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Selecting anchor node based on RSSI ultra-wideband indoor positioning
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Abstract: In ultra-wideband indoor positioning, due to the complex indoor environment, the communication between
each anchor node and the positioning node will be subject to different degrees of interference, and the more interfered data
will seriously affect the positioning accuracy, so it is necessary to screen the anchor nodes. Aiming at the above problems,
an ultra-wideband indoor positioning anchor node selection method based on received signal strength indication (RSSI)
is proposed. Firstly, the RSSI between the anchor nodes is calculated using the interpolation method and optimized by
Gaussian process regression to obtain the initial RSSI estimation value. Secondly, this estimation value is Taylor-expanded
at the anchor node position and the path loss factor to obtain the Fisher matrix with the RSSI information, and then, the
Cramér-Rao lower bound (CRLB) of the RSSI is obtained. Then, all the anchor nodes are selected by the method, and the
RSSI of the anchor nodes is obtained. Then, all the anchor node selected state combinations (selected as 1 and unselected
as 0) are substituted into the CRLB formula, and the traces of the CRLB are solved by semidefinite relaxation. Finally,
the selected state combination corresponding to the minimum trace is the selection result. The experimental results show
that compared with the algorithm without anchor node selection, this method improves the positioning accuracy in X,
Y, and Z directions by 37.6 %, 32.2 %, and 38.8 %, respectively, and it is close to the anchor node selection result of the
exhaustive method. In addition, the proposed algorithm adopts an unsupervised approach without obtaining a priori data,
which has high practical application value.

Keywords: indoor positioning; ultra-wideband; anchor node selection; received signal strength indication; Cramér-Rao
lower bound; unsupervised
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H i, 42 Bk %€ {7 & 4t (global positioning system,
GPS) fidb 3} TR SM RGO iz N T 58 {7 8.
SR, ZEZ N Epm, PEEMNEEERNHTE
2 ) N IR S AR U2 L) N AR
W5 WiFi. i 56 1 (ultra-wideband, UWB)- S 411
5] (radio frequency identification, RFID). 17 A\ fiigiZb 4
% (pedestrian dead reckoning, PDR). it 75 Jil £33,

FHE T HoAth =5 N s AL 4R, UWB SE L R B A
E TG FE R WA TFEAR S 5 2805 R I [R) 43 7%
F A A8 % N EORS R E 7 1 B 3 5 b i
KH. BRI, A+ B 2%, A FEALEE (non-line-
of-sight, NLOS). £ 125 T-#, PA ik, &4 715 S0 5 € 7
T RUA) IR AS 22 52 B [F) A2 FE 1) 14063, AT 52 e
SE LG FE. T BRIUSZ 5200 B0/ 1) 38 A B 7 20
BT AT I

Courtay 25V $2 ) 7 =14 Il & 5% £ (best anchor
selection for trilateration, BAST) & 7 s 1% 8 7715, %
JIEFE T AL R S 56 A BAS B AT TR, I ik
P Z AR 1 3 A48T R, S5 AU O 5 5 T
AL, BAST (AR BESR i 1 4.17 1%, AR T 234 5
P75 2 0F 5 T 1.26 £%; Chen Z5UO 2 H T —Fp AT
JUART A% £ K] - (geometric dilution of precision, GDOP)
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de Cock FE2 2 1 J 15 38 PP B (channel
impulse response, CIR) ¥4 17 s & 5 /v, % 7 158
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(E— /N =4S (A N, u o AT A AL E R il
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T AT SRR, T S MK R B w, B
w = [w,ws,...,wy]|T, (20)
Horbrw; € {0, 1} /e k£85I a7 747, R
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CRLB(u) = ( H'WWTQ'WW'TH) ™! =
(H"diag(w)Q diag(w)H)™L. (22)
HeT30(22), ATKE A AR I F i) R R 9 LA B i
B

=i

rrgntr{((I:ITdiag(w)Q_1diag(w)I:I)_1)}.

st 1w = M,

wy € {0, 1}V, (23)

IF] 85 (23) WA F SDR SR o, 3t 51N — M4 B AL B
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((H"diag(w)Q ‘diag(w)H) ™) < Z. (24)
R EF R A 77 20, AR (24) AT U5 i T s i)
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Z I
. .| =0«
I H'diag(w)Q 'diag(w)H

(Z I
. _ | =0, (25)
I HTdiag(w)Q_IH]

25 0 6 RET Q R 1 2. BEAb, LA — A
B W

W = ww'. (26)
S ) &M T
= 0. (27)
w 1

PLTE, ] 8 (23) AT LAREAL Ny
w{r‘}‘illjlz tr{Z}.
s.t. [Z H'diag(w)Q 'H] = 0,
W W't
=0,

tr{W} =M,

Diag(W) = w. (28)
XA AT AR, TH 5 R (28) 1) H AR AR 14 H bR
B B /NIRRT AT AR DR B 24 .

28 L BT, AR S T RSST P T s s 85
1% (RSSI semi-definite relaxation, RSDR), Z IR U1 .

step 1: WIGAWARSRSE HESE B RIEAR IR 4
1B 2545, FEA) A6 I Z1) R B2 RSST L 15 21l & RSSI
NP;.

step 2: X I RSSTEU P, #E47 4% In) 525 bR £ 4 (.

i 7 i AR 1] V9 45 3 RSSIAS THE Py, M1 45 31 55 T
RSSIf#] CRLB.

step 3: Gl AN — M0 R 1% H 1) & w, FF DL B 1T
AL CRLBAE N H b bR H5, G ST 5505 45 v 8 (23).

step 4: {1 F] SDR K A o™ fR 4 15 r 128 48 1) R (23)
AR 5 T 3R A 1) SDP i) # (28).

step 5: 3K fif SDP 1] 15 FI| 15 fUE 7 2 w.

TE 2 N E AL, 4 AN AU 1T 58 = 4 E AL
E A P A0 A0 R 48 15 R 5 RIS ()45 5 FHL 28 L 2509
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PEm ALK B H A, R SRR R D BN AR
AU A FBGR . 78 O A B 70 1 B Al _E0415), B4

0 58 R T S KA
3 SIS RAERE T
3.1 IR

A2 56 5K FH i 5 R [ BPHERO-UWB 5E {7 15
B, B AR 22N T 0.1 m, £ N STM32F 103 &
HMCU. SEBG 25 £5 i AL, S bR 52 HY 3 5t (B A28 m)
RS2 = A3 8N 8.3 x 7.3 x 3.7, R~} N6 x
0.5 x 2,50 83 2, 8 )Z RN 0.85. B 48 EHa N
& J@ A A V% BT AT A B 1 1 TR, S
PREEA T F B an 1 2 .

2 SLIIAEIRE
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bs (7.606, 0, —2.103) Horr: p NSEIGAT B BN, U U 43 50 8 A5 A
b (7.462, —3.194, —0.351) A, (m,y, 2) B (2, 9, 2) 53990 9 8 AL R i 1 SE A AR
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SEEG R A 30 A58 A1 s A7 B U, XA E
P75 R AL B kAT 400 IR B4R R 4E, B A Matlab
R 2020 b 47 B A 04T HHh A B A SCAE S 35 4 0]
& 22 (MAE) #1135 77 #i 1% 22 (RMSE) 1F A PEAN & £7 K
£ ()36 kK. MAE #1RMSE 2 X 0K Bis:

SEEG S5 RN 2 Frs. B VETE X 7 ik
RN 0.343 m, e /iR ZE N 0.005 m; BT 7R Y
J7 1) B¢ K 22 8 0.360 m, 5 /N 3% 22 59 0.018 m; fT 2
W VRAE Z 5 1A B KR 220N 0.740 m, B N iR ZE N
0.001 m. H13% 2 (18 ds 45 5wl W, v di th 07 v 22 30t
BURTE XY s Z = A7 1) B BT R 1 O Bk

op
He.

*2 KR
Fr5 SE 747 A B /m X@®#E/m  YiREm ZiREm || BT SERLYT AL E /m XiRE/m YRZEm ZRZ%Em
1 (2.41,2.6,—-0.4) 0.142 0.159 0.411 16 (2.4,-1.2,-1.31) 0.027 0.031 0.090
2 (2.41,2.6,—1.31) 0.343 0.360 0.119 17 (2.3,-0.9,—-1.63) 0.091 0.042 0.359
3 (2.41,2.6, —1.79) 0.138 0.269 0.247 18 (5.2,—0.9, —0.4) 0.054 0.121 0.031
4 (4.91,2.6,—-0.4) 0.077 0.177 0.140 19 (5.2,-1.2,—1.41) 0.126 0.030 0.112
5 (4.91,2.6,—1.31) 0.118 0.168 0.162 20 (5.2,-1.1,—-1.53) 0.226 0.157 0.326
6 (4.91,2.6, —2.12) 0.035 0.083 0.479 21 (5.92,—-0.9,-0.4) 0.148 0.334 0.740
7 (6.29,2.6,—0.4) 0.145 0.095 0.252 22 (5.92,—-0.9, —1.24) 0.022 0.268 0.211
8 (6.29,2.6, —1.31) 0.007 0.087 0.094 23 (5.92,—-0.9, —1.63) 0.015 0.018 0.077
9 (2.5,1.25,—-0.4) 0.005 0.102 0.029 24 (2.06, —2.35, —0.4) 0.116 0.271 0.037
10 (2.5,1.5, —1.31) 0.092 0.109 0.202 25 (1.85,—2.6,—1.31) 0.204 0.146 0.037
11 (2.5,1.3,-1.79) 0.135 0.066 0.331 26 (2.15,—-2.35, —1.71) 0.081 0.071 0.222
12 (4.69,1.25,—0.4) 0.036 0.055 0.130 27 (4.11, —2.35, —-0.4) 0.153 0.219 0.183
13 (4.69,1.25, —1.24) 0.037 0.045 0.383 28 (4.11, —2.55, —1.01) 0.203 0.025 0.211
14 (4.69,1.5, —2.07) 0.069 0.084 0.001 29 (4.11,-2.35, —1.71) 0.038 0.253 0.170
15 (2.3,-0.9,—-0.4) 0.083 0.087 0.140 30 (6.83, —2.35, —0.4) 0.292 0.200 0.158
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P ETE XY Z 71 BRI AR B4y AT T
37.6%-32.2%-38.8 %. 1£ XY . Z J5 7], RSDR J7 %]
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SDR 75 {1 SDR J7 ¥ H 41 55 2575, BAST 7155 T

P 3 9 o 2 A0 AN Y A B R Y A DAL, 12 TV
SENL A R A RN, FEBAST IATEY JilA 1
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P 50 AT A R ), 7E NLOS T IS 0 F 42>
S SR P R IR, AT A B
B, RSDR J5 8 i RSST ) CRLB ¥ B 417 s
T I L, A R M S T T S B I B AL A, [ B
58 FH 47 L2 A0 g BT e R BT VS 6 RSSTHEAT A 1, BRI
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range

e
o

(=]

‘z@q
BT RIS
C125%~75% I 1.5IQR WAL
— gk - ¥ - BEE

B4 Y AHEFRGZEEIREREE

%é

0.8}
B RO TR

0.6}
0.4}
0.2} @
0- L L
1 25%~75% I 1.5IQR MG
— gk - WME - A

5 ZABEAREGEEIREERE

AT R EE / m

£R3 TEFEEX .Y ZFEBNEHEMIR

Tk X J7H/m Y J7Al/m Z J7l/m
KAk 0.174 0.203 0.332
BAST 0.133 0.208 0.225
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