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A Study on the Location Estimation method by using the TDOA
method in Urban Micro-cell
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ABSTRACT

This paper researches location estimating methods using minimum cell sites in a poor urban micro-cell environment.

This paper proposes two methods that can estimate the location more effectively by applying the Time Differ-
ence Of Arrival (TDOA) formula along with road information. The first method selects the two cell sites with the
strongest wave signal strengths, regardless of whether they are in line of sight. The second method measures two
cell sites that are in line of sight.

Manhattan was chosen as a model area for applying these methods because its many skyscrapers and heavy tr-
affic create such a poor propagation environment. In this model, four neighboring cell sites are randomly selected,
and a signal is transmitted from a mobile station at five different locations (0, 250m; 0, 200m; 0, 150m; O,
100m ; 0). Applying six combinations of four cell sites (0,1; 0,2; 0,3; 1,2; 1,3; and 2,3), the location estimation
errors for each signal-noise ratio (15dB, 20dB) are compared for both proposed formulae and the LMSE formula.
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The findings of this study show that there are many errors when applying the LMSE formula. For the proposed

formulae, which use received signal strength and road information, errors are within four meters when the signal-

noise ratio is 15dB, and within one meter when 20dB.
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Fig. 1 Position location estimation without road information

olETe] AEF HXNE ¢ F ez ® UE 3§
U EE 1 o] TDOA #& o]&3ld olg=e] 3
3 ARE FPIUL AE Eo] BSOS} BS1olA 73k
TDOA gk o] §3te] o]FZo] BSOS} BSIe|A A
9] zpol7l ojal 3 bl Eel UtheE AL Lohiw
ool #=2M B Yo Uthe A& & & sloew
2, HAFHoT o)ETe 4IM A9l 454 By 1
el H Coll Uvhe AL & F7) AUtk

T2 FEE 43 e A$E e 22 Pr
& 2 3Uths 2L o|FFo) E2 A Utke RS
olmjgict. R mEe XL Feh Arind ¥R
23, 942 e Fag A2 2ol Ho] iy
& el ol Ao olEFo] EAshrt st Ao
Hch

a8 2. E2FRE ol&¥ ANFF (azde A
Fig. 2 Position location estimation using road information
(in case of Macro cell)

Iy 294 BSOS BS2¢A % TDOA g o)
$3% o] F o) BSOS} BS261M Azl jolz} qle)

o A ad 3o ke A ¢ F Uk agkm o
F3ol 22 9o Slthes A& 41 Jeng 22
A9 HAE FAHs= 2o Hk o3 w2 Y
E ol8sld 94 42 ¥ W F R ALE 4
g 7 ded, A dAE JAFY vl F99
HEEG $& 3 e vazd 84 7 vdge
SHUl FHel HERD B2 R Sy ulolmE
A 7ol

A A Az PR Aot A8 98
vt mgEtng, olgTol AT A fo ke A
e T2 JRE R2e A9 90X 3 d4bgy
Tgolzity. 1 244 Helutel go] ojFFo] =
Z 9o EARThe A ERE olEIel A D, E,
F, 5 434 A9 227 a4sts 345 2 sk
Xl sletn #eeE £ ok 2Ela E BSOS BSI
BHElS] TDOA #-& o83l o|%F<] 4 G, H, I
T 43 B 22U aatshe HE $ s
o Slckar FAsA =W <12t 4 D, E, F, G, H,
I #3 #5348 2758 Fie B2 WyeR oF
9 X E 7 F Uk

0.2 mlojazd A= X g
7} Feleo] HEHr) yvouvz AuE TZE welr
Aot Ao} uheld 9] 33} go] o|FZoal H
gtgl 97l BSOg} BS20| EEdhs ARaE AR ),
AR K, A2 L Fo| d& & g} BSOS BS294
o] Aelol ale]7} aghs AME Ssithd z AuE
wekal Agje] xe)z) al ¥ M, N, 0F &7 &
F At

=3t BSOs} BSId|A 7% TDOA 2 o|-&% 7
T, o]FFo] Moy Mool HZe P, Q Folmg

O 3. EEYEE o8P AN (elanAel A9
Fig. 3 Position location estimation using path geometry(in
case of Micro-cell)

www.dbpia.co.kr 3199



FZEA =22 ‘98-12 Vol23 No.12

€ ZA2E wgt A Aoz} b1 Mg I
R, § 5& 7% & gt} oj2{¥¢ ¥ M, N, O, R,
T o83l HFHog oI YXE FIe
] EHo|cth

£ =fdMe mlejazd @70 =2 FRE o]
{319 91 3¢ An2 F uxe] g Mg

3¢ 3oA o]FFo] F Mo Utk 7pyEla o
A 3 UE doz MRzl ojlFIo] F M2
A9 U2 o, BSOSt BS2E o| &3l TDOA o
2 A8 FAT A A2 IE wgr Ay A
°]7} aql 9XE & 7257} "k 12]3 BSOS} BSI
& o] 8% TDOA go2 X& FAHY A 32
PE mabA Agle] Aozt b HAE F& AU}
4. o] 7 ARE mepr] ARXE FHY HE A
HEWH, AR T Aol o]lFFo] g we ojFFo] ¢
2] 3o FHE BSOS} BS22KE ZF LOS ¥4
o e A7t He ol A= Ay mdd we}
TDOA & AEsHA T8 = Uk A2 P ol o]
3ol AT wv= ojF o] X S Fed BSOs}
BS1 % 319l BS1o e NLOS #A e 2%
7t W old A¢E A mdo] wel TDOA 3ol
L27F wol AZA "ok wekr 9% F4E @ o
NLOS #Ao] %= BSO9} BS1o & RE] 73 TDOA
g AMeslA] 93, LOS A 9le AF BSOS
BSIZYE] 3§ TDOA #UTHE Algsld 9 & F
23hd 7Y AER X E FHE + YA "ok

zeiv AA2 XE FHE de o|Fo] 4 M
X0 gtk AME mEy] "B ojx 7]x]|Ho]
LOS #Alola oH ZHo] NLOS #ARIAE w&c)
o] W grolA Mg AMHF ¥ M, N, O, R, S 5&
o] &3t HEFHoR ojFTe YUXE FIlAc} 3=
g, °o|& & o)&3td AT FFY o HAihAs
(LMS) =2 58 AL8381Al HE LOS #A 2l 7=
¥} NLOS #AQ) 7IAF-E& Fo] FHFsld 94z F
3 a7t AAA €t

$hH A mde) whEw LOS A9 sk NLOS
@A ARt A7yt 4 3k weld o] Astel
A71E EF3rtA LOSHe} NLOSHE /58 4
Utk 28d dge] FeMe A8 Aoy A= o
g Y3td 7IXZoM e o)l EHe HYE FYsln
ez oy EFE Y ghg o83t 441 A
gl A7z} 2 e LoSHE, 41 Astel A7t
22 e NLOSHE /38 4 Urh E=§, o5
o] A M Utz LS o LOS A AU
BSOst BS2w 7[X|=7]8] AME ulEEwA F o717

o
2T

», »
o

F71ElE M2 LOS BA ithe 3& & + Ut
EE NLOS A0l ¢ BSO9} BS1S 5 [ 27
2] A2 NLOS A9 Qe AL & + sk 9
Aoz dfE wddME F 71x|Fo] NLOS &
Aol e, nAEE A Lf3tne o|FFo] T 7)A)
3 B5 LOS A7} He ZA47) glde HE ¢
T Utk wepr] o] FFT LOS BARY F AAZTE
Ztolr] TDOA AAHE 3l7] YsiA LOS ZAQl %
R FE ol g8 WS AGE = Utk

F 71Z]Fe) LOS #Alel Atk &4 olF 1%
FelA] 73 TDOA &S o8-8 91X/} 4 333
AL oplrh ol E W 17 49} o] olFIte Al
AA7F A Toll A& 72$ol BSOS BS2E o] £31
A3 FE A% Age AA2 Az L& sl
Zasi e, Hx FHM e Adyt B2 1E %
st magicka Azbslez JEg A E FH s
ok £ o} A9 F 7]AlFge] LOS #AY o=
2 olgFoA Hupe MuxE LOSstetn Az}sted]
A F3E AW A2 NLOSHy ®h g
v oolEae} YX7F 4 Tolw 71x|=r BS13} BS4o]
A e AErt ZelAnE BSiz BS4E Abg3)
o 91z FHE & 4 YA "k A o=
olei AL Ar W E Edld 38 Fu e
Az oWt F3E7] Aox A de] HF A7E
ZAgoan ot AFE xoFm vk agn
oledt 7IA R F4 MY HHE AT Aojrin A
delo] AAAHe R V1Al AlojrldA 9A] F4E
483l ok

T8 4. S2FEE 0)&T AAFH oY oA (vle]az
Ao 34

Fig. 4 Example of the position location estimation error
using road information(in case of Micro cell)
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Fig. 8 Algorithm for location estimation
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Table 2. Location estimation value when $/N Ratio is 15dB

m
BS

©1)| 0321.45 | 0,237.15 | 0,211.35 | 0,198.00 | 0,101.10
0.2)] 0,255.70 | 0,196.20 | 0,147.05 | 0, 96.60 | 0, 47.70
©3)] 0,320.85 | 0,221.25 | 0,223.35 | 0,196.05 | 0,156.60
(1,2)] 0, 71.40 | 0, 50.70 | 0, 57.45 | 0, 99.00 | 0, 54.15
(1.3)] 54.150 | 10350 | 720, 0 | 92.70, 0 | 327, 0
@3] 0-125.1 | 0,85.15 | 0,-72.60 | 0,-177.6 | 0-111.7

0,250y | (0,200) | (0,150) | (0,100) (0,50)

‘( 350.00

300.00
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2atghm;
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‘ 100.00
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|

I 9. Amk FEEoh 15dBY W) F 7 A4S ol &
AAFG R ol et

Fig. 9 Errors by location estimation value using both base
station when §/N ratio is 15dB
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Table 3. Location estimation value when S$/N Ratio is 20dB

BS m 0,250) | (0,200) | (0,150) | (0,100) | (0,50)

0,1) 10,318.75 } 0,295.65 | 0,202.3 | 0,118.5 | 0,156.90
(0,2) |0,249.55 | 0,200.85 | 0,148.2 | 0,99.65 | 0, 50.10
(0,3) | 0,284.40 | 0,266.40 | 0,255.4 | 0,159.7 | 0, 86.55
(1,2) {0, 7840 | 0, 75.90 | 0,52.05 | 0,21.75 | 0,104.25
(1,3) | 288, 0 | 4350 |4.05 0 150 195, 0
(2,3) | 0,-43.20 | 0,-66.35 | 0,-101. | 0,-61.8 | 0,-50.10

350.00 §
30000
250.00
200,00
150.00

2RZHm:

100.00 #
50.00

0.00 ® . |
8S01  BSO2 8803 RBS1,2  BS1.3 8823
FOAXRYE BN YY) I

O |

0@l 10, Alad 3wzt 20dBY o) F1E Bg o83
AR 3 ghol]l 2§ o3t

Fig. 10 Erors by location estimation value using both base
station when §/N ratio is 20dB
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Table 4. Compare of error to S/N ratio is 15dB

ol B394
0] X 250 | 200 | 150 | 100 | 50
2y
LMSE o] 489|x28(m)| 124.9 | 102.5| 72.5 | 50.2 | 24.95
=AM (m) 57 | 38 | 29 |34 23

H 5. Asd F3ul7} 20dBYd] A3 o vlw
Table 5. Compare of error to S/N ratio is 20dB

oA
A= 250 | 200 | 150 | 100 | 50
3y i
LMSE o|83191X)3%8(m) | 125.2[102.5| 77.4 | 499 | 25.1
E= 24P (m) 15 | 075 | 1.80 | 0.45 | 0.10
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