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ABSTRACT

THIS THESIS PRESENTS THE SYSTEM DESIGN FOR INSTALLING WIRELESS
VIDEO CAMERAS IN A TREE CANOPY. THE PROPAGATION CHANNEL IN A TREE CANOPY
VARIES BY ITS LEAVES, BRANCHES AND STEMS OF A TREE. THEREFORE, THE SIGNAL
QUALITY WOULD DROP FROM INTERFERENCE, MULTIPATH AND FADING. THIS THESIS
PRESENTS THE MULTIBEAM ANTENNA IN WHICH TWO RADIATION PATTERNS CAN BE
DESIGNED. THE DESIGNED SYSTEM UTILIZES THE YAGI-PATCH ANTENNA WHERE THE
DRIVEN AND REFLECTOR ELEMENT ARE USED TO FORM THE UNIDIRECTIONAL PATTERN.
THE ANTENNA HAS 2-PORT FEED PROBE AT DRIVEN ELEMENT AND OPERATES AT 2.41
GHZ AND 2.45 GHZ, RESPECTIVELY. THE ELECTROMAGNETIC SIMULATION PROGRAM IS
USED TO DESIGN THE PROPER DIMENSIONS OF THE ANTENNA. THE MEASUREMENT
RESULT CONFIRMS THAT THE ANTENNA WORKS AT THE DESIGN FREQUENCY AND THE
ANTENNA GAIN 1S 4.03 DBI AND 5.87 DBI, RESPECTIVELY.
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Y 2G,

i

(2.29)

AU TUYUA WS WIS waAEaLnIsh (2.25) azldsurnansenuveinuduRug

(Mutual) wes3 @unsi (2.25) Qmﬂﬁammmlﬂu
1

R, =—F7——
m
X(G/E)
< = Yo a w = ' i
diaiasamuisuan (+)  glddmivnisnszaeussiuslouuudlung (Widuuns) avet

(2.30)

;3 1 € 1 1 d d‘ v o ar ot
ATUANVDILNNYUAS TEUINUDIVUENEATDIVUEAU (-) Qﬂ’L‘Uﬁ'MiUﬂ’liﬂiﬁf\]’IEJLLNWL!L'i

Touuudlung @uung) Aanuimieahgaionn lunenvesauszeging As
P
2 2
7l

- = 1 s ' na d! = 1 s ]
Wie By Aemsukwdsnuauulnihlaedeiivis #1 H, Aonsusdndsnuaunuudwén

G Re ([ E xH; -dS (2.31)

s

1 d s 1 1 = o d‘d =
laodosiians #2, ¥, dAsussiunnasendetuaznisduilinsngnviuumssnauiidsaiivuim

Tng) Adu G, uanalalag

2
: sin ( “2 cos 9)
G =03 ) — Jo (kyLsin@)sin® 6d6 (2.32)



22

o

e J, Aeflaiduiuawavesriiausnvassuduiigud dwiuarsenialulasaniuialy
= ° = oM ¥ = o1 w i oo o v W
wilgnhmlenilannaunisi (232) Fadadesfewisudisuiuaramnuinieiiie

G, vosaunsA (2.15) vide (2.20)

I L

X

o O]
, TN
‘ W
T
Wy
(n) msUsuluvduiyn
'0 T T W L T T T T T T T T T T T T
|- -
= 075k -
g L 4
= 050} .
vl |
< 025 =
0.0 T | N N L N, ) " { ey e | L VA |

00| 400, 020 0304 Losl _n6 Loz gs 08 AT.0
yofl

(V) ANUAUNIUAUNUBNDA AT

UM 2.18 msteuuuuduwauazmsivdsuilamesnumumusudiuensalad [2]

NAUNTST (2.14) Wae (2.25) S?fqmmﬁmmuﬁwuLﬁwlﬁﬁuﬁUﬂawmqqmaa
§1usee A winlsiin kb << 1anusmuvudnudrlaifudiu i mstiesigiuuusianwonis
nszaouansliiiudninamsumududliduiuaaiugauessiuses 4 9anaunisi
(2.18) uag (2.25) Anudumuinud svanasiieinauniwenmd w deulaiay
Wusadledndiu w/h diuduinnninaes
AMUAIUMUA WU T I TUUUTA U DR LANRUNNT

1 —2AL (2.34)

L —
2/, B o H5s




23

Y a A P ' 9] P ¢ a
1ne91989Y0N #1 2e1alsAny AU UAUIsIswuugeTdsulalnanistau
wuudulen (Inset feed) Museay y, 3INTas #1 uanwiagui 2.18 (n) wedafignldiiionts

wuageg1eiduseansamdmsvatveinelulasansulneldnisdounvvanslulasansy

€ [

duilupudnndnuaransanileain
' 60 . [8h w | w
_1n[_+_o Mgy
” w, 4h| h

Z, = 120 W, (.35
—>1

- [—"‘i+1.393+o.6671n(ﬁ+1.444ﬂ )
h h

= v = 9 < o a
e w, Ao mnunvesaelulasaniy uaneiagui 2.18 msldmsiaseinisnssans

AnuUUI U mIuNsUsukuuBuengnUszialag

1 e G B, 2[7z J
Bl =7y, y=tme—e—mm g (L ) fifemlt al i a A (2.36
(VY =2,) 2(G1iG12)[ (Lyo] % 7 )

o ¥, =1/ Z, fesandwmivlilasaniulaeill G, /¥ <<luey B, /Y, <<laumsi

(2.36) anwida

1 /s
R = S w & Jongol X
m(y y(]) Z(GliGlz) (Ly(lj
=R, (y=0)cos’ (% yo) (2.37)

nymvesruenealaduasaumsi (2.36) uanwiagui 2.18 (v)

Ffildanaunisi (2.36) Aoudnaenndasiudeyaanmsnaans sglsin
msteunuuduenfonsilsosmauimmianisnmm SsezviliiRnaAvusziiiniu sou
vinmenenmuaziiemeudeiliiAnnsslouuud Tnefdudoundamindulai
1% nauns (2.37) waeguil 2.18 (1) Fsrngeanasiiniivaunesos y, = 0 axiinusein
gugauaznseuanian Tnsunfagdlinanudumulssanm 150 - 300 Teviu Asan(rue)
ifntuiinsenansuesummd (v, = L/2)agldussiuvihiuguduasnssuassiingegn ann
ideuduandoufinnvaulugsfenanswesunmdsuinaudiudislaninosores
anauazilugudifinarcvesunnd edgatouduirainlndgafsnasvesunnd
(¥, = L12)fwns cos®(z/ Ly,) wwdsuidatesnnnd sufuanudumudnidias

al [ 1= I o ]
WANULUAIRE199IALTINIUATG LLVEHQ“UENE}WUBU



24
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9adoudl 1 A 2,41 GHz

yntloudl 2 fiaud 2.45 GHz

ARANYY ATl AMENYME ATl
INN1TINAD4 21NN1531884
ISy -10.17 dB IS2] -14.5 dB
M3 3.9 dBi n510E8 5.8 dBi
Franirernud 2409 -2.612 GHz | Faneanud 2.444-2.4535 GHz
nslwanlsd Linear polarization | n1slwanlsd Linear polarization

Azimuth plane

Azimuth plane

Main lobe direction | 89 deg. Main lobe direction | 180 deg.
Beam width (3 dB) | 61.5 deg. Beam width (3 dB) 75.8 deg.
Elevation plane Elevation plane

Main lobe direction | 311 deg. Main lobe direction | 46 des.
Beam width (3 dB) 304.6 deg. Beam width (3 dB) 51.4 deg.
Side lobe level -12.1 dB Side lobe level -2.9 dB
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MINA 4.1 WISITReSVBIEYRINA
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Parasitic Element

UM 4.4 muemAgnfigasumdsiuLuY
4.3.1 \n3esllenldlunimadou

1. \p309aiAsIEAlATaYE (Network Analyzer) Ju HP 8720C 50MHz - 20GHz
2. 4pA1SLUTY 85022 B. 3.5 mm
3. SMA Connector

4. @9INFARULUY

4.3.2 NSANALATNAHDUE18DINA

4.3.2.1 MINAABUMIAT |Syy [Saa] [S21] 48E(S 1)
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Bumblebee spectrum analyzer



Frequency:
Standards:

Span:
Resolution bandwidth:

Video bandwidth (smoothing):

Screen Averaging:
Reference Stability:
Sweep Time:

Amplitude:

Average Noise Floor (No input):

Dynamic Range:
Level Accuracy:
Max input (safe):
Max input (no saturation)
Reference level:

Bumbilelbees 43('"

HANDHELD RUGGEDIZED SPECTRUM ANALYZER

RFID
Wi-Fi 802.11b/g
ISM Band

50 kHz to 800 MHz

50 kHz — 1 MHz (50, 100, 300, 500, 1 MHz)

Automatic 802.11 preset bandwidths

100 kHz — 1 MHz (50 kHz steps)

1 — 100 Averages

+ 2.5 PPM

800 mSec (20 MHz span, 50 kHz resolution bandwidth)

< -100 dBm (reference level -70 dBm)
> 40 dB

+ 1.5 dB (25 deg. C)

+ 0dBm

-20dB

-20 to -70 dBm (10 dB steps)

Display/Operating System/Memory:

Number of traces:
Trace settings:
Marker functions:

Display (iPAQ):
Operating system (iPAQ):

Triggering:

Auto or Manual:
Packet/Interference Trigger:
Trigger threshold:

Trigger delay:

Input Connector:;

Power:

Internal battery:

Run time (internal battery):
Re-charge time:

Physical Specifications:

Weight:
Dimensions:

| [—
Ao

3 colors

Peak hold, screen average

Peak search, center frequency, left, right, delta
Screen shots saved to .jpg file

see HP2795 specifications

Windows® Mobile 5.0

Trigger analyzer when input power meets or exceeds threshold (20 MHz span)
user settable in dBm.
user settable in mS.

SMA Female, 50Q
(Li-PO), AC or DC

> 3 hours
< 1 hour

3 Ibs.
6"H x 4"W x 6"L

.’E :
Optional 2.4 GHz Optional 900 MHz _Oplional 30 dB Attenuator  Optional 12V Power Inverter  Optional Logging Software Mapping Software RF Analysis Software

Berkeley Varitronics Systems, Liberty Corporate Park, 255 Liberty Street, Metuchen, NJ 08840
Phone 1-888-737-4287  Fax 732-548-3404 » www.bvsystems.com ¢ E-mail: info@bvsystems.com



Electrical Properties:

Frequency Range: 2.4~2.5 GHz
Impedance: 5002 nominal
VSWR: <2.0:1
Gain: 5 dBi
Radiation: Omni
Polarization: Vertical
) 3 3
o freg o Mechanical Properties:
(o] © e}
Material:
Whip: Polyurethene(Black)
Swivel Mechanism: Polycarbonate(Black)
Connector:; Brass with black chrome plating
Operation Temp.: -20°C to +65°C
Storage Temp.: -30°C to +75°C
This is a RoHS compliant product.
@0.51(13.0) @0.51(13.0) 20.51(13.0)
SMA type TNC type BNC type
connector connector connector
I L _.I—l\nfl_in ||||||
1 1 eI =1
m | o L/ 1Es]
E==3 _____F LFlEs) ")
g o / @
2 S 90° &
90° - 90° 3 <
S~ _._.— __ P - e = : Rev. Date | SHEET
— TITLE |2.4GHz Swivel Antenna - 151 Model 01/16/06 10f2

UNIT Ipwe. No. | S151XX - 24508

in.(mm)

= NEARSON

All rights reserved NEARSON INC. Specification is subject to change without notice, L e e



Series Part Numbers

Connector Code

XX- Description P/N

AM SMA Plug S151AM-24508
AH SMA Plug Reverse Polarity S151AH-24508
TC TNC Plug S§151TC-24508
TR TNC Plug Reverse Palarity S151TR-2450S
BC BNC Plug S151BC-2450S
BR BNC Plug Reverse Polarity S151BR-2450S

Connector Interface

SMA Plug
(AM)

TNC Plug
(TC)

BNC Plug
(BC)

SMA Plug Reverse Polarity
(AH)

(TR)

TNC Plug Reverse Polarity

BNC Plug Reverse Polarity
(BR)

E-Plane Pattern @ 2.45GHz

110 100 S0 gp
120

15

17

190
200
210
230

240
250

H-Plane Pattern @ 2.45GHz

70
60
50
40
30
20
10
=10 = 0 o
350
340
330
320
310

260 770 280290

TITLE |2.4GHz Swivel Antenna - 151 Model

Rev. Date | SHEET

01/16/06| 2of2

UNIT

in.(mm)

DWG. NO. | S151XX - 24508

SCALE

none

All rights reserved NEARSON INC. Specification is subject to change without notice.
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Product Data Sheet RG58-50JF

RG58 RGFLEX™ Coax Braided Cable

| —

—

ey

Product Description

* RG series
Braided outer coaxial cable (50- and 75-ohm), for general radio station, RF jumper, cable TV,

closed-circuit (CCTV) and head-end applications.

Application:

Features/Benefits

RG58 RGFLEX™ Coax Braided Cable

All information contained in the present datasheet is subject to confirmation at time of ordering

Frequency Attenuation av. nom,
Technical Features Power
[MHz] |[dB/100m [[dB/100ft]
Structure 1
Cable Type PE-Dielectric, Braid Shield 0.5 1.30 0.396
Size: 9/64" 1.0 1.60 0.488
Inner conduclor: Stranded Tinned Wire 19x0.18mm [mm (in)] 0.9 (0.035) 5.0 3.40 1.04
— {2:0.00701 . 70 4.80 48
Dielectric: Salid Polyethylene [mm (in)] 2.9 (0.11)
Outer conductor: Tinned copper braid with 96% of coverage [mm (in)] 3.55 (0.14) 20 6.80 207
Jacket: Polyvinyl Chloride, PVC fmm (in)] 5.0 (0.197) 30 8.50 2,59
Jacket Color 50 10.9 3.32
Mechanical Properties &8 T %48
Weight, approximately [kg/m (Ib/t)) 0.037 (0.024) 100 156 4.75
Minimum bending radius, single bending [mm (in)] 25.4 (1) 108 16.2 4.94
Minimum bending radius, repeated bending [mm (in)] 100 (3.94) 150 19.2 5.85
Electrical Properties 174 224 6.83
Characleristic impedance Q] 50 +/- 2 200 24,0 .32
Relative propagation velocity [%] 66 300 29.0 8.84
Capacitance [PF/m (pFift)] 101 (30.8) 400 34.0 10.4
Inductance [uH/m (pH/f)] 0.253 (0.077) 450 36.2 11.0
Max. operating frequency [GHz] 24 500 40.0 12.2
DC-resistance inner conductor [Q/km (Q/1000ft)] 39 (11.89) 512 405 123
DC-resistance outer conductor [Q/km (©/1000ft)] 15 (4.6) 500 2.8 13.0
Recommended Temperature Range 700 49.0 14.0
Storage temperature [°C (°F)] -50 to +85 (-58 to +185) 800 50.0 155
Installation temperature [°C(°F)] -20 to +60 (-4 to +140) 824 510 155
Operalion temperature [°C (°F)] ~40 to +85 (-40 to +185) 504 568 173
Other Characteristics 900 570 74
Fire Performance: Flame Retardant
Other Options: - & oo
960 59.0 18.0
1000 61.0 18.6
1250 70.0 21.3
1500 80.4 245
1700 89.4 27.2
1800 92.0 28.0
2000 100 305
2400 116 35.4
Altenuation at 20°C (68°F) cable temperature
Av. nom. Power at 40°C (104°F) cable temperature
RFS The Clear Choice ® | RG58-50JF Rev: A0 /20.Sep.2005 Print Date: 01.03.2014

Please visit us on the internet at http://www.rfsworld.com/

Radio Frequency Systems
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SMA Male Crimp Connector - RG58/LMR195/Belden 9907

SKU: SMAM-CRIMP-58
SMA Male Crimp Connector
- SMA plug

- Gold plated pin & body, nickel plated ferrule

- Supplied with heat shrink

- Suits 5mm diameter cables such as LMR195, RG58, and Belden 9907

What is a Crimp Connector?

A crimp connector is used to terminate the end of a coaxial cable to allow connection to an RF
device or antenna. Each series of connector differs by method of connection, size, and electrical
properties, allowing a technician to select a connector to best match the intended purpose.

Most crimp connectors consist of three components - the connector body, pin/socket, and crimping
ferrule. Terminating a coaxial cable with a crimp connector requires three tools - a wire

stripper/cutter, soldering iron, and hex crimp.

Electrical Specifications
Resistance: 500

Frequency Range: DC-18GHz
Working Voltage: 335V RMS
Withstand Voltage: 1000V RMS
Contact Resistance:

- (1) Centre Contact: <3mQ

- (2) Outer Contact: <2.5mQ
Insulation Resistance: >5000MQ
Insertion Loss: <0.15dB/6GHz
VSWR: <1.1:1

Mechanical/Environmental Specifications
Durability: >500 cycles

Body Material: Brass

Plating Material: Gold

Pin/Socket Contact: Brass/Beryllium-Copper
Pin/Socket Plating: Gold

Crimp Ferrule Material: Copper-alloy

Crimp Ferrule Plating: Nickel

Insulator: PTFE

Operating Temperature: -55° to 155° C
CECC 22110

MIL-C-39012

IEC 60169-15

RoHS Compliant (Pb Free)





