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Abstract: Ultra-wideband positioning is based on the marked point distance measured by the base
station and a set of non-linear positioning equations to obtain the precise device position by applying Taylor
series expansion algorithm, Chan algorithm or least square solution. Among these algorithms, the Taylor
series expansion algorithm has high solution accuracy, but has a strong dependence on the initial value. If
the initial value is not selected properly, the algorithm will not converge. In order to solve the above
problems, a hybrid solution (BSO-Taylor) method combining brain storm optimization (BSO) and Taylor
series expansion is proposed. The BSO algorithm is used to solve the optimal solution for minimizing the

error function from the mobile station to the base station. The time different of arrival(TDOA) value of
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the optimal individual is used as the initial value of the Taylor series expansion algorithm to carry out the
Taylor expansion solution to obtain the positioning information. This method solves the problem that the
Taylor series expansion algorithm requires better initial value. Moreover, the results of Chan algorithm,
Taylor series expansion algorithm and the BSO-Taylor hybrid solution method are compared. The results
show that the BSO-Taylor hybrid solution method obtains the iterative initial value close to the true
position through the global search strategy. The method not only obtains the positioning performance close
to the true value, but also solves the sensitivity of the Taylor series expansion algorithm to the bad initial
values. Compared with the Chan algorithm, the solution of the BSO-Taylor hybrid solution method is
more stable and more accurate. Compared with the Taylor series expansion algorithm, the initial position
of which is the true position, the solution error of the BSO-Taylor hybrid solution is slightly larger. The
effects of the variation of the positioning distance and the variation of the standard deviation of the TDOA
measurements value on the Taylor series expansion algorithm and the hybrid BSO-Taylor solution method
are basically the same. However, the effect on the Chan algorithm is greater.

Key words: mine positioning; ultra-wideband positioning; time difference of arrival; error calculation;

Taylor series expansion algorithm; brain storm optimization; TDOA
¥ B 3A B} E] 22 (Time Different of Arrival, TDOA)
SE AT ¥R B I A e 6 7 5 ME 5 0 B g 6 T T
W & 7% 3l 2 v 19 3 S DL e T N8 B RE P AR FOR Ak . Hod , TDOA %2 5 ¥k AN 2R

0 3

ill}

NFARTERER™ b (4 7 0 1T a0 Aar 78 3 5 Bk 141 25 [
PR M b S N B O 9 R 1L
R B W ENEN A L
VI A VAN R VAN ek AR 1R 20 =R VAR 4
78 A R B 4 A v 2 R e vk B T TR
TR A NG Horh /8 YA 1R — R G
AR AR S R R 2 Bk op A5 2 LS S EoE AR
i AN JC LA L BT B B AL e R T
BN N (AR S Y oL 2l 7 W -
FUO A R A S ) A S A AR R
EZ NN RN SN R 17 1R VAN

B P R A A2 MR i S S 0 Al e iR, 3
F—H ARkt @ F R, 18 i3 = (Taylor) 905
JEIT B Y | Chan 8 3617 8 e/ T (Least
Square, LS) I i HARAGRE 0 10 & o5 00 & . o,
Taylor Z0 % 581k 04 SR i A B i o AHIZ X 90 46 1B
ELAAR 5 B AR QSR A IR (E e BEANE Y . & F 3L
B AN, PR BE S A 36 A 2 RS A 3 Ak o
MRS BN WG O . N il P IR, AR SCHE T 45
A3k i R i fb (Brain Storm  Optimization,
BSO)! I Taylor S8R TF 551 1 8 56 4 1
PR (BSO—Taylor 845 i 55) Jr . it BA 8K
U4 R A8 &R BE 1 1) BSO Bk, SR A B/ E
B 25 W B L 58 AL 8AE A Taylor 085 R FF B34 1
ff S AR (R DT 4 T8 RS B . SERR IR T AT 2
T7 A R .

1 TDOA EfLFi%

WP A B S S 7 07 Wk A A B G I R E A 7

He vl 5 shuh 2 )k b — B0, I w B AS BE vl 2 ]
i [a] 25l RE A5 21 BT 75 6 o L A X 31 3k i 1] £ 22 B9 i
R 2l /N o iR 25 E RS BERERE U 4R . BB
FIHREA™ A 10 P 1 3k DAY 2 ) v 26 i AR S s Y [] 25
J& AR SCR A TDOA AL J7 5

TDOA T 57 77 35 M FK g WU 200 1577 3% 1 ik
I bR 5 B A 5 B 0K 2 AR TR 2 25 B ol ) i
[F1) 2 1L ik 55 R 07 00 0 B A AR, SR AS A S AL B
TDOA GEMLRGWME 1 Fis 2 2% Ll BS, Z [H]
IR b 322 42 B0 ] — P 24 B DR L AR TR A0

K1 TDOA & fii &4
Fig. 1 TDOA positioning system
PL 3 A2 ALuh BS, (BS, #l BS, O i, 5 H Ak
15‘%73”59(1‘1 s V1 ), (a, s V2 I E s V3 ) ,%iﬁiﬁ MS E]/‘J
g ABR A Coy y) s LR GE 3 A4S B ol i BH B 2 22 )
AACH Dyy s Dsy s Dy IR J5 FR2H 8 U

Dy =/(x—x,)  +(y—y,)" —
(x—x))* +(y—y))'=c(e;,—7)
D=/ (x—x)*+(y—y3)* —

@)

(x—x)" +(y—y) ' =c(rs—1,)
D31: (I*Ig)z +(y*y;)2 -

(x—a))*+(y—y)i=cl(rs—11)



2021 % 3

hRERE BT FTRE T AALRSMBA T % ¢ 55 .

K e HHREPEALHEEIE s, N @ AU P
B EAR R i =1,2,3,

S e N Y WO DN N %/ IS ]
i1t Taylor 2448 JF ik 5K Chan Bk &R ER )
PR A X (1 L AT LAAS 208 Bh il 1 47 B AR A

2 BSO-Taylor BR&MREHE

TDOA 5 v J7 3 D 72 85 2 75 T ok il — 41k 26
PR B4, HOEr 2Rk LS B Bk
Taylor G4 IF 5k 47 )7 oK il . Hip, Taylor
A AN R Sy £ i O VA SR T S By AW R N 1
SRR UGE S SRk TDOA 1R Z 8 i /3B LS
fit, IR S X R sh vl o B WA TR
2.1 Taylor & % J& 77 5 %

WK AL 3h i MS (467 B AR (2. y) s )
AL BN Cags yr) > MR 22 0 (Axs Ay) s R H
Taylor 945 R Ak 2k ACTH5A, WIS gl 19 #3837
HHWRMEMFEUTA LR

x = ag + Ax
Yy = yr T Ay

TER) U5 7 B A bR (g s i) R AT Taylor 9 400R%

PAREE; <8 a1 S o G K

2)

h = GA +¢ (3)
R,,—R,+R,
. Ry, — R, +R, B
Rt h— : Ry B S M 4
Ry — Ry TR,
UGB REBE Ruy = Ru— Ry 8 A 555 M A
Ao Ao
ISR L Ak R = |,
Aann [257¢]

aw AREL f(x,y) = (xg + Az, yp T Ay) X = B
S8 am R f(x,y) = (g T Az, yr T A K y

My

Ax N5
B‘Jﬁ%iﬂzm—hy}sﬁi%irﬂ%,s— o
M
FORR G FI M A 5 B 1A S B 2
{1 i 0 B 2
X O FEAT A LS Ak 5 15
A= (G'Q'G)'GQ'h (4)

A Q S TDOA U 8B /Y Bl J7 25 56 %
WIRZETTIR N &, F—WRERTTH A H AL bR N
=gt Ar.y =y Ay EE L F R, H R
LN KA&:
|Ax|+ | Ay|<e (5

2.2 BSO-Taylor A A 7 *

BSO g4 Shi Yuhui™™ F~ 2011 4F & & $2 1, &
— PR AL N 2SR 2 AT R 1R B R AR RE AR AL
TR AR BB O 1k R b B A O — A B
R BRSO RS AT o A T S A R
PR, R B N 4 R L. BSO B 8k A Ok i
TR Z2 A Gk ) pIE Ak T R

T AL SR AR Sk B H AR AL AR R, DL RS
Bl 57 E A bR A HE AR A A A A 08 B Y B R e T
%= NS ) RS A Ak B A5 8 e /NME RS Bl il 2145 A
FEUh R 25 SRBCZ . BT R AR ], SR B BSO
SRR 35 VLR SR /N 9 B A R O RS R A S IR
TDOA {EAE A Taylor 9%k & 5535 55 W) IR 18
4T Taylor JE #5545 2 & A 45 B

ST i BSO-Taylor B4R 8 7 2 BLR R
FRAE .

Step 1: AR slufi i B Ak b5 A 16 AN Bl HL A=
BN A

Step 2.: A IR 25 [ AR ST R 2 0 il K A

Step 3 : M4k #% 3y 3l 2] 2% 4> FE ol 19 1 22 PR Al A
(LSTITAER(

Step 4 : X AEAN R A9 AS R FEAT HE T L f B AR
o R IR R R R T

Step 5:AEB— A~ 0~1 B Fifi HL %L, 4n SR 9% Bl AL
BUNT I HEEE Py, W RE LA B — A A AR
— G

Step 6: A= BT L RRANET 2 iR .

HB—A0~1
R
DAL T
B HBEP.2
B R, v
AR
v R0
R 01
WAL

M RA BN R |2 T2 R, HEZE L, (| AR A

2AAMAEE AT || B E AR I R R | (A R
AR L R AME A SR AME || R BHAME

| | | |
i

R RS EAFEMEHEAT HA,
H BT MBS T —AREFAME

B2 AR R I o 72
Fig. 2 Process of generating a new individual
Step 7 QIERIKF] T Fi 15 (4 85 K 3% AR UL, T 45
1k 5 W% Step 2.
Step 8:5R I LA 1 #E Ak 55 12 159 2 5% 5 ol 4 e AL




« 56 - 15 83t %47 &
7 B AL bR AE R Taylor 8% AR I 1R 1E . Taylor L EVRIF B B B 45 R0 v T F M A iR %

Step 9 KRR AR A R (DO AT AR A,

Step 10 #5715 ] ft K % AR R B B0 2 | Ax | +
| Ay | <<e. W H e B AR B (3D L IR R
[f] Step 9,

3 MEERBEMEFTEMREIL

3.1 RBHRE

IR BT AR I — M Ry P K B A S ) A S g
FEEN 4 mxX4 mX80 m BB AIH , 3T P440 5%
He sz PG v A 0 R L B sl 5 I s A B 3 T
TN A AR AL o 5 (0,00, (100 m,0)
(0,100 m), (100 m,100 m),3EF Matlab 2016b X
JIr $2& J5 ¥ Ve RE AT X EE A3 AT

g |P440-1 P440-2 P440-2 P440-2 P440-2
< | N n N A N
NI M M [ M
& 52 5m 10 m 20 m 30 m
vk WS WE R W WE R

K3 Rl p il S A
Fig. 3 Measurement point position of mobile station

B A% Bl MS 1 52 PR A7 % £ (50 m,
50 m) L, GniEl 4 Fros . W OF SR A B bR A Sl 5yl
HAE, 20 B Taylor 2% % & JT 55 125, Chan %
VR BSO — Taylor W& fif 55 07 1 oK BURS 3h o

1
120
o B

oHIM =
it

100 o

801

p5/m

60 -

T AR

40}

7

20}

H#

0 o o

=20 (I) 2IO 4|0 6I0 8|0 1 60
AR A AR /m
P4 Pl S 2k i) 5 B o7
Fig. 4 True position of mobile station under test
Chan 53 J& — Pl oK A SR 28 77 5 241 9 e 3238 1
S R ER W e KA A o L RE SR T
/N TE MR RO S 0T A AT B R R L B AR B
3.2 HEAAT M ER
Taylor U I3 IE & W) b6 5L Al L AR
FAR AR Bl A . B8 Bl B W) GG 7 R
SCAE . WA S PR . BLIEAT 10 000 WA A5
SN B A& 6 FT s o il B3 0 B R BT R B
& y=ax W5 5340 BB Taylor 980 I 51k
MFe e PE B AF . Taylor 9% 8% /& JF 5805 fift 53 45 2R AE
x Jy iR 2 7 R B 7 ATE S R IE
wRZEAHT 0. 04 m, g RAREAMET —0.045 m,

K 8 pron, WIE 8 Al F i, e KIE = 25 A #
0.08 m. Iy KTMiRZEA T —0.07 m, Taylor HE
R AL R B R 2Z K 9 iR, ek
WEANE 0.035 m, @ L F 4347 A] i, Taylor
GRS B RRR E  E  R 2E

120 -
100 o o Bk o
. o R
B 80 * fhiiHE
il L
= 60 .
% g0l
%
EE 20+
(U3 o o

=20 0 210 4‘0 6I0 8|0 l(‘)O
B A5 il 245 /m
Kl 5 Taylor HEUR B L5 shul (v &
Fig.5 Position of mobile station of Taylor

series expansion algorithm
50.08

- Taylor B At T B
SO.06F - F w4 s SRR
50.04
50.02
)\ 50.00
¢p_ 49.98+
"" 49.96 -

49.94¢

49.92 L : s . |
4995 4997 4999 50.01 50.03  50.05

HART sl AR /m
6 Taylor g5 T B 3k 1S

Fig. 6 Taylor series expansion algorithm scatter plot
0.04
0.03
0.024
0.01
0
-0.01
-0.02f
-0.03
-0.04
-0.05

/m

1

Sy HIAR AT,

H ﬁ%ﬁx%iﬁﬁ/m

0 2000 4000 6000 8000 10000
PR H
B 7 Taylor 2 80m B3k « ik 2z

Fig. 7 x-axis error of Taylor series expansion algorithm

0.08

0.06
0.04 m
0.02
0
-0.02
-0.04 i
-0.06
-0.08

Eﬁ%ﬁyﬁﬂﬁ%ﬁ/m

0 2000 4000 6000 8000 10000
PR R
8 Taylor ¥R IRk v Wik 2

Fig. 8 y-axis error of Taylor series expansion algorithm



2021 4% 3 41 MR BF A T AL AL RES M ok « 57 -
0.035 015 —— Chan%ik
: - VE A -
4 0.030 ‘ ‘ BSO-Taylor/?nﬁﬁ?‘ili’:
oK 0.10 | [ | j
% 0.025 E } ‘ 3
R #IE 0.05
il E 0
& 0015 !
;;EE 0.010 £ 0.0s
e -
I 0.005 PN |
|
0 2000 4 0‘\00\ o LU _0'150 2000 4000 6000 8000 10000
FAIAE kYK
o % s = .
Fig. 9 Taylor series expansion algorithm RMS error curves o R 2 L

BN, AHSEPR b, Taylor 208508 1 816 % 9] 46 {6 B
AR AR 3R A U 1 i 2 SR R T B
(1) 3% AR ) 1R (B2 7% sl il o 1 B0

XF Ho 43 B Chan 836 Fl BSO- Taylor 1R 4 i 5
T PERE 32 1T 10 000 WA B fift 45 21 14 1S &
A 10 fizs . A% T Chan 23 BSO-Taylor &4
R SR T 1 T e S 5 R T A b T S B A 3L AR
EVET L,

50.15 - Chan®¥L3 H AR5 A
e BSO-TaylorlB AMEET M THALE
. T B R SEbR
50.10F R o
& 50,05} .
# 3
g; 50.00f .
J'DE s .
£ 4005|
49.90F

49.85 T — —
49.85 49.90 49.95 50.00 50.05 50.10 50.15
B AR sl 4445 /m

& 10 Chan 823 5 BSO—Taylor J& & it 55 J7 VA = X 1L
Fig. 10 Scattered comparison of Chan algorithm and
BSO-Taylor algorithm

Chan 5.3 5 BSO- Taylor {E 4 fi# 55 J7 1% fif 55
S5 RAE « Bhor 1 py R 22X Lk an & 11 B 7R, Chan 55
P A5 R e KOE iR 22 43 GO At 0. 15,
—0. 15 m, fif BSO—Taylor & & fift 55 75 1 1 fift 55 45
SRR KOE B3R 22 43 5l AN g 0,10, —0.10 m,
2 P 5 kAR A RAE y Bl 1) A A% 22 X LG A AT 12
7 s Chan 550 i 53235 58 00 d IE $015% 22 23 30l AN
140.15,—0. 15 m, M BSO-Taylor J& & it 53 J7 2 14
il 5 45 Ry e K OIE iR 22 03 i) N i 0. 10,
—0.10 m, 2 Fhy A 5 A5 S A B MR 25 6 e
13 Frsn s Chan 5505 fif 50 45 2R 0 o5 K 22 ANl it
0. 12,1 BSO—Taylor & & fif 57 7 1 fif 55 45 21 10 B
KigzE A 0. 04, 8 70 #r A LL&Z 3, BSO -
Taylor {R & F 7 EAHE T Chan 5006 0O R 53 10R 22
BN R E PR A
3.3 MEHREMNILER

¥ Chan 83 | Taylor 4% % I 5332 Fl BSO -~
Taylor R & i 5 J7 1% 0 i 5 18 22 AT LL B 5 s

Fig. 11 a-axis error comparison of Chan algorithm and
BSO-Taylor algorithm

0.15, Hon— Chan$i%

‘ I || || — BSO-Taylori & &I 1%

0.10

1
£ oos LAk
0.05 f It
oK
% 0
E -0.05 KA i il
o \J‘;“i‘i T
=010 T R M|
A ML |
-0.15 1 1 I 1 ]
0 2000 4000 6000 8000 10000
MR REL
12 Chan & #: 5 BSO-Taylor IR & & 7 s
v R ZE X

Fig. 12  y-axis error comparison of Chan algorithm and

BSO-Taylor algorithm

0.12 — Chanfiik
” —— BSO-TayloriB& il 5. 75 15
o [
% 0.08
ﬂ !
g1 0.06 H
i}_]
;ﬂé 0.04
l‘)é |
m 0.02
0 2000 4000 6000 8000 10000
TR EL
K 13 Chan 25 BSO-Taylor B &5 )7 &
75 KRR 22 %) H

Fig. 13 RMS error comparison of Chan algorithm and
BSO-Taylor algorithm

TE S5 R4 N AE AT 100 IR S5 5 L SCE 1)
FRifE2E W% 1. Chan 5535 09 A5 o 22 B 8 K F 55 4b
2 Pl TR Bl B B Taylor U TT
BV ARA I 25 5 B AT i A T BSO-Taylor iR & i 55
Ji PR RE SR SEBR R G T 1 B Bl il LS R
RTTREFASE AT (9, BSO—Taylor 1R & fift 5 5 138
it 4 R 48 R R m, AR A5 P s (E, Tk e 2 R
Taylor JE R IFH s .

Ry B AL 3 0 ifk 55 O % 0 A RS BE K e Bl
YL E )y AR ARE E A 50 m. o AR AR O F% 5D 2
100 m, B8 2l 3l 1) o7 & i 5 45 R B 14 s . 38 5



¢« 58 o

5 B

%47 %

1 3 PhEVLARE LA B AE M AR 2 X L
Table 1 Comparison of standard deviation between

results of the three algorithms and true value

PR 22

Rk
ME1 fpE2 ME3 fVE4 fES
Chan %5 4% 7.6851 7.6976 7.6870 7.6863 7.7028
Taylor 2% %t
. 1.486 8 1.494 7 1.4658 1.4894 1.4747
JE TR
BSO-Taylor

2.2759 2.2853 2.2818 2.2803 2.2756
RA 57 5

PO Bh i 57 i i 45 R S B Ry R 22 T L,
BSO-Taylor {i&& #5507 15 M i 5 45 RIR E R T
BT H LR S v R UG 1 B Taylor S8R T 5%
Chan 5% B 1R 22 HE RT3 &

S0Sr o FRH AR
5041 - - Taylor$ik B AR Sl HALE
& 5031 ——Chanfi: AR AR
B 502 —BSO-TaylorlB# M /i s it st it L
H 501
% 200 AR i
o) 4991y i
& 49.8f
M 497F
49.6
9.5 . . . . .
0 20 40 60 80 100
B AR Ao AR /m

K14 3 T vk AR B 00 A% 3l il 7 B 45 R 5 S fH T 4R
Fig. 14 Curves of mobile station positions calculated
by three algorithms and true positions
TR RS Bl i AR 2 i BSOS 72 g SRR L
R 8l 225 Bl AR A5 A [F) i AL H 8 T Y e 38T vE A
REXS LE, A&l 15 firzn . SR AR B 5 007 300 288 1 184 o
SEN R ZE W B W . X R R Bl 8 7 B Y
Hhn . Z A0 25 AR AL 1B DR 22 W =2 3
JEE BSO-Taylor iR& #5377 248 60 m J5 1Y 5€ i
WA B I AH A R RAR T Chan 533
0.141 o~ Chanfgi%

o2k FF B SL{E i Taylor B ik
7| -+ BSO-TayloriB &R 5.7 1%

O ]
20 40 60 80 100
SENLEE RS /m

15 2 Ao B 8 X o7 15 25 119 32 i)
Fig. 15 Effect of positioning distance on positioning error
TDOA & 3 77 1% 2 4 BE 85 A5 5 e 4 L i [8) 1%
S LT . TDOA (I Bl e 2 T
L3R 3 AL B E AL RE . A A TDOA
i EAREZE A iR 3 A Ak S AT 100 5
O3 M O S(EAE h fe 7 L5 2R, 1K 16 fir 7w

Al UL, 3 R I E LR 22 BE % TDOA U & b U
ZERBE I RG 0. Y bRER 2 IR E] 0. 09 B I FAR
E 5 ELSAE 1) Taylor 208U T 8L R B AE & N0
R2/NTF 0.10 m, BSO-Taylor IR & & 5k A
FEARL A A 15 2 78 Ak b B L o (VA B B B2 75 T Chan
Bk,

0351 o Chani

030k = ETHSEMM TaylorFk

-+ BSO-TayloriR & il J7i%

i 0.10
0.05 /
O 1 1 1 ]
0.01 0.03 0.05 0.07 0.09
TDOA B fEFrHEZ
116 TDOA I {H FR 25 % 3 b 58 12 fif 530152 2 119 32 il
Fig. 16 Effect of standard deviation values of TDOA

measurement on the three algorithms error

TR

(1) $&HT7 8 T8 I T8 98 E 0w
BSO-Taylor & & f#f 5. J7 i, 3£+ BSO KB 3l
) 35 3l 119 158 2 PR B e /Nb 1 B 1 S I B fE A R
) TDOA {EAE A Taylor 9% %5 8 JF 535 19 90 46 1A
fif# e T Taylor 950 HF 5 1k 75 B2 5 4 0 4R (9 )
i, X Chan 5 3k, Taylor %% %t B 7+ 55 ¥ Al
BSO-Taylor {84 it B Jy ¥k (1 45 R b 47 7 X kb 52
5, 45 R R W, BSO- Taylor 18 & M5 7 I T
Chan 535 (1 fif 5 45 J 0 in e, B o 1 o 47
BSO-Taylor {& & B 7 ik IR ZF K T2 F H 5L
B 5 I 0A 17 B Taylor Z080UR R s, 7 IE 5
A8 AL AT TDOA & (E AR i 22 19 28 Ak X4 Taylor 2%
BORIT B 2 FIBSO-Taylor TR 4 i B 77 s 1 52 Wi 5
A — 3, % Chan 54036 1 52 i 45k

(2) BSO-Taylor & & ff 58 J7 ik Hid H T =4k
I R 25 (6] P LA s, o 35 0 B4 R 9 o S AL AR TR R DR 1)
TF 5% o7 E— 2 i P = 4 2 0 DL SR ORI 2 A2 L 4%
B 53 RN 2 A 5 LA ) R

2 % 3L ik (References) :

CLT X% & T8 500 BRI RN E A R e it [T ],
BB FF AR ,2016,44(11) :132-135.
LIU Qing. Design on positioning system of shearer
based on ultra wide band technology[J]. Coal Science
and Technology,2016,44(11):132-135.

[2] RS £5R TAR N2 22 05T B8 98 I B 6 AR AT 52
(1], BEBR 22 H R . 2019,47(12) 1 145-149.
ZHAO Wensheng. Research on UWDB ranging
technology under complex environment of fully-

mechanized mining face [ J ]. Coal Science and



2021 % 3

hRERE BT FTRE T AALRSMBA T % « 59 .

[3]

[4]

[5]

L6]

£8]

L9]

[10]

[11]

Technology,2019,47(12) ; 145-149.

FRATT RN AR IR T e AR RO VR 1 B
FEAL B A DI 1 B AL A, 2014, 34 (12):
3395-3399.

GUO Jianguang, ZHENG Ziwei, YANG Ren’er. New
UWRB localization algorithm based on modified DFP
algorithm [ J]. Journal of Computer Applications,
2014,34 (12):3395-3399.

XIAO Zhu, TAN Guanghua, LI Renfa, et al. Joint
TOA/AOA localization based on UWB for wireless
networks [ J .
Development,2013,50(3) :453-460.
FRHEER, 2 — 09 SR 0%, 45, JE T UWB (5519 TW-
TOF W ¥ 4 A 7E P A< 4% T8 b 19 AF B2 0 3 52 56 BF 5Y
[0 AL AR . 2017,36(3) :246-248.

FU Shichen, LI Yiming, ZHANG Minjun, et al.
Accuracy testing experiment in narrow roadway based
on TW-TOF ranging technique of UWB signals [ J].
Coal Technology.2017,36(3) :246-248.

ZET0 G JUHERE IR AR S HLAE N UWB AL R GE
RIS S]] I 7 REEMARBE O,
2018,45(1) :34-38.

LI Lina, YOU Hongxiang, ZHANG Xiaodong, et al.

Design and implementation of robot UWB positioning

sensor Computer Research and

system[ J ]. Journal of Liaoning University ( Natural

Sciences Edition) ,2018,45(1) :34-38.

ZHANG Qiang, ZHAO Dengkang. ZUO Shaojun,
complexity NLOS

UWB localization [ C |//IEEE/CIC

Conference on

etal. A low error mitigation
method in
International Communications in
China,Shenzhen,2015:1-5.

IERS TR RAE S I3 B bR AL BRI
RG] A2 .2016,41(5) :1059-1068.

HU Qingsong, ZHANG Shen, WU Lixin, et al.
Localization techniques of mobile objects in coal
mines: challenges, solutions and trends[ J]. Journal of
China Coal Society.2016,41(5):1059-1068.

AR, R, E Y] BB A B RZNITT
TDOA P& B [J]. W H 3h 4k, 2019, 45 (11) .
10-13.

LI Shiyin, ZHU Yuan, WANG Xiaoming. Improved
TDOA
considering anchor position error [ J]. Industry and
Mine Automation,2019,45(11):10-13.

5K A SCL R PRNE. kT 28 B FOBUR T 1 3 55 TDOA
ABT R LT ] 85 242, 2007,28(6) - 7-11.

ZHANG Lingwen, TAN Zhenhui. New TDOA

algorithm based on Taylor series expansion in cellular

algorithm for underground positioning

networks [ J ]. Journal on Communications, 2007,
28(6):7-11.

CHEHRI A, FORTIER P, TARDIF P M. UWB-
in mining

based sensor networks for localization

(12]

[13]

[14]

[16]

[17]

(18]

[19]

(20]

environments| J |. Ad Hoc Networks, 2009, 7 (5):
987-1000.

YU K, MONTILLET J P, RABBACHIN A, et al.
UWB location and tracking for wireless embedded
networks [ J ]. Signal Processing, 2006, 86 (9):
2153-2171.

B £ B BRI 4 %, 25T Chan 803K 19 36 3F WL
a4 R W 7 vk [T ). B H R L 2018, 37 (7))
279-281.

CHENG Long, FU Shichen, CHEN Shenjin, et al.
Ultra-wideband pose detection method of roadheader
based on Chan algorithm[]J]. Coal Technology, 2018,
37(7).279-281.

KB G S8 —H L S RlA 25 43 E AL AT Taylor
B8 v LR T LT ] A M R R (T
i) ,2020,41(1) :70-74.

ZHANG Yong, GAO Guanghui, GUO Yinan, et al.
Ultra-wideband positioning solution method based on
differential evolution and Taylor series[ ] ]. Journal of
Zhengzhou University (Engineering Science), 2020,
41(1).70-74.

GUO Yinan, YANG Huan., CHEN Meirong, et al.
Grid-based dynamic robust multi-objective brain
storm optimization algorithm [ J]. Soft Computing,
2020,24.:7395-7415.

A FE A A S BB AL A A Sk i XL
e E BT 4 6 LT, AN K22 2 e (22 gD L 2019,
40(3) :13-18.

GUO Yinan, CHENG Wei, YANG Huan, et al. An
optimal active-disturbance-rejection controller for the
rotary speed of an anchor-hole drill based on brain
algorithm [ J 7.
Zhengzhou University ( Engineering Science), 2019,
40(3) :13-18.

H—1h T R A LT MOPSO-SA IR A 55 % i
A% 72 I 8 A 7 R LT 1L s B 22 4R, 2020,
48(3):126-132.

GUO Yinan, CUI Ning, CHENG Jian. Microeismic

storm optimization Journal of

source localization method based on hybrid algorithm
of MOPSO-SA []J]. Coal Science and Technology,
2020,48(3) :126-132.

PEREZ-SOLAN ] J,EZPELETA S,CLAVER ] M.
Indoor localization using time difference of arrival
with UWB signals and unsynchronized devices[ J ]. Ad
Hoc Networks,2020,99:1-11.

SHI Yuhui. Brain storm optimization algorithm[ C]//
IEEE Congress on Evolutionary Computation, 2011,
6728:1-14.

CHAN Y T, HO K C. A simple and
location [ J .

efficient

IEEE
Transactions on Signal Processing, 2002, 42 (8);
1905-1915.

estimator for hyperbolic



