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Agenda

• Existing challenges in the elevation estimation of aerial targets in 3D 

surveillance radars

• Motivation to use the AI in elevation estimation techniques

• Implementation & testing of the proposed elevation estimation 

techniques using MATLAB tools

• Performance improvement using AI techniques



Introduction: 3D Surveillance Radars
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• 3D surveillance radars determine three main parameters: Range,

Azimuth, and Elevation of the aerial target.

(a) Typical 3D-Radar, (b) Beam formation in 3D Radar, (c) 

Beam formation in 2D Radar
[1]: https://radartutorial.org, https://Wikimedia.org, https://drdo.gov.in [2]: 

https://radartutorial.org

R: Target Range; ɛ : Elevation Angle ; 

β : Azimuth

R

https://radartutorial.org/
https://wikimedia.org/
https://drdo.gov.in/
https://radartutorial.org/


Basics of Elevation Angle Estimation

θ

Aerial Targets

2/10/2023 4

Estimated 

Height

θ1

θ2

θ3 θ4

θ5R1

R2

R3 R4

R5H1

H2

H3
H4

H5

𝑯 = 𝑹 ∗ 𝐬𝐢𝐧𝜽

R = Slant Range
Θ = Elevation Angle

Radar Range
T
a
rg

e
t 

H
e
ig

h
t

True 

Height

Limitation of elevation estimation with single broad beam in surveillance application



3D Surveillance Radars

3D Surveillance Radars Jointly developed by BEL & LRDE

ASLESHA MK-I

REVATHI3DCAR3DTCR

ASLESHA MK-II MPR
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U.S. Naval research laboratory (1939):

Estimate the height of the target by the range of its very first detection with

the prior knowledge of the shape of antenna pattern due to multipath

reflection.

History of Elevation Estimation

Method of multipath nulls Amplitude comparison using multipath lobes

Early radar height finding techniques. 



Traditional Techniques for estimating Elevation angle
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• Traditional methods of calculating elevation angle in 3D Radars.

a) Elevation scanning through pencil beam,

b) Stacked Beams,

c) Sequential Lobing,

d) Conical Scanning,

e) Mono-Pulse.

(a)

(b)

(c)

(d) (e)



Challenges of Elevation Estimation 

• Mono-pulse technique used for elevation and azimuth estimation in tracking radar

applications.

• Multiple stacked elevation beams to simultaneously estimate the elevation angle of

targets present in a particular azimuth.

• Target must be present in at least two elevation beams for elevation estimation

• Fundamental accuracy (rmse) of elevation estimation given as 𝑬(෡𝜽 − 𝜽)𝟐
𝟏/𝟐

=

𝟏

ሶ𝒇

𝟏+𝒇𝟐

𝟐∗𝑺𝑵𝑹

𝟏/𝟐

; 𝒘𝒉𝒆𝒓𝒆 𝒇 = 𝒇 𝜽 =
𝑮𝟐(𝜽)

𝑮𝟏(𝜽)
; ሶ𝒇 =

𝒅𝒇(𝜽)

𝒅𝜽

• Accuracy of elevation extraction depends upon the presence of thermal noise,

antenna pattern error, channel mismatch error, platform orientation, platform

stabilization, jamming and clutter, multipath reflection, target fluctuation,

thresholding effect, channel combining effect, beam pointing errors , SNR of

each beam etc.
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𝐆𝟐(𝛉)𝐆𝟏(𝛉)

𝛉



Simulation of Multiple Stacked Beams using 
Antenna Array Factor
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Simulation of Multiple Stacked Beams
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Elevation Stacked beam formation

MATLAB

Phased Array Toolbox

Sensor Array Analyzer App



Estimating Target Elevation Angle in Multiple 
Stacked Beams
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෠𝜃 = 𝐶𝑛 γ 𝑛 + 𝐶𝑛−1 γ 𝑛−1 +⋯𝐶2 γ 2 + 𝐶1 γ + 𝐶0
Where, γ = 𝑆𝑘 − 𝑆𝑘+1 𝑖𝑛 𝑑𝑏 𝑆𝑐𝑎𝑙𝑒 and ෠𝜃 is in

Rad. 𝐶𝑛, 𝐶𝑛−1, … , 𝐶2, 𝐶1, 𝐶0 are the coefficient of the nth

degree polynomial.

MATLAB

Curve Fitting 

Toolbox

Curve Fitter App



Target Height from Estimated Elevation Angle

Spherical Earth Geometry

2/10/2023 12

By Using Cosine Rule,

ℎ𝑇 =

(𝑘𝑅𝑒 + ℎ𝑎)
2+𝑅𝑇

2 + 2𝑅𝑇(𝑘𝑅𝑒 + ℎ𝑎) sin 𝜃𝑇 − 𝑘𝑅𝑒

Where,

𝜃𝑇 = Estimated target elevation angle.

𝑅𝑒= Earth radius,

ℎ𝑎= Antenna Height from ground,

𝑅𝑇= Target range,

ℎ𝑇 = Target height above sea level,

𝑘 = Refractivity factor (for standard atmospheric 

condition 𝒌 = 𝟒/𝟑),

𝑘𝑅𝑒= Effective earth radius.

MATLAB function: 
tgtht = el2height(el,anht,R)



Calibration Methods for Target Height 
Accuracy

Radar Calibration Pre Condition

• Clear weather condition.

• Radar should not have Jamming and heavy clutter condition.

• No variation in gain of multiple beams.

• Antenna tilts must be constant during measurement.

• Absence or very least effect of Multipath.

• Target must lie in clear line of site.

Reference Target Height:

• Measured aircraft height by its own instrument and communicated to

radar.

• Measured barometric aircraft height communicated to radar in

response to IFF interrogation.

• By GPS method (Duel GPS).
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Measurement Methods for Target Height 
Accuracy

Percentage Height Accuracy RMSE (Root Mean Square Error)

RMSE value calculated from Table-2 is 

286.85 meter which is less than Target 

Height Accuracy specified (500 meter).
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MATLAB

Phased Array Toolbox

Radar Toolbox
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Multipath Effects in Height Estimation
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Elevation Angle Estimation Using AI

• AI techniques can overcome Antenna pattern error, channel mismatch

error, platform orientation, platform stabilization, jamming and clutter,

multipath reflection, target fluctuation, etc.

• AI techniques for elevation estimation make more robust and less

susceptible to environmental noise and other variations.

• Various regression techniques have been investigated using the

Regression Learning App (in MATLAB).
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Finding Suitable Regression Methods
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MATLAB

Statistics & Machine 

Leaning Toolbox

Regression Learner App
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Linear Regression 

Block

R-Squared 

(Validation)

Robust Linear 0.58

Linear 0.62

Stepwise Linear 0.89

Interaction Linear 0.89

Decision Tree 

Regression Block

R-Squared 

(Validation)

Coarse Tree 0.87

Medium Tree 0.93

Fine Tree 0.95

Training & Prediction Result of Interaction 
Linear

Evaluation of Various Regression Methods cont…

Training & Prediction Result of Decision Tree 
(Fine Tree)
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Training & Prediction Result of SVM (Medium 
Gaussian)

Evaluation of various regression methods cont…

Training & Prediction Result of Exponential 
GPR

Support Vector Machine 

(SVM) Regression Block

R-Squared 

(Validation)

Linear SVM 0.60

Coarse Gaussian SVM 0.67

Quadratic SVM 0.89

Cubic SVM 0.97

Fine Gaussian SVM 0.97

Medium Gaussian SVM 0.98

Gaussian Process 

Regression (GPR) 

Block

R-Squared 

(Validation)

Rational Quadratic 

GPR

0.97

Matern 5/2 GPR 0.97

Exponential GPR 0.99
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Training & Prediction Result of 
Least Squares Regression Kernel

Evaluation of Regression methods cont…

Training & Prediction Result of 
Random Forest ( Bagged Tree)

Kernel Regression 

Block

R-Squared 

(Validation)

SVM Kernel 0.78

Least Squares 

Regression Kernel

0.96

Random Forest 

Regression 

Model

R-Squared 

(Validation)

Boosted Trees 0.96

Bagged Trees 0.97

Neural Network 

Regression Model

R-Squared 

(Validation)

Narrow Neural Network 0.96

Medium Neural 

Network

0.96

Wide Neural Network 0.97

Bilayered Neural 

Network

0.98

Trilayered Neural 

Network

0.98

Training & Prediction Result of 
Bilayered Neural Network
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EREEM for Elevation Estimation with 
Selected Regression Model.
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Simulation Results of Ensemble Regression 
Model

Prediction of EREEM vs other regression models EREEM prediction vs Ground Truth



Summary

❑ Elevation estimation is difficult due to external factors, including radar variations

❑ The EREEM model can overcome the challenges of elevation estimation

❑ Model testing and performance analysis over various datasets

❑ Usage of Radar, ML and DL tools for dataset generation and analyzing radar data.
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Future Scope of Work

❑ Deployment of EREEM model in radar system.
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