SCIENCE TECHNOLOGY

PHUONG PHAP BINH VI DUA TREN KET QUA BINH HUONG
VATHONG TIN TIEN NGHIEM DA HINH

THE POSITIONING METHOD BASED ON THE DIRECTION OF ARRIVAL MESURED

AND APRIORI TOPOGRAPHIC INFORMATION

TOM TAT

Bai bao d& xudt mdt phuong phap dinh vi ngudn biic xa vd tuyén trong diéu
kién dia hinh khong c6 tin hiéu LOS (Line Of Sight) khi xét dén hién twgng phan
xa tin hiéu. S phan xa xay ra tai bé mét phéng, duoc tinh toén theo cdng thic
Fresnel véi gc phan xa va gdc tdi ¢6 gié tri bing nhau. Si dung md hinh phan xa
nay, giai phap dinh vi dugc thyc hién dua trén viéc xéc dinh cac gc phuong vi
theo dudng vo tuyén tir ngudn bic xa tdi mét phan xa, tir mat phan téi may thu
va géc phuong vi ctia phap tuyén mat phan xa. Vi tri mat phan xa duoc xem xét
theo cac mo hinh khéc nhau trong hé toa do xoy. Cac két qua Iy thuyét dwoc kiém
chitng thong qua md phdng trén phan mém Matlab.

Tir khoa: Géc phuong vi, phap tuyén mat phan xa, nguon bikc xa vo tuyén,
méy thu.

ABSTRACT

The paper proposes a method for locating a radio radiation source in the
absence of Line Of Sight (LOS) signal reception considering the reflection
phenomena. This reflection occur at the flat surface, which is calculated
according to the Fresnel formulas, with incident and reflected angles being equal
to each other. Using this reflection model, the localization solution is done based
on the azimuths measured in radio links from the radio radiation source to the
reflector, from the reflector to the receiver and the azimuth of the normal of
reflector. The position of reflector is considered according to the different modes
in xoy coordinate. The theoretical results are verified through simulation on
Matlab software.
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1. GIOI THIEU

Trong cac bai toan dinh vi, hai méi trvong truyén séng vo
tuyén can dugc xét dén la c6 tin hiéu LOS hodc NLOS (None
Line Of Sight). Cac phwong phap, thuat toan st dung tin hiéu
LOS da dwgc nghién cru nhiéu nhu: RSSI (Received Signal

Nguyén Tudn Minh*",
Lé Thanh Hai*, Nguyén Trong Luu?

Strength Indication) [1], AOA (Angle of Arrival) [2], TOA (Time
of Arrival) [3], TDOA (Time Difference of Arrival) [4], RSSI-DOA
(Received Signal Strength Indication - Direction Of Arrival)
[5]. Theo dé, méi trvong truyén tin hiéu phai dap tng diéu
kién khdng c6 vat can gitra nguodn birc xa va may thu hoéc su
anh huéng clia vat can Ién tin hiéu vo tuyén la khong dang
ké. Trong treong hop NLOS, két qua dinh vi khdng dam bao
dd chinh xac do anh huéng clia vat can dén cuwong do tin
hiéu la rat Ion. B3 c6 mot s6 cac cong trinh nghién ciru nham
gidi bai toan dinh vi trong dia hinh c6 c4 tin hiéu LOS va
NLOS [6-7]. Vi dia hinh chi c6 tin hiéu NLOS, phan I6n cac tin
hiéu thu duoc tai may thu la do hién twgng phan xa va tan xa
[8]. Phuong phap dinh vi str dung tin hiéu tan xa va phan xa
da duoc dé cap trong nghién ctru [9], trong dé st dung mé
hinh truyén tin hiéu két hop véi k§ thuat do chi sé cuong do
tin hiéu (RSSI) theo d6 suy hao tin hiéu (Pathloss). Trong thuc
té, théng tin tién nghiém vé cong suét phat, tan sd hoat
déng, dang diéu ché tin hiéu... clia ngudn blc xa c6 thé
khong biét tridc nén viéc dinh vi dya vao cac tham s6 nay
van 1a mot kho khan 16n. Véi b6i canh d6, bai bao sé trinh
bay phuong phap dinh vi dé xuét trong diéu kién chi cé tin
hiéu NLOS dua trén két qua dinh hwdng va thong tin tién
nghiém dia hinh.

2.COSOLY THUYET

Py B2

Hinh L. M hinh dia hinh trong tredng hop ¢d hai tin hiéu NLOS
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Hinh 1 biéu dién ma hinh truyén tin hiéu bi bi che khuéat
hoan toan béi yéu t6 dia hinh trong hé toa dd xOy véi véc to
Ox la duong phuong vi chudn (c6 goéc phuwong vi bang
khong) chung déi voi tat ca cac géc. Xét mot nguodn buc xa
dat tai vi tri ¢6 dinh T, c6 toa do (X, Yr,) phat tin hiéu toi hai
bé mat phan xa twong (ng véi hai géc phuong vi la B, va B,.
Gia thiét cac bé mat phan xa la phéng c6 kich thuéc dd lén
dé thda mén diéu kién phan xa va cac tin hiéu t¢i may thu
chi dén tir mot ngudn birc xa duy nhat. Ngoai ra, trong pham
vi nghién ctru chi xét dén truong hop mot lan phan xa tin
hiéu. Goi a, va a, lan lvot la la cac goc phwong vi clia véc to
phap tuyén n; va n,. Gia st may thu tai vi tri R, c6 toa do
(Xze Yrd thu nhan duwoc t6i thi€u hai tin hiéu dén tir hai bé
mat phan xa véi cac géc phuong vi tvong tng la ¢, va ¢,.

GOi Py, va Py, 12 hai diém phan xa c6 toa do 1a (Xey, Yey)
Va (Xpya: Yero)- Khi 0

YL2VPm (B, @

Tx ~XPx1

YV o (B,) @
Tx ~XPx2

Hé phuong trinh (1) va (2) gdm hai tham s6 g, va 8, chua
biét nén khong thé tim dwgc nghiém duy nhat. Tuy nhién,
vGi thdng tin tién nghiém dia hinh da biét thi hoan toan c6
thé xac dinh duoc cac tham s6 a, va a,. Theo cach tiép can
nay, nghién ctru thuc hién tinh toan khi xem xét véi tat ca cac
treong hop dia hinh va thu duoc két qua nhu sau:

ﬁl = 20(1 _d)l (3)

ﬁz = 20(2 _¢2 (4)

Do do:

YTx—YPx1 __

TEE = tan(2ay — ) ©
Tx~XPx1

w =tanQa, —¢,) ©
Tx ~XPx2

Thuc hién bién déi phurong trinh (5) va (6) thu dvoc:

Ax=B ()
Trong dé:
xTx
= [yTx] (8)
_ [tanQey —¢p,) -1
h [tan(Za2 —-¢,) -1 ©)
_ [tan2ay =) xprs =Y pra
B [tan(Zaz = 2)Xpx2 _ypxz] 10)
V6i:
Vex1 = Yre Htan (1) (X%py1 —X gy) (11)
Vpxz = Yre Htan (@2) (%xn —X gy) (12)

Nhan thdy rang, toa do ngudn birc xa phu thudc vao bd
tham s6 (@1, b2, @1, X2y % Yoxr Xpx1r Xpx2)-

Trong dé:

¢, va ¢, xac dinh dugc nhd st dung may thu dinh
huéng.

Xgy VA 3, X&C dinh dwgc nho st dung thiét bi dinh vi.

Qq, Ay, Xpy1, Xpyp X&C dinh dugc dya trén mo hinh dia
hinh cu thé.
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Trong truong hop ¢6 nhiéu hon hai tin hiéu phan xa
tdi may thu nhr miéu ta trong hinh 2 thi toa d6 diém bic
xa vO tuyén co thé 1a ba diém A, B hodc C. D€ khac phuc
hién twong da tri nay co6 thé sir dung mot sé cac bién phap
nhu sau:

- Sir dung thong tin nghiém vé vi tri nguodn birc xa.

- Str dung phuong phap du doan dé loai trir cac toa dd
khéng phu hgp trén mé hinh dia hinh.

- Sir dung phuong phap lay trong tam gitra cac diém dé
xac dinh toa dd gan ding.

PPXI

Hinh 2. M hinh dia hinh trong tredng hop ¢d ba tin hiéu NLOS
3. MO PHONG VA DANH GIA
Nham kiém ching céc két qua ly thuyét, bai bao thuc
hién mé phéng véi mot s6 cac mo hinh dia hinh nhu sau:
Dia hinh 1: Hai diém phan xa ndm trong goc phan tu
thr nhat cda hé toa dd xOy nhu trong hinh 3. Cac tham sb
dau vao twong (rng voéi dia hinh nay duwgc trinh bay trong
bang 1. K&t qua mé phong dugc biéu dién trong hinh 4.
Bang 1. Bang tham s6 dang dia hinh 1

Thamsé | Giatri Ynghfa

) 175 Goc phuong vi 1 tai may thu (d0)

o, 44,3 Goc phuong vi 2 tai may thu (d0)

0, 7 Goc phirong vi clia phap tuyén n, (d0)

0, 1 Goc phirang vi clia phap tuyén n, (d)
Xoxt 15,5 Toa d0 theo phuong x diém phan xa 1 (km)
Yoo 18,2 Toa do theo phirong x diém phan xa 2 (km)

(%o V) (0,8;0,5) Toa d6 mdy thu (km)

Hinh 3. Md hinh dia hinh Iy thuyét dang dia hinh 1
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N Ppx2(18.2,17.48)

Tx(54.05 ,2.78)/

&— Rx0805)
0 10 20 30 40 50 60
X (Km)

Hinh 4. Két qua dinh vi twong (ing v6i dang dia hinh 1

Bia hinh 2: Mot diém phan xa nam trong goc phan tu
thir nhat va mot diém phan xa ndm trong goc phan tu thi
hai clia hé toa dd xOy nhu trong hinh 1. Cac tham s6 tuong
(*rng voi dang dia hinh nay dwgc trinh bay trong bang 2. Két
qua mé phang dwoc biéu dién trong hinh 5.

Bang 2. Bang tham s6 dang dia hinh 2

Tham s6 Gia tri Ynghfa

) 175 Gac phuong vi 1 tai may thu (d0)

o, -44,3 Goc phuong vi 2 tai may thu (d0)

0, 7 Goc phurong vi clia phap tuyén n, (d0)

0, -11 Goc phirong vi clia phap tuyén n, (d)
Xext 155 Toa d0 theo phirong x diém phanxa 1 (km)
Yoo 18,2 Toa d theo phuong x phédnxa 2 (km)

(%o Vo) (0,8;0,5) Toa d0 méy thu (km)
10r
<«— Ppx1(1555.13)

TX(B3.712.19)— 2

<— Rx(0.80.5)

<—— Ppx2(18.2,-16.48)

° © ® = @ @ @ o
X (Km)
Hinh 5. Két qua dinh vi twong (ing v6i dang dia hinh 2
Pia hinh 3: Mot diém phan xa ndm trong goc phan tu
thir nhat va mot diém phan xa nam trong goc phan tu thi
ba cla hé toa dé xOy nhuw trong hinh 6. Cac tham s6 déi véi

dang dia hinh nay dugc trinh bay trong bang 3. Két qua mé
phong dugc biéu dién trong hinh 7.
Bang 3. Bang tham s6 dang dia hinh 3

Tham sb Gia tri Yngha

) 175 Goc phuong vi 1 tai may thu (d0)

o, -117,3 Goc phuong vi 2 tai may thu (d0)

0, 7 Goc phuong vi clia phap tuyén n, (d0)

0, -135 Goc phuong vi clia phap tuyén n, (d0)
Xoxt 155 Toa do theo phirong x diém phanxa 1 (km)
Yoo -8,5 Toa do theo phirong x diém phan xa 2 (km)

(%o V) (0,8;0,5) Toa d0 méy thu (km)
\
. \i;'\ B

107
Ppx1(15.55.13) 3,
5 -
Tx(33.28,4.05)/
0r ~<— Rx{0.8,0.5)
€
X 5
>
10 F
-15 F
<€—— Ppx2(85,-17.52)
20 1 1 1 | ) ) : ) ;
0 5 0 5 10 5 20 25 3 3%

X{Km)
Hinh 7. Két qua md phong véi dia hinh 3
Dia hinh 4: M6t diém phan xa nam trong géc phan tu
thir nhat va mot diém phan xa ndm trong goc phan tu thi
tw clia hé toa do xOy nhu biéu dién & hinh 8. Cac tham s6
twong (’ng vGi dang dia hinh nay duoc trinh bay trong bang
4. Két qua md phong dugc biéu dién trong hinh 9.
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Bang 4. Bang tham s6 dang dia hinh 4

Tham sb Gia tri Yngha

) 175 Goc phuong vi 1 tai may thu (d0)

o, 1173 Goc phuong vi 2 tai may thu (d0)

0, 7 Goc phuong vi clia phap tuyén n, (d0)

0, 135 Goc phurong vi clia phap tuyén n, (d6)
Xoxt 155 Toa do theo phirong x diém phanxa 1 (km)
Yoo -8,5 Toa do theo phurong x diém phan xa 2 (km)

(%o V) (0,8;0,5) Toa d0 méy thu (km)

Hinh 8. M hinh dia hinh Iy thuyét véi dia hinh 4

0
<—— Ppx2(-8.5,18.52)

Tx(17.69 5)

Rx(D.S,U.S)\
0 1 n

-10 -5 0 5 10 15 20
X (Km)

Hinh 9. Két qua dinh vi twong (ing v6i dang dia hinh 4

Nhan thdy rang, két quad mé phong phu hop véi két qué
ly thuyét trong ca bén dang dia hinh khac nhau. Biéu nay
chitng t6 ring phwong phap dé xuét da xac dinh thanh
cdng toa d ngudn bic xa trong diéu kién dia hinh chi cé
tin hiéu NLOS. Trong trvong hgp nay, mét may thu can dap
(rng mot s6 yéu cau co ban sau:

- St dung thiét bi dinh huéng va dinh vi toa dé may thu
¢6 do chinh xac cao.

- C6 kha nang lwu trlr bd dii liéu tham sé dia hinh.
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4, KET LUAN

Bai bao da trinh bay mét phuong phép dinh vi méi dya
trén viéc xéc dinh cac goc phuong vi trong tredng hgp dia
hinh chi ¢6 tin hiéu NLOS. Phuong phap nay da cung cap
mot giai phap dé giai bai toan dinh vi voi diéu kién gan nhw
bat dinh thong tin tién nghiém ngudn bic xa vo tuyén.
DBiém noi bat clia phrong phap dé xuét la st dung thong
tin tién nghiém dia hinh dé tinh todn goc phuong vi cla
phéap tuyén bé mat phan xa, tlr dé xac dinh géc phuong vi
cla tin hiéu téi bé mat phan xa. Cac két qua phan tich ly
thuyét va mé phong cho thay phuong phap dé xuat c6 kha
nang dinh vi tét trong diéu kién sir dung cac thuat toan
dinh huéng cé chat lvong cao va xay dwng bd tham soé dia
hinh chinh xac. D& xuét nay phu hop véi cac (Png dung dinh
vi n6i chung va trinh st thu déng cac muc tiéu bitc xa vo
tuyén néi riéng.

TAI LIEU THAM KHAO

[1]. L. Konrad and W. Matt, 2007. A Robust, decentralized approach to RF-
Based Location Tracking. Personal and Ubiquitous Computing, vol. 11, no. 6, pp.
489-503.

[2]. L. Girod, M. Lukac, V. Trifa and D. Estrin, 2006. The Design and
Implementation of a Self-Calibrating Distributed Acoustic Sensing Platform. Proc.
Fourth Int'l Conf. Embedded Networked Sensor Systems, pp. 71-84.

[3]. P. Goud, A. Sesay and M. Fattouche, 1991. A Spread Spectrum
Radiolocation Technique and Its Application to Cellular Radio. Proc. IEEE Pacific Rim
Conf. Comm., Computers and Signal Processing, vol. 2, pp. 661-664.

[4]. B. Jin, X. Xu and T. Zhang, 2018. Robust Time-Difference-of-Arrival
(TDOA) Localization Using Weighted Least Squares with Cone Tangent Plane
Constraint. Sensors, 18, 778.

[5]. F. Dai, Y. Liu and L. Chen, 2012. A Hybrid Localization Algorithm for
Improving Accuracy Based on RSSI/AOA in Wireless Network. International
Conference on Computer Science & Service System (CSSS).

[6]. S. Venkatraman and J. Caffery, 2002. Location using LOS range
estimation in NLOS environments. Vehicular Technology Conference, IEEE 55th,
vol. 2, pp. 856 — 860.

[7]. J. Schroeder, S. Galler, K. Kyamakya and K. Jobmann, 2007. NLOS
(etection algorithms for ultra-wideband localization. 4th Workshop on
Positioning, Navigation and Communication, pp. 159 —166.

[8]. S. Wielandt and L. Strycker, 2017. Indoor Multipath Assisted Angle of
Arrival Localization. Sensors 2017, 17, 2522.

[9]. S. M. M. Dehghan, S. Haidari and H. Mordi, 2015. Toward aerial
simultaneous target localization and obstacle estimation using RSSI observations.
3" RS| International Conference on Robotics and Mechatronics (ICROM), Tehran,
pp. 517-522.

AUTHORS INFORMATION

Nguyen Tuan Minh?, Le Thanh Hai', Nguyen Trong Luu?

UInstitute of Electronics/Military Institute of Technology and Science, Vietnam
2Department of Training, Le Quy Don Technical University





