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Realization of TDOA-Based Indoor Positioning Using Nearing Audible Area Ultrasound

Qi Heng,Peng Linning,Jiang Yu, Hu Aiqun
(School of Cyber Science and Engineering, Southeast University, Nanjing,211189,China)

Abstract: This paper presents an ultrasonic indoor positioning system which is easy to be deployed. Ul-
trasonic signal whose bandwidth is 20—22 kHz can be transmitted by ordinary tweeters. This paper real-
izes the time difference of arrival (TDOA) positioning based on ultrasound transmitted by three tweet-
ers. A mobile phone collects ultrasonic signal in this band by microphone. A high accuracy, low-cost in-
door positioning can be achieved after signal processing. Signal structure of ultrasonic positioning acoustic
source is designed at the transmitter. A synchronization method based on frequency search and FFT
search is used at the receiver. A modified SR-1 method is used in positioning scenario based on TDOA.
This paper validates that the accuracy of modified SR-1 method is basically the same as the classical
CHAN algorithm when three tweeters are used in the scenario. The band of the ultrasonic signal which is
used in our scheme is fairly different from those commonly-used scheme whose signal band is 40 kHz.
The error is less than 9 ¢cm in every experiment under the condition of receiving ultrasonic signal by an or-
dinary phone.
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Tab. 1 Result of experiment
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Tab. 2 Comparison of schemes

= LEE WE:/kHz  4ERE Sl T R R K B2/ cm

5

1 Bat 40 3 16 9

2 Cricket 40 3 ARHM.ED 5 D Listener) 2

3 JE T R R 4 21k E 38~142 3 6 11

A e e
xl—i?:?’f;-a fliih 5 10 ) ; Bk 30
HE P e

5 KRG 20~22 2 3 9

H#RiIG

ARSI T — Rl T TDOA IR SA 75 P E 77 1 - B0 T v 8 W WUR T BIL 22 o0 RS B 1 0 e A 8

BIENL . J38 AR SGEANZ T —Fh R LA 0545 B MS G0 EAG T80 05k . DF M S s 25 R R WL A
3 BS M AL WAk AT CHAN S35 ARG BEAR AT . 75 LAJS Y 52 56 0 R 25 T8 A 2 /9 BS JF 5
=4 AL

S E 3k

(1]
(2]

(3]

4]

(5]

[6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

Yang C, Shao H R. WiFi-based indoor positioning[J]. IEEE Communications Magazine, 2015, 53(3): 150-157.

Kuo Y S, Pannuto P, Hsiao K J, et al. Luxapose: Indoor positioning with mobile phones and visible light[C]//Proceedings
of the 20th Annual International Conference on Mobile Computing and Networking. New York: ACM, 2014, 447-458,
Zhang W, Chowdhury M TS, Kavehrad M. Asynchronous indoor positioning system based on visible light communications
[J]. Optical Engineering, 2014, 53(4): 105.

Faragher R, Harle R. An analysis of the accuracy of bluetooth low energy for indoor positioning applications[ C]//Proceed-
ings of the 27th International Technical Meeting of the Satellite Division of the Institute of Navigation. Manassas, VA: ION,
2014, 201-210.

Yang Chouchang, Shao Huairong. WiFi-based indoor positioning[]J]. IEEE Communications Magazine, 2015, 53(3): 150-
157.

Taponecco L. D' Amico A A, Mengali U. Joint TOA and AOA estimation for UWB localization applications[J]. IEEE
Transactions on Wireless Communications, 2011, 10(7) . 2207-2217.

EEEE NS IO R % P R TR T R A E SR ] B R AR AL BE . 2014, 29(3): 465-471.

Wang Huifeng, Gao Zhan. Localization algorithm based on received signal strength compare for cognitive radio networks[ J].
Journal of Data Acquisition and Processing, 2014, 29(3): 465-471.

Ward A.Jones A,Hopper A. A new location technique for the active office[ ] ]. IEEE Personal Communications, 1997, 4
(5): 42-47.

Priyantha N B, Chakraborty A, Balakrishnan H. The cricket location-support system[ C]//Proceedings of the 6th Annual
International Conference on Mobile Computing and Networking. New York: ACM, 2000; 32-43.

Zhang R, Hflinger F,Reindl .. TDOA-based localization using interacting multiple model estimator and ultrasonic transmit-
ter/receiver[ ] |. IEEE Transactions on Instrumentation and Measurement, 2013, 62(8) . 2205-2214.

LM, BT A WIS Z A E N E A R RIS IID]. IR RIE Tk K%, 2014,

Mo Weiyu. Research and implementation on ultrasonic CDMA based indoor location system[ D]. Harbin; Harbin Institute of
Technology,2014.

REREER. ~MEIEMR LA RO ST ] RGERHE 585, 1988, 8(4): 373-380.

Wu Shiquan,Gao Ziyou. A modified rank-one quasi-Newton method and its convergence properties[J]. Journal of Systems
Science and Mathematical Sciences, 1988, 8(4) .:373-380.

Chan Y T,Ho K C. A simple and efficient estimator for hyperbolic location[ J]. IEEE Transactions on Signal Processing,
1994, 42(8): 1905-1915.

B 5 At R A, TDOA Hf i 5 1E 4 i B 22 M R or ik L) ], W92l F R R34k, 2016, 43(6): 27-33,



1100 HIERELHLA®E Journal of Data Acquisition and Processing Vol. 33,No. 6, 2018

Fang Jiaqi, Feng Dazheng,Li Jin. Research on modified Newton and Taylor-series methods in TDOA[]J]. Journal of Xidian
University, 2016, 43(6); 27-33.

[15] Van Nee D J R,Coenen A. New fast GPS code-acquisition technique using FFT[]J]. Electronics Letters, 1991, 27(2): 158-
160.

[16] Lei Q,Lei L. GPS signal acquisition based on FFT[C]// 2010 Second International Conference on Information Technology
and Computer Science. Piscataway, NJ: IEEE, 2010 110-113.

[17] Tjaz F, Yang H K, Ahmad A W, et al. Indoor positioning: A review of indoor ultrasonic positioning systems[ C]//2013 15th
International Conference on Advanced Communications Technology (ICACT). Piscataway, NJ: IEEE, 2013 1146-1150.

EEE N :
FFE (1994 . 5, B+ BF 5% kT (1984, 5. @B 58 Z£5 (1981, B, PR Ui, oF
AL RS 1) E N E L E- GRS T 1) W R A A GETT 1] TR W 45 4 4
9 mail : qihpost@163. com, N EN
o |

BB (1964, B, #H 17,
A O BF 5T 1 .l
fH R RMICL MY %4,

(R #t . TR3B)




