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• Introduction and definitions 

• Some history 

• Bistatic radar properties: geometry, 

radar equation, target properties 

• Passive radar illuminators 

• Passive radar systems and results 

• The future … 
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BISTATIC RADAR: DEFINITIONS 
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 MONOSTATIC RADAR 

 Tx & Rx at same, or nearly 
the same, location 

 

 BISTATIC RADAR 

 Tx & Rx separated by a 
considerable distance in 
order to achieve a technical, 
operational or cost benefit 

 

 RADAR NET 

 Several radars linked 
together to improve 
coverage* or accuracy 

  

 MULTILATERATION RADAR 

 Radar net using range-only data 

 

 MULTISTATIC RADAR 

 Bistatic radar net with multiple Txs 
and/or RXs.   

 

 HITCHHIKER 

 Bistatic Rx operating with the Tx 
of a monostatic radar 

 

 PASSIVE BISTATIC RADAR 

 Bistatic Rx operating with other 
Txs of opportunity 

  

  * Enjoys the union of individual coverage areas.  All others  

 require the intersection of individual coverage areas. 

 Coverage area: (SNR + BW + LOS)  3 



• Bistatic radar has potential advantages in detection of 

stealthy targets which are shaped to scatter energy in 

directions away from the monostatic 

• The receiver is covert and therefore safer in many situations 

• Countermeasures are difficult to deploy against bistatic radar 

• Increasing use of systems based on unmanned air vehicles 

(UAVs) makes bistatic systems attractive 

• Many of the synchronisation and geolocation problems that 

were previously very difficult are now readily soluble using 

GPS, and 

• The extra degrees of freedom may make it easier to extract 

information from bistatic clutter for remote sensing 

applications 

BISTATIC RADAR 
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FIRST PASSIVE BISTATIC RADAR 

Appleton, E.V. and Barnett, M.A.F., ‘On some direct evidence for downward atmospheric reflection of 

electric rays’, Proc. Roy. Soc., Vol.109, pp261-641, December 1925.    (experiments at end of 1924) 
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Painting by Roy Huxley 

The BBC Empire 

transmitter at Daventry 

gave a beam 30˚ 

azimuth × 10˚ elevation 

at 49 m wavelength, 

and the beat note from 

a Heyford bomber at a 

range of 8 miles was 

clearly detected. 

THE DAVENTRY EXPERIMENT: 26 FEBRUARY 1935 
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THE DAVENTRY EXPERIMENT: 26 FEBRUARY 1935 
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THE DAVENTRY EXPERIMENT: 26 FEBRUARY 1935 

8 

2
cos cos 2D

v
f  




 

2

3 2 24

T T R
R

T R

P G G
P

R R

 


From Watson Watt:  'The hum of the 

expected Heyford from R.A.E. became 

audible, and we watched him fly by at 

about 6,000 feet towards Daventry. His 

instructions were to shuttle at that height 

to-and-fro on a twenty-mile long beat 

from Daventry, on a course up and down 

the centre-line of the radio beam. ….  He 

made only a fair job of holding the 

requested course, no one of his four 

runs took him right over our heads, but 

three passed very close.‘ 

 

 

From Wilkins:  ‘The second approach 

was nearer the beam axis but still some 

way off and this time rhythmic beating of 

the re-radiated signal with a small direct 

signal allowed through the receiver was 

noted. As the aircraft subsequently flew 

off to the south good beats were 

observed and, calculating from the time 

interval from the airspeed requested 

(100 mph), we estimated that we had 

followed the aircraft for about eight 

miles". 
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Neale, B.T., ‘CH – the First Operational Radar’, GEC Journal of Research, Vol. 3 No.2 pp73-83, 1985. 

 

CHAIN HOME 
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KLEIN HEIDELBERG 
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Karl-Otto Hoffmann, Ln-Die Geschichte der Luftnachrichtentruppe, Band I/II, Kurt Vowinckel Verlag, 

Neckargemünd, 1965.  10 



KLEIN HEIDELBERG 
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picture © Jeroen Rijpsma 
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KLEIN HEIDELBERG STELLUNGEN 
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http://www.gyges.dk/Klein%20Heidelberg.htm 

There were six KH Stellungen (sites): 

 

BIBER  (Oostvoorne) 

BREMSE  (Ostend) 

BULLDOGGE  (Boulogne) 

SKORPION  (Vaudricourt, Abbeville) 

AUERHAHN  (Cap d’Antifer) 

TAUSENDFÜSSLER  (Cherbourg) 

 

Some sources also include Castricum 

(Netherlands) and Rømø (Denmark), 

but these were ELEFANT and SEE-

ELEFANT/RÜSSEL radars, whose 

receive antennas were similar to those 

of KH. 

 

1st order Stellungen 

2nd order Stellungen 
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KLEIN HEIDELBERG 



KLEIN HEIDELBERG 
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Stellung BIBER, Oostvoorne) 17 



KLEIN HEIDELBERG 
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L480 Bunker (Stellung BIBER, Oostvoorne) 18 



BISTATIC RADAR GEOMETRY 
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TR

RR

transmitter receiver 

Jackson, M.C., ‘The geometry of bistatic radar systems’; IEE Proc., Vol.133, Pt.F, No.7, pp604-612, 

December 1986.  
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BISTATIC RADAR GEOMETRY 
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Contours of constant bistatic range are ellipses, with the transmitter 

and receiver as the two focal points 

TR RR

 + = constT RR R

L  
= bistatic baseline 

transmitter receiver 

target 

Targets lying on the transmitter-receiver baseline have zero bistatic range. 
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BISTATIC RADAR DOPPLER 
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Jackson, M.C., ‘The geometry of bistatic radar systems’; IEE Proc., Vol.133, Pt.F, No.7, pp604-612, 

December 1986.  21 



BISTATIC RADAR DOPPLER 
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Willis, N.J., ‘Bistatic radars and their third resurgence: passive coherent location’,  IEEE Radar 

Conference, Long Beach, USA, April 2002. 22 



BISTATIC RADAR EQUATION 
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This is derived in the same way as the monostatic radar equation : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The dynamic range of signals to be handled is reduced, because of the 

defined minimum range. 
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We can see from the bistatic radar equation 

 

 

 

 

 

that contours of constant detection range are defined by RTRR = constant = c. 

 

These are Ovals of Cassini 

BISTATIC RADAR EQUATION 
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RESONANCE SCATTER 
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• The resonance scatter effect for monostatic radars has been well 

documented for conventional (non-stealth) targets. In the simplest 

case of a conducting sphere of radius a, resonance occurs in the 

region 0.5 < 2πa/λ < 10. 

 

• “Physically, the resonant region can 

 be explained by the interference 

 between the incident wave and 

 the creeping wave, which circles 

 the sphere and either adds to or 

 subtracts from the total field at the 

 leading surface” (Barton) 

 

• The net result of these additive effects is that when wavelengths are of 

the order of discrete aircraft dimensions, for example fuselage, wing, 

tail, inlet and exhaust ducts, the resulting resonance significantly 

enhances RCS when compared to the optical region, which for  

    the sphere starts at 2πa/λ >10.  
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RESONANCE SCATTER 
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Deutsche Aerospace, Bremen anechoic 

chamber measurements of a faceted, 

metallized 1:10 scale model of an F-117 

aircraft: 

 

“The aircraft geometry was obtained from 

open literature and hence the target model 

does not take into account fine structure 

details and surface materials such as RAM, 

which are of less importance at VHF/UHF…” 

 

“The scaled measurement results… show 

that the attempt to reduce the target’s RCS 

has been successful in the ± 70º section 

around the nose-on aspect and for the 

frequency range above 400 MHz.  High RCS 

values covering the whole frequency range 

occur when the direction of illumination is 

perpendicular to the front or back edges of 

the wings or other dominant structures of the 

fuselage.  In the nose-on section, however, 

an increase in the RCS can be seen at VHF 

around 100 MHz [6 to10 dBm2] and UHF 

around 400 MHz [0 to 6 dBm2, > 6 dBm2 

nose on] due to resonance effects.  Hence, 

such stealth techniques can be efficient at 

high radar frequencies but are ineffective at 

VHF/UHF.” 

Kuschel, H., ‘VHF/UHF radar, part 1: characteristics; part 2: 

operational aspects and applications’, Electronics and 

Communications Journal, Vol.14, No.2, pp 61-72, April 2002, and 

Vol.14, No.3, pp 101-111, June 2002. 26 



FORWARD SCATTER 
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Babinet’s principle tells us that we get exactly the same scattering from a 

perfectly-absorbing target as we would from a target-shaped hole in an 

infinite perfectly-conducting sheet ! 

 

  0
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RESONANCE SCATTER 
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So a target on the transmitter-receiver baseline, even if it is completely stealthy, will scatter a 

significant amount of energy - in fact the RCS will be of the order of 

 

 

 

 

The angular width of the scattering will be of the order of /d (radians) 

 

which tends to favour a low frequency. 
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But a target which lies exactly on the 

transmitter-receiver baseline will give no 

range information and no Doppler 

information, and even for a target only 

slightly off-baseline the range and Doppler 

resolution will be poor 

 

So whilst a forward scatter radar will be 

good for target detection, location and 

tracking will be more difficult 
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PERFORMANCE PREDICTION 
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29 

Maximum integration dwell time is 

approximately 

 

 

 

 

For a VHF waveform with a bandwidth of 50 

kHz and a dwell time of 1 second, processing 

gain is Gp ≈ 47 dB. 

 

Cast bistatic radar equation in the form: 

 

 

 

 

 

allows prediction of coverage around 

transmitters and receivers 
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• The performance of a passive bistatic 

radar system depends not only on the 

waveform, but also on the coverage of 

the illuminating sources. 

• Transmitters will frequently be sited on 

hilltops or on tall buildings. 

• The vertical-plane coverage will usually 

be optimized so as to avoid wasting 

power above the horizontal, and in some 

cases the beams may be tilted 

downwards. 

 

 

 

• For every 10 dB reduction in PtGt the 

maximum detection range RR for a given 

target is reduced by a factor of 3.3×  

D.W. O’Hagan, H. Kuschel, M. Ummenhofer, J. Heckenbach and J. Schell, ‘A multi-frequency hybrid passive radar concept for 

medium range air surveillance, IEEE AES Magazine, Vol.27, No.10, pp6–15, October 2012. 

G.H. Millard, The Introduction of Mixed-Polarization for VHF Sound Broadcasting: the Wrotham Installation, Research 

Department Engineering Division, British Broadcasting Corporation, BBC RD 1982/17, September 1982. 
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VERTICAL PLANE COVERAGE 



PASSIVE BISTATIC RADAR 
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 Broadcast and communications transmitters tend to be sited on high locations 

and hence achieve broad coverage. 

 Since the system makes use of existing transmitters, the cost of a passive 

radar is likely to be much lower than a conventional radar. 

 Similarly, there are no licensing issues. 

 It allows the use of frequency bands (particularly VHF and UHF) that are not 

normally available for radar purposes. Such frequencies may be beneficial in 

detecting stealthy targets, since the wavelength is of the same order as the 

physical dimensions of the target, and forward scatter gives a relatively broad 

angular scatter. 

 Since the receiver emits no signal of its own, and as long as the receive 

antenna is inconspicuous, the passive radar receiver may be undetectable and 

hence completely covert. 

 It is difficult to deploy countermeasures against passive radar. Any jamming will 

have to be spread over a range of directions, diluting its effectiveness. 

 Passive radar does not require any additional spectrum. For this reason it has 

been termed ‘green radar’. 

 There is an enormous range of transmissions that may be used. In practice, 

almost any emission can be used as the basis of a passive radar. 

PASSIVE BISTATIC RADAR 
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 The waveforms of such transmissions are not optimized for radar purposes, so 

care has to be used to select the right waveforms and to process them in the 

optimum way. 

 In many cases the transmit source is not under the control of the passive radar. 

 For analog signals, the ambiguity function (resolution in range and in Doppler) 

depends on the instantaneous modulation, and some kinds of modulation are 

better than others. Digital modulation does not suffer from these problems, so 

is likely to be preferred. 

 The waveforms are usually continuous (i.e. a duty cycle of 100%), so 

significant processing has to be used to suppress the direct signal and 

multipath in order to detect weak target echoes. 

 In common with all bistatic radars, the resolution in range and Doppler is poor 

for targets on or close to the baseline between transmitter and receiver. 

PASSIVE BISTATIC RADAR 
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PASSIVE RADAR ILLUMINATORS 
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FM RADIO 



PASSIVE RADAR WAVEFORMS 
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BBC Radio 4 (news) 93.5 MHz Jazz FM (fast tempo) 102.2 MHz 

Digital Audio Broadcast 222.4 MHz 



vision 

carrier 
chrominance 

subcarrier 

analog 

sound 
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2MHz/div 
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sound 
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amplitude modulation 

digital 

TV channel 

6 MHz 

6.225 MHz 

8 MHz 

0 7 -1.25 

measured spectrum of 

analogue (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.  

TERRESTRIAL ANALOG TV 
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EARLY BISTATIC RADAR EXPERIMENTS AT UCL 
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EARLY BISTATIC RADAR EXPERIMENTS AT UCL 

Schoenenberger, J.G. and Forrest, J.R., ‘Principles of independent receivers for use with co-operative 

radar transmitters’, The Radio and Electronic Engineer, Vol.52, No.2, pp93-101, February 1982. 

Griffiths, H.D. and Carter, S.M., ‘Provision of moving target indication in an independent bistatic radar 

receiver’; The Radio and Electronic Engineer, Vol.54, No.7/8, pp336-342, July/August 1984 . 
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FORWARD SCATTER VHF FM 
• BBC Radio 4, 93.5 MHz, 

Wrotham (Kent) 

 

• aircraft target on approach 

to Heathrow, crossing 

baseline 

 

• receiver located so that 

direct signal is weak, 

hence beat between direct 

signal and Doppler-shifted 

echo has maximum 

modulation 

 

• Doppler shift goes through 

zero as target crosses 

baseline 

Heathrow 

airport 

VHF FM 

transmitter 

Wrotham 

93.5 MHz 

bistatic receiver 

50 km 
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Tracking of a Cessna 172 light aircraft using FM radio transmission 

 

Courtesy of Craig Tong and Professor Mike Inggs, 

University of Cape Town 



HOMELAND ALERTER HA-100 
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• developed by THALES and ONERA 

in 2005 

 

• FM Radio band 88 – 108 MHz 

 

• 8 vertical dipoles 

 

• signal processing is composed of a 

space time algorithm to reject the 

direct path, estimation / correlation, 

regulation process and Detection / 

measurement.  The data processing 

merges the detections from all 8 

channels to tracks in Cartesian 

coordinates.  The update rate is 1.5 s 

42 



AIRBUS SPACE AND DEFENCE 
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The passive radar from Airbus 

Defence and Space 

demonstrated its ability to 

detect low-flying objects in 

mission scenarios similar to 

those of various European 

armed forces, among other 

locations, in mountainous 

terrain with areas of major 

radar shadow. At the same 

time, the system registered the 

latest airspace situation in a 

very short time, at ranges of up 

to 200 kilometres. A real-time 

networked system, involving 

two devices at different 

locations, also demonstrated 

that it can even be used in 

areas with a particularly 

restricted transmitter 

infrastructure 43 



MODERN PASSIVE RADAR 
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ALIM (Iran) 

HA-100 Homeland Alerter - THALES (France) 

AULOS - SELEX (Italy) 

AIRBUS Defence and Space (Europe) GAMMA - FKIE (Germany) 

SILENT GUARD - ERA (Czech Republic) 

DLW002 (China) 44 



RUSSIAN PASSIVE RADAR FOR DRONE DETECTION 
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"First and foremost, the absence of active radiation 

makes the system very stealthy, not allowing the enemy 

to detect and destroy it with anti-radar means; secondly, 

the system detects enemy attack and reconnaissance 

drones which observe radio silence mode; also, the 

system can effectively detect sophisticated enemy 

stealth drones of various types” 

https://sputniknews.com/russia/201611241047787964-russia-radar-system-drones/ 45 



 The spectrum problem and Commensal Radar 

 Air Traffic Management (ATM) 

 Indoor monitoring for Eldercare / Assisted Living 

 Border / harbor surveillance 

 Target recognition with Passive Radar 

 Low cost Passive Radar 

 The Intelligent Adaptive Radar Network 

THE FUTURE … 
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Special Issue of IEEE 

AES Magazine on 

Passive Radar, Vol.27, 

No.10, October 2012 

 

Second part in  

November 2012 

 

PASSIVE BISTATIC RADAR 
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