
Nadav Levanon, Tel-Aviv University

1

COMCAS 2011

SLIDE

Inter-Pulse Coding and Coherent-on-Receive Modifications 
of Magnetron-Based Marine Radar – Experimental Results

By

Erez Ben-Yaacov1, Daniel Quartler2, and Nadav Levanon2

1Elisra Ltd,     2Tel Aviv University



Nadav Levanon, Tel-Aviv University

2

COMCAS 2011

SLIDE

Upgrading Marine Radar

Civil marine radar

• The estimated number of civil marine radar 
 

3x106

• Most civil marine radar are magnetron-based

Allow operation in “short pulse & 
high PRF” mode at all ranges, by 
extending the unambiguous range 
through PRI periodic coding.

http://www.thales-electron-devices.de/images/about/new/magnetron.jpg


Nadav Levanon, Tel-Aviv University

3

COMCAS 2011

SLIDE

Civil marine radar

http://www.thales-electron-devices.de/images/about/new/magnetron.jpg
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Range resolution 2 120mpt C 
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Range resolution 2 12mpt C 

• Coherent radar allows pulse compression (using frequency modulation or phase coding).
• With pulse compression, we can transmit a long pulse (= more energy) without increasing 

the range resolution.
• Magnetron cannot be frequency or phase modulated, hence no pulse compression.
• In magnetron-based radar long pulse implies poor range resolution.
• To increase the energy on target we resort to denser pulses (high PRF).
• This paper demonstrates how to increase the PRF without reducing the unambiguous range. 



Nadav Levanon, Tel-Aviv University

5

COMCAS 2011

SLIDE

pulse width 0.08 sec pulse width 0.8 sec
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Transmitted pulses:
Periodic, Manchester-coded 
Barker 4. 

 



Two periods of  the periodic 
reference pulse train

The resulted cross- 
correlation. 
The response’s periodicity is 
8 times the original basic 
PRI
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Transmitted pulses:
Periodic, Manchester-coded 
Barker 4. 

 



Two periods of matched 
reference.

The resulted cross-correlation. 
The response’s periodicity 
remains the original basic PRI.

1st recurrent lobe 
intensity is ¼ of 
main periodic lobe.
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Transmitted pulses:
Periodic, Manchester-coded 
Ipatov 5. 

 



Two periods of  the periodic 
reference pulse train

The resulted cross- 
correlation. 
The response’s periodicity is 
10 times the original basic 
PRI
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Hamming weighted reference is used in order to accommodate the imperfect periodicity caused by getting in 
and out of the rotated antenna beam. 

 

The result is reduction of cross-correlation sidelobes below -50dB.
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The stability of the phase during the magnetron pulse 
allows adding coherence-on-receive detection option
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Barker 4 coding
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All the pulses are 
perfectly identical
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This positive 
sidelobe implies 
that the strong 
direct reception 
and near clutter 
are replicated at a 
delay equal to the 
basic PRI.

This negative 
sidelobe (“hole”) 
implies that a 
target at a delay 
equal to the 
basic PRI will be 
concealed.

The pulses are not 
perfectly identical
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Tel Baruch field 
trial (June 2011)
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sea

land
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Ashdod field trial 
(August 2011)
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A

B
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D

F 3nm

6nm

9nm

7nm

7nm*1.852 = 13km
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PRF=12.5kHz  


Ramb =12km
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PRF=20 kHz 

 

Ramb = 7.5km
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PRF=20 kHz 

 
Ramb = 7.5km

The “hole” issue can be 
mitigated by using two PRFs 
and switching between them 
once every antenna turn.
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Target A, PW = 0.8 s,  PRF = 625 Hz
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PW = 0.08 microsec

200m
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When using coherent integration, the target at 13 km was 
not detected even once in 10 consecutive antenna scans ???

Integration
N detections out 

of 10 scans. 
N=

Non-coherent 10

Barker 8

Coherent 0
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CONCLUSIONS

•Periodic pulse position coding is effective in extending the unambiguous range.

•This allows operating at all ranges in a “short pulse high PRF” mode.

•The penalty of delay response “hole” at the PRI can be mitigated by switching 
PRIs once per antenna turn. (Not tested yet.) 

•Short pulse provides improved resolution of ship targets (including revealing the 
ship’s aspect.)

•Short pulse is expected to reduce clutter illumination area, hence clutter 
reflection. (Not tested in our trials because of the calm sea.)

•Coherent detection reduces near sea clutter.

•Coherent detection hurts detection of distant ship targets (unexplained yet).

Thank you !
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