khi phuong phdp con lai 1a 71%). V6i phuong
9 ~ 3 35.00 71.42 pl}ap {Euchde, sai sO trong nhiing lan robot xac dinh dudc vi
tri nho hon 0, 5m.
10 2 4 38.75 50.00
11 2 6 53.75 30.00 TAI LIEU
12 2 5 28.75 86.00 [1] D. A. Ali Khalajmehrabadi, Nikolaos Gatsis, “Modern WLAN Finger-
printing Indoor Positioning Methods and Deployment Challenges,” IEEE
13 2 9 3250 50.00 Communications Surveys & Tutorials, vol. 19, no. 3, pp. 1974-2002,
2017.
14 7 10 70.00 - [2] D. M. Payam Nazemzadeh, Daniele Fontanelli and L. Palopoli, “Indoor
Localization of Mobile Robots through QR Code Detection and Dead
15 — 6 53.00 50.00 Reckoning Data Fusion,” IEEE/ASME Transactions on Mechatronics,
vol. 22, no. 6, pp. 2588-2599, 2017.
16 4 7 26.67 50.00 [3] H. C. Cesar Cadena, Luca Carlone, Y. Latif, D. Scaramuzza, J. Neira,
I. Reid, and J. J. Leonard, “Past, Present, and Future of Simultaneous
17 1 5 47.78 58.00 Localization And Mapping: Towards the Robust-Perception Age,” IEEE
Transactions on Robotics, vol. 32, no. 6, pp. 1309-1332, 2016.
18 5 3 96.00 37.14 [4] P. Davidson and R. Pich, “A Survey of Selected Indoor Positioning
Methods for Smartphones,” IEEE Communications Surveys and Tutorials,
19 2 7 37.50 36.67 vol. 19, no. 2, pp. 1347-1370, 2017.
[5] C.M. Bishop, Pattern recognition and machine learning. Springer, 2006.
20 1 5 48.89 72.00 [6] “CS231n Convolutional Neural Networks for Visual Recognition.”
Bang II

KET QUA THUC NGHIEM (SAI SO TINH TRUNG BINH THEO SO LAN XAC
PINH PUQC VI TRI)

Ty 1¢ thanh cong D léch trung binh

1x1 2x2 1x1 2x2
Euclide 27.5 % 70 % 6.33 cm 46.79 cm
SVM 21 % 385 % 1321 cm 39.78 cm

Bang III
KET QUA THUC NGHIEM (TINH TRUNG BINH THEO CAC VI TRI)

Nhu vy, phuong phdp dinh vi robot di dong dua trén tin
hiéu WiFi kha kha thi dbi vé6i thuit toan cuc tiéu héa khoang
cach Euclide.
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