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Radar Range Equation

• Point Targets:

• Distributed Targets:

2

( ) ( )

2 2

3 4
W

4

t

r

s a

PG
P

R L L R

λ σ
π

=



Sevgi Z. Gurbuz (szgurbuz@ua.edu)

Radar Measurements

• Range:

• Velocity:

• Angle:
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Basic Radar Signal Processing
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Radar Data Representations
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Continuous Wave (CW)

• Transmit sinusoid of constant frequency

• Cannot measure range with CW waveform
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CW Radar Doppler Measurement

• Can find Doppler Shift using FFT

• What about Doppler Resolution?
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Finite Duration CW…

…is equivalent to windowing infinite duration 

sinusoidal signal
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Finite Duration CW in 

Frequency Domain
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Minimum Difference in Doppler to 

Distinguish Two Targets in Velocity
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Pulsed CW Waveform

• Intermittent transmission of constant 

frequency sinusoid
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Stepped Frequency CW
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Frequency Modulated CW
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Range Resolution:∆𝑅𝑅 = 𝑐𝑐2𝛽𝛽
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Range/Velocity Tradeoff
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• Unambiguous width of the Doppler spectrum 
equals the PRF

– Doppler shifts greater than ±PRF/2 are aliased

– this is referred to as velocity or Doppler ambiguity

– unambiguous velocity interval is λPRF/2 m/s

• The PRF also determines unambiguous range

• Unambiguous range and velocity tradeoff:
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Ultra-Wide Band Impulse Radar
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Phase-Coded Waveforms
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Advantages:

• Low range sidelobes

• Preferred in jamming conditions

Disadvantages:

• Poor resolution in presence of distributed clutter

• More complex to implement
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Radar System Design Example:

Entymological Radar
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Wing Span

20 mm

34 mm

39 mm

50 mm

70 mm

102 mm
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FMCW Waveform Parameters

• Is one radar band sufficient for the detection and identification 

of these insects?  What is/are the suitable radar band(s)?
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Range Resolution: ∆𝑅𝑅 = 𝑐𝑐2𝛽𝛽
→ Should be smaller than the size of the body

• 10 mm → 15 GHz

→ If we sample 5 points on the body, we get 75 GHz

You could choose V or W band.
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More Detailed Band Selection
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Positioning
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Vertical Looking UK Radar
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Believe it or not?
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Other Waveform Parameters
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Maximum Doppler Shift: 𝑓𝑓𝐷𝐷,𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑃𝑃𝑅𝑅𝑃𝑃
2

→ 𝑃𝑃𝑅𝑅𝑃𝑃 = 2𝑓𝑓𝐷𝐷,𝑚𝑚𝑚𝑚𝑚𝑚 = 2
2𝑣𝑣𝑐𝑐 𝑓𝑓𝑡𝑡 = 4𝑣𝑣𝜆𝜆

Max wingbeat frequency = 50 Hz
Max wing velocity :   𝑑𝑑 = 𝑟𝑟𝜃𝜃 → 𝑣𝑣 = 𝑟𝑟 𝑑𝑑𝜃𝜃𝑑𝑑𝑑𝑑 = 𝑟𝑟 � 2𝜋𝜋𝑓𝑓𝑃𝑃𝑅𝑅𝑃𝑃 = 4𝑣𝑣𝜆𝜆 = 4𝜆𝜆 2𝜋𝜋𝑟𝑟𝑓𝑓 = 8𝜋𝜋 102𝑚𝑚𝑚𝑚 (50)4𝑚𝑚𝑚𝑚 = 32 𝑘𝑘𝑘𝑘𝑘𝑘

Is this 

reasonable?
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W-Band Insect Radar
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Biomimetic Radar:  

Using Nature for Inspiration

• Bats, dolphins, whales all use echolocation

• Examples:

– Social Communication

– Flight Navigation

– Hunting
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Bats: Social Communication Signal
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Bats: Prey Searching Signal
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Bats: Hunting Signal
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Bats and Equivalent Radar Concepts

BATS RADAR TERMS

Changing signal based on function Adaptive radar waveform design

Changing how frequently the chirp is 

vocalized
Adaptive pulse repetition interval

Object recognition based on received 

echo from chirp
Adaptive signal processing

Instinctive response to return from a 

flat surface, e.g. water/mirror Memory

Being able to hunt using chirping of 

other bats
Passive multi-static radar network

Moth sounds confusing bats Electronic Warfare (Jamming)
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Visualization of Moth Sounds 

Jamming Bats
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Dolphins and 

Twin Inverted Pulse Radar (TWIPR)
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Student:  Deepak Elluru

Presentation Topic:  TWIPR

- Background:  What was the 

technical problem motivating work?

- Applications

- How do dolphins use echolocation?
- How did this inspire design?
- How does TWIPR work?
- What were the results?

Supplementals:

- News articles

- Balleri, IET, Chapter 9 
- What can you find?

Presentation: Next Wednesday
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Waveform Diversity

• Definition from IEEE Standard 686-2008:

“Waveform  Diversity:  Optimization  (possibly  in  a  
dynamically  adaptive  manner)  of  the radar  

waveform  to  maximize  performance  according  to  
particular  scenarios  and  tasks. May  also  jointly  
exploit  other  domains,  including  the  antenna  

radiation  pattern  (both  on transmit  and  receive),  
time  domain,  frequency  domain,  coding  domain  

and  polarization domain.”
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Bistatic Radar Denial by Spatial 

Waveform Diversity

• Scenario with Passive Bistatic Receivers
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Transmission Waveform:  Phase-

Coded Costas Waveform

• Ambiguity function is 

like a thumbtack

• Relatively low pedestal

34

• For a fixed number of frequency hops within a radar 

pulse there are many different hopping patterns that 

result in essentially the same ambiguity function

• Potential to confuse non-cooperative radar is great
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Antenna Beam Pattern:

• Interferometric Linear Array of N elements

– Two interferometric elements are separately driven

– Interferometric pattern overlays host radar pattern 

and will serve to mask the portion emitted through 

the sidelobes
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Waveform Diversity for SAR-ECCM

• Mehrdad Soumekh, “SAR-ECCM Using Phase-Perturbed LFM Chirp Signals 
and DRFM Repeat Jammer Penalization” IEEE Radar Conference, 2005.

• M. Soumekh, "SAR-ECCM using phase-perturbed LFM chirp signals and 
DRFM repeat jammer penalization," in IEEE Transactions on Aerospace 
and Electronic Systems, vol. 42, no. 1, pp. 191-205, Jan. 2006.

– Student:  Emre Kurtoglu

– Specific Questions:

• What is the new waveform proposed?

• Why?

• How was it designed?
• What were the results?

• Can you find other papers proposing new waveforms for ECCM?  
What other ideas are out there?
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