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61318303 : Major (INFORMATION TECHNOLOGY AND DI
Keyword-FiMprobe request, human detection, RSSI, locatior

MR. PRAPAS SARASALIN : EVALUATION -BDIFPR4B
TO CREATE A HUMAN DEYSTEMDNIHESIS ADVISOR
KAEWJAMNONG

There are many places of interests that do not have ir
of people visiting, leaving, and the amount of time they stay:
over 5,000 registered histonmoabsiv@sicmaave no guards or
Because of this, records of visitors are not kept. Being able
data would be a useful tool for planning, but these data are |
in a cesffective way. dpes evaluates the possibility of buildir
commodity hardware that is capable of collectongbéasigfral
visitords devices to deterrt
destination. The esvdbeattoon three parameters, signal range,
power consumption. The results shBwptbat thell@¢tion sy:
advantages in term of coverage range, and low power cons
and direction estirati@ghal strength with three sensors, &
techniques are also evaluated. This system is suitable to be
data collection device.
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Mobile station Access point

1. Probe request

~
A J

ij N3LK®F O7 T & wWéprobeg NDr I JT nl &1 |

ij N31® fh R DK O] O WHpriINif EAgablE RnGHN 1o R T 1

1. AccessPOmME NKL n ELAGGNH] nNT éxknDr T
KNJj N

20 | vh @BFBL § 66K EDMGG NR O e0.Lth,E/MT/T & |
Mac Addeeds E TTI NokBMBERIRRErnGE é né | 61 KT o] KIF T
Access Poigt R I ced n

30 Attess MiKt] &1 T Ok NrodhEBIKME rgrh KIS | rET &1
0 & K IAtcésg Mbjhtdem & @ NISISErvice ek MA@ INR IO T

Al NET o EBedéss B&NDrn Bl mKe&EmBe T K &
6. bB/gd v Nr I @000 6] RT knhnaT Tnar O

5. Accéxsint K1 & L I T k n ActessEPHil EH PE NT 1
El 66 PXRAEKKNNA AAdddss\PiN G RQT T Ki e L T L
LNT T NGE 61 K N6 h iAgcesE MOIND I N F ded rEjEn M

e T KI & EF KDN el NAcSESHIKIMIRIE Dy KOS NI
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60JNr j nNTEKNY I TENKT KIi&LFT LN]
h el ] ENKAcceEs@a JIOKEBR mij n EO

703 Nr | cehAGCKESA M & IV EB I @GBIED B N 10T N &
I ARI

8énél OLKR&LJT OKNELEHE MEhtNOK T 6 g Nr | 1
T N KN Ellplofedehué i Exeges P dint

Frame C| Duratiol Destinatiq Source BSSID | SEQ SSIO FCS
Z yA ff:ff:ff:ff:ff:] 84:25:db:d9:2 ff:ff:ff:ff:ff 2z null | z
Z Z ff.ff: ff:ff:ff} dO:7f:a0:dc:d| ff:ff:ff:ff:ff 2z WT ( 2z

mac address 84:25:dled@Beiequesis E 616 K BE h E T et
6 h ] AsdegsPotOl KA T I KNI T k n machadd@ess ] N
d0:7f:a0:dc@StLE e K& F T @Ededs PHNHBESSID F 3 fOf X |
SS@ O \OT QEQE!  erobk Rdudstg & IE i\ K de|n GActedsn E N |
Poilt KNI eed n I AENKT T KnT ERceh ©

WFiBeacBrll§ EL n GGNHj n NT ek Rr 1T 1 NT ] |
Bluetodhn ENKL nEé ol J 0@ NRk h NEKNNJ D&
61 KNNG6 | RIJnNT el NITnrTrneéAessRI T €
Rint h | T I EAcdeds Raint [1-r] | Ol ¢EB EBEDIAESeSs PGt K N
0 €& K I rNBH IRFEERDIO®HEGEB E N T J nAededy BalinkhiN LEEGee
LnEénél dagad3sPOIBINAKF ENKI Nj EEOT O6J N
El 61 n ] EK#H QI IMNRKER A TERROSD@ G FEJEINT rOcddk NI L

— B,
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| MAC header |
bytes | 2 2 6 6 6 2 Variable 4
1 1 I I T T T I 1 T 1 T 1 T T T T T T I T
Frame |Duration DA SA BSSID Seq- Frame FCS
Control ctl Body
1 1 1 1 1 1 | 1 1
P ———
bytes §__ ——2——27 Variable 7 2 8 4 Variable
IIIIIII 1 I I LI L I I 1 LI LI 1 | 1 I
Timestamp Beacon |Capability| SSID FH 05 (F IBSS TIM
Interval| Info ParameterSet P"'asr;e‘e‘ Parameter Set  |Parameter Set
|||||||||||||||||||||
L : .
Mandatory I Optional >
Variable 3 6 8 4 3 Variable Variable
T T [ r T T T T [T r 1117 171771 T 1T T T
Country Power Channel Quiet TPC ERP Extended Robust
Info Contest Switch Report rates Security network
1 | I N I I A | 11 1 L1 L1 11 1 L1
— Optional (continued) I

i N32KO®) OT T ENK I'WFEbkatdcBGNHK N] NL

I nEl 6KO| O WEiNRI & E
In] EKBQI nr LNINKT T KI &
j c')el nr LT @808 ONINE LT

BERKRQNOT G I
AT eh OO0 NE L
NT T hAr ehedl

T

3.2 Raspberry Pi 3

T-KQhte NiéTrKQéTNhéKREThrL
L NJ NKT JN] KNj nET QEjOE ENKI nébe
oeKnDr I Eel Jor NI 6T IIp@ddshéeEvdotd Giidgedsihgh ¢

I NT6d IRHIKOQ n EF oI kKOl KNI 6k n Kigh J I )¢
Definitimh ©

O OV DREEPDOPIE K T K N TLihux Gperatind SyEreBhli i NIjT
K NT Raspbigm(Debian) Piddbafeldbiayx R 1 T ©FORTErd O 1

T | RaQphedy B RT O E CPUECOWRRM N G N GI § N |
0§ IGPIKEI BhDOEJ 6L NI NKT T noe] E§OKNnI JE
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enB#LIT AT NT NESGT el Neé&l ET I KQh O
T I RaSpbed3IPP & & nT A1 ROION BG'd @ B Ik
~ T T

NEST el NeT nlr NEEN EBIorer

N
T NREIHLIIO nRaspbekiER R A NIBBH E® K

Technical Dat

6JAhRK 6JBhK

System on a

Broadcom BCM2835(CPU, GRundhiISdte &

(SoC) Port)

CPU 700MHz ARM1S76XEXARM11 family,
instruction set)

GPU Broadcom Video Core IV @p2sGMHES 2

GFLORBIEGand MC1080p 30 h.264/MN)
higiprofile decodeeacadder

Memory (SDRA

256 MB (Shared wi 512 MB (Shared with

USB 20rts 1(direct form BCMZ 2 (via the build in integ
port USB hub)
Video Input A CSlI input connector allows for the cot

designed camera inddile(d7 7 J RaEbbe
Pi Camera Modulg 6 G1 NN

Video Outputs

CompodREA (PAL and NTSC), HDMI (re
LCD Panels via DSI 14 HDMI resolution:
1920%1200 plus various PAL and QTS C 9
O7 1T ORGAIK QD) @

©
n

R
P

DO
EE
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T NKREA I nilr' O

Technical Data|6 J A h K 6JBhK

Audio Outputs | 3.5 mm jack, HDMI, and as of reviSaaud
(also potentially for audio input)

Onboard storag SD/ MMC/ SDIO ¢ar8\slcdird power suppo

Onboard netwo| None 10/100 Ethernet (8P
adapter on the third
the USB hub

Loveveaberipher| 8 x GPIO, WBRByd, SPI Bus with two cf8
Lovevel periphg audio +3.3V, +5V, Ground

Paver ratings | 300 mA (1.5 W) 700 mA (3.5W)

Power source |5 Volt via Micro USB or GPIO header

Size 85.60 mm x 53. Mm (3.370 inch x 2.125 ir
Weight 45 9. (1.6 oz.)
RASPBERRY Pl MODEL A RASPBERRY Pl MODEL B
RCAVIDEO AUDIO  LEDS § 1x USB RCAVIDEO AUDIO  LEDS - 2x USB
-8 o .

CEST REST T | &

GPI0  256MB RAM =
cpugcpy DM

GPI0  512MBRAM
cuacpy  HOMI

]
SD CARD

3N E ;
POWER S0 POWER
&= €

ij N336 & K B IRKsPlgriy BRI 1O
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ij N34L 1 F D] K NRé&spberéy IPiENMobeKB)|h O

,  OGPIOK@hetal purpose iruri/outAd kBYRR Gisior 1)
QS I I NIBIRESIGO T nES JnONFEREGSD APNKIAN ] k N
O

12C0 SDA| 3| 4/DNC
PIReMlEl 6/GROUND |
GPIO4. 7| 8/UART TXD
DNC 9| 10|UART RXD

GPIO 17|11|12|GPIO 18
GPIO 21| 13|14/ DNC
GPIO 22| 15|16|GPIO 23
DNC| 17|18|GPIO 24
SP10 MOSI| 19| 20/DNC
SP10 MISO| 21|22 |GPIO 25
SP10 SCLK| 23|24|SP10 CEO N
DNC| 25|26|SP10 CE1 N

ij N35Raspbéry Pi Model A & B (Revision 1)
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3.3V
12C1 SDA
12C1SCL
~ GPIO4
10 UART RXD
GPIO 1711/ 12|GPIO 18
SRS PYIEE] 14 |GROUND
GPIO 22| 15| 16/GPIO 23
3.3v|17]18/GPIO 24
N2 LIVIeIEE] 20| GROUND
SP10 MISO| 21|22|GPIO 25

SP10 SCLK| 23| 24|SP10 CEO N

ij N36Raspb&ry Pi Model B (Revision 2)

8 UART TXD

[EEY
5 NMEnE

20 KQT 6gnr I BAAmMI I f @ IR i} ILING E @
38nhognNr i BODNKIKNGANHO L N] E&T Nh C

A LEDL A ELT N NEEET K NOBBERKIGHL 5 Oh ¢

i N37LEIL G EL T NI Né | ET | KQlh

4.1 A@TN I OSBIDArm Adbelisige nj |
4.2 PWR) | O3 Paowsil(ONGCE
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4.3 FBXD | OmsliDuplex LANMOdebBa( i | |
4.4 LNKD | Oldeld/ Activityl LANOMIodedBa(fn | |
4.5 1@0N | O18/1a0Mbpd LADModed B (k D E* O
58 N| BANT(LAM Gobtroller)
6. | LSHBRG i H KOagT
7. | RIG Ethernet LAN 10/100Mbps
8. | ®O|(Canera Serialllnietfakef 7 6 §iNNISODE B 6 J
A NNE6IJhOKkEK O E

ij- N38Raspbéry Pl Camera Module

9 I MHDOBMInOr KAT 6§ Nr 13T n HDNGNEINHIij OV
HDMI to VGA

10§ Rroadcom BCM2835 ARM11 700MHz

111 | Micd USB Rowdr K7 0 ] Rdsple¢édy Rin R] EI E

121 | BSO|Digplay Serial Gpréacenp I Kni T nl & OL h
TFT Touch StreeR 1 T ©1

13§ n I IDLCHrg ON® KNS T Hh ONT k n NE& I EV
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~

3KNTT | GNT AT NENK
KNY T ] GNT n T RaspNefryori 3R E SHial LntGN T G E AIET
Kali Line)d INT T | G Nifiuk i N E I9pesobrEeBoftharer |
LNINKT ANI T Q6T kRaspieERID] deh OOIK D OIL I
ElI eBNIBaNtEFEH RO 6 € KN | EJ NKndag & K MK IE B K
L \Wid@sh&de K N1 © EDDAIPHEPK KNNEQOET é1 NJ
Ol | 1 QRpANn@ATRT 6eKNDr FEINFTAr Ll E&a
O BEEI BEOK KNT [ wWhthEen 7 T nl EKNE&NJ LA G
E N KT RagpbeinrRrt3 1
1.h N1 htss/fvevihkeli. dajigialind kvBrsidan RaEgberiy T O
Pi®
2. 01 EzgglJ« ETPJON imagsE beB\@ite Bridg@orcro BMCaidr O
Raspberry®g30 E N [ - GMnB2jDEGIBasd K OEKJ O

Sandisk
Ultra

166 Mg
@ a1 B3I

ij N'39Mitro SD Card 16GB SANDISK ULTRA

-
-

Image File Device
|lEes (v~

Hash

None ~ | Generate Copy

[] rRead Only Allocated Fartitions

Progress

Cancel Read Write Verify Only Exit

ij N31051 rK@ifBK Digk Image
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3. & N E midr&rSDIGai@RaspltermiPkeN ¢ | hkalbLed na @ E
logid @ ©Ne] O] KAT OT nEEI &1 K6l J &g 6ENI

ij N31IEMNrK@idkchSD DaREpberry Pi 3
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NEOKNI NLT NEENKoeéeknDr 1
: , FEJ NI E§gOEI ENKI hkl E
AENKFFEOT T OOKNENKOGNr FJ3Tntkn
43 NT A ENKI k!l E
43 KNS J NI | kK ENK\MEpP®ben ] EKHRQT Ki
A3 1BNJ NI NE @FEpdoBed N7 LA GGNHC
43121 NJOKE&II ELAGGNHRSINI I o
ABIMBKNINHENKEJO1 k n EENI
ABMMKNINHEOF JOkT nré&nhoERT
4.3.106h k | E 6 E RAFi prédeN EOLKTLNATGIGINrHI C
AR KNG JI NT | k EWIR GEGIEEN | BN KEI KNAT ape Al
L AGGNHI ) EKHQoexkDr T TnAr

—_(
S

—
- 3

N
I
E

4 O6eKNrFEJNI EGOEI ENKI hkl E
21/ O6eéKNr I EIJNFKheNI t NKah Ol KA
21 /Raspberry Pi 3 odeRB 6 &€ KN |

-_ ~ ~ ~ -~ - ~

E
6T e61 6k i E ENKJemdryl nE& © J Ok ce

— (_.)
=N Z(
—

ij N41Raspb&ry Pi 3 Model B

2.1 / Wir@less USB AddpténDVE3) N@HQ USB Wi
KI WikelfeSs®@IbpEg ©L nl KnT &1 01 Ny GE I KT A
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i N42Wihele<d USB Adaptir(B1Z3) N150

2. e KNr F EINIEheNT G IT qbi Kq
2,10 OK NT T | G NRaspberN: Ral Kinkixp R K n 7

KNT T | GNELinuf) NEINK®QEk NI §&EIGOOR] 6T | Ka
TnrINENEBShRT RNT T | GNOLinkIDWE WKe®$sE N k
N 150 USB Aftapisberry Pi 3 Model B

2 100Q 6 |Wih@=kikndger

2 11006 | KRythah) IRNfij NONS | KOEKJ el
' EOT T INGE 66 RIij NI NLeKN] TQlnarl r
' Ece] OEI Lnl 1 &1 EENKG®ytkaEGEHNeIni BN
Interpre&eN | 6 ) RI ENKOl kgnheénlnAar ET nk NT
ITNnENIT NJTAr 6 KNT ©F EENKOT nJNJ] KNJ 1
I nENKLnKI &&6l JOokl ' "
| K NMAONH 1BSIED QKiiNED 1 nl i ER| g0l JOkC

2 120Q 6 |SeafyF KRI © | IPQIh'ﬂlKnjﬁ Tn N &3 FOlij NN
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Attacking
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hoei

1

18/09/2021 13:40:56
18/09/2021 13:40:56
18/09/2021 13:40:56
18/09/2021 13:40:56
18/09/2021 13:40:56
18/09/2021 13:40:56
18/09/2021 13:41:04
18/09/2021 13:41:07
18/09/2021 13:41:07
18/09/2021 13:41:09
18/09/2021 13:41:10
18/09/2021 13:41:10
18/09/2021 13:41:28
18/09/2021 13:41:30
18/09/2021 13:41:30
18/09/2021 13:41:37
18/09/2021 13:41:45
18/09/2021 13:42:06
18/09/2021 13:42:07
18/09/2021 13:42:20
18/09/2021 13:42:20

2

43:e3:52:12:2e:6e
4a3:e3:52:12:2e:6e
4a:e3:52:12:2e:6e
43:e3:52:12:2e:6e
4a3:e3:52:12:2e:6e
4a:e3:52:12:2e:6e
9e:db:f0:08:61:77
06:69:a1:d6:45:24
06:69:a1:d6:45:24
b8:27:eb:85:7a:f4
b8:27:eb:85:7a:f4
b8:27:eb:85:7a:f4
c4:17:fe:71:0a:b1
fe:0e:3e:ba:ch:87
fe:0e:3e:ba:ch:87
c4:17:fe:71:0a:b1
Se:ad:a9:f0:4c:83
Se:a4:a9:f0:4¢:83
Se:a4:a9:f0:4c:83
b8:27:eb:85:7a:f4
b8:27:eb:85:7a:f4

3

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
Raspberry Pi Foundation
Raspberry Pi Foundation
Raspberry Pi Foundation

TheToy_2.4GHz
TheToy_2.4GHz
TheToy 2.4GHz

Hon Hai Precision Ind. Co.,Ltd.

UNKNOWN
UNKNOWN

Adisorn_2.4G
Adisorn_2.4G

Hon Hai Precision Ind. Co.,Ltd.

UNKNOWN
UNKNOWN
UNKNOWN
Raspberry Pi Foundation
Raspberry Pi Foundation

TheToy 2.4GHz
TheToy_2.4GHz

None
None
None
None
None
None

-75
-77
-79
-49

73
71
73
73
17
-51
17
-47
-47

ij N44K

Ko OF

T ENK OPrébénjor h ©1 ] L é KN

E6] K
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\
¢

-,

EITWFi EKN¢ NKEHQGGKRfH I
Kiegent eeheoLlni 17 NEI

& NETj NH4Bb A RDK O] OT T E RrigberibimiE j 7 kOEET B
KErTnlj el NJ&nO6h] IJARENKOERY 861 J(

' INJed OO nT 1T Ar OkNST Kk NO

I N ETnrlT Kl e8nT ceh ©®0

|

6L h EeLﬁBIKNﬂWNJ I nN
I I N4é @B8ID (Service Set &énfifiery | BMEN & NJ L A G

I J NeBeOIR$SI (Received Signal Stretigth Radicatoy)N € | N .
LAGGNHBmM I T nijo] RTC

18/09/2021 13:38:46 b8:27:eb:85:7a:f4 Raspberry Pi Foundation
18/09/2021 13:38:47 36:8a:26:fe:7b:a7 UNKNOWN
18/09/2021 13:38:48 36:8a:26:fe:7b:a7_UNKNOWN
18/09/2021 13:38:50( 84:25:db:d9:28:45 [Samsung Electronics Co.,Ltd
A 18/09/2021 13:38:53! 84:25:db:d9:28:45 ISa msung Electronics Co.,Ltd
18/09/2021 13:387 |\84:25:db:d9:28:45 'Samsung Electronics Co.,Ltd
M b§:2_7:e-5:§Sﬁan4IRaspberry Pi Foundation
~ ' 18/09/2021 13:38:54 84:25:db:d9:28:45 Samsung Electronics Co.,Ltd
] 18/09/2021 13:39:05 2c:6f:c9:49:4f:97 UNKNOWN
18/09/2021 13:39:09 4a:e3:52:12:2e:6e UNKNOWN
18/09/2021 13:39:09 4a:e3:52:12:2e:6e UNKNOWN
/09/2021 13:39:09 4a:e3:52:12:2e:6e UNKNOWN
18)Q9/2021 13:39:09 4a:e3:52:12:2e:6e UNKNOWN
021 13:39:18 c2:5e:6f:1a:f4:fc  UNKNOWN

iot] MAC vy Wi-Fi
DO:7F:AQ:DC:D8:19

,________,

18/09/2021 13:39:45 53:54:b4:0d:2b:25 UNKNOWN

ij N4SE N K Ol h BMacAEE4EBN T € n N O
& NETj Nugb i RIDE N K Ovad AfijgieadaENSH WF BT é n
J Ma©AddeeR4: 20 db:d9:08:4% CMhciACdedd:7f:a0:dc:H8ALR E
LFEdeKNr | ETPPemdnl eent hel jLeKN] T C
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access point Home

o~
-~

.\

aunsalnsyadudygyras WiFi probe
duiindaya Mac, Time uag RSSi asuagA1d1

Mobile WiFi signal

=

Computer wifi signal

0] & K
nr

HQl n



27

4 100 NT AENKT hkl
2,1,/ O) KNO6JNT jWHpKeEG ©1 | EKHQI
ENKI hkl E]J K' J NT jWFipnd@e E§ BE N K &¢

] KNOJINT j kholl gl dH ENKI h @ G S4BBiKG jOE

Il hk ERAET AR

431 NJ NT NE EWE Nréide N K I i IGIGR FHIO]

FELnN L([SSB-N@IedrEI‘(DKnr]I ITnINOG| KAjT o6l nj

ITTAERITTArénd] RITTOFEKNT nKNj Né&lF ET

hiKnTLﬁGGNHTerEmJnOe ' KNI El ©NE

431.1.1USBWINDI E E§ 6 El E NAKAAR K | |

AWUSO036NEH WiiesdddS USB Adapiéer(BV3) NIBETRNDA

WIRELESS USB ADAPTBRA@I0 D EENES | RT T Al K

Ok NLNINKTTKI &8&nT LAGGNHeh Oh R

1) ALFA AWUSO036NEH Wilelé&ss USBB|RE K H (]

Adapter AKPWUSOBERFHXINGT KAT L N GGNHOOK NG § |

e | N d1s0Mupd (IEEEBAOR.11b/g/n)

ij N4SALFA AWUSO36NEH Wireless USB
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T NKMNERIAELIO nALRA AWE SOBGNIERN §SBl E O
Product Specification
Eghipset RT3070
J NT RCE Rdrt 15.247 for US, ETS 300 32
Antenna | Detachable 5dBMBMN J NKT 6] K A r
Interface | USB 2.0

Security | 64/128t WEP, WPA, WPA2, TKIP, AES

OS Windo®B800, XP 32/64, Vista 32/64, Windoy
(2.4.x/2.6.x),- Mac (10.4.x/10.5.x/10.6.x) Po!

~

2) Wireless USB AdaiKe(@d¥3) NCH5QURB ¥l
Kl WikefeSs @bpEg 6L nl KAT &1 81 Ny OF |

KTl nl

ij N49Winele<3 USB Adapli€r(DVE3) N150
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T N KEE)THLIIG AVinelbsh GSB 1Addpiei(BIEZ) N160

SYSTEM WindoWsSPY/istay7
REQUIREMENT| CBROMIrive
20MBhardiskpace
Availall&sBort
STANDARDS |I1B02.11n
IEB02.11g
IEB02.11b
USB.0
FREQUERWKNGE 2.45H02.4835Hz
ANTENNA Integrat@akenna
SECURITY 64/128t\WEat@ncryption
WHiProtectédceSd/PRAWPA2)
DIMENSIQKEX | 65x23x12nm(2.&0.%0.5nches)
H)

3) TENDA WIRELESS USB ADVEZPHRJN3SB (TD
WFIl fnr JioLl NORS BaBOHA HNRIKGINTGX INE @ &rdl i
KFEKAT LAGGNHGGI NNLAGGNI O0, 20
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ij N41O0TENDA WIRELESS USB. ABAPTER N
T NK3eHTHLIJO A TENDANERELESS UGB SDAPTIER N
STANDARDS KT E K niEBE.NG/gegl/NN JO& K
6gnNr Mbpsl LOELNnRI
KI EKnT BiDBE®GyRrr I J 1

SYSTREQUIREMENTWIindowsSH . . . NT/XRP/\s8rO
Linux/MAC OS X
Chipset Ralink

4.3.1.1.2 Mobile@rotel E E§ ©1 rsanisung ddlaxy 1 |
Coop® kKSBnung galaxy fadn | E€ NEG ] RI | n] EKHQ(
& ElFln) EKHQOG:! NDr 61 N > | 5
1) Samsung @aGoyped R | K
Anchi® I E K n WEB K@ Blti@toothi I n | O
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ij N411Samsihg g@laGgppeO

2) Samsung gatalm@ JORT OT RT 0 k RT T niir .
Andraitll E K A WEI§ K ®&/g/) # BLNA, Motsiot, Bluetooth

ij N41PSamsang gilagn7a O
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soustumv; 348.60 u. (1,143.71 wa)

ij N4150mi: rh &dgpagle mapCE+ DRI T fir G ENKT hk |

43121 NJ OKE& | EL fn GGANKH 6hJkIlrB-&8N T 1
g0l JOokiI KOMK REHKHKNEN K Gk i 1D® & GINK?
enNel NIOKE®IBRAIDR SONH] EKE BN & DRT &

231.H Anh | KNI EMENKRE Eox MEEKNN] K

& Eln) EKHQT KI e8naT06JINr 17 OET nee] E
61 nj B@EARAXSf[Yroehl nod|&EG 6 ElI ENKT Ah L NI
TerEENKéuNrJUPEquﬁTérErnléKHQE
Lni T &7 Nj & ©F n| EK # qdiokd sékeei 17 1. TN INK

TK | éé'Toe[ el ©EI | DRI TArr nNE@Bg cJ n
| NT AENKT hkl EENEjOIn] EKHQE ENKI r

4.3.1.3.1 Adapter@mMtdeBl I OT n 1 ONOK E E K
OK E Wi |DBia@\E K N OO kOE) L0 1EISTLGY Og n |- |
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ij N416Adapt€ 5VQA#tIUSB
4.3.1.3.2 Keweisi KWS USB Monitor Charged Meber T
I n JUBKHAIGK AT T KO k&Reoni T kONKEThENN KogEK)e obllJ

ij N417K&wei€) KWS USB Monitor Charger Meter Tester Bat

N KT iWNhH B RE I i NELROBKEED AT hneEnNNKi 5k rhihE- Nyl |
| KN 12 SRUFEEDT EHIEOO6KI HOT NI knhnt Ok

Oc¢ [T
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Raspberry Pi 3

ALFA AWUSO36NEH
Wireless USB

Keweisi KWS USB Monitor Adapter 5V

ij NALEEMNIKG g Rr FJTnltn] EKAQT K
2 , 4D KIN,J NH ENKI Ol ErEENFKOGERH T8 @ |

N~ A~

& NI ﬁrT AT 1 n Ea<hEI|EINI<lon[ItheoIeN<]nernléEIEl,¢
OhNIOT nE§gesl k NET ENKT KIi geniTnr O
ENhOERT el ©EI T niJ el NJenE ©6Jneél N
ENKIoH kuhE @ | EKHAT Ki e 8 NKI{Eh ©T EBDRNDE
6KESKA] T I NLNT T KAEI A OenEIinhENG
JAENK@SKEINT T ﬁfvvéiéjlxﬁlaw Kul 1Hg BERNT ©0 |
ENKE&RAT 5 K N-ENKIGERE N Kod B By widai- el xdad) |
Ovgari 6IJEOOkOI TNRENKT ATTNE]| K
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P18 nr O
i KENKhnol NT ENI
ENK] KN WVRilprpldEIES MK TH IGIGANSOT e nl | T ¢
rrEéTTENthKIEounrllKNoJNerTn
Anol NT ENT Ok Nj KENKI N6 e KNNTI qd] RT
5 KENKIT hkl E] KN6J WFiprebE NK E§ 61 n |

51KNj] NT NBNGBEoEeE nT7 L n GG
51@1 NJOKE&éIrELAGGNHS3INr 81 Aj
51BKNIJNHENK@E§O1 K AEENI
514 KNI NHE& O J Ok
5.1.B NK 60 E R WEi@rble: DK I i KBIGINFHIOT h Kk | E
52 K ENKI hk | E|] KNG YN proltEl EENNKKEEGNET | )
& ELAGGNHINn|] EKHQOexkNDr FTTnaAr

51 KENKIT hk FE|] KN&J NWHi prdbe K EG ©1 | E k
51.KNJj NT NE GMHE prete MK TL M kGIGENEHIOK 1] T 6
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T NIGNENKINFE@D L h Ej K ENKT hWIBEAG | Kinj 7061
KNj|160JT 5@ JT1 9@ J 1 13® J
USB ¥i A/B|A|/B|A| B|A|B
ALFA P [P |P |P |P | P X
DLINK [P [P |P|P|P|P P
TENDA|/P ([P |P |P |P | P X

Aé Bdmeung glGappeO

Bé Bdmeung gkléxp 71 O

ALF\ BUF®AWUSO036NEH Wireless USB
DLIN® Wirel@ss USB Adapii€N150
TENBADENDA WIRELESS USB ADAPTER

i KENKI' hklFEOG] Kinj 710l nj URBWINT NE
K N T ALRANAB/GS036NEH Wikdlekest)/BBB AddpliérNIb@ N
TENDA WIRELESS WsB ADARTERK N7 NENKT Ki 8 8 AT &
el NJLNJINKT ElENKKNEN o8 6Ral T obhii@ | Ol NEK Ny |
& IABF@ AWUS036NEH \GirdIEBEIASBIRELESS UBB ADARTER N J
T KI &8 &A1 oeh o9 KINGrédsiysEERHEaNS OIESR j K KT |1
T KI 8 AT ceh ©ccElRET IO &MREL K E|Kapi @ 11 mi
ALFA AWUSO036NEH WireBEXDARVIRELESS USHE ADAPEER |

LT NTTArTArJAaKALIAENKT KI @8AT el
Wireless USB AdaptieNmsD I NNEAT LT NI T iir EI ©NE
ITARET ARG Nr | &G ©cch ©ENKT KiTé@a T K NN
I DRT T iAr &I ENKT KI 8T OT nk NLT NI Tfr
TAl EKNEN] LAGGNHEI | EEnEARST Nr I E
TKieegnTeéenliTeéellTnardnr DRI && Y] &I |
n) EKHQ] Nhit K Nhoeh ©0T n7T NELT NI T nr &
ENKOEONT NEOKNENKT KI gegntT énl il T el
I NLT NEENKoeéekDr T Tnré&lE] KNGNEKT K
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51@ 1 NJ OKE &I Hl] A @GKNEREKIT IRrkiN E 6 | K i
OKE L (UGBTI E B3BAE) B O 1 MRaspber®iriion 1 B k1
TALEFEY O 1 Pr I Nj kA1 TaI nNInj kT nl el
I n GGNH#H

~

T NN ENKINFE@DL hEj K ENKI hk UEBFDO NI OKE & |
KNj[ 1083 T 5@ JT 9@ J 1 136 J T K
usewi | A|B|A|[B|A|B A B

ALFA | 37| -15| 43| 65| -79| -77| No Sign No Sign
DLINK | 58| 59| 63| 82| 88| 91| No Sign 95
TENDA| 49| -75| 69| 83| 91| 91| No Sigrl No Sigr

Aé Bdmeung gilGappeO

Bé Bdmeung gelsxp 7 O

ALF\ BUF®AWUSO036NEH Wireless USB
DLIN® Wirel@ss USB AdapNiéN150
TENBADENDA WIRELESS USB ADAPTER

i KENKOS ] Knj T OUSBYK Nel ALFEMERED K E 1
Wireless\WBR:less USB AdapiéMB . TEKDA WIRELESS WSB ADAF
L n ETONEG2BINIRT ] KNS h RT hAET AR

| KNo&RNOKNEIOKESE| E@ DG &NBEEji 16 i\ CE
KN] NG NEDITOKOT AnRT I INjJ el NIJT nNLNJN
& ELNGGNHOGT OoHE TKKNG ™R INE|T Gig nBN\NGOEN Jr
dBré n Nél NJOKE&IF ELAGGNHOKNr Joednor
Ee6l ENLT Ar ENKT KI 8en7T NENRENKOJ§ |
ENKO gADKBY DIE IAIFAANGEIOWIireles® WESBNDA
WIRELESS USBIADAPTERN EOK N] NENKT KI 8&n7y &
ceh © dErk EWViprsh ERodNe™NB . O] NEL NI NKT T k



46

| KNOBR) NENEBEEEPONRT hkl EENKT KI
61Kﬁijc”)lKEéI-EenNeiNjéKEelELnGc
OKELAGGNHI Ar &kEndkeExOD ralRITIT AIrNage] e ETNIIN Lr
éIUEBSW

n E LOKKGN oofh A5 ABRRNE\IUKEH Wirele € WISBDA
WIRELESS USBRADAPTER I' J EI K905 JINI & hvidediss NSB 1 o
Adaptet NKN3 . OI3@ § K @O EN] OKNOh RT T fir LI E
KNj NT NELNJIJNKTTFETNEKN] NI NEENKI |

~N N~ =

T NN ENKNEDL h E | WSSl BEinhd grlagpians | E
KNJ

106°J | 5@ J | 9@ J
USB Wi
ALFA 37 43 79
DLINK | 58 63 88
TENDA| 49 69 91

ANUusYAfuauauuay USB Wireless 21av Samsung galaxy su Cooper
® ALFA @ D-LINK @ TENDA
0

£
o 25
© -37
N
a @
¢
€ -50-58
13 ® -63
2 T — e
a
¢ -75 \9
5 -RKR
2
c
G

-100

10 20 40 60 80
szagny (as)

ij N51& A N©IT NJ OUSB ¥ ISEnBUaEJaERGPHEO
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ENNSIB R RDENKOL hEj] k E NUSEYKKNT ]I TnoN E
ALFA AWUSEH Wireless USB, Wireless USE/ ABaptaHRXAN
WIRELESS USBIADAPTER Bahsind géliggpiedi 60 NJ K Nj
1T 1 n NOKOGI9oNJ USE®MI MREEQTNYQ nr I ©F L NJ
I 1 GG® IBEhBung ghlaopi@d © O SanSuhdddlPappeO| n N
' NEEgOLAGGNE®B J DK EF KUSEK ’RiGILFAGH bl
AWUSNEH Wireless USB, WirelesslUSHE NelapTEEBRANVIRELESS
USB ADAPTER NKT T KI 8&nY eh O

T NIA ENKINED L h E | WSSl B&Einhd grlaghd rOs | E

KNJ
106 J | 5@ J | 9® J | 13® J

USBVFi
ALFA 15 65 77 | No Sign
DLINK 59 82 01 95
TENDA| -75 83 91 | No Sign

AMULSsIRfusunauaay USB Wireless 1av Samsung galaxy su Tab 7

® ALFA @ D-LINK TENDA

(dBm)

AUUTIADIAEYEPIL

10 20 40 60 80 100

szazne (as)

ij N52& f N©I NJ OUSB ¥ IS&EnBUaggaldEighi BO
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eNN520 f ROENKOL hEj] k E NNBEBHKKNT J1 TnONTE
ALFA AWUSEH Wireless USB, Wireless-4USB/ AdaptePENRAN O
WIRELESS USBDADAPI BR$ axhKLihg giidap@hid TONJ K Nj N1
i kK E N KALFA AWUEHED Wireles® WEBNDA WIRELESS BB ADAF
L NJ N KSaisarig égesapii 0Or K 90) Niced @ @ TEMNT @N S E |
& Noed n I NUOMNGG N Hd N e Esshuss adamdMNd T @ | C
L N J N KSarhsiirlg geédanil €Oor K N NBEJLTJ K @eth Korpd Ej k it
T © E ESwsurig oes@and TOr K Nj10KJ 1L K GUI@dESET M T
USB AdaptdNEIN3 . OL'n | 90K N K & rNRA REEIEHN & N h
Wireless OSBENDA WIRELESS @B ADAPTER

51.BKNIJNHRENKE)OI K AEENI

T NN ENKNEDL h Ej k ENKH m|kB KEH a&TNK | NSHEANT

dnl 1]l KNJN

@nyi (mAh)
1 728
12 7,753
24 13,918
48 30,350
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19,/10,/2021 16:03:11
19/10/2021 16:03:14
19/10/2021 16:03:14
19,/10,/2021 16:03:15
19/10/2021 16:03:15
19/10/2021 16:03:16
19,/10,/2021 16:03:16
19/10/2021 16:03:16
19,/10,/2021 16:03:16
19/10/2021 16:03:16
19/10/2021 16:03:17
19,/10,/2021 16:03:19
19/10/2021 16:03:19
19/10/2021 16:03:20
19,/10,/2021 16:03:20
19/10/2021 16:03:20
19/10/2021 16:03:20
19,/10,/2021 16:03:20
19/10/2021 16:03:20
19,/10,/2021 16:03:20
19/10/2021 16:03:23
19/10/2021 16:03:23
19,/10,/2021 16:03:25
19/10/2021 16:03:26
19/10/2021 16:03:30
19,/10,/2021 16:03:31

aae3:1c:35eefd
le:fl:aae6:28:8d
lefliaae6:28:8d

UMENOWN
UMENOWN
UNENOWN

56:82:48:73:35:05 UNKNOWN
56:82:48:73:35:05 UNKNOWN
06:79:16:51:51:2b UNKNOWN
06:79:16:51:51:2b UNKNOWN
06:79:16:51:51:2b UNKNOWN
06:79:16:51:51:2b UNKNOWN

6a:d7:40:fc:h7:b0
72:f7:82:23:00:53
Dael:al:ad:07:e8
d2:1c:99:62:fd:5a
c2:da:xc9:9c:dd:10
c2:dac9:9c:dd:10
c2:da:c9:9c:dd:10
c2:da:x9:9c:dd:10
c2:dac99c:dd:10
c2:da:xc9:9c:dd:10
c2:da:c9:9c:dd:10
06:88:b8:fd:64:76
06:88:b8.fd:64:76
96:7f:f3:e3:42:49

96:7f:f3:e3:42:49

9e:g9:dciea:d0:de
Qe:ad:dcea40:de

UMENOWN
UNENOWN
UMENOWN
UMENOWN
UNENOWN
UMENOWN
UMENOWN
UNENOWN
UMENOWN
UMNENOWN
UMENOWN
UMENOWN
UNENOWN
UMENOWN
UMENOWN
UNENOWN
UMENOWN

Manga

Manga
Manga

OJn

7/10/2021 15:03 7e:28:e2:cd:d9:9f
7/10/2021 15:03 7e:28:e2:cd:d9:9f
7/10/2021 15:25 26:67:fb:5b:06:7e
7/10/2021 15:25 26:67:fb:5b:06:7e
7/10/2021 15:25 26:6f:fb:5h:06:7e
7/10/2021 15:25 26:6f:fh:5h:06:7e
7/10/2021 15:26 26:6f:fb:5h:06:7e
7/10/2021 15:26 26:67:fb:5b:06:7e
7/10/2021 15:27 b0:b5:c3:e9:f7:6e
7/10/2021 15:27 b0:b5:c3:e9:f7:6e
7/10/2021 15:27 26:6f:fh:5h:06:7e
7/10/2021 15:27 26:67:fb:5b:06:7e
7/10/2021 15:27 b0:b5:c3:e9:f7:6e
7/10/2021 15:27 b0:b5:c3:e9:f7:6e
7/10/2021 15:27 b0:b5:c3:e9:f7:6e
7/10/2021 15:27 b0:b5:c3:29:f7:6e
7/10/2021 15:27 b0:b5:c3:e9:f7:6e
7/10/2021 15:27 b0:b5:c3:e9:f7:6e
7/10/2021 15:27 b0:b5:c3:e9:f7:6e
7/10/2021 15:27 26:6f:fb:5h:06:7e
7/10/2021 15:28 26:67:fb:5b:06:7e
7/10/2021 15:28 26:6f:fb:5h:06:7e
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UNKNOWN TP-LINK
UNKNOWN TP-LINK
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UNKNOWN TP-LINK
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I F AR ERT Sipmdd K\ 6 ESiBK] rIepNdj &eaN

ENEENKOE®| PGlemmell NIk Whé&e Dir

I n 6 L RANSAO (RaBdgrd Samplé GorldEdegs )R] (e TN 6 é «
e NhEEIf & EOG6 h ] E N K IG)iMARGAWLIA TETE Ny |h BRI (O
T Ay &nKIiT RGO He I E ®On &I drjed i NI o &
EEkOdeéenj] EEATOLOGTI T ArEnl T hob®eOIl 1
e N EI KSl\'E[I R IreIBNBﬁ @r]@@JGeRBw NmFHEEII(ENIh] Q JoO
T NIGNENK)IONG I NT j kI nJT RANSACOE KNEh ©
True Angle =0 True Angle = 45
Start Poil All points fif RANSAC (n = 30| All points fif RANSAC (n =30
degree degree degree degree
1 28.6 25.6 8 12.1
2 6.3 5.7 6.7 24
3 2.7 0.1 -32.5 24.5
True Angle = 90 True Angle = 135
Start Poil All points f RANSAC (n =3 All points f RANSAC (n =3
degree degree degree degree
1 126 130.7 3.1 84.8
2 159.6 133.9 200.4 177.3
3 11.1 92.2 147.1 148.1




65

True Angle = 180 True Angle = 225
Start Poi| All points f RANSAC (n = 3 All points f RANSAC (n=3
degree degree degree degree
1 155.9 148.6 227 228
2 167 121 154.8 158.9
3 193.2 193.7 201.8 222.2
True Angle = 270 True Angle = 315
Start Poi| All points f RANSAC (n = 3 All points f RANSAC (n =3
degree degree degree degree
1 326.2 330.7 346.8 9.5
2 211.4 211.7 350.4 343.1
3 242.7 239.7 345.2 318

T NIENEK mijréOn Née | NJ o] RRAMBABh ©& | EJnJl

| All points fit RANSAC
Start Po ; :
Avg| SD | Min| Max| Avg| SD | Min| Max
1 34.9¢ 16.6( 2.03 56.23 32.5( 18.0Z 3.01 60.68§
2 44.6( 23.7( 6.33 70.17 35.19 19.6§ 5.74 66.1(
3 33.1% 27.31 2.74 78.91 16.71 22.03 0.07 69.53
Total Ay 37.58§ 22.53 3.70 68.44 28.19 19.91 2.94 65.44
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