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[0082] wikel ciutelze] o3t Aol & BA ALH Hrhe] BAE thE wrkdl tute]s 2ol Aol e
9@ 5% wel ANt % 5ol EAHo] gl
[0083] To5oll AR ER600) 0l A, Eukd tivpolae: O 53 B4S FrIHor AEPT 5 AvH(EAI601)).
F714Q BEH GA(601) Eetell, 2] 3 FAVIES flolA AMAIE npe} o] S3F AT ES WEES
o 5 grk. WY ANAEAM, AF ALE Az AF Ade] AFat Bl F ABES FAFE
5 749 5 vk, gerEel dAdEes, A e Azde ] g0t Fok 8% NEES ¥
NS FAE S oAk ddelA, A Abes AsRe Aol gAY FAUW $F NEEY $AL
Fases 749 5 Qo
[0084] AN Arjd5olA, Eutd dulo]lae S AEY ZREF wep oF 1x9 7|3F Fetl 5% A (601)S
MEYSA o 92 ok UzololBR AR F47 & Uk, odF AEY TREZS of 1089 WEY Tz
EF FE Abol2e 2 ok 01129 A2Y T2EF Fi5E 2 ZloR 49 & v uehge 4EY
TREZEX OF 5b A oF 3000 MEY ZREE WE AlelE& e oF 0.5Hz WA °F 0.01Hzo] BEY =
2EZ FIE 7H A Bukd tupolze] oF 3 I o] txdolay= - (EAI(602)), Euf
A tiuol stz o] olge] MMES sk vk mukedl tubelzo] % &3 AEYo] ool e P
(H71(602)), Ewbed Hufe] X~ AR A5zt we] d4d B9 TR 53 FA|2RE &2 d5d
& AAY 5 ES(SA603) Y F Ak L AN, WBY Faee o 4 IKHolth  oherEel
Aol A, AE" Fags o 2 5 e, dE Sl oF 100KkHzY 5 dvk. g, AAldelA, dadd
Yo = F7HHe A4S Y& wiAE =(double precision) H-& AFHe md= WAstAY. HzPS WAF
7] 918 AAlde] dA ARl AE= tadt g
int frequency = 44100;
int blockSize = 22050;
inwt channelConfiguration = AudioFormat.CHANNEL IN MONO;
int audioEncoding = AudioFormat.ENCODING PCM_16BIT,
[0085]
audioRecord = new AudioRecord(MediaRecorder.AudioSource.CAMCORDER, frequency,
channelConfiguration,audioEncoding, blockSize * 2);
fios NN g w SXP] Ty st ad
while (getNoCommApplication().isListeningSounds()) {
recData = naw ByteArrayOutputStream();
dos = new DataOutputStream(recbata);
short[] buffer = new shert[blockSize];
audioRecord. startRecording();
int bufferReadResult = audicRecord.read(buffer, 8, blockSize);
for (int i = @; 1 < bufferReadResult; i++) {
try {
dos.writeShort(buffer(i]);
} catch (IOException e) {
e.printStackTrace();
}
¥
audioRecord.stop();
try {
dos.flush();
dos.close();
} catch (IOException el) {
el.printStackTrace();
}
pyte[] clipData = recData.toByteArray();
ByteBuffer rawByteBuffer = ByteBuffer.wrap(clipData);
rawByteBuffer.order(ByteOrder.BIG_ENDIAN);
double[] micBufferData = new double[clipData.length / 2];
for (int i = @; 1 < clipData.length; 1 += 2) {
short sample = (short) ((clipData[i] << 8) + clipData[i + 1]);
micBufferData[i / 2] = (double) sample / 32768.0;
¥
[0086]
[0087] T3, SA605) M, Al FEE &3 A5E F2e7] dd F 19K2E TAR = dud 53 2EE
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A8 = ogrk. A AN A, ALt ZEHE WEHYA FI JdH~A &b ZE (Butterworth Infinite
Impulse Response filter)(WE~-Et IR ZE)S £33}, WHEYA-Y] 1IR ZE that a2 =
T v 2.

private IirFilterCoefficients filterCoefficients;
private IirFilter filter;

filterCoefficients = new IirFilterCoefficients();
filterCoefficients.a = new doublse[] { 1.0000000000000000E+0,
1.7547191342863953E+0, 9.3451485937250567E-1 };
filterCoefficients.b = new double[] { 2.5671973749246350E-2,
0.00000000000VPOE+D, -2.5671973749246350E-2 };

filter = pew IirFilter(filterCoefficients);

double[] filterOutput = new doubls[micBufferData.length];
[0088]

for (int 1 = ©; 1 < micBufferData.length; i++) {
filterOutput[i] = filter.step(micBufferData[i]);
¥

[0089]

d AAldolrt.  Eupd fulolxe] 54 w49 Al

[0090] T, 1R Wl Pel FABe) B golg ANelE F o )
= 574 ehuslo) Aflel W, 1R R/wE $8 982 S Finite Impulse

A, AXEg0] oy H/%
Response) (FIR) ZE ] E}Yo] &

|

1

)“
o 1% éL

[0091] g, mlo| a2 ET o 23
S 93 A0 oA AFRE )
AHeE BEe] Adgsel 7l

& A% Ao A HY mE=

O
1_

b

=
-

N

m}n: ol m2

=
a

4»
i

double soundVolume[] = new doubls[filterOutput.length];
for (int 1 = 6; 1 < filterOutput.length; i++) {
soundVolume[i] = Math.abs(filterOutput[i]) + Math.abs(filterOutput[i - 1])
+ Math.abs(filterOutput[i - 2]) + Math.abs(filterOutput[i - 3])
+ Math.abs(filterOutput[i - 4]) + Math.abs(filterOutput[i - 5])
+ Math.abs(filterOutput[i - 6]);

-

[0092]

o

[0093] bel AAl A, 2 ZEAN PepHel dueFel 240 AAWES] ofF FFel Jxdt] AT BFS
Asbe W AbgE 5 ek old@ QueFe Tl aal 2l A g AsE & g 1

= =
S/ = Aok 279 ARRES oy Htol Wik g Ao CAH]] ZEE vas 9T

i

A X g

°

o
A

[0094]
[0095] 7}

o 7o) oﬂwz
=5

I =
dlojefell dAAE A&sh= dAHed =2

private final double NOISE _MAX VOLUME = 0.05;

[0096] for (int 1 = ©; i < soundVolume.length; i++) {

TE aouna N REEY 3
¥ sowndd volums < N .‘ «\\

1% (soundVolume[l] < NOISE_MAX VﬁLUME)
soundVolume[i] = ©.0;

~
;),

[0097] ¥
[0098]
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[0099] Ctt 9JAL = (Psuedo Code)

double noise_free_volume[]; //input

int initial_cross_over_points[]; //output, time index where volume first change from zero to non-zero.

inti,j=0;
for (i=1;i<sizeof(noise_free_volume);i++) {
if (noise_free_volumeli-1]==0 && noise_free_volumeli]>0) {
initial_cross_points[jl=i;
i+

}
[0100]

0101]  oleh B2 A 93 788 F 9 A He s,

for (int 1 = 0; i < soundVolume.length; i++) {
1f (soundvVolume[i] < NOISE_MAX VOLUME) {
continug;
}

int j = 0;
dgoubls max = 0;

for (j = 1; j < soundVolume.length; j++) {
i¥ (soundVolume[j] > max)
max = soundVolume[]j];

if (soundvolume[j] < NOISE_MAX VOLUME) {
J4+5
break;

}

int count = j - i;

1F (max < NOISE_TRESHHOLD) {
for (j = 0; j < count; j++) {

soundVolume[i + j] = 0.0;

}

} wlse {
double peakTreshold = 0.1 * max;
for (j = 0; j < count; j++) {

if (soundvVolume[i + j] >= peakTreshold) {
[0102]

peaks.add(i + j);
soundVolume[i + Jj] = -1.0;
break;

}
}

i += count - 1;
[0103]

[0104] SA61D) oA FaAEE 7] A2 HE ZEAAE ARRE %iggl 1382
o o]d wAY dREA, fEEE @A(613)NA FREHE
- 7AYo EZEE ulg- dE] e AleE 2ES AAToEHN
Hosop M Hx EE W8 F Alolo] ARE A7 HA 9 H ghell 9§
Ay Bl 2925 Y2EZRE AA"E S vk, weEbd, A2 vg A-" 919
A9, oA 2L Hxa i) 7] Hxo) @ Aow AAE 5 k. g AEAM 3
S AAs7] e dAAJA ZEE e 2.

o
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[0105]
[0106]

[0107]
[0108]

[0109]
[0110]

[0111]

[0112]
[0113]
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if (peaks.size() > 1) {
List<Integer> differences = new Arraylist<Integer>();

int i,7j=0;
for (1 = ©; i < peaks.size(); i++) {
for (j=1; j<peaks.size();j++)

int diff = peaks.get(j) - peaks.get(i);

if (diff >= minDist && diff <= maxDist) {
int distInSamples = diff - midDist;
double dist = distInSamples * (34 / 44.1);
double time = diff / 44.1;
differences.add(diff);

breal;
}
}
U G E(605, 607, 609, 611 2 613)o] thall $lolA HAE AA B wWEH, TR A= Zuld o]
29 &% A9 TA(603)dA] dZFE AFR=TF 21715 9 $AE 5% AEES XA E 2A
g oty #HaYo]l Hal7e) o 419 23 AZES ¥t AAEHE, 2uld tulo] Ao A 9
(3 = 3|

T A ALgstel BAGIS)NA AHEES &

A A (cm) = =05 + 343" (FE Ao 9] -5 A o] - 190ms)
0 A (cm) = —05 34.3%- (189.2066 — 190) = —14cm

wuke) trbol o] Tl XS AW G AAlele] A mEE e} Pk,

int distInSamples = diff - midDist;
double dist = distInSamples * (34 / 44.1);
double time = diff / 44.1;

ol EAIE gk "34" en/ms 9IS AEme] Sxmolth g 41" 44 IKHz) AFY FahsolAe) 198 %
g9e] orle AEES Folth. tebdel AAEM, WEY FAFi o ¥ 5 dudl, 9% Fol, o
100KHZ2) % 9lth. oleldt jskdQl AAelEel A, EE gk 44.1m0] "100" EE AEW Fuiel wdd o
e ez dAEEs wae 4 A

w9, ME AuE 2E AN
ARSI S8, A gkE L F
DA A BEHe] H88
R R eI

A & g e B2 dHPEe] Ak, FA o dH(statistical outlier) E&
E So Wit A7d 4 e A" Aol 71xske] @A(61

T IZ2AAE AE £57F 9 =8 w(-10%) AgEE FA

i o

=

=

if (!differences.isEmpty()) {
int sumDiff = ©;
for (int diff : differences) {
sumDiff += diff;
}

int averageDiff = sumDiff / differences.size();

FHHOR, G619 mule Tl ask el AR AF o, o Sol, £AA o] X sEA
g Aol ol Folzich.  Slol vehdl T QojAd, mutl dutolat JrhHel EAMo] onet 2 1 g
248 4% ool i dow 1Fd & odvk AAdolA, o2, FuH WA AP Al F3F A
del o) gl 49, mutd clulel2sk $A4 9K Q= Aew A4 5 Aok AL ouath Ay
A4 EAML A4 A ANele) dAA ZEE T 2.
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private void calculateDeviceDistance() {
int sum = 9;
for (Peaks setOfPeaks : setsOfPeaks) {
sum += setOfPeaks.getDifferenceInSamples();

[0114] }

int average = sum / setsOfPeaks.size();
int differenceFromMiddle = average - midDist;
int differenceInSamples = Math.abs(differenceFromMiddle);
doubls positionInCm = differenceInSamples * (34 / 44.1);
if (differenceFromMiddle > @) {

sendLockDeviceMessage();
} elss {

sendUnlockDeviceMessage();

—

[0115]

[0116] Plera el AAe S wuld ool vel A4E AF Pl 9RHE Aoz AYsy] 98 Fold /F
2 AHET S otk Ukl ANEe] wew, A® g A 0 vEl 39, mrte dulexi v
A48 4E FHEAA ol 9= Aow Agun

[0117] Tt tnpo] ol Ex|Ho] AAHEW,
2& 2k fulo] 9] st o]de] 7] 3 7I's
E Ev AU B2 A8y V)TES 29T g vk, dEldA, Eukd tnfo] o] V)

o,

[0118] A AAefell A, Ao B Z7F mupdd tiupe]ze] i} o]Fe] Yes FAF Follk, Eutd tjulo]i &S
A S FAE FrIHer gAskaL, Eubd tupolzo] ¥AMS AT £ k. diHA S Ao, &
vt fupo]lx9l Aty Elolmi muld tulolAv) Elolmrt wtad wizkx] 3 $Ao IAE FTusla &
vhd tupo] 2o AME AAT F A=H FFHE F dvk. o]k s AAdelA, wutd tufo]xe] A
o dhte] 75 EHtY tupelxvt mig AARE HE 7 W O ol AXHA &= slow AAT o
549+ Ak

[0119] T3, = 59 @AI(605)9F THFte] 9

dEelA, AN, A7), d9HE B AEYTFelolEd L ofdRI MR FAXTES] g E3 IH
& FEI= d AEE g ok 7o dEs SHUIR) 2 8 JF2 SHEFIR)S UAE FEE] F 7HA
dubAl BlEelt. 54 o Aol wel, vso S0l ik WY S 54E5S skl f6
AHgE g 9l

[0120] - M E} ] ~(But terwor th);

[0121] - Al 22 2 (Chebyshev) ;

[0122] - A (Bessel); &

[0123] - B} (Elliptical).

[0124] Tk, s xSt e U 53 dEEe] B V] e IR FEEC] U

[0125] - All-7](Sallen-Key) ZE;

[0126] - AE) W4=(State Variable) ZE;

[0127] - wlo]F = (Biquad) ZE;

[0128] ‘o Y= gl 3 gdE; o

[0129] - o]% Mz g ulolo] o E3}H(Dual Amplifiers Band-Pass)(DAPB) ZE].

[0130] T, AMRE dHEY HAAdES vlold2 2 AN = Z2afmE Alo]E oy o](Field Programmable

_22_



[0131]

[0132]
[0133]
[0134]

[0135]

[0136]

[0137]

[0138]
[0139]

[0140]

[0141]
[0142]
[0143]

[0144]

[0145]

[0146]

[0147]
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Gate Array)(FPGA) T+ UXx¥ A5 Z2Z A A (Digital Signal Processor)(DSP)E AR&3sle] 3+ 4 v},

T3k, A =99 AheE BF F29 AAldEo] ofd AWeErt. 1% wWx(Amplitude Modulation)(AM)

T FA7)e sl AMgEe B ZRAAT 253 AAREEH AMRRE BES FESE o AHEE 5 T
waba] AM FA B x7)e) thaksl ol 21 S0 19KHz 289 Alglo] FurRPEE B ARE FEIE
o AHEE 5 U e A 5X V59 gEREoT.

ATV AY S FEHE A" EEE HEV]

BN

=
T
cAEa" 27 g

Al AE7].

w3l AW E W3 (Hibert Transform)o] EF FZo| AFEE 4 vk, =3, A{ FE3 9 A|(Application
Specific Integrated Circuit) H& ASIC WHEA] FHeo] ede 2324 E EF S AEste d AMEE
olth.  U¥ = THAT Corporatione] ©&f #|Z% THAT 2252 RMS-#® A7) Heo] Urt.

EZ, flollA m=old wpel 2 da HE] AAdEo] offelA AHdEr. Hx AEL Udd S Boks

of 24 Ay¥e= wAZ AFE ¢ dn. o] A4 mo|=ENH FH(ping)oldhal sk AA AEE EEdhe

AL vk, wolzmRH FHe FEd] 93 Hx HE Ve o AANde 2§ ARV iages =

ojze] uAH WiHES 3T wolrh. & JRAME wWE Hx HEY e AAldes A A (Cumulative
3

L P , & Sas) 9
ex(0tsw) YARF H8E + Ak, o FNAFE §F UE7F P(FolAhe)H wol2(MakeE)R
TAE vlol-Rg H2EINS B2E Ao YUt A%el AT LPolxE F AF(E W wolz)ew

R, 77t E welAe] ke AnshspaA], ol T oz dplelAzA Ay A Aud

FHHo g2, & 59 BAE BAE T s ol dAl= AR X AdE A (time delay cross correlation)
e Ee 94 AHS AREste] AAFHeR e FEHoR giAE & A 4 S AMEste] 747
ufo] AR EA A FAlE S8 AFES A A e 94 AIZEV AE = k. wlolAR2EES] 94 Al
TEZO] AAHA, F Az AdiAQl sixr7t 4484 & dvk

S AAE FF AT sl s29] o WMES AR, S1 52).
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=
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gk, ®akd tufo] o] fIAE AA s WAE Ertd tHlo| A2 HE B4 FAIVIE A o] Ao
71z38ke] Eutd tjule]~o] QA& AAdt= GAE T ¢ o, EurY o] zdA o] Vs 7
A7 9] A Zakd tule] A2 RE FAE 2 AT B0 VS Azt Al AZE xpe] 7]
z3te] AAE 4 drh. mg, mapd ule] 29 QA& AASE WAE 4z 5% 71xste] matkd ojnl
o]29] 91X& AAste= WAE xFe

TS, 5F AsE FUF 9A B A ARG 23 550 & $AVECd 98 F4dE 5 qlen, o] F7}
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4 s g el Mz 5 As £449 5 Qo

el A JNAIE vre}k Zo] BEuldd tnfo] 2= AbeE U9 st o]l FAlV|Ed o WEEHE Sl o] &
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T AT, AR A EdAE, Eutd fulo] e ofgh Fr] Al AET B FAV|E o 2re s Ee
W BE7F 228 2 v A4 (uncorrelated) TEAAEY F US4 F Ut Ao wuly
Hlol 2 Al FAVIZEEHO oY AT FAF A2 FAVZREEL Qv AT Hal Alole] A|7ho]A
A4S dmder] AR = drh. Al FAVIEREHE 2HQ AZ (Al &Y AE)7t A2 FAV|EFE 9
YL AT (A2 22 Az)et +EE § glE A, Eukd fulelx Uylo] AT EeE 279 #AAE vt
AN 7 Qlar, wEbA 2 9AE FAZSHA AL 5 vk, wEbA, A Aol A, Al oo Alse} A
2 Y9 AZE sl olake] ot EA wel 7EE = gl

T o7& Al eYe AE(702) E A2 9T1e AF(722)9 FAS =AFT. Al 9UQ AF(702)E Az
to(706) ol Al AlZFete] AIZE 1(710)0l4 FRSHE 259 H2(700)F 29 5 Ak, wEA, 255 Fx
(704)= AIZE t0(706)3F AIZE t,(710) Abelo] ApelmA] Aojse A= ZF(wDE 7Hd 4 vk, 253 dx
(704) Hell= $5% 253 27009 AFF o] 255 H2(704)9] T2 AIZE ty Abele] AIZE Ao &3
Wl ARE FE Zte B3 EE P8 7IIK712)0] HuwE o qdvk. wEbAd, 259 A5(702)F H2 FH(w
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(722)e1 M 9] & 250k H2(724)9] AJZH(726) Abele] AIRMH(HEE 9} to Abole] zfo]) o mA] ANFE 4 Sl
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(722)9] B3 71H(wp R AAY &2 &8 717w oo A, Al LT]2 A% (702)=
A2 ete As(722)9] FE Ao]F(D)RTE AAY &L FE AolF (DS 7M. F k. E UE oA,
A A7) A Al t) Bk AAY &S 5 AN A, Al 29U e AF(702)¢] F7]
(T 2 A2 201 A3 (722)2] F7[(T)v & o &F 125msec = Ak, 23y, AA A (tg)S 9F S0msec
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7 20 o3d AgrE $0.0012 $0.02
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