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Research on IR-UWB positioning system based on comparison
algorithm and OWR-TDOA
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Abstract: In this paper, the implementation of high precision positioning using impulse radio-ultra wideband is studied.
Firstly,an all-digital transmitter based on field programmable gate array board is proposed. which generates and outputs
pulse signals from its I/O port. Then, the pulse signal is received by the receiving antenna and amplified by the low noise
amplifier on each receiving branch. The pulse signal is converted into a 1— bit digital sample by a comparison algorithm.
In order to reduce the noise power, the digitized samples are averaged according to the corresponding phase of the pulse
frame, and the averaged pulse samples are correlated with the template signal, and the correlator output is compared
with a threshold. The receiver estimates the timing of the pulse signal by detecting the correlator output that exceeds the
threshold. Finally, the processing unit estimates the position of the transmitter by the one way ranging-time difference of
arrival method. The experimental results not only verify the effectiveness of the proposed positioning system, but also
show that the proposed positioning system has a 41.48% and 23.11% increase in the positioning RMS error of
transmitter and the RMS error of modal value, respectively, compared with the traditional receiver processing system
based on an analog-to-digital converter.

Keywords: impulse radio; ultra wideband; field programmable gate array; low noise amplifier; one way ranging-time

difference of arrival; correlation; positioning error
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# 9 1 Cultra wideband, UWDB) 218 &5 F 47 %6 K T
500 MHz SR X Al 98 (fF 5417 98 5 F DR Z [ KT
20% Wy f5 5. UWB $E AR A7 88 76 0 A s il 569 450 30 51
(radio frequency identification, RFID) Fl 1% &% %% W 4% 25 hj
FH R e e I 28 R Mk RE L R AR T RE R B AR
IEEE 802. 15 {145 41 3a AT 5540 4a #2141 T 2 i, H
HE 55 20 3a £ 1 T T i EO B R A B Y GE 320 43
(orthogonal frequency division multiplexing, OFDM) Fll E
B ¥ 5 97 4 (direct sequence spread spectrum, DS-SS) [
N . TEEE 802. 15. 4a & — A2y T i 8 0 2% fie
LA B34 3 S A 0BT B W B E AR AL . (RS
da $EH T W BRIk P T AL -UWB(impulse radio-UWB, IR~
UWB) A 1% 2y 3 T £ v I T 1 — AR 4 1 fige e 7 22
BT LA S B NE B A R B L IRUWB E 20y B A
TEEES02. 15. 4a 5 o BE 7 19 55 45 FH B4 4 128 7 58 .

56, IR-UWB & 4t 7] LA DMK B A F R D AR 3 IR-
UWB Wk # . B ZRMERAR, 7T LR CMOS HR 52
W, T S s Al 5 Ah JE U 28 44 R IR-UWB &
G M FR gz et ) AR 46 00 ko, UW B 398 R 82 e) 2, £
4 R GTRE S S At vy B R A DL B W E L. TR
Il Do) 28 3 45 A 0 2 N E LR R RS BE O m 4, 1 UWB 2
PLE R BN em 9, X 245 S 113 IR-UWB R4l Hh
REFTD Fil % Ja& 4% 190 465 14 e A ik ol .

SR B FAE R DR A IR, UWB 2 L R 48 HE A F
FWENM Y, BANETLL L RE LI 1% LL R
B TR TR A R E AL R G5 i 00 B 5 4y i 46
UWB B &, Wi, TR BLA 7 T4 &
5, UWB & £ WL & 40 1 1% 5 20 R o™ M 42 ) 12
—41.3 dBm/MHz LLF . XK. UWB 9 £ 4 i 25 4 B
1158 IR-UWB G B 1E % N E ARG HHA N

AN AN BRE A4 A X IR-UWB &2 i R 58
HEAT AR N SEBRSZ B k. SCHRL5-6 148 1 T 8 5 4
FE A AR SCHRL7 R I T — A R TR E S
B A B} [A] 22 (time difference of arrival, TDOA) F1 X} FR ¥
P B BE (symmetrical double-sided two way ranging,
SDS-TWR A 18 i8I0 #0753 5 o 5 45 2 o2 16 r) sl 2 —
S ST, P IR-UWB Z 40 7 BERS B 5k 20 401
F R0 [l A0 v o TR R A o oK R ) AL R I
PERAE W RMER . 5950, AR TE R b 8 UWB (55,
T T AR w0 SR R R A3 R 1 AR e 4% (analog
to digital converters, ADC) , il ADC A4 5L AR I T #E 3 % kb
W, SCHRL9 R ScenSor DW1000 s Fri% i I3F el 17
— A UWB Wi R G0 J5 8, fE LT (line of sight. LoS) %
T ENMEINEREREKY ZREEA cm Rk
P4 B 1 K B I R PR B SRk (1033 T —Fh 3 F ADC 1Y
AR /0 BE Ik i A g 5 WA i 3 Ik A o A% R I IE 7% 2 ]

AL H SRz L T

MRS HA

19 2 bit 38 {7 20 W4 AR I 5 Jk b ig 2% 25 17 A 3 B SR 9 38 5
TR BTG T &R G800 A B s SCik[ 11 1R TSMC
40 nm L AEH T — 3K &3 ADC it R, 2R B[] 32 41 45
¥4, BB 38 R Flash 2544, R AEEN 5 GS/s,8 A~ Fil#
LUK E] 40 GS/s MRFER . MERLE R R, 08 A 1R AR
Al LIk H] 38. 4 GS/s, HFEZRAERT L A S 58 m]
ik 18 GHz, RUE/NT —20 dBm, 1] LA & 1 bit UWB I
K RGR TR SCERC12T48 B T —Fh 87 e £ ik ol
il IR-UWB W& 2% . 383 1) 795 A~ ik v =22 (8] 1y s (] 2 98
O v AR T A R T R G I A A R A AR A S R
THET ADC £ e % 1) 98 ] 0 A 18

DL %02k H IR-UWB (% 8 37 B 97 5 & 3 28 3k T 46
BRI R TR 3R AT ST N H , 8U 3 R T ADC Sl &
AEBRRGE X AALIE N T %E 7 2 48 B B AR L TR A B i T
FLREAR T 5 0K B 5 % b, AR SCO 8T 1 3 T — R R
B ] g R T8 (FPGA) AL CMOS ) IR-UWB I &
WM EM ARG . AR T AR T IR-UWB [ 5E M R
g5, AR SO $ A i FPGA MM B 4 807 & B HL A
CMOS SE I BB AH DG E5 9548 T R AL G # DL 3R 4G 15
RS ADC Fr g B9 R AR D . 04 T —Fh L 8 30k
S BB ISR 5 O R A 0 Al RN 42 Sk o s s ) A5 G T
TR B m) U B — 3] 35 B B 22 (one way ranging-time
difference of arrival, OWR-TDOA) ™" 4 % v J7 32 3k Ak 31
S AL R SR 4R — e ZR AT SRR v T R 5K
U5 25 FORANYGAIE T 42 1 1% 58 3 R B8 198 550tk L il ELAH L T
SR IET ADC BRI AL R S A AR A E 7 iR 22 .
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/O O IRk 55 . kbR 4 ns, kb 18] g R
200 ns, FEAE RO Sl ad B KRR KT,

\V
5 e
< L
(a) ERHAERE]
B
It D(F
L[>o><, B
ki SEFERE A Déoﬁf%
i
(b) SEHHL B

K2 T Rsl

K BHALR 4 507 L B WA R SR K B .
Jok w3 B F OGB4 Con-off keying, OOK) i il 4 A %%
W, 2055 CMOS ZZoh 28R L 4h K 2k, Bkl il &
P 2 303 2R R ik v i LA B R 2 1 3R o) 7 R R, e B
Wit OOK P41 IR-UWB, LUE T 52 B AL I #E .
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1.5 ETF OWR-TDOA #y{i & fhit

RAETE 3 5 F ML L H2 B Bk o {5 5 19 5 B
KAl v &SP B AR R Y S B A S HILS Rk
ML 1 SRR 2 22 1] (%) R X B 8 2500 380
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RGP G WL 1 sLBILHL 3 Z 18] By A X IR B 25 11
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23 7] B RE T (3X10° m/s) . R d1, Ml d s KFHLAY
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2.1 XWAEHEERSHIEE

K 0.18 pm CMOS T ZHIE T ML A A il
R ER R AN 12 FToR . & S ML SORL 4 A R 1 R O Sk
0.035 f1 0. 38 mm’, W AN HEIFEHRERN 1.8 V., Kt
MR FPGA #4 Xilinx Virtex-11 Pro, 7842 HL %
X FCHRL11 ] ADC SRAESZE AN 43 BE 253 HI B 1 GHz
1 8 bit, LNA MBI RTEE A 1~2 700 MHz, 3 25 [H 2 N
20 dB. WKL TTE TDOA ;& F 42 5 70 M B 25 |,
FELH B AE FR4 ERIR) e B A |

SN [TErEmE

ShbL
4|

LNAFIH}
Bl

O AR R

12

TRBEAINFR 1 R, RAPMRENE R KGR,
KRR i SR 0 BE B T REME MR, &
SHLAN B MHLAE — M BN E A E RSN 3.0 mX
2.0 mX3.0 m. RETLELEFH LR 0. 3m B9FH L. HH
2= A U B ABUE E (90 em 90 em) 7 B AL,

1 XBSH

i H e 18
ADC FekE#% /GHz 1
53 BEER /bit 8
LNA W15 /dB 20
R LR (AR KJE/cm 19
B R 4k (E A0 B2/ cm 12
(0,0) (180,0)
AT em (0.180)
RAHES i w15 25 it ) / s 4
i 5 22 15 /] /ns 200
RMS iR %15 [ERARDATE FEAME 100 K

B FPGA Mz ™ Az 1) & 55 ik b 455 5 18 Jok w4 &2 B (1]
4 ns, Pk Z B B4 200 ns, BT S —A & S0,
HIL AT E L8 Al E, i AR &bt — A BkodE 5
F1 200 ns B[] I 41 6L .

28 LI AR SR AL BB AR A RS- R A 1] 13 i

AL H SRz L T

MRS H X

. HTWHRK A 200 ns, #OA 200 ASEEAS 1Y - 44 % B 40 ms,
Wit FH 1 25 B AR A5 A 386 T 7 f ) SRR R AT

1.0

S AL ACRAL
?05 |
i ST |
0 20 40 60 80 100
B iE)/ns
(a) Bl
g 1.0
i]s’- 05
o . . : . ‘
0 20 40 60 80 100
B l)/ns
(b) PSS CFHREALA0)
@ 1.0
=
.\slg 0.5 W\N\/\A/\MN\/\W
o L s L L )
0 20 40 60 80 100
LIS
(o) FHESCPEIREAR%0200)

Bl 13 FEA B LR 3

LWL R R 2L BT ]2 2 ns A9 26 T K A S A A
CREN N2 3|72 Ak & N et LR () QUKL R 46
PG L LA R AR S

g T RS E AL 5 B AT 189 8 A A R R I ARG
FYBIAE . X B & ST HLACE 7R (150 em, 150 enm) 4k, 2R A
Al B A 5 AR (root mean square, RMS) i 22 3 iy
FE AR BE
2.2 XHHER

12k A SC e A 1 R g i

14 7 2 (10) 3 (11) T8 i 19 ME % 55 30 1 0%
R o 3 A A DM B A IA — Ak, T DL, G SR
ARG o T A R R 2 1, TR Sy 2 7 MR 7 T 408 A A ) 81 4 i
FEBT . AR B v T A S S 3G T, R A 42 L T
AEZS ST 5 1 AN A OC I ARG I 5 38 v B 31, B & T S A
B (1 CRPIE S TR A A | B 7T Lk BATEAIR

ool - PRS0

—A—FHEEARLL 80

80 -o—FHIEAL 120

20t —=— P 160

J;:; 60F 2 PHIFEAS 200
= 50|
%zm—
30
201
10

0 02 0.4 0.6 0.8 1.0

i
B 14 SR AR SCEE L B J0 AR RO AR 5 B AD 56 &R

& 15 B HAG T B RMS iR 2 5B XL R,
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POREABCE A I A THAL B RMS 1% 22 L 23 A

3001 spsgypeatent 40
5oL - TFAIREARLL 80
e PHIREARE 120
= PR 160
2001 _a- sppeaag 200

fEHEYRMSiRZE /em

M
15 RAARSCEIE WA T E W RMS 222 5 B EN X R
B T e /ME TG AT RMS 152 22 Y8R L BOE 294
ARHH 200, 4 BEEE N 0.3 A EE.
2) % H SRR 1] ADC 9 2 Gk
SFHSCHRL11]60 8 i ADC fO%5 540 1 an i 16 F1 17
FiR . S HeAS SC R Gl g0 45 B n] LUB 3, R A Scilk(11]
1 8 bit ADC ., H: T (A ZAAl 1107 B 19 RMS = 22 7E A
I [ T 0 T g T AR SCAY LU R R L 3k R TSR A b
ADC #7 R s 28 Fe 75 5 e, v LUE 2], HR A B AN
0.5 ZE 47, AT BE 1 B AE M 7 J] 5 P A 00 1) 4 G 08 B, (R
P BE AT % Bt ST 357 5 A 50 i A 396 o i A5 30 80

1001
ool = TS0
—A— IS 80
80 - T-XIEEAS 120
70t = FEEEAL 160
2 60t —A— Y REAS 200
% 5ol A
% 40k
30k
20F
10F
0 02 0.4 0.6 0.8 1.0

B

300~
i
250 | A~ TSRS 80
e FHIEAHL 120
JopL o TAREAH 160
o AR 200

<A

fEHEIRMS IR/ em

0 02 0.4 0.6 08 1.0
A
B 17  FASCEC11]6 ADC B4k 07 & B9 RMS
255 BE MR R
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2.3 ENUMNEELR

FEUSCERC 1L IR L8, 2 BRI R SOk (11 12 A Al B8
e Sl o ) B L A A T ADC, H B 8 R ] Flash 45
M. A T AR RSB, HREERA LA #
38.4 GS/s, fii AMF*54 98 7] & 35 18 GHz, & & Fhknp It
i P IR-UWB A5 R4 .

D & AU T B B RMS 1222

X9 AR B SR AR SC A Sk A SCiEk (1111
8 bit ADC 75 By A& ST HLEY Al 117 B RMS #2205 2 fir
Ne M 2 0T LA B, R AR SCHC R ST 1 1 & 5 ML Ak 1
PR ZE P EAR T RASCBLI1]H 8 bit ADC 2
36. 6%, 1 H— R, B & & FHLAHEE WL Z a] Y B B
B, B TR E S BRI, X TR RO AR
FE NG BE AR AT BT T B L R, 3R & S ALAR T 3 MR IRR
L —A, B Sm B Rk, B R
5 RSB E R R PER

K2 RALKEE S bit ADC % SV E S RMS iRE

(cm)
> < oo
P féi ‘frﬁ’a RMS m% :
B Ak 8 bit ADC
(30,30) 21.93 28.13
(30,90) 16. 21 22.91
(30,150) 12. 36 31.53
(90,30) 14. 76 22.51
(90,90) 16. 01 15. 20
(90,150) 21. 27 45.28
(150,30) 31.75 39. 04
(150,90) 22. 34 44.19
(150,150) 32.19 73.72
2) R BB 14 5E 17

thF ADC B4 B3 247 BR Y, Bk & 55 LG T e Ak
T BB R T S AR 7 A A A, T DL HE
B LA W AR 25 B R A T B R X TSR R
FAASSCH BB M SR [ 11119 8 bit ADC 45 19 & 41 #L
BRI B RMS 1R 22 25 B3 BN EE 3 s,

3 FALBKERM S bit ADC WEAEN RMS 22

(cm)

e BB jﬁﬁﬁ@ RMS weﬁ :

[N RS 8 bit ADC
(30,30) 5. 74 13.16
(30,90) 12.01 13.10
(30,150) 4. 91 8. 65
(90,30) 11. 49 12. 88
(90,90) 2.32 4. 26
(90,150) 10. 11 12.98
(150,30) 13.98 15. 39
(150,90) 12.58 14.52
(150,150) 12. 86 16.91

b v SR 0 3 )
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