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The RF spectrum 

A spectrum allocation plan 

from 1927. 

 

It was all so simple then … 

General Regulations annexed to the International 

Radiotelegraph Convention (Washington,1927)  

http://search.itu.int/history/HistoryDigitalCollectionDocLibra

ry/1.4.48.en.100.pdf#search=frequency%20allocation 

The RF spectrum 
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Radar Waveforms 

• Conventionally, pulsed or chirped 

waveforms 

• Ambiguity function 

• Modern digital signal processing 

now allows us to generate 

precise, wide bandwidth 

waveforms of arbitrary form, and 

to vary them on a pulse-by-pulse 

basis in response to a 

dynamically-changing target 

scene 

• Ultra-low range sidelobes 

• Spectrally-clean waveforms 

Radar Waveforms 
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Ambiguity function 

The Ambiguity Function 
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LFM and Weighted LFM Pulses 

Ambiguity function 

(unweighted case) 

Ambiguity function 

(weighted case) 

Ambiguity function contours 

Low sidelobes can be obtained through a suitable Chebishev weighting in the time domain. 

9 



Ambiguity function contours 

Ambiguity function 

Partial Ambiguity function with 

Zero-Doppler cut 

BED OF NAILS 

 

It achieves good resolution in both delay and Doppler  

but there are both range and Doppler ambiguities. 

Ambiguity Function: regular pulse train 

10 



But … 

• The ambiguity function does not tell the whole story 

 

•  It says nothing about spectral content 

 

• In the case of a bistatic radar, it depends not only on the 

waveform but also on the bistatic geometry 

 

• In the case of a Passive Bistatic Radar it depends both on 

the instantaneous modulation of the waveform and on the 

bistatic geometry 

 

• But because these dependences are deterministic it should 

be possible to select the optimum transmissions to use to 

track a given target on a dynamic basis 
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Passive Bistatic Radar 
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Terrestrial analogue TV 

vision 

carrier 
chrominance 

subcarrier 

analog 

sound 

carrier 

2MHz/div 

digital 

sound 

carrier 

vestigial-sideband 

amplitude modulation 

digital 

TV channel 

6 MHz 

6.225 MHz 

8 MHz 

0 7 -1.25 

measured spectrum of analog (and 

digital) TV signals 

 

In the UK the PAL (Phase Alternating 

Line) modulation format is used, in which 

the video information is coded as two 

interlaced scans of a total of 625 lines at 

a frame rate of 50 Hz. The start of each 

line is marked with a sync pulse, and the 

total duration of each line is 64 ms. The 

video information is modulation onto a 

carrier as vestigial-sideband AM, coded 

as luminance (Red + Green + Blue) and 

two chrominance signals (Green – Blue) 

and (Red – Blue). The two chrominance 

subcarriers are in phase quadrature, so 

that they can be separately recovered.  

The sound information (including stereo 

information) is frequency-modulated onto 

a second carrier.  
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• Depends on the geometry 

of the TX-RX pair relative to 

the target 

• The time-delay and Doppler 

shift of a signal measured 

by a receiver will also 

depend on the bistatic 

geometry 

• Simple rule of thumb: 

The closer the target is to the 

baseline the more ambiguous 

the range-Doppler estimate 

χ τℎ, τ𝑎, 𝑣ℎ, 𝑣𝑎
2 =  𝑠 𝑡 − τ𝑎 𝑠

∗ 𝑡 − τℎ 𝑒
𝑗2π(𝑣𝑎−𝑣ℎ)𝑡𝑑𝑡

∞

−∞

2

 

 

τℎ =
𝑅𝑅 = 𝑅𝑅

2 + 𝐿2 + 2𝑅𝑅𝐿𝑠𝑖𝑛θ𝑅
𝑐

 

 

𝑣ℎ =
2𝑓𝑐

𝑐
𝑉𝑐𝑜𝑠ϕ

1

2
+

𝑅𝑅 + 𝐿𝑠𝑖𝑛θ𝑅

2 𝑅𝑅
2 + 𝐿2 + 2𝑅R𝐿𝑠𝑖𝑛θ𝑅

 

Bistatic Ambiguity Function 
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• Previous research at the University of Pisa* 

considered the following to construct the bistatic 

range-Doppler AF  

– Pulsed LFM parameters: PRF and BW  

– Relative locations of each transmitter, receiver and target 

• CRLB of the bistatic AF used to estimate range-

Doppler performance of each bistatic configuration 

• They aimed to find the optimal bistatic configuration 

within a multistatic network for range-Doppler 

estimation of a target 

*M.S. Greco, P. Stinco, F. Gini and A. Farina, ‘Cramer-Rao Bounds and selection of bistatic channels for multistatic radar 

systems’, IEEE  Trans. AES, Vol.47, No.4, pp2934 - 2948, 2011. 

Previous Research 
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The inverse problem 

• The Fisher information matrix can be calculated from the 

measurement likelihood function 

 

 

 

 

• The ambiguity function is the log likelihood function 

excluding the effect of signal attenuation and noise. The 

inverse of the Fisher information is the Cramér-Rao Lower 

Bound which bounds the error variance of the estimates 

produced from the radar measurements. 
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Radar Waveforms 

polyphase code => NLFM 

n    

CPM implementation converts discrete 

polyphase code into a continuous NLFM 

waveform with good spectral containment. 

1 for 1, ,n n n n N     

 

if

2 sgn if

n n
n

n n n

  


    


 

 

-60 -40 -20 0 20 40 60
-50

-40

-30

-20

-10

0

Lag/Chip

d
B

 

 

Range Ambiguity

LFM

O-NLFM

Shannon Blunt, University of Kansas 

Spectral Containment 
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progdata.umflint.edu 

Biologically-inspired cognitive sensing 
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During flight, the emitted frequency is lowered as the bat flies faster 

so that the bat compensates for Doppler shifts induced by its flight 

speed, and hence the frequency returning to the bat is relatively 

constant at the frequency of the acoustic fovea  

Doppler 
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http://www.bsos.umd.edu/psyc/batlab  
20 

Attack of prey 
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Eptesicus Nilsonii 
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The Doppler resolution is progressively deteriorated, suggesting that the 

prey is tracked by calculating a time sequence of consecutive positions, 

and exploiting the a priori knowledge given by previous measurements. 
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Pipistrellus pygmaeus 



 

 
So the radars of the future will be 

27 

• Multifunction 

• Distributed 

• Spectrally-efficient 

• Multistatic 

• Intelligent 



 

 
Our work: 
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• Passive radar: adaptive selection of transmissions and 

receivers 

• Commensal radar 

• Low-sidelobe waveforms with high spectral containment 

(Shannon Blunt) 
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