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Proposal of Instant Learning Sound Sensor for
Easy Building of Real World Event Recognition System

Yuyva NecisaI™! and NoBuo KawacucHr'!

Over the last few years, various context-sensing methods by signal-analysis
of sounds and acceleration patterns in real-world events have been developed.
However, it is not easy for everyone to utilize real-world event recognitions
by signal-analysis in developments of ubicomp applications. In this paper, we
propose a smart sensor which can easily and less costly utilize a sound event
recognition. We also propose an Instant Learning method which automatically
configures an appropriate set of parameters in a DP matching based recogni-
tion process for the target event by evaluating several combinations of parame-
ters. Based on our proposal, we designed and implemented an Instant Learning
Sound Sensor. By evaluation experiment, we confirmed the smart sensor can
automatically choose a proper set of parameters for various sound event with

almost over 80% accuracy. Furthermore, we evaluated the required process-
ing power and the memory consumption, and confirmed that the recognition
process can be implemented on an one-chip microcontroller.
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Fig.1 Data processing for context sensing.
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Fig.3 Example of spectrogram and waveform of environmental sound and life sound.
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Fig.4 Basic sound recognition process.
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Table 4 Result of evaluation of recognition processes.
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4.00000000 98.2% | 1.8% 0.0% oooooooo 98.2%
5. 0000000000000 100% 0.0% 0.0%
6.000000000 79.8% | 20.2% 0.0% ooooooooo | 29.1%
7. ACO000D00000DODOOOO 86.5% | 13.5% 1.7% ooooooooo 12.5%
8.00000000D0DO 96.4% | 3.6% 0.0%
9.000000000 93.8% | 6.2% 8.3%
10. 000000000 75.0% | 25.0% 0.0% oooooo 3.2%
11. 0000 20000000 98.5% | 2.5% 11.7%
12. 000000000000 91.0% | 9.0% 0.0% 0o0ooo0oD 0.0%
13. 000000000 20000000 | 86.8% | 13.2% 4.2%
14. 0000000000 81.8% | 18.2% 2.5% oooooo 0.0%
15. 000000000000 100% 0.0% 5.0% 0ooooo 0.0%
16. 0000000000000 92.8% | 7.2% 2.5% oooooo 8.9%
17. 0000000000000 96.9% | 3.1% 5.0% ogooooooo | 2.3%
18. 000000000000 OOooO0g 94.2% | 5.8% 7.5% oooooooog | 24.6%
19.0000 20000000 80.4% | 19.6% 0.0%
20. 000000 20000000 98.6% | 1.4% 8.3%
21. 000000000000 67.7% | 32.3% 0.0%
22, 0000000000000000 100% 0.0% 94.2%
23.000000000000000 83.4% | 16.6% 79.2%
24.0000000000000000 68.7% | 31.3% 20.8%
0000 ERothers, 0000000 oo0oooobooooooooooooo
Accepted non targets 0000o0o0o0oooooooooro%ilo000000ooo0o0oooooooonoon
EROtherEv - (10)

Total of non targets

(4)00000oUOoUO0O00O000LO0OOUOU0DOOOOLOOOODOUOUOO
O0o0oU0o0ooU0oOoUoUooU0oOooDoUoUoUoOsOUOOOO@LoUooa

O0O0O0ERsameEn 0000000

Accepted non targets

ERsameEny =

Total of non targets

7.2.2 0O O

0000400000000 80%0100%000000%020%00000000000
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(11)

gooooboooooooobooooooobooooobOboOo0booooooboobOoooooDooboo
oooooobooooooobooocoooboooboOo0ooooobooooOobooOooooDooboo
boooboooooboooobooooobooooboOooooOOobObUOobOOobOboOoDo
goooooooooboboooooobooooobobooboooobooOoboOobooboOoboDboo
goooboobooooooooboooooooobooboboboooboooooobooOobOooooOooDon
goobooooooobooooooobooboooobOoOoOo0oOoOoobooooobOboOooOooDoo
gobooooooooooooooooooobooooOooboooooooboooooDooonoo
gobooooooobooooboooobooo
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0000000000 ERowergse DOOOOO0DOOOOODODOOODOOOOODODDOO
gooooboooooooboooobooobooooobobooooDoboooooDobo
gobooooooobooooobood

ooooOO0O00o0oooO0O000O00b0000000000 ERsameEny 10000
gooobooooooooooooooobooooboboo0ooooboooOoooooDoooa
oboboboboodoooboooooboooooooboooboooooooooooDoobooa
goooobooooooooooooooooooboOobOoooooObobobooooDbbooo
gooobooboooooobooboooobooboooooooOobOO0oOoOoOboOoOOobOOoOooDbooOooo

gobooooooobobooooboobooooobooboooboobooOooDbbOOobobOboOoDbboo

7.3 Instant Learning 0000000

gboooooboooooooooobooOooOoobOoOOoOoOoOoooOoOobobOoDo

MacOS X O Sensor Configurator 0 00000000 0O OApple MacBookl CPU: Intel
Core Duo 2.0 GHzO RAM: 2.0 GBO OS: MacOS X 10.50 00000

7.3.1 0O O

000000000000 00000000000000oooooooooooooon
0002000000000000052000000000000000000000
0500000000 WavOOOOOOO220000000000000000000
10000 WavOOGQOGQOQOOOGQOad

7.3.2 0O O

000000000 WavOOOOOOOOOOOmsecOOOOOOOOODOOOSsecOO
Os50000

00000000000 00000OInstant Learning 000 000000O0OO0OO
O00ILSS-node 000000 O0OO Sensor Configurator 1000000000 O0O0O
00o0O00oOooooooooOOoooOOoO0oO0oUooOo cepUOOOOOOOOOOOOODOOO

05 00000000
Table 5 Result of time of Instant Learning.

ooooo O0000000msecO | O000O00OOsecd
1.0000 20000000 388 512
2. 0000000000008 1,435 817
3.0000000000000O0 1,529 978
4. 000000000000O00 409 491
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50016000000000D000DO00DOODOODODODOODOODOODOO
gbooboobooboobobooboobobooobboooboboooboobobo
goboooooboooooooboooooobooo

8. ILSS-node 00 00O0DOOCOOO

0000000000 0ooO000ooOo0o0ooooo0oooO ILSS-noded 00O
O00000O0o0000e6.1.1 000000000000 ILSS-nodeJO00OOOOOOO
goboodooboooooooboooboooboboOooboOoOoobooooo

8.1 ODO00OO0OO00OOOOO0OOOOOOOODO

000000000000 0000000O0OOMicrochip 00 dsPIC30F OO OO

0 dsPIC30F6014A0 RAM 8 KBOROM 144KB'® 00000000000 OODO0O

00 Microchip C30016 000 COODOOOOODODODOFFTOOOOOODODOODO
00o000b0o0b0oob0ooooO0ooooboobOo0obOoobOooobooooooooo
000o0do0o0obOo0o0ooOOo0obO0bOo0o0obDoooDb0oobOoobo0oDoooDoon 2
0o0o00o0o00oo0o0bOo0o00ooDb0obOOooDoobOo0obOOoobOoobobDbobooooag
goooooao

00000000 ILSS-node 0000 O0O0D0O0O dsPIC3OFODOOODDOOOODODO
OO0 0000000000 O000O0O0O0OUOoU0oOoLOooooooo
(¢ FFTOODOOODOODOOUDOOODOODODOOODOOODO(M O MHzOOOO 120MHz OO
000000000000000000(¢) 000000 DOOICOO0O0ODOOODOO
00 Codec Interface0 000000000 () ROMODODOD 144KBOOOOOOOO
0000000000 (e)D000O0U0DO0OO0OO0OO0OOO0ODOOOOD ICOO0OUSilicon
Laboratories 0 0 Si3000 Codec Chipd 00D O0O0OO0D0OODO 12KHzOOOOOOO
000 1ebitsO0OO0DOODODO

8.2 OJOOOODOOO

000000000000 Microchip MPLABIDEOOOOOOOOOOODOODO 20
goobooobooobooobooobooobboooDboooboooos2400
00000 ()00 (v)DO0LOO0OU0O0DUO0OO 60O 800 900 1000 11 00000
00000000000000000000(0O00)/(100000000000) ] sec] O
O0000dsPIC3OF OO0 O0ODOODOOODOO 400000 1000000000DOO
00004 (000)/(000000 MHz) x 1073 [msec] D000
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06 ()000000(H) D00000000000000(v) 0000
Table 6 Number of instructions for (i), (ii) and (v).

000
() DODDOOONRO0000 | 493
(i) 0000000000 92
000 Flengen = 51200000 Fapype = 1200

(vyOoooo 14

8 128 2,990

T 556 5918

Iy

fg 512 11,772

0 3,000 6,000 9,000 12,000
Lo
08 (ii-l) 0000000O0DOD0OODOOOOOO
Fig.8 (iii-1) Number of instructions for amplitude feature quantity.

BR R B
FJength N7 NLRITE Nv

12 23,016
16
128 3
64
12
16
256 2
64

12
512 16
32
64

15,871

0 30,000 60,000 90,000 120,000
mHE
09 (ii-2)00000000DDODOOOOOOO
Fig.9 (iii-2) Number of instructions for frequency feature quantity.

524 00OO0O0OOOOOOOOOOOOUOODODOOOOOOOOOODODOOOOO
goobooooooooobooboboooooboOooooobbObOoboobbOooooboooo
O00000ILSSnode 0000000000 (CDOOO [msec]) < (DOOO [points]/
000000000 [KHz)) 00000000000 0O0O0O0O0OO0O0O0O000000

000000000 Vol. 50 No.4 1272-1286 (Apr. 2009)

L A—KTyrYAX
BB o debook size T
A

RITHENv 4

12

0 10,000 20,000 30,000 40,000
W
010 (ii-3)0000000000O0ODOD
Fig. 10 (iii-3) Number of instructions for VQ.

a o O
o O O

#FEDR X [frames]
N - —
o
3

0 12,500 25,000 37,500 50,000

OO
me
011 (iv)y DPOOOOOOOOOOOO
Fig.11 (iv) Number of instructions for DP matching.

12KHzO0300O0O0O0O00000 12800000000256msec0000000000O0DO
goboooobooooobooooooooobooo

0120000000000 12KHzO00000000O0O0DO 3006001200000000
0000000000 00000000000000000020MIPSO00dsPIC30F O
OoOO0O0OD0 8OMHz0ODODOOOOOO2.5msecd5.0msecd 10.0msec00000000O 1
goboooooooo

8.3 UUOOOOO

O70000000DOO0O0OROMOOCOOOOOOOOOOOOODODOOOOOOO
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W ()+(i)+(v) (iii-1) M (i-2) W (i-3) W (iv)
Flength 128
Fshift 30

Nv 16
Codebook 8 45,655
Dic_length 50

Flength 256

Fshift 60
Nv 32 93,825
Codebook 16

Dic_length 100

Flength 512

Fshift 120 195,973
Nv 64

Codebook 16

Dic_length 200 O 50,000 100,000 150,000 200,000

(2.5msec) (5.0msec) (10.0 msec)
IR (20MIPSK O ALIRFE )
012 000000000020 MIPSO

Fig.12 Sum. of instructions and processing time.

07 00000D

Table 7 Memory consumption.

ooo

ROM OO 47,742 bytes
0ooo000o0O0oo0On
RAMOOOOOOOOO | 6,086 bytes
RAMOOCOOOO 1,952 bytes
RAMOOODO 8,038 bytes

goooobooooooobooooooooobooboooooooboooooooooboo
00000000 Frengen 0 512000000000000000 Codebooksize T O 320
ooo0o0opooo0oooooo0oO0O0 N,O64DO0O0OO0O0O0 2000000000RAM
ocoooOoooooOooOoOoOoOoooooOoObOOOoOOFFTOO0ODPOOOOOODODOO
goooooooooooooooobooOoboOoboOoOoboOooooooOobocOoOoooDOobOOo
gooooog

0700000000000 O00DOOOODOOOSMKBOOOOOOODODOOOODOD
RAMOOOOOO8KBOOODOOOUOOOOOOOOODOOOOO dsPIC30F6014A
oooboorOMOOOOODOOOOOOOOOOODOOOODOOOOOOOOOOOOO
O00000D0ILSSnode 00000000 O0000O0O0ODOOO0O0ODOODOOOOO
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08 COOOOOOOODOODOOOOOOO
Table 8 Number of lines in recognition program.

oo
o0ooooooooo 793 0
dsPIC30F6014A 000000 1,617 0

oooood

84 0O OOO

gboooboooooooooobooooOooooooOooooooOoOobOboOoOOobOoOoDo
00o0000o0o0o0ooOo0o0ooOo0ooOoooooo0oooooooooocCcooon
gos8stbuouooboouoooboooooobooooooos1booooooooobocOooooDooo
goooooboooooooobooooooooooobooooooooooboooboOoboOoOoo
goobooooor3bobooooobobooooosooooooooooooooonoboo
gooooooooooooobooooobooooooooooooooooooDbonoo
ooboooooooooboo

9. 0 O O

gooooooooooooooooobooooooooooobooboobobOboOoDbOo
goooobooooboooooboooobooobooooooobooboobooDOoDLO
Instant Learning Sound Sensor 000 0000000000000 0OO0OOOOOOOO
O00000D0O000000b0O000 Instant Learning 00000000
ooooooOoooboOooooooppOOO0OOOOOOCOOOCOOOCODOOODO
gooooboboooooooboooooooboobooooooooooooboooooboon
gobobooodoooboooboooooooooobooobOoooobooooooooDooo
goooboooooooobooooooboOoboOooooooboOoooooOoobooboobOoOoOoobo
goooboooooooooooboobooooobobooooboobooboOoooobooOobooOoDboboo
ooboooooon
goboooboooooooobooboooooobooooooOoooooboooOooooDooboo
O00000000oooooooOO0O0OO0O000000000000000 00 Instant
Learning 000 0OD0OD0OOOOOOCOOOOOOOO0O0O0O000O0O0O0O0O0O0O0OOOO
goooooooboooobooooobobobobooboooooooobooboboboboooooOoo
gooOoooooooooboboooooooOoboooobboooooobooooobooooooonoo
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