
Chapter 10 Microwave communications applications

10.1 Introduction
evolution of microwave applications

10.2 Radar
monostatic radar, bistatic radar, pulsed radar, Doppler radar, MTI

        radar, radar band, radar equation
10.3 Terrestrial communications

 microwave repeater
10.4 Satellite communications
        GEO satellite, orbit, satellite transponder, INTELSAT, link
        calculation
10.5 Domestic satellite bands (C and Ku)
        footprint, C-band video services, TVRO, pointing angles, Ku-band

SNG and VSAT
10.6 Direct broadcast satellites (DBS)
        DBS-1, DBS-2
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10.7 Wireless Services and standards
        analog and digital cellular telephone, analog and digital cordless
        telephone, mobile satellite services
10.8 Global positioning system
        GPS satellite, operating principle, GPS receiver, future GPS
        receiver
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10.1 Introduction
1. Evolution of microwave applications
    World War II - radar
    1960 - satellite communication
    1980 - remote sensing satellite, DBS (direct broadcast satellite)
    1990 - PCN/PCS (personal communications network/personal

communication services), GPS (global positioning system), VSAT
(very small aperture terminals)

    2000 - Digital DBS, WLL  (wireless local loop), GII (global
information initiative)

2. Growth and expansion of microwave technology move from military
and satellite applications into information and entertainment
applications.
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10.2 Radar (radio detection and ranging)
1. Operating principle 
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� bistatic radar 

� monostatic radar 
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�  pulsed radar
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� Doppler radar
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� MTI (moving target indicator) radar 
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2. Radar band
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3. Radar equation
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Ex. 10.2 The radar returned pulse delays 12us, then the target range is 
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Ex. 10.1 A radar transmitter has 20kW at 10GHz. A target is at 18km 
away with radar cross section of 12.5m2. The antenna gain is 20dBi. The
received signal power is
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Ex. 10.3 Doppler shift of 10kHz is received for a 5GHz radar, then
the target radial velocity is 
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10.3 Terrestrial communications
1. Line-of-sight microwave repeater tower: (LNA) → mix down → 
    linear IF amplify 
    → mix up 
    → power amplify
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2. Possible interference between satellite an terrestrial links in C-band
    (4-6 GHz)
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3. Repeater limitation
    n sets of identical repeater arrangement
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10.4 Satellite communications
1. GEO (geostationary earth orbit) satellite
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2. Orbit
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3. Satellite transponder
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4. INTELSAT (International Telecommunications Satellite Organization)
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5. Link calculation 
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Ex.10.4
Data:    Ground transmitter frequency           6GHz
                          transmitter power                 300W
                          antenna diameter                  5m
                          receiver noise temperature   800°k
                          receiver bandwidth              40MHz
            Spacecraft transmitter frequency       4GHz
                          transmitter power                 200W
                         antenna diameter                   1m
                         receiver noise temperature    1500°k
                         receiver bandwidth               40MHz
           Satellite distance                                42000km
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                up link
Ground :
transmitter power 24.77dBW
antenna gain         49.94dB
EIRP                     72.71dBW
propagation loss  -200.47dB
Spacecraft:
antenna gain          35.96dB
received signal     -91.8dBW
noise power density 
                     -196.84dBW/Hz
receiver BW          76.02dB
receiver noise power
                     -120.82dBW
C/N                       29.02dB

                down link
Spacecraft :
transmitter power 23.01dBW
antenna gain         32.44dB
EIRP                     55.45dBW
propagation loss  -196.94dB
Ground:
antenna gain          46.42dB
received signal     -95.07dBW
noise power density 
                     -199.57dBW/Hz
receiver BW          76.02dB
receiver noise power
                     -123.55dBW
C/N                       28.48dB
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 10.5 Domestic satellite bands (C and Ku)
1. C-band (4-6 GHz) with uplink at 6GHz and downlink at 4GHz for 
    video services 
2. Hughes Communication Galaxy V with footprint as
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24 C-band transponders with 16W(24dBW) each, BW=36MHz
each channel has 4GHz guard band and uses opposite polarization

3. TVRO (television receive only)

G: Galaxy
T: Telstar
F: Satcom
S: SpaceNet



微波工程講義微波工程講義10-23

LNB (low-noise block)
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4. TVRO pointing angles
    Houston (longitude 95.5°W, latitude 29.5°N), Galaxy (125°W)
    ∆L=125-95.5=29.5°,  29.5°N → elevation angle 43°, 
    azimuth angle 49°W of south

43°

49°
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5. Ku band (12-14 GHz) with uplink 14GHz and downlink 12GHz
    through 32-band transponders for DBS, SNG (satellite news-gathering),
    two-way transfer of data and video using VSAT
    

Ku band may have smaller receiving antenna, but uses higher 
transmitting power and circular polarization to solve rain fade problem. 
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6. VSAT (very small aperture terminal)
    has about 3-ft size antenna for two-way satellite communication
    in the applications of video conference and data exchange
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10.6 Direct broadcast satellites (DBS) 
1. DBS-1 and DBS-2 uses DSS (digital satellite system) with MPEG-2 to 
    provide laser-disc quality video and audio entertainment programs 
    direct-to-home. 
2. Hughes HS 601 satellite (DBS-1) 
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3. DBS-1, -2 characteristics
    (1) can provide HDTV transmission
    (2) Uplink 17.3-17.8  GHz and downlink 12.2-12.7GHz
    (3) QPSK modulation with RS (Reed-Solomon) and covolutional
          codes
    (4) use 18� dish receiver
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10.7 Wireless services and standards
1. Acronyms for wireless services
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2. Analog cellular telephone
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3. Digital cellular telephone 
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4. Analog cordless telephone
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5. Digital cordless telephone
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6. Wireless LAN (local area network)
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6. Typical digital wireless personal communicator
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7. Mobile satellite services
(1) Little LEOs (low-Earth-orbit satellite) for data transmission and
      messaging, e.g., Orbcomm, Starsys, and VITA.
(2) Big LEOs for voice and data communications, e.g.,
      Iridium has 66 satellites constellation in 6 orbits at 747km 
      Globalstar has 48 satellites constellation in 6 orbits at 1390km
      Odyssey has 12 satellites constellation in 3 orbits at 10350km
      IMARSAT P has 10 satellites constellation in 2 orbits at 10350km
(3) Wideband data transmission, e.g.,
      Teledeisc has 840 satellites 
      constellation in 21 orbits 
      at 700km
      Spaceway has 8 satellites 
      constellation in 1 orbit 
      at 35000km 

Teledesic
satellite
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10.8 Global positioning system
1. GPS satellites

�   carrier frequencies 1227.6 and
     1575.42MHz



微波工程講義微波工程講義10-40

2. Operating principle
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3. GPS receiver
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4. Future of GPS receiver

Homework #8 (due 2 weeks)
Chap.10: problems 1-7


