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GIAI PHAP NANG CAO O CHINH XAC PINH VI CHO ROBOT DI PONG TRONG NHA
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Tém tat:

Bai bao trinh bay vé mét dé xuat loai anten sir dung cho robot, d6i tugng can dinh vi nhdm nang cao
dd chinh xac cho hé théng dinh vi d6i tugng trong nha. Hé théng st dung anten thong minh lam tram
phat trong d6 anten thong minh gém bay blp song. Phuang phap udc lugng vi tri robot trong hé
théng dinh vi dua trén phuong phap phan tich mau. Bai bao khao st loai anten tich hgp cho robot di
ddng va dé xuét loai anten cho robot dé dat dugc dd chinh xac cao. Hé théng dugc trién khai thuc
nghiém trong phong c6 dién tich 6mx6,5mx3,5m va dat sai s6 nho téi 0,72m.

T khéa:
Binh vi trong nha, anten théng minh, phan tich mau.

Abstract:

This paper presents a proposal for an antenna design intended for use on mobile robots that
require localization, with the goal of improving the accuracy of indoor object positioning
systems. The system employs a smart antenna as the transmitter, where the antenna array
consists of seven fixed directional beams. Object position estimation is based on a pattern
analysis technique. The paper investigates different antenna types suitable for mobile robots
and proposes an optimal antenna configuration to achieve high localization accuracy. The
system was experimentally deployed in a cluttered laboratory environment with human activity,
and achieved a positioning error as low as 0.72 m.
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1. GIOI THIEU CHUNG

Trong thoi dai hién nay, Gmg dung phé
bién cua bai toan dinh vi trong moi trudong
hep do 1a xac dinh vi tri cia cac robot di
chuyén hang hoa, trang thiét bi trong nha
kho, xuong, nha may hoic dan duong
trong bado tang, si€u thi, bénh vién, trung
tAm trién 1am, thu vién, khu lién hiép thé
thao... Trong cac hé théng ndi trén, hau hét
tat ca cac nhiém vu ma robot thuc hién
thudng 13 nhitng nhiém vy xuét phat tir cac
cau hoi nhu: To6i1 ¢ dau ? T61 dang di dau ?

T6i lam thé nao dé dén duoc d6 ? Nhu vy
yéu cau thong tin vé vi tri robot 1a can thiét
phai xac dinh, tir d6 c6 thé tra 101 dugc cac
cau hoéi néi trén va dan duong cho robot
thuc hién cac cong viéc dugc giao [2].
Bénh vién 1a mot trong nhitng thi truong
ndi troi cho ung dung dinh vi nhu: xac dinh
vi tri robot hd trg bénh nhan dé dan duong
dén céac vi tri tham kham, giam sat bénh
nhan néu diéu tri ngi trd, dinh vi nhim hd
tro kip thoi trong truong hop khéan cap [3].
Trong cac linh vyc khac nhu cong nghiép,
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nong nghiép, ban hang, logistics, quan doi,
ham mo, giao duc déu can dinh vi cac dbi
tuong di dong [5] dé theo ddi va diéu khién
hop 1y cho ting d6i tuong cu thé. Theo
Medium s luong d6i twong st dung dung
thiét bi di dong tich hop hé théng phuc vu
dua trén vi tri trong nhirng nam 2013 1a 123
ti nguoi sir dung va da tang 1én 242 ti nguoi
str dung tinh dén 2018 [6].

Hinh 1: Hé dinh vi robot di dong trong moi
trwong trong nha

Viéc str dung cong nghé song vo tuyén

trong cac hé thong dinh vi trong nha 1a mot
thé manh, do su phd bién ctia cac thiét bi,
bo thu-phét séng vo tuyén duoc tich hop
trong hau hét cic trang thiét bi thong
thuong dic biét l1a trong cac nha thong
minh, thanh phé théng minh hay trong cic
khu vuc cong cong, du lich, truong hoc.
S6ng vo tuyén co kha ning xuyén qua hau
hét cac vat nén duoc tmg dung phd bién va
rong rai. Theo [7] da khdo sat: cong nghé
song RF chiém ty 1¢ 16n 66% , cong nghé
hong ngoai 9%, cong nghé¢ UWB 6%, GPS
4%, cong nghé anh 1%, cong nghé tur
truong 1%. Moi noi déu ¢ song vo tuyén
vi thé cac hé théng dinh vi trong nha dua
trén séng vo tuyén phat trién dua trén co so
ha tang sin c6 1a mot loi thé [8, 10].
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Céc tham s vi tri thudng sir dung nhur
cuong do tin hi¢u RSS (Received signal
strength), thoi gian t6i ToA (Time of
arival), do I¢ch thoi gian tdi TDoA (Time
difference of arrival) va hudéng gbc téi
AoA (Angle of arrival). Trong do, khi st
dung tham s6 ToA va TDoA mang lai sai
s6 nho nhung gia thanh rat cao va kho trién
khai rong [17, 21]. Cac tham sb RSS va
AoA noi trdi vé su don gian dé thyc hién
boi khong can dong bo, khong yéu ciu cac
trang thiét bj dic thu. Viéc két hop tham sb
cuong do tin hiéu RSS hoac RSSI
(Received Signal Strength Indicator) va
Ao0A s€ lam cho dd chinh xac cao hon so
v6i str dung mot loai tham sd. Khi dung
tham s6 AoA hé thong xac dinh huéng doi
tugng nhung yéu cau phai sit dung anten
dinh hudng hodc anten thong minh.

Moi trudng trong nha, tin hiéu vo tuyén
phic tap gdm nhiéu tin hiéu nhiéu da
duong (truyén théng, phan xa, khic xa,
nhiéu xa...), trong d6 tin hi¢u truyén thang
1a tin hiéu manh nhat. Bén canh d6, tinh
chat phan cuc cia anten cling anh hudng
tryc tiép dén cudong do thu-phat tin hiéu vo
tuyén. Trén co s¢ d6 bai bao dua ra dé xuét
moi lién quan dén khao st loai anten sir
dung cho robot di dong can dinh vi. Bai
bao s€ trinh bay kich ban thir nghiém, phan
tich tinh toan dé nhan thiy do chinh xéc
ctia hé thong dinh vi c6 lién quan dén loai
anten tich hop cho robot di dong trong nha
can dinh vi.

Noi dung tiép theo cia bai bao gdm:
phuong phdp dinh vi dua trén phan tich
mau cho robot di dong duoc trinh bay
trong muc 2; cdu hinh hé théng dinh vi
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duogc trinh bay trong muc 3; muc 4 la két
ludn cua bai bao.

2.PHYONG PHAP BINH V| CHO ROBOT

Viéc mo6 hinh hoa chinh xéc qua trinh
truyén soéng trong moi truong trong nha 1a
thach thirc do sy ton tai cta nhiéu loai
nhidu v6 tuyén. Phuong phap phan tich
mau duge danh gia cao nhd kha ning dinh
vi chinh x4c ma khong yéu cau phan cing
chuyén dung. Phuong phép nay tan dung
cac thiét bj pho bién thu phat tin hiéu vo
tuyén va dua trén cac tham s nhu cuong
do tin hiéu RSS, dia chi MAC, va SSID.
Mot trong nhitng phuong phdp phan tich
mau d6 1a déu véan tay (fingerprinting).
Trién khai hé théng dua trén fingerprinting
duogc chia lam 2 giai doan [17] nhu Hinh 2
va thudt toan nhu Hinh 3: giai doan thu
thap va huin luyén (training, off-line) va
giai doan tinh toan udc luong vi tri dbi
tuong (online) [17], [18].

Ving dinh vi
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Udc legng vj tri

Thuét toan
dinh vi
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it = 046 1 vitng phis img va edc bip cila SA

Hinh 2: Hé dinh vi theo phwong phap
fingerprinting

(1) - Giai doan huan luyén, thu thap dit liéu
(training, off-line): Tao luéi diém chuan dé
thu thap co s¢ dir li¢u (CSDL) tng véi mét
hé toa do ban dau. Ludi diém chuan
(Reference Point-RP) cang day cho do
chinh x4c cang cao, tuy nhién danh d6i 1a
thoi gian cong sirc thu thap dir liéu nhiéu,
khdi lugng tinh toan 16n va mat thoi gian.

/ Do RSS cua cic RP ghi duoe /

Tao co so dit liéu R;
|

Y

V1 tri muc tiéu (x,y)
Do gia tri RSS tai vi tri ciia muyc tiéu r;
[

h 4
Khoang cach Euclidean D; dwrge tinh tir
cong thire (1), (2)

Tim K NNs dira trén D;
Xac dinh hé so gia trong tir cong thire (5)

l

Vi tri muc tiéu duge xac dinh tir
cong thire (4): (X, )

h 4

Hinh 3: Thuat toan dinh vj

Thu thap tham s6 vi tri RSS hay RSSIL
Cang nhiéu mau cho mdi diém chuén thi
d6 chinh xac cang cao, danh d6i 1a thoi
gian va tinh toan nhiéu. Gia tri Rij 1a gid tri
cudng do RSS trung binh tir cac mau da do.

C6 thé loc hogc hidu chinh cac tham s6 do,
tao CSDL chuan hoa. Tap dit lidu trén mdi
diém chuan gom thong tin toa do va gia tri
RSS g véi cac tram da biét trude do do
ching con goi 1a ban d6 séng vo tuyén
[19]. Dya trén tham s vi tri d6i tuong do
dugc RSS/RSSI theo thoi gian thuc do
dugc 785, :{rss1 ,T'SS, 5...TSS, ,...rssN}, str

dung cac phuong phép, thuét toan dé wéc
lugng vi tri ddi tuong. Viéc phan tich, udc
luong tim ra vi tri ddi twong c6 nhiéu
phuong phap, thuat toan khac nhau [20].
Trong bai bao nay tac gia dé xuat hudng
tién dinh dé trién khai thir nghiém. Ban
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chit ciia qué trinh nay 13 udc lwong vi tri
thong qua viéc lga chon diém chuin
(Reference Point-RP) da biét trudc va gan
d6i trong, nghia 1a gia tri RSS do dugc gan
v6i gia tri RSS cua diém chuan trong
CSDL. Dé uéc luong ting do chinh xéc,
chi lya chon K diém gén ddi tuong goi la
diém gin nhdt (Nearest Neighbor NN)
hodc goi 1a K hang x6m gan nhét [21, 23].
Tham sb lién quan dén vi tri dbi twong
thuong duoc xac dinh boi cac vec-to do
1éch hay thuong goi 1a khoang cach, do

N
Euclidean: ~ © :\/Zi—l(rssi -

rss,-,j)z;vc'yi: i=1+N,j=1+M
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léch ¢ day la hi¢u cua RSS do trong giai
doan truc tuyén va RSS sén co cua cac
diém chuan. Xac dinh khoang cach d6 co
nhiéu phuong phap xac dinh khac nhau,
tuy nhién khoang cach Euclidean va
Sorensen hay dugc sir dung vi tinh hi¢u
qua vé tinh toan ciing nhu do chinh xéc,
ching lan luot duge xac dinh nhu cong
thire (1) va (2) [24, 26] dé xac dinh K diém
lan can.

(1)

(N: 80 tram, M: so diém chuan)

N
Z_/:l VSS;, —rSsSi,;

Sorensen: D, =

(13)- (£, 52

T K diém lan cén dung cac thuat toan
khac nhau dé udc luong vi tri nhu: tim
trong s cla cac diém lan can dua trén
khoang cach Euclidean (K nearest
neighbour-WKNN), tim trong tdm dya trén
téng binh phuwong khoang cach nho nhat
(minimizes the sum of square-MSoS) theo

J N
ijl ‘rssl. +75Si,

Véii=1+N,j=1+M )

3)

(4)

)

(6)

(7)

(4) hay phuong phap khoidng céch
Minkowski (7) voi k=2. Céc gia tri gama
o” duge khao sat ung voi o? =5, 10 va 25
(Gama5, GamalO va Gama?25).

Khoang cach nho nhat sé& 13 vi tri can
woc luong véi K = 1, néu lay K = 1 khi d6
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vi tri s& dwoc ude tinh bing cac phuong
phap tim trong tdm cta K diém nhu: trung
binh toa d6 coi K diém nhu nhau cong thuc
(3), binh phuong khoang cach nhé nhét
nhu cong thirc (4)

Trong K diém 1an can, c6 nhitng diém
gan d6i twong (khoang cach nho), c6
nhimg diém xa ddi tuong (khoang cach
16m). Do d6, thém trong s6 cho cac diém
gin hon s& mang lai vi tri wdc luong tot
hon hay giam sai s6 vi tri. Trudng hop nay
goi 1a phuong phap KNN ¢6 trong s hay
WKNN (Weight K Nearest Neighbor).
Mot trong céc cach tinh trong sé c6 thé can
ctr vao khoang cach tim dugc ¢ trén va
duogc xac dinh theo cong thuc (5), tir do
wdc luong vi tri ddi twong theo cong thirc
(6). Tham s6 K=1 thuong khong dat duoc
dd chinh xac tot nhit, K s& bién doi theo
mau va theo kich ban, do vay K dugc lua
chon theo thuc nghiém dé sai sd dinh vi 1a
nho nhat [27]. Hodc K duoc khao sat theo
phan b sai s6 va duoge chon ung véi sai $6
nhé nhét hoic sai s6 nho va K nho dé giam
qua trinh tinh toan cho hé thdng [25].
Phuong phap WKNN chiém uu thé véi s6
tram nho, ro1 rac, RADAR 1a hé théng ndi
tiéng da s dung phuong phap nay [22]
[28].

3. CAU HiNH HE THONG DINH VI

3.1. Kich ban khao sat

Trong muc nay, anten tram phat la
anten thong minh (SA) dugc gin trén tran

nha, c¢6 hé s ting ich cua SA 1a 9,8dBi,
cong sudt phat 0dBm, xét trong phong voi
kich thudc 6x6,5x3,5 m* nhu Hinh 4. Tién
hanh khao sat 2 truong hop khéc nhau cua
anten dugc tich hgp trong robot: anten
phan cuc tron TDAA va anten ddng hudng
LC-DaH dat ngang (LC-PaH-N) dugc thé
hién nhu Hinh 5.

Theo cudc khao sat RSS trong phong
trude do tac gia chon cong suat phat cia
tram trong kich ban dé 0dBm. Néu khong
do anh hudng cua céc tin hi¢u da duong,
ddi tuong thudc vung nao sé& nhan dugc
RSS manh & vung d6 tuong tmg véi bup
phat tin hi€u ctua SA. Néu nang luong bi
phan tan khong theo ving s& rat kho xac
dinh vi tri d6i tuong hay din dén sai s6 16m
trong x4c dinh vi tri. bé danh gid so by h¢
thdng, ¢ thé quan sat phan bd mat do nang
lugng thu dugc khi tram phét tin hi¢u. Po
cudng d6 song vo tuyén RSS tai cac vi tri
cta 196 diém chuén, mdi diém do 30 mau
dé tao CSDL. Mat do nang luong thuc
nghi¢ém thu duogc cho tung truong hop
dugc mo ta nhu trén Hinh 6. Tur d6 nhan
thdy trong ca 2 trudng hop, mat do ning
lugng song di¢n tuor thu duoc déu phan
thanh vung kha r0 rét. Tuy nhién, véi anten
btic xa dang hudéng theo phuong ngang,
ning lugng thu dugc thap nhat va khong
tap trung thanh vung tng véi hudng tirng
bup cia SA. Véi truong hop su dung
TDAA con lai mirc d§ tdp trung nang
luong theo ving tét hon va nhan dugc
cuong do RSS manh hon.
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Tram

DT

+ 196 Piém chuin X 25 Piém thie
#i = 0+6: 1a ving phu tng véi cac bup cia SA

a) Kich ban cta hé dinh vi tai C1-413 PHBK HAN6i  b) Ludi 196 diém chuén trong hé dinh vi

Hinh 4: Vang dinh vi khao sat thwc nghiém

SA SA
™
=
@
\?l Q‘ [
’\ﬁ/
- ,))
i #2
Robot
a) Péi tuong tich hop b) Déi twong tich
anten dang hudng-ngang hop anten TDAA

Hinh 5. Hai trw&'ng hop anten khac nhau dwoc tich hop cho d6i twong

=y ]
N 4

15, B0 s
|

5 LC-baH-N TDAA
a) Robot tich hop anten ding hwéng - ngang  b) Robot tich hop anten TDAA

Hinh 6. Mat d6 RSS
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3.2. Két qua dinh vi

Khi robot tich hop cac anten khac
nhau, thu dugc CSDL tir 196 diém chuin
trong giai doan ngoai tuyén. Trong giai
doan truc tuyén, udc lugng vi tri ddi tuong
v6i 25 diém thtr dya trén thuat toan WKNN
va sir dung xac suat thong ké dua trén cong
thirc Bayes. Vi mdi thuat toan, sai ) phu
thudc vao K diém lan can duge lua chon,
dé chon duogc K t6i wu, tac gia khao sat cac
truong hgp cua K. Hinh 7 1a hinh anh khao
sat K diém lan can voi thuat toan WKNN,
Hinh 8 1a hinh anh khéo sat K diém lan can
(K diém c6 xéc suat cao nhat). Hinh 7 nhan
thdy rang v6i K=1 chua phai 1a con s6 tbi
vu cho sai s nho nhat, khi K ting dan sai
s6 giam dan, néu ting qué thi sai s lai ting
rat nhanh. Dya vao qua trinh khao sat K
ung voi cac thuat todn khac nhau trén Hinh
7 x4c dinh duoc K dé sai s6 dinh vi nho
nhat va duge mo ta trong Bang 1. Khi t6i
wu héa K bang thuc nghiém, sai sé nho
nhat c6 thé dat toi 0,72m voi K = 50 tng
voi truong hop robot tich hop anten
TDAA. Hinh 8 cho thdy voi K =1 sai s6
16n, tuy nhién trong hau hét cac truong hop
v6i K > 6 thi sai s6 ludn ¢6 dinh véi gia tri
thip nhat. Do viy, & phuong phap nay s&
dé dang dé lya chon K diém xac suét cao
nhat.

Thudt toan WKNN:
Céc sai s6 trong cac truong hop khong
léch nhau qua 16n, trudng hop dbi tuong

(ISSN: 1859 - 4557)

tich hgp LC-DaH-N cho sai s6 16n hon do
phuong truyén - nhan séng giita thu va phat
truc giao nhau. Sai sd trong trudng hop con
lai khi robot tich hop TDAA nh6 hon. Sai
s6 nho nhat dat 0,72m véi K diém 1an can
duoc khao sat trong dai tir 9 dén 50 trén
Hinh 8 va tom tét trén Bang 1.
Thudt toan dwa trén cong thirc Bayes:
Co sai s6 16n hon so v6i thuat toan dua
trén WKNN tién dinh. Khuyén cdo nén
chon K=6, K nhé nhét va van dat duoc sai
s6 nho nhat theo khao sat trén Hinh 8 va

téng hop tom tit trén Bang 1

4. KET LUAN

Bai bao di d¢ xuét hé thong dinh vi vo
tuyén trong nha st dung anten chuyén
mach bup séng v6i 7 bap song cb dinh. Bai
bao ciing da phan tich phuong phap
fingerprinting 1a mot trong nhitng phuong
phap phd bién duge danh gia mang lai do
chinh x4c cao nhét.

Noi dung chinh tic gia dé xuit giai
phdp mai 1a khdo séat loai anten tich hop
cho robot di dong can dinh vi véi moi
truong trong nha phirc tap. Két qua thuc
nghiém cho thiy giai phap di chon loai
anten phan cuc tron TDAA tich hgp cho
robot thi dat d§ chinh xac cao vuot trdi, voi
sai sO trung binh xudng t6i 0,72m trong
khong gian dinh vi 1a phong thi nghiém
6mx6,5mx3,5m tai phong 413 nha C1 Dai
hoc Bach Khoa Ha Noi.
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Gidi thiéu tac gia:

Tac gia Bui Thi Duyén t6t nghiép dai hoc nganh Ky thuat do va Tin hoc cong nghiép

ndm 2004; nhan bdng Thac si nganh Tu dong hda ndm 2007, nhan bang Tién si nganh
Ky thudt diéu khién va Tu ddng hda ndm 2020 tai Pai hoc Bach khoa Ha Noi. Hién
nay tac gia la giang vién Khoa Diéu khién va Ty ddng hda, Trudng Pai hoc Dién luc.

Hudéng nghién citu chinh: Hé théng do ludng diéu khién, thiét k& cac hé théng nhing
('ng dung trong diéu khién va tu ddng héa, mang cam bién khdng day, anten va mach
cao tan.

Téc gia Nguyén Ngoc Trung tSt nghiép dai hoc nganh Hé thng dién, nhan bing
Thac si nganh Ky thuat dién tai Trudng Pai hoc Bach Khoa Ha NGi vao cac nam 2003
va 2006; nhan bang tién si Ky thuat dién ndm 2014 tai Pai hoc Palermo, Cong hoa
Italia. Hién nay tac gia la gidng vién, Trudng phong t8 chifc can bd, Trudng Pai hoc
dién lyc

Hudéng nghién ctru chinh: Ludi dién théng minh, gidm sat do ludng diéu khién tu ddng
hoa va bao vé trong hé thdng dién.
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