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Course Contents

I. Introduction to Air Navigation and Surveillance 
Functions.

II. Pulsed Radar.
III. Radar Clutter.
IV. Doppler based Radars.
V. Tracking Radars.
VI. Secondary Surveillance Radar (SSR).
VII. Automatic Dependent Surveillance (ADS).
VIII.Airborne Collision Avoidance System (ACAS).
IX. Enhanced Ground Proximity Warning Systems.
X. Weather Radar.
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Pulsed Radar

1. Introduction to Radar Systems
2. Radar Equation (Simplified)
3. Signal Detection with noise
4. False Alarm and detection probability
5. Pulse integration
6. Radar Block diagram
7. RADAR Antennas
8. Matched Filter
9. Radar Cross Section (RCS)
10. Other considerations of Radar Systems
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Hits per scan
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Pulse integration
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A pulse Integrator is an improvement technique by using 
multiple received pulses.

Depending on the location of the pulse Integrator in the signal
processing chain, this process is referred to as:

Coherent integration (Pre-detection) Incoherent integration (Post-detection)

Fixes the Noise
Bandwidth
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Pulse integration
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Pulse integration
Integrating pulses increases the (S/N).
That minds that for the same Rmax, the required (S/N) is 
less than without pulse integration.

𝑆 𝑁⁄ ≥ 𝑆 𝑁⁄ (linear)

If coherent:

𝑆 𝑁⁄ =
1

𝑛
𝑆 𝑁⁄

If incoherent

𝑆 𝑁⁄ >
1

𝑛
𝑆 𝑁⁄

Maximum of efficiency
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Pulse Integration evaluation

Efficiency of integration

𝐸 𝑛 =
𝑆 𝑁⁄

𝑛 · 𝑆 𝑁⁄

Improvement integration factor

𝐼 𝑛 = 𝑛 · 𝐸 𝑛 =
𝑆 𝑁⁄

𝑆 𝑁⁄

Number of equivalent integrated pulses
𝑛 = 𝑛 · 𝐸 𝑛

𝐸 𝑛 ≤ 1

𝐼 𝑛 ≤ 𝑛

If coherent integration, 𝑛 = 𝑛

If incoherent integration, 𝑛 < 𝑛

Integration losses
𝐿 𝑛  𝑑𝐵 = −10 log 𝐸 𝑛

𝐿 𝑛 ≥ 0 𝑑𝐵
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False-alarm number
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The false-alarm number nf , is defined as the average number of possible 
decisions between false alarms events:

𝑛 =
𝑇

𝜏
· 𝑃𝑅𝐹 · 𝑇 =

𝑇

𝜏
If 𝜏 ≅ ,   then  𝑃 = 𝑇 𝐵 , and 

𝒏𝒇 =
𝟏

𝑷𝑭𝑨
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Improvement integration factor
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Integration losses
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Empirical expressions

𝐼 (𝑛) = 6,79 1 + 0,235𝑃 1 −
,

log 𝑛 1 − 0,14 log 𝑛 + 0,01831 log(𝑛)

Empirical expression for the Improvement factor, from Peebles:

𝐼 (𝑛) = 6,79 1 + 0,235𝑃 1 −
,

log 𝑛 1 − 0,14 log 𝑛 + 0,01831 log(𝑛)

𝐴 = ln
,

𝐵 = ln

Empirical expression for the (S/N)n in dB, from Albersheim:

𝑆 𝑁⁄ = −5 log 𝑛 + 6,2 +
4,54

𝑛 + 0,44
· log 𝐴 + 0,12 · 𝐴 · 𝐵 + 1,7 · 𝐵 

with
𝐴 = ln

, ; and 𝐵 = ln
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Radar equation with pulse integration

Probability of False Alarm
Probability of Detection

𝒊

𝟏

𝒊

𝟏

n: Number of pulses integrated


