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Abstract

Key words: Radio Propagation Monitoring, Propagation Model, Radio Coverage

In order to maintaining the order and quality of radio usage, NCC had built 35 monitoring
station all over Taiwan. However, it had past more than 14 years since the monitoring network are
built. Those equipment need update and new technologies for wideband communication application
are needed.

In this project, we develop the radio propagation model simulator which can predict the path
loss of VHF/UHF radio waves. Including free space model, Cost-231 Hata, ITU-R P.370-7 and
ITU-R P.1546-4 models, this software simulator which count on the terrain information of the
digital map of Taiwan can predict the path loss and radio coverage of any selected monitoring
stations. The capability of the simulation platform is validated by using the real measurement data
from 16 existed monitoring stations. Furthermore, the coverage analysis of all 35 monitoring
stations can be predicted using the simulation platform.

We found that the revised ITU-R P.1546-4 propagation model is suitable for Taiwan’s
environment. Besides, some existed monitoring stations might be redundant. There is more efficient
way to relocate the monitoring stations.

Some suggestions are drawn as the conclusion of this project.

1. The monitoring stations located in urban area should be considered as the first priority and the
monitoring stations located in high mountain is also useful for improving the coverage.
However, some stations located in suburban area need not to be considered in the new
monitoring network.

2. In urban area or eastern part of Taiwan, some mobile monitoring stations are needed for
improving the monitoring efficiency.

3. The interference might cause problems in monitoring network. New interference reduction

policy or regulations are urgent needed.

% XII 7
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Region A Region B

CCS: Central Control System
RCS: Remote Control System
RMS: Remote Monitoring System
MMS: Mobile Monitoring System
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2.2.1 National Instruments ¥ # R R E% > 5 "I &
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UHF DF Antenna

VHF DF Antenna

| | |
I I I/ \‘ I |
UHF Monitoring Q HF-VHF Monitoring

Antenna (Vertical) Antenna (Vertical)

HF-VHF Monitoring
HF-VHF Monitoring Antenna (Horizontal)
Antenna (Vertical) Antenna Control / Switch Unit(s)

Host Controller a Direction Finding Monitoring
Receivers . Receiver
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Direction Finding Receiver

PXI/ PXle Bus
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RF | RF Digital
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Antennas (Switches)

Bl 23 HILToRfcE > 5B -

Monitoring Receiver

PXI/ PXIe Bus
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Antennas (Switches)
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Frequency Range

Monitoring Sensitivity

Frequency Resolution
Frequency Stability

Frequency Tuning Speed

Instantaneous Bandwidth
Noise Figure
Phase Noise

Spurs-free Dynamic Range

Image Rejection

20MHz-3000MHz vertical polarization
40MHz-1300MHz horizontal polarization
<3.2 uV/m (20~2000MHz )

<10 uV/m (2000~3000MHz )

0.1 Hz—- 10MHz

+ 2x10-8

<3 ms (> 20MHz step)

<1 ms (< 20MHz step)

100 Hz — 20 MHz

<15dB

<-95 dBc/Hz (-98 dBc/Hz typ) at 10 kHz offset
> 80 dB (in IF band)

> 90 dB (out of IF band)

>90 dB, 100 dB typ
5117



IF Rejection >90 dB, 100 dB typ

2nd Order Interception > 50 dBm (55 dBm typ) Low distortion mode
3rd Order Interception > 17 dBm low distortion mode, in IF band
Scan Speed > 300 channels /s, discrete frequencies

> 1.5 GHz/s (25kHz step, 100% channel occupation)
Field Strength Measurement Accuracy

<3 dB RMS
Amplitude Measurement Precision

+ 0.8 dB RMS

Measurable Dynamic Range > 145 dB

Analog demodulation AM, FM, PM, USB, LSB, ISB, CW, Pulse (PAM),
1Q, TV
Digital demodulation FSK, GSM, 802.11 a/b/g

BTN T bk SRR

Bl 2.6 BTN Twrk ko

Frequency Range 20-3000 MHz
DF Method Correlative interferometer
FFT wideband DF 1 kHz — 20 MHz multiple signals

12 F



Polarization Vertical, Horizontal

System DF Accuracy 1.5°RMS, 20-3000MHz, vertical
DF Sensitivity <10 uV/m, 20-3000MHz, vertical, 3°deviation, 5s avg
Minimum Signal Duration 1.5 ms (repetitive bursts)

Adjacent Channel Suppression > 60 dB
DF Resolution 0.1°, 1° software selectable

Operation Temperature 0-50°C, -5 - 55°C optional

B. #&;\E RS e TR kR
Bl 27 5 NIenghdo ;8 TPl 2 p ZpIeb k3 BB - BI28 3 # BN 2o BT RHRIE

2 R BN ARE] o B 2.9 5 M E N BRI e EORE ko B 2.10 A BN ERE iR D

UHF DF Antenna
/| VHF DF Antenna
| | |
| 1 \| | |
UHF Monitoring HF-VHF Monitoring
Antenna (Vertical) Antenna (Vertical)
/1
il I
-lll I I |
HF-VHF Monitoring

HF-VHF Monitoring Antenna (Horizontal) Antenna Control / Switch Unit(s)

Antenna (Vertical) + Direction Finding Processing Unit

Host Controller DF + Monitoring Receivers
=

Bl 2.7 NI##38ERE e B RlsE E 55 BE -
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2 Channel DF and Monitoring Receiver

PXI1/ PXIe Bus
o
o u
= 3 T 3 T &
2 : > . b e v
s @ = » o~ S =
S (- o @ < 5 =
5 2 2 || 3 g S g
= g A ) a 3
2 - -
S S
RF | RF | Digital
\ 4

Antennas (Spliter / Switches)
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B 2.10 #& N ERIE T TRl KT ke

T plep kL

Frequency Range

Monitoring Sensitivity

Frequency Resolution
Frequency Stability

Frequency Tuning Speed

Instantaneous Bandwidth
Noise Figure

Phase Noise

20MHz-3000MHz vertical polarization
40MHz-1000MHz horizontal polarization
<3.2 uV/m (20~2000MHz)

<10 pV/m (2000~3000MHz)

0.1 Hz—- 10MHz

+2x10-8

<3 ms (> 20MHz step)

<1ms( 20MHz step)

100 Hz — 20 MHz

<15dB

<-95 dBc/Hz (-98 dBc/Hz typ) at 10 kHz offset
$15F



Spurs-free Dynamic Range

Image Rejection

IF Rejection

2nd Order Interception
3rd Order Interception

Scan Speed

> 80 dB (in IF band)

> 90 dB (out of IF band)

> 100 dB typ

> 100 dB typ

> 50 dBm (55 dBm typ) Low distortion mode
> 17 dBm low distortion mode, in IF band

> 300 channels /s, discrete frequencies

> 1.5 GHz/s (25kHz step, 100% channel occupation)

Field Strength Measurement Accuracy

<3 dB RMS

Amplitude Measurement Precision

Measurable Dynamic Range

Analog demodulation

Digital demodulation

T ok R SRR
Frequency Range
DF Method
FFT wideband DF
Polarization
System DF Accuracy
DF Sensitivity
Minimum Signal Duration
Adjacent Channel Suppression

DF Resolution

+0.8 dB RMS

> 145 dB

AM, FM, PM, USB, LSB, ISB, CW, Pulse (PAM),
1Q, TV

FSK, GSM, 802.11 a/b/g

20-3000 MHz

Correlative interferometer

1 kHz — 20 MHz multiple signals
Vertical, Horizontal

2°RMS, 20-3000MHz, vertical
<10 uV/m, 20-3000MHz, vertical, 3°deviation, 5s avg
20 ms
> 60 dB

0.1°, 1° software selectable
%16



Operation Temperature 0-50°C, -5 - 55°C optional

2.2.2 Rohde & Schwarz %4t ¢ X %73 *t2 &

A AT EBENTRE e TR R

B 2.11 % R&S EMSD %4F % Pl&4ck # > B 2.12 5 R&S DDF255 #ic i % 3%
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Bl 2.11 R&SEMSD %4 & B4z # o

3} ROHDE&SCHWARZ DOF2SS - DWGITAL DIRECTION FINDER

B 2.12 R&S DDF255 #ici 2w K # -

R&S EMSD %47 & |3k & 2% ¢

Frequency range
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with R&S®ESMD-HF and SHF option
FFT bandwidth (realtime bandwidth)

with R&S®ESMD-WB option
Linearity (third-order intercept)

9 kHz to 32 MHz (low distortion mode)

20 MHz to 3.6 GHz (low distortion mode)

3.6 GHz to 26.5 GHz (attenuation > 0 dB)
Noise figure

9 kHz to 32 MHz (normal mode)

20 Hz to 3.6 GHz (low noise mode)

3.6 GHz to 26.5 GHz (attenuation 0 dB)

R&S DDF255 #cix 2w 3K & % ¢
Frequency range, receive mode
with R&S®DDF255-SHF option
Frequency range, DF mode
with R&S®DDF255-SHF option
DF mode
DF method
VHF/UHF/SHF range
HF range

System DF accuracy

9 kHz to 26.5 GHz

max. 80 MHz

typ. 35 dBm

25 dBm to 33 dBm

typ. 17 dBm

typ. 12 dB (> 400 kHz)

typ. 9 dB

typ. 16 dB

20 MHz to 26.5 GHz

20 MHz to 6 GHz

correlative interferometer

Watson-Watt

in reflection-free environment, with lightning rod (if present)

1 MHz to 30 MHz frequency range
30 MHz to 80 MHz frequency range
80 MHz to 1.3 GHz frequency range

1.3 GHz to 6 GHz frequency range
% 18 F

2° RMS
<2° RMS, typ. 1° RMS
1° RMS

<2° RMS, typ. 1° RMS



Realtime bandwidth for wideband direction finding
up to 20 MHz
DF sensitivity
frequency-dependent 4o R®]2.13 %77
Receive mode
Realtime bandwidth for analysis/demodulation  up to 20 MHz

Scan speed with R&S®DDF255-PS option up to 100 GHz/s

Typical DF sensitivity for 5° RMS bearing fluctuation,
600 Hz bandwidth (RBS@ADDHQ: 250 Hz) and 5 s averaging time

T 12
£ 10 :
£ R&S®ADD119 R&S=ADDO71
= N
= N
5 ™
= N
2 g
, \ / R&S®ADD196
\
\ Y
) g R&S=ADD196
‘\.— 3 J
-"'\________\\__\__’
0
0 10 100 1000 10000

Frequency in MHz ——

Bl 2.13 R&S DDF255 #ici= @ % X # < DF Sensitivity °
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2.14 R&SPRIOO 7 4§ 3 2<% -

R
RF data
Frequency range
RF input

Input level

Impedance

VSWR

Input attenuation

Preselection

9 kHz to 7.5 GHz

9 kHz to 30 MHz
20 MHz to 3.5 GHz
3.5GHzto 7.5 GHz
50Q

9 kHz to 3.5 GHz
3.5 GHz to 7.5 GHz
20 MHz to 3.5 GHz
9 kHz to 30 MHz
20 MHz to 1.5 GHz

1.5 GHz to 7.5 GHz

%20 F

13 dBm/94 dBuV
0 dBm/107 dBpV

~24 dBm/83 dBuV

<2:1

<3:1

10 dB/ 25 dB

30 MHz lowpass filter
tuned bandpass filters

highpass/lowpass filter combination



Noise figure

Noise figure 100 kHz

1 MHz

140 MHz (attenuator OFF)
430 MHz (attenuator OFF)
1.5 GHz (attenuator OFF)
3.6 GHz

5.5 GHz

7.499 GHz

Immunity to interference, nonlinearity

Third-order intercept (TOI) (input)

2.2.3 Tadiran =

Test level =20 dBm 9 kHz to 30 MHz

typ.
typ.
typ.
typ.
typ.
typ.
typ.

typ.

Test level =35 dBm 20 MHz to 600 MHz

Test level =35 dBm 600 MHz to 2.6 GHz

Test level =35 dBm 2.6 GHz to 3.5 GHz

Test level =10 dBm 20 MHz to 1.5 GHz

Test level =10 dBm 1.5 GHz to 3.5 GHz

Test level =30 dBm 3.5 GHz to 7.5 GHz

&

16 dB
13dB
8 dB
8 dB
8 dB
15dB
16 dB

20dB

at > 300 kHz test signal offset
typ. 22 dBm

typ. =10 dBm

typ. =5 dBm

typ. —3 dBm

typ. 20 dBm

typ. 20 dBm

typ. -3 dBm

B 2.15 % Tadiran = @ 0 TDF-2003 z_ & p|=k 5 5o BB - £ 2.1 5 TDF-2003 #_w %

B =k ,:“. l‘fuiﬁ»ﬁﬁ % o
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XX -X-X]
DF Antenna Array — N Ch
yyliny -
Maintenance |
GPS Electronic onitor —_
Antenna Compass L]
= B
Entry panel ~ . B
DF-RFU O DF Receivers & Processing Unit (RPU) VoA s
Channel #1 KB.
——ANT 1 stack 1 ———j e ——— Output
To ANT #1 x No of stacksmm 5 —> DF TSR-2300 #1 c |
[—ANT 1 Stack 4> p—— N ontrol
f 5 8 SBC
D: f ~| 8
Comp Sig : d;«; (‘v;r;?ner 3 2
0 . LO'S/REF NE
N N Daisy chain E - T T T T
0 . @ cPCle
NT 4 stack - Gnannei 24 . 9 Bl Stagdiard
ANT 4 stack 1 utpu S
To E ANT #N x No of stacks |3 > DF TSR-2300 #N y Im? :J els
——ANT 4 stack
Comp Sig Comp Sig
o | Input
Comp sig routing[™ r __
P si9 9 CTRLE PR Timing & Sync Module
P.S. & Control =" cPCle Chassis
Electronic Compass T
GPS DC Control & PWR Supply T; T
PWR Supply v
& RF input
Optional GPS
Compass Connection

Connection  optional Optional

External
REF, 1PPS

Control/Test
Computer

B 2.15 TDF-2003 Z_# & B|xk & 0= BB -

% 2.1 TDF-2003 #_w & |2k % JLHRFE £ o

No. Parameter TDF-2300U Specifications

1. Frequency Range: 20 to 3000 MHz,
3to 6 GHz

2. DF operating principle: Correlative interferometer.

3. Antenna array: According to configuration: 1 to 5 stacks and 3 to
7 antenna elements per stack

4. Polarization: Vertical.

5. Spatial coverage: Omni directional in azimuth and +10° coverage
in elevation (depends on antenna installation).
Graceful degradation for higher elevation angles.

6. Number of channels: 2 to 7 channels

7. Instantaneous processing BW Selectable 20 or 40 MHz

(IBW):

8. Instantaneous dynamic range: Two signals that differ 1 MHz in frequency and
65 dB in level within one IBW shall be measured
in nominal DF accuracy.

9. Resolution bandwidth (RBW): | 6.25, 12.5, 25, 50, 100 or 200KHz.

10. | Min signal duration for DF: 160 uSec

22 F




No. Parameter TDF-2300U Specifications
11. | Frequency Hopping: TBD
12. | Instrumental DF accuracy: < 0.5° RMS typical (lab test).
13. | DF Result Resolution: 0.1°
14. | Subsystem Sensitivity: Signal of -110 dBm injected at DF RFU input
shall appear at IF output with 10 dB SNR typical
@ 12.5 KHz RBW.
15. | Noise figure: 20 to 1000 MHz: < 10 dB.
1to3 GHz: <12 dB.
1 to 6 GHz: < 14 dB.
16. | Operational DF accuracy: - 20 to 6000 MHz: 1 ° RMS (Nant = 9)).
Note: The accuracy depends on antenna type and
deployment site.
17. | DF/Scan speed for 20% band FRQ > 120 MHz: 40 GHz/Sec typical, with 12.5
occupancy: kHz RBW.
FRQ < 120: 20 GHz/Sec, with 12.5 kHz RBW.
18. | False Alarm Rate: 10
19. | Spurious free dynamic range: > 80 dB instantaneous
20. | Dynamic range: Between sensitivity level and 10 dBm at DF RFU
antenna input.
21. | Frequency stability: 0.1 ppm (0° to 50° C)
22. | Max RF Power Input: +20 dBm
23. | Radiated LOs: <-110 dBm at any antenna port
24. | Radiated RF during test: <-70 dBm, BW 12.5 KHz at any antenna port
25. | Control interface: LAN Ethernet 10/100/1000 Mbit/Sec, API
26. | Power supply input: 90 to 230 V 50/60 Hz, 900 W (5 channels)
80 W per TSR 2300
27. | Physical: TBD
ANT & DF RFU: 19" x 10U x 15" (WxHxD), 30 Kg (5 channels)
RPU enclosure: 2 HP width, 6U high, cPCle standard, 3.5 Kg
Single TSR 2300:

%23 F
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1245 National Instruments % 7 B ik £~ » 7 *T = & ~Rohde & Schwarz %4t ¢ X1 %7
2 P4 Tadiran 2 @ = 7Ok BRF 9% & R4 £ 80 2T 5 = R % SR (Sensitivity )
& i 4= F] (dynamic range ) fv= F¢ £ %72 (3rd order Intermodulation Product ; IP3) =t g o
drd 2.2~2.4 4077 o BRGE Rk R &R 2 B % 9 £ 8-110dBm~-100dBm 2 & - #
{{,%E’] % =80dB - = p¥ & %72k [P3 fﬂ%]ﬁ % 25dBm~33dBm - F]t 0 A} FERT P F
AR %4 5 -110dBm > #5 fi e Flen% 4 5 =80dB > M 2 Z pF R ETRE IP3 R B L =
25dBm e @ #M T SR & AR S R 5-110dBm > (T L T ATRLLE 2 T dh E R

9}"’ lliihi

222 =GP GARAN G RE -

5

20~2000MHz <-110dBm

20~3000MHz <-100dBm

5 B 5\ 2000~3000MHz <-100dBm
GEEE
20MHz~26.5GHz — 20MHz~6GHz <-100dBm
F # 5\
e T 9kHz~7.5GHz - - -

T 2 5t 20MHz~ 6GHz - 20MHz~ 6GHz —110dBm

Mo BB AR M TR
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H e = 80dB (in IF band)
NI 20 MHz~3000MHz
#8550 =90dB (out of IF band)
s
20MHz~26.5GHz -
R&S #% 65 5%
Gk F 9kHz~7.5GHz -

Tadiran ¥ 250 20MHz~6GHz = 80dB instantaneous

M- R RA AN TR

%24 =TI MR EEIP3 R KA o

TRz rEE ¥R IP3

H 258 e 20 MHz~
=17dBm (low distortion mode, in IF band)
# B 50 3000MHz
9kHz~32MHz typ. 35dBm (low distortion mode)
EEEE
20MHz~3.6GHz typ. 25dBm~33dBm (low distortion mode)
# #5 5%
3.6GHz~26.5GHz typ. 17dBm (attenuation > 0dB)
9kHz~30MHz typ. 22dBm (Test level -20dBm)
20MHz~600MHz typ. -10dBm (Test level -35dBm, attenuation OFF)
600MHz~2.6GHz typ. -5dBm (Test level -20dBm, attenuation OFF)
450 2.6GHz~3.5GHz typ. -3dBm (Test level -20dBm, attenuation OFF)
20MHz~1.5GHz typ. 20dBm (Test level -10dBm, attenuation ON)
1.5GHz~3.5GHz typ. 20dBm (Test level -10dBm, attenuation ON)
3.5GHz~7.5GHz typ. -3dBm (Test level -10dBm)
Tadiran ZE&EX 20MHz~6GHz _
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A @ 4F4p 4 #3] (free space propagation loss model ) 7 & f B ¥ 32 f8 it chid 3 i
o H B EEF IR B F R Er P ERT B OER T F T
B R PR B FAE- B33 Y At otk 0 B A8 BB T2 B opEdR
S S E ELERR O R EEL YRS SRR L E EC V- R E T PR IEL T
BT U pd 2 Bl kIR o g d TEE P BT XA ] et
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PGG, A

Rmﬁ=@wy

(3.1)
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a=<
f

(3.2)
fafuatgd ~Cokid o Q)N EBRBTH IS FHFER DT S &5 B 5 32fes F
R R EE L2 F I 20dB i BB e 8 (3.0) 2 S GR)MM A S s E R
o FE G SR A - LR R T R R ER LA I IS o e R (dB)
S RO

GG A

r

PL(dB)zlologE}::unog{iffgl—} (3.3)

doX A FERF - REGH F (unity gain) 955 0 RS ETT B 2 58(34)

2

4

PL(dB)—lOlogE ~101lo g[( Zf) ] (3.4)
r
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HPFPEAFRAY Rr 33 ANREF ORE > T ¥ LA B TREYRE A d 2 B en

WABEERE o T 0 i 2 @A WA SR T R R 2 PR R

0dBm~10dBm 0dBm~10dBm

I 10dBm~20dBm . : | ] 10dBm~20dBm
20dBm~30dBm \ ! > 20dBm~30dBm

30dBm~40dBm ' Dy 30dBm~40dBm
40dBm~50dBm B -

(a) 146.5 MHz (b) 445 MHz

0dBm~10dBm 0dBm~10dBm

10dBm~20dBm e | 10dBm~20dBm
20dBm~30dBm _ 20dBm~30dBm

30dBm~40dBm S =y 30dBm~40dBm
40dBm~50dBm - . [ 40dBm~ 50dBm

(c) 855 MHz (d) 1870 MHz
¥ 28 %



0dBm~10dBm
| | 10dBm~20dBm
20dBm~30dBm F 20dBm~30dB
_ 30dBm~40dBm 30dBm~40dBm
[ 40dBm~50dBm

(e) 2430 MHz (f) 3470 MHz

W32 fd 7B s 503 % i R

FEFHRAR
0dBm~10dBm
10dBm~20dBm
20dBm~30dBm

30dBm~40dBm

40dBm~50dBm

B33 MEFHMAFI A7 o

3.2 Cost-231 Hata -7

Okumura Hata $-73| & S AL R £ 1 % 2 L doephcd) 2 — Bt s 804 5 p & £ Okumura
31960 E R Ap AL R FE RBRT] XFEB - A LG TG LARE
BAEFE AR R MBI EA o 6% LA [8][9]c @ {5¢ Hata §]* Okumura 8
BIF AL & - 2 4258 o ff Okumura-Hata $03][10] 0 »t R4s 8 R F AL 2 235 £ 8] 7t o
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(suburban) % #%4f % 9% (rural oropen) ¥ % i * o H A4

WH B E Lg =A+Blog,d-E
EL R L =A+Blog,d-C
VRS EeR Eog L =A+Blog,,d-D

N
AnS

A=69.55+26.16log,, f, —13.82log,, h, *

B =44.9+6.55log,, h, >

C =2(log,,(f,/28)) +5.4
D =4.78(log,, f.)’ —18.331og,, f, +40.94 >

3.2(log,,(11.75h, )" =4.97 = 3]#83 f >300MHz
E={ 8.29(log,(1.54h,)) -1.1 *a|#3 f <300MHz
(1.11log,, f,—0.7)h, —(1.56l0g,, f, —0.8) *# |- 3|48

c

DEEEY SR 1 EE

FAR- SR 150MHz < f, <1500MHz -
WA RF R 30m<h, <200m -
FleA®F R Im<h, <10m >

bt 2 R 20 pEAE Ikm <d <30km -

(3.5)
(3.6)

(3.7)

(3.8)

(3.9)

(3.10)

(3.11)

(3.12)

FHAMBRALETREFNTER L (GUFHL P w33 10202)2 3R T

2F AR ISm 0 RIGE S < AR E o 2 18 > gt 03] £ 55 EURO-COST (The European

Co-operative for Scientific and Technical research ) = Cost-231 1 it f ¢ 12 & 0 F 2 #77)] »

4 % gE B3+ 1500 MHz 3 2000 MHz [11] » # #7315 -

L =F+Blog,,d-E+G

F =46.3+33.9log,, f, —13.82log,, h,

0dB  © | 3%t
3dB % 4 #8

Bk g R A b G AT o 948 E A% 4L 5 Cost-231 Hata 173 -

% 30 F

(3.13)

(3.14)



] 3.4 24245 Cost-231 Hata 3] et 43 5L ”%%}ﬁﬂéﬁ Ptk S % o LB ST
JRE IR L b B P 0 % B WIR4T A WO 4 02 > Cost-231 Hata i if W30 7 4 A+ 8 3
B v7EGF ARINARAOFR - T E BRRAERLREFR £- BR - EFRAEE
SO e o AR & o B ELGE R ST 2 3 4r o Cost-231 Hata #7) A_% AL * 30 & AR 3 & tien
TABREL  EaErErFE YA 202

| 0dBm~10dBm | | 0dBm~10dBm

| 20dBm~30dBm : L | | 20dBm~30dBm

30dBm~40dBm 30dBm~40dBm

I <0Bm~50dBm ‘ b : I /048 ~50dBm =

1 0dBm~10dBm 0dBm~10dBm
| 10dBm~20dBm Fs | 10dBm~20dBm
| 20dBm~30dBm . 3 | 20dBm~30dBm
| 30dBm~40dBm

| 30dBm~40dBm

< ;
40dBm~50dBm _ j-‘% A — 40dBm~50dBm >

0dBm~10dBm L e | 0dBm~10dBm
i 10dBm~20dBm r 1 | J 10dBm~20dBm
20dBm~30dBm ; B | 20dBm~30dBm
| 30dBm~40dBm | | 30dBm~40dBm
40dBm~50dBm __o — M 0B~ 50dBm _

(e) 2430 MHz (f) 3470 MHz

] 3.4 Cost-231 Hata $-73] T i E Bt B -



3.3 ITU-R P.370-7 #-3]

ITU-R P.370-7 #-3] % 30 MHz & 1000 MHz #7 & $= Bl 3+ & £ 732405 & R T @3 0f

I R BT I [12] o $t % A0 B S AE R ) Y 1200 2 % 0 BRE R B 10~1000 2 2

/\

59
2 R PRl BT B BT R R ARR TR o MR RS MR SEE o F il
FF T A B 0 R G RS R R AP A ot R R 1 D olich o

Field strength (dB{pVim)) for 1 KW e.r.p.
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Frequency: 30-250 MHz (Bands L I and ITT); land; 50% of the time;
50% of the locations; A, =10 m; Ah=50m
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Field strength (dB(pV/m)) for 1 KW e.r.p.
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50% of the locations; fi; =10m; Ar=50m
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B 3.6 450MHz~1000MHz FE# 6 S d 5B o

ITU-R P.370-7 3] ¢ @ 4% & A alg 5 4 %) 5 30-250 MHz - 450-1000 MHz » ¢ 1 kW 7
refgbfa F (ERP) F5 87 » F5 (75 L8 Slican oy S o 880 R4p P s B
IESBOR o F - AR P A G BT ST OB e A S RGBT AL

F]4+ ITU-R P.370-7 HCA] #7dx * P B/ & R AcB] 3.5~3.6 #7771 °
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@] 3.7 £4%95 ITU-R P.370-7 #-3] e} 4 ¢ m%a{,\];f{#‘%g]m PR R o LR ST
JAREREH O A AR TE I RFRFIRECAF R T RBF BT AL R
FATAR AR BIBEFFAR RO FR AT R REFFRAORS > LRA
ZREFEFORE R E R HRFEFE LS 22087 A St
#HHcAls g2 7 4 g & 30 MHz & 1000 MHz #8 & #= B > % & #58 1000MHz 4 b e 5 o
A B8 a (Y T S

u;i|;n.-~|||.| i o 0dBm~10dB
" l()(le~’|l(lB 2
20(]Bm~30 Bin

& 11
_ m.min e

(c) 855 MHz

B 3.7 ITU-RP370-7 3] % kil E 428 ©

3.4 ITU-R P.1546-4 -3

ITU-R P.1546-4 #3414 30 MHz 3 3000 MHz 4 5 5 B A # 6 £ 708646 & 8T #4077

B E R GRPI[13] o gt A B B MF R ] 2T 3000 2 % s BTE R & 1~1000 -

%347



P EPRE S BT ~ b G RS A HER A R R SRS R BT TR o 10 R A A Y
EHE R MR AEE A 0 A AR TRB A IR A
Sl e P EANBRIRHINFZ A MRZAENESFEERDE O MR rE A ET oA
P it e e

®*% % 5 8 (International Telecommunication Union ; ITU) ¥ jg ¥ & VHF {v UHF #f

34

BPRAIF G RRTEEERRE > FREHI R ERD S o H R AT & AT
P btk a o FERATR B hBo ] B IEERAE W A FIREEAE F HOR R B 2 a7 T i
LT AL A ER DT o
ITU-R P.1546-4 3] ¥ 3% &g A 5 5 100 ~ 600 = 2000 MHz >t 1 kW F »cig b4

#5 (ERP) #5 E7T » Fog iv 2 L FHcdBoend SB oo Jdb o Sy P & p s IS S

\\\
»

Benhd 0> ¥ — o 3P s G B SR B T o WO TR O S s W A
i 100~600 fr 2000 MHz 33 (@ [ 1% i p & $ 18 4 F 143+ 100 MHz 2 3 % 2000 MHz P >
ERNFETR KD BRI A RF M R BT T HEY H i (R
ARG N IR 0 Y- AR G BT 0 B TR AR MO I00MHz B > 2 ZEH T V- f
PEE

TR BT 0 002 FIT AT T AR S A 30 100 MHz 5% 6 BT 0 A1 F 3 B et B R

TG ha N

E =Eijpnf +(Esup_Einf og(f/ fing )/10g(fsup/finf) dB(uV/m) (3.15)

f @ Fadgnippawgs (MHz)
fin © M EFOE S (f<600 MHzPF % 100 MHz > % R % 600 MHz )
fsp © B LHMF (f<600 MHZPF % 600 MHz > & A % 2000 MHz )
Eint © finpe 3598 (8 o

Esup ©  fap P35 (& o
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& B P UH] BB 0 2000 MHz 4E 5 p & ehda® @ dehsag 0 R T 3 A& N T & (3.16)

(BA7)F b & o

Emax = Efs dB(uV/m) TR RS (3.16)
Emax = Efs + Ese dB(uV/m) A RS (3.17)

HY o Egs LkW 3 oadgifst Senp o 2 B35+ J T 6 thi S &7
E ¢ =106.9—-20log(d) dB(nV/m) (3.18)
Ee /oo erdfip @ > d T o hl3 &7 ¢

Ege =2.38{l—exp(—d /8.94) Hlog(50/t) dB (3.19)

d:jedt (km) o

bR A

A0 F A ST 100 MHz e07% & B /S 0 et - AT SR o v AT A 0.6 B

— Fresnel % AP IR S L BEP Ao P R 2 AREY - §30 ST F{fcT B AR h & hyo

AT i kg FA4FE R 0.6 2% - Fresnel B IR i L Bod Ta N F i
D; - D,
= km (3.20)
D; + D,
—,)E': =
Ds : *E & i’ﬁ b}
—  0.0000389 f h;h, km 3.21)

Dy @ o kT SEHLAE R BT o

= 41(/h+/hy) km (3.22)
f @ #%x (MHz)

hl,hz : —li,‘l_i“l'ﬁti —"E’h%%ﬂr—gﬁi (1’1’1)

% 36



PR NY S LB h o T AN E @ T 4 @I D, B R
v # -3 0.001 km o
dod T oG PTG IR IR R BERF V- A E o
(1) BIS & B 0 RIS -
(2) #TF 5 M 100 MHz -
(3) #7F EHE>(3.20)5 ¥ LD ard Deg(600, hy,10)% P epEHE > A ZEESE F T
600 MHz 7 0.6 i Fresnel & f§ e/ & B jT o
dod b ogoeniE - BOE R AR X PIREEF (315588 mfﬂgiwmp\ EC VR IF R IPE I
o o 2 IRIE RIS PIRRET o N AT % E

E=E,, dB(uV/m) e d<df (3.23)

= Edf +(Ed600 - Edf )log(d /df )/10g(d600/d f ) dB(uV/m) ‘H”" d> df (3.24)

Emax 0 (3.16)F0(3.17)5% N 22 ch0 F SEAL } ehd X 358 o
Egr:  (3.16)4r(3.17):% P R T enpedide b et < HF3 o
deoo © #(3.20)5% # 24 1 e1Dy(600, hy,10)2* & 1 50.6 2 Fresnel F¥ FE £ j5 JE3g

di ¢ 4%(3.20)5% ¢ & A eaDge(f, hy,10)3E 5 i end fr 2 AF % F 0.6 12 Fresnel B [ chgs

R -
Edgoo = B* (3.15)7%3 5 N FEH & deoo T F 4 5+ 3% o
R %};1"5‘12::})%;;’1,? ﬁi«‘ff;z LB MEBIET RS S)f: FiEE o @ F 4 4%\7!—‘&—‘,4 )

Blecdt et ¢ b o R BRI LR AR M fodt B SR A F BT 9 1l ¢

T

Vefo g BRI ARG B FEI P Aot s R B E Flodicdy ¢ I o BT &P
AR QR R BRI TR > BT TR R o

Ao B M2 BT Eo e 2 B the 9P dek G R e i T e
Ao VAR DA i B8Pk @IEEE S Bl ITU-R P.1546-4 } 7 35 3|0 2 iy JE1B
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2000 MHZ, land path, 50%% time
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R gk E R LRI oA LR R BT E e 5% 35 &t Rlani

ZITU-R P.1546-4 @343 fif & 7 v 4 0 F o B0t 87 %k 24 35 B 2L £ sk eng

2 ITU-R P.1546-4 @43 ki - 7 & B E R bR

Lgs 6 B 7 IR S niCHER 0 4E 5 5 146.5MHz ~ 445MHz ~ 855MHz ~ 1870MHz ~ 2430MHz v
3470MHz - % »* ITU-R P.1546-4 #3543 .55 d 100MHz ~ 600MHz - 2000MHz & %t @] }

B TR 0 doB] 3.8~3.10 #rm o B R R H AT R B B 0 T R U3 15) N A HEE A

#REE EEE EH0 BR0 SR

Frequency, 146.5, HHz

Height Humber, 4

Height, 10.0, 20.0, 600.0, 1200.0, meters, from low to high
1y 98.53, 92.64, 1086.088 186.68, Distantce {(Km) us Field Strength
10, 51.36, 57.36, 84.00, 86,

24, 37.12, 43.15, 75.39, 79.89,

30, 29.36, 34.75, 69.18, 75.39,

ha, 24.15, 29.15, 63.57, 71.11,

ca, 19.97, 24.87, G57.5F, 67.61,

188 9.97, 12.25, 3461, A47.22,

204, -1.28, -8.99, 18.9, 17.9,

300, -11.92, -11.92, -2.78, 2.30,

4aa, -21.13, -28.92, -12.52, -§.82,

Seo, -29.74, -29.74, -21.34, -17.63

6848, -37.56, -37.45, -29.74, -27.13

7e0, -4n.F7, -4 7¥, -37.56, -34.74,

8aa, -54.77, -54.77, -46.56, -43.84

B 4.4 ITU-RP.1546-4 3% #°7] 146.5MHz 35 % o

P ITU R P1546 4 1 445M - 9=1E3]
BEE EHED #A0 BRE FHEDm

Frequency, 445, HHz

Height Humber, %

Height, 18.00, 20.88, 680.00, 12008.00, neters, from low to high

1y 86.08, 88.58, -1600.60, 10808.92, Distantce {(Km) us Field Strength
10, 43.50, 49.50, 78.00,  80.08,

20, 27.08, 34.67, 69.05, 73.58,

ae, 21.58, 26.58, 62.25, 69.88,

o, 15.67, 20.67, 56.33,  65.42,

g, 12.42, 16.83, 50.33, 61.92,

168, 2.42, 4.88, 24.58, 37.58,

200, -11.80, -11.23, 8.95, 7.95,

308, -23.50, -23.50, -13.67, -8.67,

Loa, -33.33, -32.58, -24.42, -19.92,

5ee, -42.25, -42.95, -34.17, -20.83,

606, -51.00, -50.58, -42.25, -39.33,

7oa, -58.83, -58.83, -51.68, -47.25,

800, -58.83, -68.83, -60.00, -55.567,
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P\ ITO_R_ P1546_4_1-855M - S35

#RE EEHE #BA0 R HAD
Frequency, 855, MHz
Height Humber, 4

Height, 18.08, 28.08, 688.808, 1280.6808, meters, from low to high

1, 80.95, 83.59, o490, 95.30, Distantce (Km) us Field Strength
18, 37.81, 43.ea, 72.08, 7430,
280, 22,01, 27.71, 63.380, 67.65,
30, 13.83, 19.12, 56.00, 63.59,
up, 7.83, 13.12, 59.08, 5995,
e, 4.68, 9.33, uy_ g1, 56.15,
100, -5.32, -3.82, 16.48, 30.36,
208, -18.73, -18.94, -7.73, -9.88,
300, -31.73, -31.58, -21.58, -16.73,
upa, -41.58, -40.73, -32.58, -28.23,
5ea, -58.88, -50.73, -h2.58, -38.23,
508, -GO. 44, -5§.04, -50.88, -47 .44,
700, -68.38, -67.88, -59.58, -55.58,
808, -77.94, -77.h, -68.88, -65.23,

B 4.6 ITU-R P.1546-4 & 3 45-7] 855MHz #-3 %

I\ ITO_R_ P1546_4_1-1870M - A
#HREE WEE B0 HRE SHED

Frequency, 1878, HHz
Height Humber, 4
Height, 168.88, 28.088, 608.88, 1280.008, meters, from low to high

1, 70.97, 73.94, 83.06, 85.00, Distantce (Km) vs Field Strength
18, 25,11, 32.88, 61.06, 64.80,
280, 9.17, 16.11, £3.00, 57.02,
30, 8.28, 6.22, 4586, £3.94,
up, -5.72, 8.22, 39.05, 49 97,
e, -9.19, -4.22, 33.06, 4553,
100, -19.19, -17.69, 3.25, 19.08,
208, -31.38, -30.86, -28.38, -13.78,
300, -44.30, -43.83, -33.83, -29.30,
upa, -53.83, -53.38, -44.83, -40.80,
5ea, -63.78, -63.38, -43.83, -58.80,
508, -71.36, -70.86, -63.78, -59.36,
700, -81.28, -80.78, -71.83, -67.83,
808, -89.86, -89.36, -81.78, -77.84,

B 4.7 ITU-R P.1546-4 & 3% +5-7) 1870MHz 3% % -

[P ITO R P1546 4 1-2430M - R34

BEE REE #HR0 #mHc HEm

Frequency, 2438, HHz

Height Number, 4

Height, 18.88, 20.88, 680.80, 1200.80, meters, from low to high
1y 7A.87, 73.13, 81.87, 84.808, Distantce (Km) us Field Strength
18, 23.73, 30.86, 59.86, 63.68,

20, 7.61, 14.74, 52._00, 55.93,

38, -1.65, 4.48, 43.86, 53.13,

48, -7.65, -1.52, 37.86, 49,97,

5o, -11.22, -6.15, 31.87, ny_n3,

168, -21.22, -19.72, 1.481, 17.88,

280, -32.96, -32.33, -21.96, -15.52,

300, -45_96, -45.39, -35.39, -30.96,

488, -55.39, -54.96, -46.39, -42 .46,

cee, -65.52, -64.96, -56.39, -52.46,

600, -72.83, -72.33, -65.52, -60._83,

788, -83.82, -82.52, -73.39, -69.39,

8a8e, -91.33, -90.83, -83.52, -79.46,

B 4.8 ITU-R P.1546-4 & 3% #5-7) 2430MHz 3% % -

% 46



#WRE EHE EH0 BRO HAm

Frequency, 3178, HHz
Height Humber, 4

Height, 10.88, 28.
1, 68.73, 71.

18, 21.58, 29.
280, 5.12, 12,
30, -n.79,

up, -18.79, -4
e, -14.52, 9.
100, -24.52, -23.
208, -35.68, -34.
300, -48.68, -47.
upa, -57.87, -G57.
5ea, -68.33, -67.
508, -75.14, -74.
700, -85.83, -85.
808, -93.64, -93.

08, meters, from low to high

.58, Distantce (Km) us Field Strength

B 4.9 ITU-R P.1546-4 & 3% 45-7) 3470MHz 3% % -

NOOHeNseesne
g Slalelel-IE]l- o0 el =]
1D DuoelIEDeaPass
i@ Q00 e e
P 20 56 &

B 4.10 Agilent N5SI82AMXG % £ 34 4 B o

Frequency range

100 kHz to 6 GHz
Frequency resolution
0.01 Hz
Minimum output power
-110 dBm
Amplitude resolution

0.01 dB (nom)

™

5|




ey

R&S FSHS = # ;8 47 3 A 47 %

Bl 4.11 R&SFSHS & #; 473 A~ 47 1% o

Frequency range 9 kHz to 8 GHz.

High sensitivity (< —141dBm(1Hz), with preamplifier <—161 dBm (1 Hz)).
Spectrum, and Network Analyzer in a single box.

Low measurement uncertainty (<1 dB).

Internal tracking generator and VSWR bridge with built-in DC voltage supply (bias).

Easy-to-replace Li-ion battery for up to 4.5h of operation.

(2= ]

BRC HP-50, 145/435 MHz, 4.5/7.2 dBi, Omnidirectional Antenna

(24 E AT £+ 144-146 MHz ~ 430-432 MHz)

% 48 |



Bl 4.12 BRC HP-50 = # -

JOYMAX YPF-021ANFX9-999
LTE 800~2500 MHz, 8dBi, Outdoor Patch Antenna
(% = * a3 5 F 4% 825-845 MHz ~ 870-890 MHz ~ 1915-1975 MHz)
(7% T 3% #7%(2G) 895-915 MHz ~ 940-960 MHz)

(7% 7 3% 3%(2G) 1710-1755 MHz ~ 1805-1850 MHz)

Bl 4.13 JOYMAX YPF-021ANFX9-999 = & o

JOYMAX SGX-103XNFX9-999
3.5 GHz, 9dBi, Omnidirectional Antenna

(3600 MHz)



Bl 4.14 JOYMAX SGX-103XNFX9-999 = & -

[ &2
ERRAE R R G B aEe g
Bl ERE R S B ¥ 2 B ek A REEG G

Bd - ek b TR R TN 10

2 ™

R OFEHL A S EE Do iR TR A £
FER - F BEHEERI =B R g BT

TRATRHEE D I~3 22 g 327 E
o0 F B RE 6 BRI PR LB E R A BT R R T

T¥oe @ E S g R L AL R B R BB RF R o TR

P FeFIEA R R E R AT RS Ok alicdg 5 B F R R mehﬂg :
1. TAE R TE R IR T 0 SRV FIRE R R E ORI E B S PR R R
B

15 A B 65 5L 0 4ol 4.15 91T o




R AR HITEEAEY) 10 2 % FEILHUE 5B Do B JTAE A £ R 0 AR 4.16 7

RS TR T T

B 4.16 % 52 Do i o454 £ ] o

BEEBRAE RN 1 2253 22l o HZ BEFHE TXx “EEFREFL S

Bl AoBl 4.17 #ro7 e

2km~3km

B 4.17 = Bk Tx 28BS L 2R -

B S eE B P BT L

a~ 146.5 MHz
b~ 445 MHz
c~ 855MHz
d~ 1870 MHz
e~ 2430 MHz
f~ 3470 MHz

Befcsk BRI BT
a~ 143 MHz~150 MHz

b~ 442 MHz~448 MHz
551 F



¢~ 852 MHz~858 MHz

d~ 1867 MHz~1873 MHz
e~ 2427 MHz~2433 MHz
f~ 3467 MHz~3473 MHz

6. F BFBH BT AR REE S JEHREN 05 D 2+ o AP BEFZBIF
PR g R D PR T30 g P T 0 Rl E o
7. @ DoerviF bteh bt BhEd 3§ B AL AN 5 e B TR B B ERF G R > E T

PRI IDhE RIETE e

8. = BHEIczm% 2z FAAE N 40T
DERE TR TS PSR S W S S

EX : 0729-T1-445-P3-T3
0729-T2-855-P2-T1
BES 162 BAEE
9. Do stzbi=% 2 FAER N 40T
BRI P Hp-gF ek B PR - T S i
EX : 0729-D0-445-T1
0729-D0-1870-T2

B I8 BHE
10, Tt > - ABR R kBE £ F 180 BAEE -

B 4.18 2+ FlEi® 7 & Pk B mﬁdfi f1* MATLAB #25% #74 & k erlg S B > 12 Do
B il 5 B -

% 52 F



Magnitude [cBm]
MWagnituds [cBm)]
n @ i
o a

8

&
o

0 i i i i ] i 0 i i i i i i i i i
1.43 1.44 1.45 1.46 1.47 1.48 1.49 1.8 443 4435 444 44495 445 4455 446 4465 447 4475 448
Frequency [HZ] < 10° Frequency [HZ] % 10°

(a) 146.5 MHz (b) 445 MHz

Magnitude [dBm]

<0 . T " T : &0 \ T T T T
G frree s fi ............ -
o] RSN AP, YOG (0. 0, SIS, SO - SO ol "
: £
: . . : : g
56| : : . ) : 4 &
: ; : : ; =
: : ; =
: =
: T
d =
&0 A IR TR TR 1 SO R S . ae) 5 J
; ] : i : -84 i :
2] o R RR ERRE e b R e o 2
: ; : ; S CHTEPLIPIISREITET) RPRPORIEIVE PPRPSPORY IRTEPLATEL | TS TR FECTRETS EPTREPIOS )
70 i i ; i 1 68 i 1 ; i 1
882 2.53 854 255 .56 857 g8.58 1.867 1.863 1.869 1.87 1.871 1.872 1.673
Frequency [Hz] PRl Frequency Hz] «10°

(c) 855 MHz (d) 1870 MHz

Magnitude [dBm]
Magnitude [cdBm]

70 i 1 i i I 65 i 1 i i i
2.427 2.428 2.429 2.43 2.431 2.432 2.433 3.467 3.468 3.463 3.47 3.471 3.472 3.473
Frequency [Hz] w10t Frequency [Hz]

% 10°

(e) 2430 MHz (f) 3470 MHz
Bl 4.18 Doz ¥ ZHf 5«

R

4y
i

R

T\

o

=
o

T Z 4 1~4.16 5 16 BT or BRI Pl ) B o

% 53 F



241 oA AR R RITIFZBSH A E o

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
49.5 55.2 63.4 76.21
56.8 67.62 77.81 83.1
65.62 79.3 88.54 101.2
71.23 87.9 105.7 112.7
74.12 98.77 110.6 -

3042 AT LR RGHE L BT A B o

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
52.4 63.92 69.9 77.8
54.7 68.6 74 85.4
62.5 73.06 89.4 101.3
73.6 80.6 96.5 109.4
86.7 92.6 102.6 111.26




3043 FA AL R R BTN A B

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
52.7 68.92 80 91.8
54.7 70.61 82.5 95.8
62.5 82.06 90.6 98.3
77.6 89.38 96.5 109.4
79.6 91.6 102.6 111.26

%44 FFEB REERITEZRREE L E o

_ Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)

45.53 56.3 63.2 72.4
50.24 60.1 71.1 83
64 80.7 88.6 94.9
71.3 82.67 93.7 107.3
74.33 86.79 97.8 111.3
83.93 - — —



245 FHSMESERERTE LRSI AL E o

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)

54.5 66.8 78.2 88.9
61.3 75.7 82.4 91.8
69.7 82.8 86.2 96.3
76.6 80.9 90.8 102.4
79.4 100.1 97.9 111.3

84.9 105.8 109.9 115.8

PN
g o

N
h
}l;s;
(g
N
b
b
L
A=

FOEE Lo BRI L BT A B

Do(dB)  TxL(dB)  Tx2(dB) Tx3 (dB)

44.5 49.2 54.33 70.34
51.3 56.35 62.52 80.22
59.7 67.74 76.3 101.92
66.6 72.06 92.7 108.6

79.4 85.26 94.7 115.5




%47 FOERS RSERRIATE BRI L E o

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
54.6 59.7 67.45 78.5
59.2 63.4 69.32 82.4
65.42 74.13 82.3 94.6
72 79.5 85.34 101.9
74.3 82.5 95.3 107.2
M- D E R Pl A )

1048 AOARAAE LR R I R

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
48.3 71.1 88.1 -

55 80.3 95.2 ~
78.3 87.1 99.6 -
83.6 90.6 105.6 -
93.6 102.6 113.8 -
99.6 - _ -




249 FTEBEL R ERLHL E -

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
54.6 59.8 68.3 71.7
59.2 67 77.9 81.9
65.42 79 82.5 91.7

72 86.6 94.7 109
84.3 97.8 105.1 118.6

% 4.1

[e)

TR R b BRIHE 2 B LA X

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
48.3 61.8 69.6 77.8
55 65.1 74 85.4
68.3 86.5 94.4 106.3
73.6 104.8 111.3 123.3
83.6 116.3 122.9 130.8




2401 FRBA N R R LRI B

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
38.3 45.95 54.4 74.3
42 52.58 61.9 85.8
59.2 69.65 72.6 101.43
68.95 76.6 85.9 103.52
75.03 95.57 100.6 112.52

%412 9 R4 FLEBRTELRSELE

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
48.3 57.27 67.5 -

55 62.71 78.52 90.83
68.3 74.52 94.56 100.2
73.6 85.38 98.2 105.31
83.6 96.42 105.4 118.7
89.6 98.1 108.3 120.2




20413 59 LR Rl BT A o

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
46.5 56.11 69.7 80.38
58.8 60.8 80.83 86.18
63.9 76.07 90.67 105.61
70.83 86.7 103.77 114.47
73.35 101.83 108.66 117.58
M- LR BRI P A

pF R ORL R RTIR BT A

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
38.3 48.1 75.1 83.7
52 49.8 74.5 92.6
59.2 69.7 85.3 109.4
68.95 79.7 88.3 112.6
75.03 88.4 99.4 -




2415 S8 B RRATERENL &

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
48.8 52.4 59.85 73.4
57.5 67.37 78.77 80.8
63.3 66.6 81.4 86
70.06 77.2 85.4 94.44
73.63 84.09 98.8 101.96

<l
M

%
Eil
/\‘.
5

LR R L BRI A o

Do(dB)  Tx1(dB)  Tx2(dB) Tx3 (dB)
52.8 56 61.4 79.1
58.8 58 62.9 81.8
65.9 76.1 82.3 97.6
72.6 78.5 82.1 103.9
74.3 82.5 95.3 107.2




43 TRERBELR S %E

SOBRMBLATIZHNTIEASR NS kE S 2 LB EF L R B o @
Fhz Fn BRI HEE ¥ F R E R 2 FRIBBEY VM o doF S Rt M2 R

BARZBICAITARES c AATF Y EH ZER 282 A2 B T TERIK
Boe BB PG B2 # i B RS A S AR FT B sk Sl A A -
BRLISAE A 2. BIEHA] o ATy %@ % ITU-R P1546-4 B35#°7] > £ #-1F - &7 8 P30 16
BT E R R DK e BT F R R -

i jF 4~ 17 (Regression Analysis) $77 ¥ % k5 I 4 5e T 2 4p M S B2 B A @A
G2 AR Y ¥R A~ 5 4P iR %8k (Dependent Variable ) £ fib * % #c ( Independent
Variable ) » ¥ 133540 B 32 3h & = Ap e i 3 b2 R i) o RS I TR PR R
2R Sl 2 o fFa T RGpib: Rhd BV 4 L Hiw e 41 (Simple
Regression Analysis ) £ % =i 7 4~ 17 (Multiple Regression Analysis) @ f&[14] - f§ ¥ & §F 4~ 17
é‘ﬁﬁﬁf'ﬁ:_}’ AN E e - B RHEc; S ;bﬁftf?ln\’}’?ﬂ'] g B gl ot fp
RPLE AP R R G- BT L E e MG F e R AN G B G 8

A ¥ A G & (Linear) £ 2844 (Nonlinear) & f& 5 40 B 4.19 v 4.20 #7577 o #73f * = B

Gy s RE - BH P AP RRETEL R e F o MR EE  R e-
B P AR REc R AR EM T B LR AR b R R 7 Bk Rk
g o

% 62 |



Survey vs Distance
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- ey A S AR A T S
Y =By + B Xy + B Xy o B X T ES 4.1)

B9 oYisAp & R X Xy e B2 R 80 Bo.Bip s B BF FE(ThH) & 5 & FEL BBy

@RTFR R AT S E AT o T F AT A A A E

3

@A AV o - A g o S ARFEATEIE YR S BRI kR b Rk T
GAERIL 5 R AT 0 H i A4 e
T4 AR NS ) Bo By, Gl e B TR EF n A T i=1,2, .00

U = o SLIE B AR - AT N AT A

Y, =By +B, X, +B,X,, +"'+Bl—pX(l—p)l +g
Y, =By +Bi Xy, B2 X0 o B, X T &2

(4.2)
Yn = BO + BIXIH + BZXZn +..t Bl—pX(l—p)n + 8n
#HPein0,0)~ 0 bR T A fES

Yl 1 X11 X(l—p)l ﬂo &
Yy = Y2 X = 1 X‘lz X(l‘—p)Z ﬁ _ él £ = 5:2 (43)

nx1 : nxp . : : pxl : nx1 :

Y b X Ko By &,
Y =XpB+s (4.4)

nxl nXp nxl1
E[Y]=Xp - E[¢]=0 (4.5)
nxl XP px1 nxl
XXBp=XY = Pp=XX)'XY (4.6)
PXP pxl px1 pxl pXp px1

d gt AP E 8 DB e o
Fle e s R e S AT R APM > T A PR Y A a4t R EF S BT

BE R 2 A FITARL RS D FHBEEE FRRE PRSI PRI RTI A

ZPEHE ~ F SR RG OTE R MR 2 BT AT AR VARG b Rl PIREIA S

A A -

Path Loss = K, + K, log(d )+ K, log(h, )+ K, log(f )+ K, log(d)log(hy )+ Keer (47

% 64 |



Hoe KEF L A2 BiE - 540452 thdic o 220 iE4Ed (km) ~ #F 5f (MHz) 2 % 5 % 502§
2B e (m) 8 B 1110 5 A 2§ KIE S8 417§ 8 Ziplsr @ Dl il oS A 4
Gk RER R TR

FPREFALAEFEEOTHR > En P HRIRIFAHEEFLLAEE o WRISHFL TR

\\\Xr

IEZ LR EE TSN LSV D AR S SRR S T EERE R LR

B Ky * FRREFF = (5) A EHANT - B &R BRI FR B (5)

clutter

W

B HEHK 0 R RS O B S P RN 4§53 o blde 0 8 F T A
(A7 5 146.5MHz~34T0MHz% 1 » 78 & A1 PF & 71 A0 45 N 393 B4 5 B s %
PR R At R 2 TR At fEPE ] BT AN e 1R 168k B 0 F P EEHEd ~ 7 R

S B RIECEE T AT 0 T2 & S AT R

=%

K, =25, K,=42, K,=-15, K, =25, K,=-75

-4 > ANF
3 ’ r—g \_l.l ?‘: ° (4'8)
10 > 35 ¢ %

K

clutter —

SRR ST Y 2 T BEHCA TR ¥ ITU-R P1546-4 $3] » e » (4.8)5% 2.8 1

o A E I RS R DR B

44 > % 35T A ERIEE 205 F 3R

d(A8)F ko A PR D 35 AERIHA ST K BHEFLE o 4ok 417~419
ST @ R Pk Bt AR K RS -110dBm (F345 % 23 4R ) e orf Takid E R
BIZ0E ¢ * i3 1 fdic2 ITU-R P1546-4 @4EH0A] > W™ Ak iplsb 2 b 48t o £ 420~
422 FARRG CEBPHEL AP L 2 & TRl E e A S A RS M

)";:‘%2’4}&'0

% 651



2417 fhg R T RIEETRA

L5 (WGS-84)  #%(WGS-84) #A)3R 2RSS

%R A (M)
1 &7 L4 121 31 248 25 4 517 16 63
2 @@ 2ROO120 42 49 24 14 54 215 30
3 sa® R 120 10 146 22 59 497 21 78
4 EAE: EP 120 28 3849 22 40 51 32 39

1 ¥E FR 121 12 248 24 50 223 301 25.5
2 EFREL E¥E 121 47 21 24 46 435 5 22.5
3 EME A4 121 47 4167 24 37 54 10 39
4 FHEL A FC 121 1 516 24 49 7.1 35 39
5 fEE: FX 0 121 34 39 23 58 31 31 25.5
6 wEE 3 120 54 20 24 42 55 60 30
7 L¢W LELd 120 36 6 24 12 56 296 35
8 F;IYEL JEP 120 28 44 23 58 20 19 24
9 ZHEL fi 120 30 11 23 45 42 41 27
10 Z&+%  £4 120 28 153 23 28 435 79 73.5
11 E&5 =% 120 14 42 23 30 32 5 12
12 ss3% £33 120 23 0 23 23 1 30 28
13 F#3  sr% 0 120 11 5 22 54 34 6 24
14 ®Jzd  *2TF 120 23 29 22 33 35 76 30.5
15 BAF 4 120 36 32 22 47 7 66 31.5
16 E4g: =4 120 30 383 22 29 371 8 24
17 BAE:y &4 120 27 38 22 34 371 12 28.5
18 ~4kE: BEW 121 7 50 22 46 27 27 37.5
19 #E#HEy #a 119 35 39 23 3] 33 8 27
20 EMEL 52 119 33 5259 23 33 46.79 24 68
21 & £ 118 25 1.7 24 26 276 25 23




2419 FLHFEATRETAL -

A (WGS-84) ¥ AR 2R+

(m) %R A (M)

Fraew o =L 121 36 177 24 57 46.7 508 42

Fratd o Al 121 23 33 24 59 443 378 26
3 ATHER * i ¥ 121 8 552 24 40 11 918 30.5
4  FERE AL 121 320 21 23 49 10.5 389 26
5 @&k 4 &=L 120 45 20 24 26 53 379 26
6 =&E  hE 120 38 48 23 49 7 427 31
7 E&EF XL 120 36 4 23 28 41 1039 27
8 ®®d LERL 120 23 42 22 41 21 132 33.5
9 ®z®F  FEgEL 120 31 6 23 2 37 717 27
10 S~ A flEL 121 3 15 22 47 23 660 27

420 EHAE2 LT RGN E G F S

FHBEIRP B 2482 h 2 a%a ffr F
10~20dBm 20~30dBm 30~40dBm 40~50dBm 50~60dBm 60~70dBm A& ¥ ¥

L sAt #1465 0.017%  0.051%  0.224%  0.542%  0.907%  2.507%  4.248%
L4 445  0.004%  0.027%  0.093%  0.309% 0.57% 1.094%  2.097%
5 Frat #1465 0.109%  0.945%  4.153%  5.949% 5.23% 6.09%  22.491%
Zd 445 0.034%  0.262%  1.708%  5.352%  5.281%  4.917% 17.555%
3 Fravd o 1465 0.07% 0.642% 2.65% 6.013%  6.331%  6.411% 22.129%
< Hl 445 0.025%  0.164%  1.175%  3.505%  6.298% = 5.788%  16.955%
4 FFEIRE 1465 0.06% 0.463%  2.242% 4.88% 6.563%  8.905%  23.121%
% R 445  0.022%  0.128%  0.934%  3.137%  4.963%  7.031% 16.215%

5 F WAL 1465 0.009%  0.019%  0.068%  0.162%  0.244%  0.466%  0.967%
35 445 0% 0.016%  0.031%  0.091% 0.18% 0.236%  0.553%

6 ¥ RAE: 1465 0.009%  0.031%  0.121%  0.237%  0.365%  0.877% 1.64%
%l 445 0% 0.018%  0.052%  0.154%  0.248%  0.382%  0.854%

. Frofh 1465 0.017%  0.061%  0.213%  0.429%  0.478% 0.75% 1.948%
» R 445 0% 0.034%  0.098%  0.289%  0.404%  0.489%  1.314%
8 Frafk 1465 0.145%  1.328%  6.115%  8.056%  9.881%  10.483% 36.026%
XEF 445 0.043%  0357%  2.789%  7.672% 7.36% 9.394%  27.616%




9 = iR
a a 0
9 . 1379
T —— LT D15
1 g ] 0.03% .63% 1 7o 0.1499 0.215%
By 46.5 0 0.23 .878% % 0 0.539¢
iﬁ’ 1 0.022% 231% 0 ° 4.752% 137% /o 1.10
12 ERR 45 0.00 0.094% 4T% 2 o 77229 0.232% 107%
. i 146.5 009% 0 o 0.299% 587% o 13.0 0.624%
., * : 9
3 7 1465 0.027% 0.721% 2 008% 0.398(; 1.82% 4'794% = 182%
w g 5 00 0.2% 003% 4 6 0.931° 189% 7 %
N 445 47% 0.2 0 1.1389% 342% 7 % 2.196° 7.205%
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T @ EF ARV HAE 3~6 BERIERL IR ERZR it 2 R AT RIS B
TRIHRET E FHH 14~16 BT RIS B frBE AT A BERRREDOHF
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2B  A(grlt) 20~30dBm 30~40dBm 40~50dBm 50~60dBm 60~70dBm

B E
1465 10.365% 32.063% 29.156% 20.527% 5.219%  98.956%
445  3266%  17.63% 34.102% 24.694% 16.136% 96.266%

0 £

1 o KRk 1465 10.38%  32.06% 29.156% 20.527% 5.219%  98.956%
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B 445  3.236% 17.661% 34.102% 24.694% 16.136% 96.266%

5 &7 146.5 10.371% 32.101% 29.156% 20.527% 5.219%  98.956%
EA R 445 3.19%  17.719% 34.102% 24.694% 16.136% 96.266%

3 bR 1465 10.32% 32.167% 29.156% 20.527% 5.219%  98.956%
TN 445  3.161% 17.709% 34.141% 24.694% 16.136% 96.266%

4 Frekh 1465 10.259% 32.245% 29.156% 20.527%  5.219%  98.956%
i - 445  3.127% 17.739% 34.145% 24.694% 16.136% 96.266%

v &5 1465 10.164% 32.361% 29.156% 20.527% 5.219%  98.956%

° = 3 =k 445 3.09% 17.64% 34.289% 24.694% 16.136% 96.266%
6 Z tk5F: 1465 10.108% 32.433% 29.156% 20.527% 5.219%  98.956%
fi =k 445  3.058% 17.6% 34.36% 24.694% 16.136% 96.266%

5 =R 1465 10.059% 32.498% 29.156% 20.527% 5.219%  98.956%
R 445  3.029%  17.551% 34.439% 24.694% 16.136% 96.266%

FiPky 1465 10.056% 32.503% 29.156% 20.527% 5.219%  98.956%

8 Fa ok 445  3.025%  17.553% 34.44% 24.694% 16.136% 96.266%
9 o 146.5 10.005% 32.571% 29.156% 20.527% 5.219%  98.956%
L Aksb 445  2.999%  17.553% 34.471% 24.694% 16.136% 96.266%

10 B g: 1465 10.005% 32.571% 29.156% 20.527% 5.219%  98.956%
FP 445  2.966%  17.47%  3452% 24.76% 16.136% 96.266%

1 BAE: 1465 9.907%  32.488% 29.361% 20.532% 5.219%  98.956%
{6+t = 445  2.942% 17.409% 34.541% 24.825% 16.136% 96.266%

;1 %% 1465 9.868%  32.434% 29.466% 20.532% 5.219%  98.956%

12 PR 445  2918%  17.342% 34.632% 24.826% 16.136% 96.266%
13 &5 1465 9.842% 32.461% 29.466% 20.532% 5.219%  98.956%
> Hrb 445  2.903% 17.311% 34.678% 24.826% 16.136% 96.266%

1 B e 146.,5 9.816% 32.396% 29.567% 20.532% 5.219%  98.956%
eE b 445  2.883% 17.274% 34.648% 24.912% 16.136% 96.266%

15 B g 1465 9.786% 32.277% 29.516% 20.742% 5.219%  98.956%
B Wb 445  2.862%  17.223% 34.495% 24.995% 16.277% 96.266%

16 k-G 146.5 9.701% 31.969% 29.675% 20.916%  5.29%  98.943%
~ZTeH 445 2.828% 17.078% 34.202% 25.305% 16.397% 96.214%
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6.1 FEHFLF I A B2 KA

RPp ITUAEHZ RSP ek AT PIEER 2 o T ITEREP ~ BHE S #

FT AL TR o miTE kY NBIAME R R AN BB R I FE o P S ITUZHZ G
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FRME RIS ARRARS o FF ] R BN P~ SR ERER
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FEPRZEAF L A FROFLFLSS S IRAHAIRTELEREAE 8 il
PEECATAERIZERT - ERE B OERLL S § i
RAITARAGAES o

g LRI 2 T ME MR R A S e LR R F R
Jetg i r 2haE L e I B4 4 @ 35 Ff 3 3 % 5L (2nd order Intermodulation Product ;
IP2)~ = F+ 5 24 %L (3rd order Intermodulation Product ; IP3) A p 2. 3 3 85 [21] » &
A BRERFMHTRE e 2 Frld > 4oB 6.1 77 o

—_— P AEHLEE

O——O —[HEd Ik

*——¢ = bk

fo-1 | B f 2f, 3, | | 3%
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fi+f 2f +f, 2f,+f,



7 = FE# %7EL (input second order intercept point ; 1IP2) % = p# # %72k (input third order
intercept point ; 1IP3) & i # didy it — BRATHIHIR I AR TP 4 L B R Him ik
dBmo 12 [IP3 4 5] » H ii;ﬁgj» BB Al e f g £, X R  H B
B A2 T P RUELE T el SRR B SR P 5 R 5 NP3 d 2T e B
3 #E NP2 2 1IP3 ch e i $10 2 3 e 2 015 BB abedlic 4 04 R TR R

P EROHFERTEFH BT RNALZTIAR TR A R LE e B E 2 BRA

6.1.1 EEBERFALITRAE

A TR Rl E S aE S s # F % & (Power Level )~ 5% E o~ fein < o)

=

Frdf e E > A P REIGET 0 RPIEH R A - AR RLDTELAITRE o VD
ERE =y A R BIFIeNE B A Y &5 R T o A BAREPN > # 5
AT PR X2 T00B @ AT AR R T U e F IR fo R B R
Flpt AT RT T AF R RSATABIEY - AATORB LR TRE L APEEFD

34 Rl E -

- BURIR AT B~ R G AN R R RE > AT FIRT PR L R &
Booodmod SMIEE AT R TR @ iy 0B L B - Mg E BT - REED -
PRSI BRSO ELTAERAPRARE > FEA BN I ARTREHER
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EE SR ROR B AR (R

B RAE R T AU P A B T AN A E D mehdE 4 S ( Spurious
R%m““>ﬁ$**@ﬁiﬁ*°E%ﬁﬁ$i*ﬁ”¢%ﬂ$ﬁwﬁ%:aﬁﬁ < £l
AP s T RIB 5t AR AR o N G SR g e 2
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"R B AER A A 5 TR e o W YA AT @mﬁxxi@l x5 % %) £ -30dBm -
FABHRT F AL R P RS RAEL DA EHF ) e d L PR S
= /] g -] *-90dBm > ¥ -30dBm ¥[-90dBm & Ji ;e LA D e 5L e PF 0 BT
¢ i 4 [F1 5 60dB -

(2) BB~ B8 5 %P T R B~ R S R AU B %] BEE K A e
xpwﬂ]“iﬁi%l/\ BELH AL o Ay TaE A ,‘w;%l/\ TR G 1dB o § R
HE B 1B 9 A 4 12.2%am8 L o § 4o SURM B 0 5L %) AU » 2 5
Al EFFIN P P E R 1dB e 28 7 RAFAMFA T RET B AL A
e e ﬁfg‘f,@fr—’é"*"*ﬁf@,?Jgﬁﬁ]»i,yﬁ“‘ﬁﬁm B kg g @])\;4 NN
o R A RF L o ARG A AT R PSS~ # 5 ] B 2-5dBm
$1-10dBm - ARE » AR E kA o

(3) B dijr# A ] EHAIT k- T4 A0 BELA S 0 B IR 4] B

CERE R AR SR TR ES ok FE - £ T AL SRR £

%
L
M-

| e A E ¥ +10dBm > ﬁs.] TR BaVESE S F & EH+30dBm -
EREERY ATRIEAALAF LTRSS AP BRIl RSV R AR
H A fE o ;]mg]»g,#ﬂkﬁ_ B RELA S o R A ) B RS L PR E
BhRolym el BRI EREE > TRGE GRT G R AT RO T
B R EFIS IR ERL A BL RS IR RIAFEET AR

LIANRLE L REALF P T SR R R L 00 Bt e

¥

B inphi: § b - BEEURA E 0 TIRE E (Preselector) o hrqt @ X o P {rd M HE
Y E R R AT R R IpE B[4 22]
FUEBEFAFTRAFREDPES > L7 PRBRAIHE S FH T DT L gL F o IR
47 Ko Beis 5L A 4 B (Tracking Generator ) ¥ti@ % a4 (Passband Ripple) fr#& » 4f 4=
(Insertion Loss) i {7 £ R|x ¥ je4c™ K o ok F W ol Br LG 0 7RAE T HBATRMEE
FREifm3ilplF FEHEP RLZIBTHENGFE? &7 ~BRAZARRE

VHF i fe o Gtk ® 3Rl B 0 7 8 R RIA T NG B 400B 1t 0 BT
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RS ¥ ER S LS
(1) FEE* B 5L E R

bR ERFICP R RF IR v - Bd 3R R S dy BRI B

%?H

F
(suboctave filter) = o d **p 5 £ R W TH ST RIS chE AR > B2 ¥ * T PR
PR A B ETR AT R § L P REDD P RRARDLG W

AEAFAE 4 A0 P E LA AR o U P enBad ~ TS T BR o nd T - A RF

=5

N2 (st it RF FTEAJL & R H i it o T Xt g RATRRNT BR S
P DR B G A BT P LT e 4 P AR L o J 2 ELE ~ BT
At RMAE A E > R ED AT B AAFAREM FLH T X A AZENIE
B AT D G GG B RN R LAY L e PR A U e e
BB TERIIEE R o

BB FRVAEY § RF TEBh EEARICBIRIE - § LRGBS

tuner o 1% HAFEF P AFdG > B E VIR RSP AR R RIT 0 2 S 14 & 16 M A
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I AD o~ BT RAE > B L ¥ - &% DSP (FFT %4 ~ REEA ~ ERITw B ¥

FEaF W) PCHET EMAKICER -

(2) H*HFNI M
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EEFET IR T o E F de ;8 % & (Passive Antenna) #AF A &R EE X ARE_P AP e

F_*
F

#F o AATNETRETI I REREDS RSN ARG E DR AR R R
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