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Objectives

• Describe the difference between passive and active sensors
• Describe the basic components of active sensors
• Learn examples of RF/Microwave sensors



RxTx Rx

Radar

(active sensor)
Radiometer

(passive sensor)

Microwave Sensors

UPR, Mayagüez Campus



Examples

• Passive – radiometers to measure weather and 
climate variables, soil moisture and sea salinity, 
astronomy radiometers that study galaxies far away 
in space.
• Active – radars, altimeters, scatterometers, used for 

measuring weather and climate variables, cars, 
airplanes, astronomical studies of planets, 
ionosphere, and many other applications



Radar original Definition

RADAR = RAdio Detection And Ranging



Basic Radar Diagram



Basic Radar
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Waveguides

Pozar



Some Microwave Gossip

Microwave 101



More ….

Microwave 101



Passive radar is NOT a passive sensor
…it’s a Bistatic sensor





Altimeters

• h=ct/2
• Wet path delay correction

Used to MEASURE: ocean sea surface height,
oceans circulation, and the amount of heat in 
the ocean

For these APPLICATIONS: monitor the El Niño
event, and for weather, climate, navigation, 
fisheries management, and offshore 
operations



Scatterometers
• Radars that measure the 

intensity and shape of the 
returned pulse

• The intensity scattered 
back the ocean is a 
measure of the average 
wind speed.



Pulse Radar
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Velocity ambiguity
• For a Doppler radar the shift in frequency is 

related to the radial component of the target 
speed 
• Delta f = Doppler Frequency = 2 (vradial/ l)

• The maximum unambiguous target velocity is 
given by:

• Vmax=±
𝒄 𝑷𝑹𝑭
𝟒𝒇



ITU Guidelines Emissions Masks

Griffiths

“Manual of Regulations and Procedures for Federal Radio Frequency 
Management”,

Chapter 5.5, Radio Spectrum Engineering Criteria (RSEC)



Pulse Radar

• The shorter the pulse, better range resolution
• Longer the pulse, more energy, better sensitivity.
• Use Pulse Compression
• The lower PRF increases Rmax

• Higher PRF increases vmax
• Use Staggering PRF, scan schemes



Weather Applications: radar
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Radar for Meteorology

( )dr
R

o
epcegò ++= kkkt

Vvss =

� Pulsed Doppler
� Polarimetric
� S-band - low attenuation, long 

range – NEXRAD 
� C-band mid range – TDWR
� X band – short range – CASA/ DCAS



TDWR C-Band

Weber



Typical Reflectivity Plot

NWS



TDWR UNII Interference

AMS



TDWR UNII Interference
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Ezeia radar in Argentina



TDWR
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Port Elizabeth radar in South Africa



Summary

• Radar enables the control and management of air 
traffic, monitor and track severe weather, defense 
and homeland security, networks of driverless 
automobiles. 
• Radar requires access to spectrum, great potential 

for approaches aimed at using the spectrum in an 
efficient and dynamically-controlled manner (NSF 
SWIFT)
• Advances in technology will be needed to contend 

with the growing congestion.



Installation of CASA Scan Technology in 
collaboration with UMass

MC&C Animation IP1 OK – M. Zink
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