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come from two causes: a

calculation of distance from signal strength and a determination of position with
distance. An accuracy of a tracking position can be increased by using the moving
average filter. The error localizing area can be specified by the limit of detection

method. The result show that the error radius is proximately 0.21 meter.
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U7 3.1 Module £SP32
T} https:/Awww. arduinoatl.com
3-42 BLE

BLE ﬁmﬁnﬁtﬂuﬁqdﬁaga Address lugs ESP32 1ne.BLE-TlUsinaaaAa Beacon
ﬁagﬂﬁ 3.2

5U# 3.2 Module BLE

iy https://www.arduinoall.com

3.2 ganALIsTIiNeIU94
3.3.1 Arduino IDE

Arduion IDE Aa seiafdmiuldideudds (Program) veslulasnealvsaaas agu
<
o3
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©.0,

sUfl 3.3 Arduino IDE

fign: http://www.arduion.cc

3.3.2 Desmos Graph

kg ar a ) ot d
Desmos Graph tHulusunsuiilddmiunaninsmuasuanasiumis AaguN 3.4

& =
desmos

gﬂ'ﬁ 3.4 Desmos-Graph

i1811; https/ Avww desmosscotn/calculator

3.4 nisueapsiiudaia

'Lum‘imammh ESP32 WU 360 BLE AU 1 0 Tmamiwﬂaawumwauam

RSSI 8413, BEE iavisrd mgﬂ‘n 35 lLauj‘lJLLﬁﬂ»&ﬂ’JE)U'Nﬂ'ﬁ‘lﬂLﬂ‘UFh RSSI slananalu
'i‘IJ‘YI 3.6

v

guﬁ 3.5 fusie 4 v BLE
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A as ' ar 1
50 3.6 shegamsinifive] RSS|

3.4.1 prsvaaeniudayada RSSI

luntsvmassavifiudanarn RSSI Yot ESP32 il 1 fiwwiaw 3 nwagialuduil 1 &
fud 4 Yos BLEMin1supaeiesyy BIE mﬁvﬁagah*&wszazﬁ 0.Lum50e 1.5 Wwns lae
Guui 0 smsiag ey 0.25 ey el diEBeY sulie 115 wins Savuiay 200 A
pudndu Sashatiisuameniia s oanuan RESL3e-4 sumsazen RSS! Tlaluusazany

v 1T w ar = ' S i 3 i ¥y 0w
ilirn bl 3o 3.7 waniied1snisnaapiiuteuany RSSI M4 4 Frupmddiv

d s ] 8/ 1 5 U
g‘dw 3.7 mamdmiwmaauﬁwa:ﬂam RSSI v9 4 AU

(M) MU 1 () @udl 2 () dufl 3 () dudl 4
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3.5 NSMIFUNITAMNFUNUTTZUNI19A RSSI NUTLBENI

wFsnAlivinismaseafiue RSS! lutae 0-1.5 wasseninada BLE fu ESP32 uén
fovihAedevesd RSl fldluudazgauhnismaunisauduiugseninedn RSSI Ay
sz Ingld Least Square Method ﬁﬁaeﬂummnw Excel Inen1513unl4 Function
Trendline fiaglfauniswpuuings 2 tielilunisdoudnduuduiaunismszezms

Fumeunns Least Square Method ﬁﬁag’lulﬂmﬂiu Excel

1. Polynomial Order 2

2. Display Equation on Chart

3. Display R-squared Value on Chart

3.6 N5 UIUTWATY

msBeulysunsuiitiluntssun RSSI 103 BLE Haum SNESP32 il Function Tu
nssurdudtdn BLE melufiniieriaAy RSST dee BLE 11JLmuFi'fluaunTsww§umr?1é‘aaaqﬁ
1691 Least Square Methoduffeufigumaniatsssgmmessninsgunsalidaissosmaitle
T gmadiui el ngla ol43% Tritateration Hunasi@ o ulusensiaauisautsdes
oonunfudumausheg Tafonia d funeusss

1. s\ deulysunsuliisn £5P32 SuRn RSSIiUResMATN BLE

2l mligulusiings Moving:Average

3. Msdedlusunsuudaimsnmnefiseasy

4, s doulsunSEL AR IIWUIN ST LN AE Trilateration

3.6:1 n19i@ulusunsuliisn ESP32 5Uda RSSI fiUdauaenyuainga BLE

int scanTimébs 1,a7D, B B25951[15]; //In,secondp
BLEScan ‘pBLEScan;

lass MyAdvertisedDeéwiceCallbacks: rubiseBLFAdvertisedDeviceCallbacks |
void onResult (BLEAdvertisedbDevicesad¥ertisedDevice) |

String Address = adver:i:adbevice.qetkddress[I.tos::ingil,c_strt);
1f( Address == "3c:a3:08:97:eb:0b" )
(
//8erial.println(advertisedDevice.toString().c_str());
//Serial.println(advertisedDevice.getAddress().toString().c_str());

1f (advertisedDevice.haveRSSI()){
Serial.println(advertisedDevice.getRSSI());
R33I[b]=advertisedDevice.getRSSI();
b++;
//Serial.println(b);
}
// else Serial.printf("\n");

}

gﬂﬁ 3.8 Wanduluswnsy Scan w1A1 RSSI
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3.6.2 N310sUlUsUATH Moving Average

s

\Beulusunsu Moving Average iieldlunisnsasen RSSI s ESP32 larsuania

BLE evihlvidyanauaiiesiu faguil 3.9

double Move Avg(double *Rssi)
{
double MavPos,Mav;

for(int i=0;i<25;i++)

{
if (i==0)
{

MavPos=Rssi[0];

}
May=ovS*Resifil+ (1-9.5) *MavPos;
MavPos=Mav;
printfy'$0.51f\n" Mav);

$UM 3.9 Hariulusunauiansosa rSS)

3.6.3 N9 WBUTUsUNTHUATUN IR EEB
7 - 4 ] =) o ar i Bt W al
L8990, Least Square-Method m:Vl’1’11;1Lnﬂaumswgummaaammmaawau
J v LA L LA LY = 3 ) ' ' ¢ o <
T:UﬁLmsuuﬂaun‘wwwummaqaaq ma'lﬁum‘smu'smmﬂﬁ:ﬂsmq-ﬁswmqﬂnim PRgUY

3.10

double Quad Equ(double. Resi)
b
double &, by &, discriminanf, roofl, irobg2) realPart, AmaginAzyParc;
a@3¥7 . 875;
b==g5.222}
c*=44.523-Raai}
discfimipant = B¥E=4*ayZCs
1Py (disg€iminant > 0)
T
xodtl = (“basgitidiscriminant )iy (8-4aY:
roog2 =hl-b-sqrt (dfscriminant) )/ (2*a)s

else if (discrimimant == 0]
i
rootl = root2 = -b/f(2*a);

else
{
realPart = -b/(2%a);:
imaginaryPart = sqgrt(-discriminant)/(2*a);
}
return rootl;

d & o o
JUN 3.10 FaAdulusunsuuiaunsnuuig e
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3.6.4 n1sWUlUsUNTUUARNNITWYUINAASEY
al aa . . 0§ YV a o w = v a v
\Woe91n33 Trilateration agviliiAnaun1snyuInidsamdsdendeulsunsuud

o o ﬂl i o 1 v e :J
aun1Iwuuiaeaes wisldlunisdunmdumisesing fdgui 3.11

double Position
(double Radiusl,long PosXl,long Posil double Radius2,long PosX2,long Posy2,double Radius3,long Posk3,long PosY3)
{
double A,8,C,D,E, F,det, X, Y
&=(2)* (PosX3-PosXl1);
B=(2)* (Pos¥3-PosYl);
C=(2)* (PosX3-PosX2)
D=(2)* (PosY3-Bos¥2);
E=pow(Radiusl, 2) -pow (Radius3, 2) - (pow(PosX1, 2) -pow (PosX3, 2) ) - (pow(PosYl, 2) -pow (Pos¥3,2) )
F=pow (Radius2, 1) -pow (Radius3, 2) - (pow(PosX2, 2) -pow(PosX3, 2) ) = (pow (Pos¥2, 2) ~pow (PosY3, 2) ) ;
det=p*D-C'B;
X=(E*D-F'B) /det;
Te(R*F-C'E) /det;
printf (" (WEALLINEY, X, 1)

< a4 £dr g o o W
U311 Wendulusinsuufaum swunaidaa

3.7 NIMAABIMTEEENINVRLING
m"mmammﬁﬂwﬁqirmi’mq’[mm‘wﬁLmﬁwmﬁt: ESP32-7iumia (50,0) , (0,65),
(0,-65) LU R IN WA A 1NN DI BLE Aaimis (0,0) uasinf RSS! iavun
25 Aluudazynviang ESP32 LLazmﬁqmﬁﬂlmm'aza;ﬂ ntnihdwadevair RSS! ilaluud
Az mMTNAuNTIATIENESsriadRn RSSEAUszaENelaelY Least Square Method
iemszggmadeldseagnalihsveeniildmdinmmumnisinmies Trlateration
dlelgsumbwdatiirdmmisitlel Plot L DesmosGraph FagU 312 waslusud 3.13
Wunsnadumisfionnasiasys Tadvianassidalvdssais ESP32 idiunis (50,0)

(0,65), (0,-65) \WLMANSANIAINY wazuLsvasia BLE ARAtmia (0,0)
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4.1 HaNSAUAT RSSI 5814919 ESP32 AU BLE Tu%99 0-1.5 wns

4.1.1 Yaya RSS! 55w919 ESP32 it 1 fu BLE s 4 du

M15197 4.1 A7 RSS| Lﬂﬁ'ﬂutwiazqﬂswiqa ESP32 7 1 ffu BLE %4 4 #u

5 ; AU {\ N Wf AU 2 AU 3 RSS! 91y 4
istance
- \\\\,‘/ )/ (dB (dBm)
) -38.485 4| (:d9.185 - 3527
P E B M " -84.51
[ 2.79

Distance

® i ® wunn ® e

=] e o § 1 at ! o o [ u’.'; Y
FUN 4.1 Nl uduwus sEneszaEnnaiy RSSI 5ewdne ESP32 i 1 Ay BLE 19 4 iy



AUNIIIINLEAIANEUTUS SIS e e UANdLE gy uudas A

v o
ATUN 1

v oA
ATUN 2

=
AU 3

|
AuUN 4

y = 37.875x% - 85.228x - 44.523
R? = 0.9216

y = 31.221x° - 66.917x - 53.658
Rz = 0.9168

(Y

J

@ AN
&S
av{
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? AL RILE 919 .4
- L | |
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Y A

IRATNIAW,
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" RSSI @ 4
: (dBm)
. 1 o ) [ 3408
0.25 __ 59 8 mﬁﬁh Wi ass -80.11
0.5 786l 2,895 "85.055 -77.895
0.75 -84.155 81.145 -87.455 -82.29
1 -85.92 -85.105 -89.635 -88.81
1.25 -90.475 -81.905 -90.36 83.79
1.5 87.965 -84.18 -86.185 82.715
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__rji_’_l__F_%F;_S__l _L_gﬁqilyu,giqga;mzwm ESP32 ##i 2 ffu BLE %1 4 du

[ — : Wi RaR L T o
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
20
_-40
v
(93]
(as
60
-80 o
5
-100 |
Distance
® i [ ] e [ ] dinina

y = 46.724x“ - 93.54x - 43.478
R? = 0.8047

ng [ ‘NI ¥ o Ly k2% d‘ =% 1 gj 1 V¥ o o/ € v 2
wnansiiluenansnanulidmiumsldnuionisfnuwwintu Wisugelmildldusslavdiunisen
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4.1.3 dayadn RSSI 55m31a ESP32 #afl 3 fiu BLE wia 4 @y

A1919% 4.3 A1 RSS| Laﬁu'lutwiasqmawiw ESP32 a7l 3 YU BLE ¥4 4 #u

0.75

|

RSSI MU 1 RSSI AU 2 RSSI AU 3 RSSI AU 4
Distance (m)
(dBm) (dBm) (dBm) (dBm)
0 -40.62 -43.51 -43.02 -40.08
0.25 -72.05 -74.995 -76.235 -83.62
0.5 -78.09 -86.27 -85.31

-86.58

-88.41

-87.45

1.6
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AUNITNUINUEAAINELTUS ST T g uATI Ly aluudaz i

i 1
Y= 38.17x% - 85.953x - 45.064
R? = 0.9538
il 2
y = 34.366x° - 75.304x - 49.254
R? = 0.9016
it 3
4373257 - 90:038x.- 48.718

fuiit a

ng [ ‘NI ¥ o Ly k2% d‘ =% 1 gj 1 V¥ o o/ € v 2
wnansiiluenansnanulidmiumsldnuionisfnuwwintu Wisugelmildldusslavdiunisen
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4.2 HaN1TUNANSZEEN19N A0 ESP32 719 3 AAU1AIUI UG WAL

4.2.1 sypznsiildann ESP32 14 3 99

A5199 4.4 58EEN9ALAIN ESP32 914 3 fn

g WA 1050 | 997 2(0,0.65 | a7l 3 (0,-0.65)
VMUIUAT

(m) (m) (m)
1 0.45 0.58 0.54
2 0.43 0.61 0.57
3 0755 0.61 0.54
4 0:55 0.58 0.54
5 0107 0.58 0.57
6 0.49 0,58 0,57
7 0.47 0.61 057
8 0.55 0155 0.6
9 0.55 0,61 063
10 047 0.58 0.6
11 047 0.61 0.6
12 0.47 0.58 0.89
13 0.47 0,63 052
14 0.6 0.58 0/57
15 0.55 0.55 0.57
16 0.45 0,55 0.54
17 0.45 0:55 0.54
18 0.49 0.58 0.57
19 0.47 0.58 0.54
20 0.78 1 0.52
21 0.68 0.55 0.63
22 0.47 0.58 0.63
23 0.45 0.61 0.63
24 0.49 0.58 0.63
25 0.49 0.61 0.63
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4.2.2 FUALITINAIINAITATUIUNG 25 ATHTALS

d o 1 ﬂil - o 0’:" o !
A9 4.5 AULAUINLARAINNTITNIUIENG 25 FTLAUS

RN

’ 0 - o
8 y @
7 ¥
aod
1 144 4 ye
=
1% Y
22 o~
1 43,2
@ eb@
3 -0 h,
> 7
0.307.
a9 -8.280_ a1
k3 803
21 -20.703 4.132
22 -10.969 0.850
23 -4.705 -0.049
24 -4.664 -1.200
25 -3.737 -1.078

a7
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wnaNdune e Yrdvesssazvnediléann ESP32 fisumia (0.5,0) s
JnaudiEu fe Sefivosszosmaitldan ESP32 fisumis (0.65,0) AT
wnadd Ao SAflvasszesvnedilaann ESP32 fisunis (:0.65,0) wins

= a o 4
WA Fie AT 25 90
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Goy ESP32-WROOM-32 PINOUT [ |
—_— "ﬁ?" (aka ESP32-DevKitC) J

N o
L[]

Serial Pin i
JTAG RESET Ak b  [F—
[ Avalog Pin A 010 R T o
Contral s S PTLT 5 Ty
B Prysical Pin et B ol M e
Port Pin u_ﬂu‘:nﬂ 0]\ .
- Lo el - e
:::1 " U N\
B vy Ll e el [T e
e B e W = e B e
B 0 T v e [T 0

TMS ccvs it i ot R v R e~ v [ ®

TOl o ot ot ool R o R v+ el N 9

g —

TCK s smar g it S o I VT -0

- P ot )/

e T, R

PR L qﬂ'ﬂf\.— -

Adagtod Irawm dat s ot

P gl o ——

Microcontroller &
WIFI ;

Bluetooth :

Typical frequency :
SRAM :

Digital 1/0 Pins :
Analog 1/OPins :
Clock speed:
Flash memory:
Operatin voltage :
Lithium battery.interface :
Size :

NIRRT AT ATy | . W ~

AMARNUIN N

ESP 32

éi_ i

P SPI MQGsI

K

A e o e 5P 55

LRAVE . /[ - s

0 | 0 AT = AD g

|"\ A wad o i W o o il B pp—"

BT e e D rcaett R

e | AT o e S v

1= s v 2 0t R =% e o wom TDO

et e T e

ot N e e

gy T e

ESP32 (Xtersa'Dual-core 32Bit LX6-600 DMIPS)
802,11 b/g/n-wifi, HT40

4.2 Bluetooth

160 MHz

512 kBytes

19 :

6

240 MHz

4 MBytes

3.3VDC

500mA Max charging current
25.4 %50 mm

= wa
JUN N.1 ARUANUAYDY ESP32



AMARNUIN U

Ibeacon-2032

Description:

This module is.for apple i0S 7.0 or android 4.3+ bluetooth 4.0+
BT Version: Bluetooth-Specification V4.0 BLE Send and-feceive no bytes limit.
Working frequeney: 2.4GHz ISM kand

Modulation method: GFSK(Gatssian Freguency Shift Keying)

RF Power: =23dbm, -6dbm,-0dbm;-6dbm; can modify throuch AT
Command. AT+POWE.

Speed: Asynchronous:“6K Bytes

Synchronous: 6K Bytes

Security: Authentication and'encryption

Service: Central & Periphéral UUID FFEO,FFE1

Power: +3.3VDC 50mA

Battery type:CR2032

Size: 24.8mm x 24.8mm

JUN 9.1 AauanTRve ibeacon-2032
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