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Abstract

Eistimation scheme of indoor positioning using difference of

times which chirp signals arrive

TANAKA Takuto

In resent years, the acquisition of position information becomes easier in outdoor
because GPS(Global Positioning System) is mounted on the portable terminal includ-
ing the smartphone. Therefore, LBS(Local Based Services) which services to us in the
unique position by using position information of human and object has been developed.
Especially, demand of navigation system with the portable terminal in large customer
attracting facility is increasing. However, it is impossible to estimate position with a
valid accuracy because GPS signals can not be received properly. For this reason, it has
been studied for estimation scheme of positioning indoor and underground city. The es-
timation scheme of indoor positioning using RSSI(Received Signal Strength Indication)
scheme, TOA(Time Of Arrival) scheme and AOA(Angle Of Arrival) scheme is pro-
posed. These estimation scheme of indoor positioning have two problems. First, these
estimation scheme need device dedicated to estimate position. Second, these estimation
scheme do not have a valid accuracy.

In this paper, an estimation scheme of indoor positioning without device dedicated
to estimate position indoor and underground city is proposed. Proposed estimation
scheme presupposes that audio-visual equipment is already installed and the user has a
smartphone. Therefore, proposed estimation scheme uses speakers and a microphone.

Each speaker output are chirp signal. First, proposed estimation scheme estimates the
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difference of times which each chirp signal arrive. Next, proposed estimation scheme
estimates the position of the microphone from the difference of times which each chirp
signal arrive. The result of proposed estimation scheme showed that proposed estimation
scheme is able to estimate the position of the microphone. However, the estimated
position was off from the proper position of the microphone under the influence of

reflected sound.

key words cross-correlation, TDOA, chirp-signal, localization
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041 00000D0000000000 (6.6 % 6.0m?)

(2.7,2.7)

Sp3

Mc8
(0.9, 2.4)

Mc7

(0.6, 0.6) .
SpL Sp2
(0, 0) (2.7 ,0)
PC Audio
Interface

042 000000000000000 (2.7 x 2.7m?)
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4.1 00O0ODO

1 (0.3,0.3)
Spl :
(0, 0) (1.5, 1.5)
PC Audio

Interface

043 000000000000000 (L5 x 1.5m?)

~1.(0.3,0.3)
Spl
(0, 0)

Audio
Interface

044 0O0O0OOQOOOOODOOOOOO (1.5X1.5m2,DDD)
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041 0O0O0OO0OOOOOOoOOoOoOod
PC ThinkPad X60

oooooo SHURE SM94

0000000 O00O0OoOd | Roland UA-101

ooooo Roland MA-7A
19000 : . S |
ChirpSignal 1 ———
ChirpSignal 2
18500 F Chll’pﬂsmlgnal 3 |
18000 |
N
B -
T P
17500 .~
17000
16500 . . , .
0 0.2 0.4 0.6 0.8 1

Sec

045 0O0O0OQOOOOODOCOOOOODOOOOOODOO

4.2 0O0O0OO0OOO

O0000000000000000000. 00000000000000000 40
00000.000000000000000000000 420000. 00, 6.6x6.0m?
000000000000 46000 4.9,27x2./m? 000000000000 4100
00 413,15 x 1.m? 000000000000 414000 4.17,1.5x 1.5m? 0000
00000000000000 418000 421000. 000000 46000 4.210,

000 2,000 y0000000O. speakerl, 2000000 1000000 200000
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042 00D0O0O0O0O0OOOOOO0OO
goooooooo gooo

x U y U x U y U

Mcl || 3.300m | 3.000m | 3.300m | 3.000m

Mc2 || 5.400m | 4.800m | 5.235m | 4.756m

Me3 || 1.500m | 1.200m | 1.446m | 1.299m

Mc4 || 2.100m | 5.700m | 2.208m | 5.997m

Mc5 || 1.350m | 1.350m | 1.320m | 1.310m

Mc6 || 2.100m | 0.900m | 2.044m | 1.037m

Mc7 || 0.600m | 0.600m | 0.504m | 0.539m

Mc8 || 0.900m | 2.400m | 1.019m | 2.698m

Mc9 || 0.750m | 0.750m | 0.776m | 0.832m

Mc10 || 1.200m 0.600m OO0o0oooo

Mc11 || 0.300m | 0.300m | 0.370m | 0.391m

Mec12 || 0.000m | 0.900m | 0.343m | 1.171m

Mcl13 || 0.750m | 0.750m | 0.776m | 0.832m

Mc14 || 1.200m | 0.600m | 1.316m | 0.621m

Mc15 || 0.300m | 0.300m | 0.344m | 0.389m

Mc16 || 0.000m | 0.900m | 0.072m | 0.741m

0000000000 000000D000O, speakerl, 3000000 1000000 30
0000000000000D00000000000. OO0, microphone 0000000

gobooobooooobooo.
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043 00000000000 00O00O0O0OO0
6.6 x 6.0m? | 2.7 x2.7m? | 1.5 x 1.bm? | 1.5 x 1.bm?*(0 00 00)

oooo 0.148m 0.274m 0.212m 0.117m
D000 0.306m 0.606m 0.437m 0.175m
4.3 00O

0000000000000000,30000000000000000000000
00000000000000,00000000000000000000000000
0000000000. 00,000000000000000000000000000
043000000000.66x6.0m?000000000 0.148mO000, 2.7 x 2.7m?
0000 15x15m?00000000000000 0.274m, 0.212m 000000, 00
000000000, 000, 15x1.m? 000000000 Mcl0ODO, 000001
000000 3000000000000000000000000000000000
00000000000, 0000,00000000000000000000000.
000000000000, 0000000000000000000000000. O
0,27x27m? 1.5x15m?0000000000000000000000000. O
000,0000000000000000000000000,00000000000
00000000000000000000. 000,000000000000000
1.5 x1.m? 00 00000000000000000. 0000000000 0.117m O
O00. 00000000000000000000,00000 0095mO000000
0. 00000000,000000000000000000000000000000
0,000000000000000000. 0000,0000000000000000

goboboooooboobo.
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' 7 épeakérl,z | |
‘ ‘ speakerl,3
R e ~ microphone  +

046 00O0OOOOOO Mecl

| | épeakérl,z | / |
: ‘ speakerl,3
- e ~~ microphone |+

047 00000000 Mc2
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4.3 OO

s'peak'erl,zl
‘ ‘ speakerl,3
R e ~ microphone  +

048 00000000 Mc3

| épeakérl,z | |
; ] speakerl,3
- e | microphone  + 4

049 00000000 Mc4
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2.5

15

0.5

2.5

15

0.5

R e | sﬂ)eékerl,zl '
} speakerl,3
| ~ microphone  +

0 0.5 1 15 2 2.5

X
0410 OO00O0O000 Mcb

R e spea'kerl,zl ' i
} speakerl,3
| ~ microphone -

0 0.5 1 15 2

0411 0DO0O0OD0OO0ODO Mc6
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4.3 OO

2.5

15

0.5

2.5

15

0.5

,,,,,,, ', o speékerl,zl |
speakerl,3
~ microphone  +
0.5 1 15 2 2.5
X
0412 00000000 Mc7
,,,,,,, ', e speékerl,zl ' i
+ |speakerl,3
icrophone -
0.5 1 15 2 2.5
X

0413 00000000 Mc8
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4.3 OO

1.4

1.2

1

0.8

0.6

0.4

0.2

0

14

1.2

1

0.8

0.6

0.4

0.2

0

I sp ékeri,z |
3 3 speakerl,3
IR S _microphone -
0O 02 04 06 08 1 12 14
X
0414 00000000 Mc9
I 7,,,,,?,,,,'speékeri,2 ' |
3 ‘ speakerl,3
I S R _microphone /. ]
0O 02 04 06 08 1 12 14

X

0415 00000000 Mclo
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4.3 OO

1.4

1.2

1

0.8

0.6

0.4

0.2

0

14

1.2

1

0.8

0.6

0.4

0.2

0

I 7,,,,,?,,,,'speéker1',2 |
3 ‘ speakerl,3
ISR SR _microphone -
0O 02 04 06 08 1 12 14
X
0416 DO00OO0O00O0 Mcll
. 'spe'akeri,z ' |
speakerl,3
A U W ‘microphone  + |
0O 02 04 06 08 1 12 14
X

0417 0000O0ODOO Mcl2
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4.3 OO

1.4

1.2

1

0.8

0.6

0.4

0.2

0

14

1.2

1

0.8

0.6

0.4

0.2

0

0O 02 04 06 08 1 12 14
X

0418 00000O00O0O Mcl3

I 7,,,,,?,,,,'speékeri,2 ' |

3 ‘ speakerl,3
IS SR S _microphone - |
0O 02 04 06 08 1

X

0419 00000000 Mcl4
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4.3 OO

1.4

1.2

1

0.8

0.6

0.4

0.2

0

14

1.2

1

0.8

0.6

0.4

0.2

0

| speakerl,2 o
3 ‘ speakerl,3

0O 02 04 06 08 1 12 14
X
0420 0O00O0O000 Mclb
I 7,,,,,?,,,,'speékeri,2 | |
3 ‘ speakerl,3
IS SR S _microphone - |

0O 02 04 06 08 1 12 14
X

0421 0000O0ODOOO Mcl6
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4.4 U0U0O0LOOO0OO0OOUOOOO

uooboo,gobobtoooobobuooooubbooobLboo0. oo, bbboon

goobtboooobboooobobboooobobbuooobbooa.

4.4.1 0O0OOOOO

ggoooboooboboododooooooooooobbobooog, b oooon

uooboo.obod =z O,

p—1

Ty = — Z hnxt—n + tht

n=1
o0o0. ooo, h, 0000000000000 0D0O000, 000 GSDDDDDD
Ti_p(n=1,2,---,p—1)0000000. 0000 2, 00000 d, 000000000
h, 0OOODODODOO,000000000. ODODOODO0OO w,, 000 4000 pOO

goono

p—1
Yt = § WnTt—n
n=0

OO0o0dbO.0boo0,00000D0y 0DO0OD00ODOO 4, 00000,

er =dy — Yy = —€ + Z(hn - wn>33t—n

goooo.obogd,

p—1 p—1

Elef] = o? + Z Z (hn = wp) (hin = Wi ) B[4 T —mi]

n=0m=0
000. 000200000, wy, =hy(n=0,1,---,p—1)0000000. 00000,
Ele2|000000000000 w,00000,0000000000000000000
0oOo0o0O000O0.000,A,0000000000,000000000000000
00000000000000.00,00000000000000000000000

gogooboo,obbooobbbooooobbuoooobobouooooobbuooooon
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A
(RA47ORIADANES) /
FIRZALS — »8
(HALEFv—TES
CITVA=U Y N —

0422 QOO0O0OO

gogoouoooooobb.ooo,boobbbbboboo00ooooooboboboboon
gobobbooobobbuoooobbboooobbbuooobbboooubDbboooo
od. ggg,b0ooooooooooogogg,bobobbbobbbbbbboboon.
000 GPSOODODOOO00ODDOOOODO,0000D0DO00DODO0O0ODODO0OOODO
ud,dgogooooooboboooboobbooodoo,bboogoooooooboobooobobo.
gogoooboboobob,0obbbboddooooobobobobbbbbobddoooooo

gogoooooobobobbboboono.
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L] [

5.1 UOUOUOOoUon

ggooo,bobbobbobbbbboboooddd0dd00ooouoouooo o, on
oo ooobobobobobobobobbbbb. bbbbbbbb,00on
gooboooooboboooobobboooobobbooooboboooooboboogn
oooob.0oooooboboobo,30ob0oboboboobooooboobobooo, o
ggooboobobodoooooobobboodoooobobbobooooobL. b0 ooo
ggooooboboooboobo,bbbbbbodddoooooobobbobbbbobboooooo
gooboo. boboo, bbb obbooo0bDbboooo,Dbbboogo
gdddddoooooooooooob. oo, dgoooooon

gobobbooobobooooooboooobobbooooobooo.

5.2 U0O0OOO

oooobooo,3b0booboboobooboobobooboobbooboboobooDb.
o0o0,0000000000D0DO0DbOO0 300000 bDbObbO0oooUooooDbDbooOog.
ooo,300000000000Db0bOO0o0ob00oboobDOobOobD. ob,0booboooog
gogoooobobooboboboodooooooooooobo,bbbbbbobduoooooon
yogodob. oo, LD LD DO LD O OO On

gogbobobooooobboooooob,gbobboooobbooooobboooon
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5.2 0OOOOO

g0, EL. OO
g,0o0ooboobbboboooo, bbb bbbbooooo. oo
000000000000 00,000 GPSOOODDOOODODODOOOODODODOODOODO
gg,0o0oooood. oo ooooon
yddddododooguo. bbb, 000U DD UUUUoOo
gooob.bboo,oobbtoodobbuoodbob,bbodbbbbooobbboOoo

goboboooooboooboooog.
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ggoooboobooboboo, bbb boobo, bbb oo oooo
o000, 0000b00b000b0.00b0obo0bOob0o 200,0000D0D0O0ODO
gobooboooooodoo,gbooggoooboo. bgggboobooooobo,bboogn
gogoooobooboboboodoodooo, oo obobobooboobobbobooooon
ubo.gooooboooon.

ggooboboboooogoobbbboU0 ogobbob,0bbbooooOoobboboo
guo.

ggoooooooob,bbbobbbobdooooooboboobbobooodoooooon
ug.gjgogobooooobobuoooobuooob,bbbooobbboobbboo,on
gooobog.

oobodb 2000000000 4000000000DO,00D00,D00O0O0,0O
gob,bbbogoooboboogo. bgdoboboooooboo,bboooobobooan
ugooobooboboodooooooobo. oo, bbb bobbboooooooboDbo.
gooboooo.

g, dddooooooobobb,oooobobbbbobbbbbooooooobb,
o0oo0O0 30boooboboobOobOo,00o000bUob. DoobUobooOobooo
dddddoooouobboboobob, oo bboobDbobL. ooooon
gobobboooobobboooon.

gogo,bbbbbooddooouoobooodoooouou,boooobobobbbn

uobobobooooboboooooboboooobo,bboooooo.
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