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ABSTRACT

An optimum electronic intelligence system configuration incorporating the state of the art technologies and
achieving the highest parameter accuracies while processing the complex intrapulse modulated radar signals is
presented in this paper. The system is based on the quad digital receiver, a state of the art single board solution for
the detection and analysis of modern radar signals. The system consists of base line interferometry configuration for
high accuracy direction finding measurement with sector selection based on amplitude direction finding technique.
Advanced signal processing algorithms with time frequency analysis are implemented in real time in field programmable
gate array to extract all the basic as well as advanced parameters of frequency and phase modulations such as chirp,
barker, and poly-phase (Frank, P1-P4) codes in addition to the pulse and continuous wave signals. The intercepted
intrapulse modulated signal parameters have been extracted with very high accuracy and sensitivity.

Keywords: Electronic intelligence, quad digital receiver, analog to digital converter, field programmable gate array,
electronic warfare, fast Fourier transform, intrapulse

1. INTRODUCTION

The accurate measurement of radar’s intrapulse parameters
in real time is very essential to determine the characteristic of
radar signals, which makes it possible to take counter action
against the intended radar!'. First, it is important to determine
the primary parameters like frequency, pulse width, amplitude,
direction and time of arrival of the radar signals. The analog
receiver is capable of measurement of primary parameters but
has a limitation of sensitivity, fine accuracy and also resolving
time coincidence signals. These limitation being overcome
by using the digital receiver, where the parameter extraction
happen in frequency domain after fast Fourier transform (FFT)
processing. The high sensitivity of the receiver is achieved
results of FFT processing gain, accuracy of parameters
achieved due to signal processing at higher point FFT and
providing solution for simultaneous intercepted signals because
of frequency domain analysis. Subsequently, the advanced
parameters like pulse modulation, frequency modulation and
phase modulation are to be determined using digital receiver.
Measurement of these parameters accurately is also important,
because it will help to identify two similar radars operating
at very close frequency. The digital receiver is a single board
solution for the modern day electronic warfare (EW) receivers
instead of multiple boards.

2. ELINT SYSTEM CONFIGURATION
The electronic intelligence (ELINT) system based on quad

digital receiver (QDR) presented here will facilitate detection
of the radar signal and also provide the range advantage over
radar. The ELINT system configuration based on digital receiver
is shown in Fig. 1. The system configuration is divided into
various sub-systems as per its defined function. The antenna
used in the ELINT system employs high gain directional horn
antenna to get high sensitivity. The required frequency coverage
of the antenna array is 0.5 GHz - 18 GHz, but designing an
antenna for such a large bandwidth is very difficult. Hence,
the frequency band of 0.5 GHz - 18 GHz is divided into three
sub-bands of 0.5 GHz - 2 GHz, 2 GHz - 6 GHz, and 6 GHz - 18
GHz and separate antenna array is designed for each of the
sub-bands. Subsequently, the RF frontend i.e. quad superhet
receiver is also designed to accept the 12 RF inputs band wise
from the different antenna arrays. The input RF signal of 0.5-
18 GHz is converted to IF of 750-1250 MHz i.e. 500 MHz
bandwidth using superhet receiver frontend. The configured
system based on digital receiver, convert the IF signal into
digital signal for radar signal parameter measurement based on
real time digital signal processing.

The QDR is designed to measure all the basic parameters
of the radar like frequency, pulse width (PW), pulse amplitude
(PA), time-of-arrival (TOA) and direction of arrival (DOA) of
the emitter along with intrapulse modulation present in radar
signal®.. A pulse descriptor word (PDW) is formed, which
contain all the measured parameters of radar signal in specific
format. The ELINT System intercept various radar operating
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Figure 1. Digital receiver-based ELINT system configuration
diagram.

asynchronously, hence measured PDW is interleaved for all
the intercepted radar. The interleaved PDW’s are interfaced
to the main processor where de-interleaving is carried out and
radar signal track is displayed. The brief detail of each sub-
system is given below.

3. SUB SYSTEM DESCRIPTION
3.1 Antenna Array Sub-System

Antenna array sub-system is designed to intercept the
incoming radar signals in the range of 0.5 GHz - 18 GHz and
to interface RF Front end receiver. In the present configuration
the direction of the arrival (DOA) of the incoming emitter
is based on the base line interferometer (BLI) principle and
amplitude direction finding is used for resolving the sector
information for BLI DF. The four element base line array (BLI
Array) provides sector coverage of +45° in azimuth. The phase
comparison direction finding system provides DOA accuracy
of the order 1°(rms) and it requires coarse information to
identify quadrant. The quadrant selection is achieved by four
antenna amplitude comparison direction finding system.

Spiral antennas are extremely useful for intercepting any
unknown radar signals and play a vital role in modern DF
systems in low band i.e. 0.5 GHz - 2 GHz. This spiral antenna
also provides broad beam coverage in both the principal planes
(Azimuth and Elevation) which leads to easy detection of
incoming signals angle of arrival. The BLI array configuration
of the spiral antennas is shown in Fig. 2 (a).

Sectorial horn antennas, shown in Fig. 2 (b), are used in
2 GHz - 6 GHz and 6 GHz -18 GHz frequency bands, because
of its high gain and small size. The horn antenna provides
broad azimuth beam coverage with narrow elevation beam

For BLI phase comparison Direction Finding application,
inter-element spacing of the antenna elements is crucial in
achieving the required DOA accuracy. The spiral and Sectorial
horn antennas in 0.5 GHz - 2 GHz, 2 GHz - 6 GHz, and 6
GHz -18 GHz are being configured into BLI linear arrays with
required inter element spacing dictated by the BLI algorithm.
All the arrays mounted on a common mounting plate and
covered with an overall Radom covering an angular sector of

(b)

Figure 2. (a) BLI array with spirals antenna and (b) BLI array
with sectorial horns antenna.

90°, such 4 arrays are required to cover 360° in Azimuth plane.
ELINT system block diagram Fig. 1, shows the coverage of
360° using 4 antenna arrays.

3.2 Antenna Selection Switch Matrix

The antenna head unit consists of 48 directional antenna,
12 antennas in each sector. Each sector is further divided into
three bands as explained earlier. The main function of the
antenna selection switch matrix is to select one sector and one
band of BLI antenna array for fine DOA measurement and one
antenna from each sector from the selected band to coarse DF
using the amplitude DF technique. This is required because,
the ELINT system configuration shown in Fig.lis based on
digital receiver and has very high sensitivity in order of -90
dBm, and hence system will respond for the side lobe and back
lobe pick up. The signal pickup from side lobe and back lobe
will mislead the operator, hence suitable arrangement has been
worked out to eliminate this side and back lobe pick up. Here,
antenna selection switch matrix will provide solution for sector
resolving, in case of signal pickup from side and back lobes.

3.3 Quad Superhet Rx Frontend

The quad superhet frontend accepts input signals in the
range of 0.5 GHz to 18 GHz in split bands of 0.5 GHz - 2 GHz,
2 GHz - 6 GHz and 6 GHz -18 GHz from above mentioned
antenna arrays and converts it to IFs of 750 MHz - 1250 MHz
bandwidth. To achieve better image rejection and minimum
spurious level, three level of mixing arrangement is provided
for conversion of RF to IF. The quad superhet receiver is a
one of the complex RF technologies, where achieving he gain
and phase matching among the four channels was a challenge?.
The phase matching of £25° has been achieved after 4 channels
RF to IF conversions, which was a difficult task. IF from the
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5 _____

quad superhet receiver is given to quad digital receiver for
digitization and parameters extractions of radar signals using
the real time signal processing algorithms in FPGAs.

3.4 Quad Digital Receiver

Quad digital receiver is heart of ELINT system. Real time
parameters measurement’s signal processing algorithms has
been implemented in FPGA of QDRx hardware. Quad digital
receiver accepts the superhet receiver output of 750 MHz
- 1250 MHz and digitizes it using the high speed ADCs and
processes the digitized data in FPGAs to extract the radar pulse
parameters. The quad digital receiver is an integrated design
in a single board for the sampling and processing of four 750
MHz - 1250 MHz radar IF signals. The hardware has been
divided into two major sections. They are IF section with clock
synthesizer and digital processing PCB.

The IF section is designed as the front end signal
conditioning section to accept four input signals in the range
of 750 MHz - 1250 MHz. The front end signal conditioning
section provides 12 dB effective gain to all four input signals
and has an anti-aliasing filter of 750 MHz - 1250 MHz. The gain
is required for bringing the signal in to the quantization zone
of the ADC using the noise dithering technique and filtering is
required for providing rejection to out of band signals, hence
avoiding aliasing. Since input to the QDRx is band limited,
band pass sampling technique has been used instead of Nyquist
Sampling technique. Band pass sampling technique provides
advantage of easier hardware design, avoid spectrum wastage
and effective data interface with FPGA. Selection of band pass
sampling frequency needs to satisfy the following criteria:

f.>2%BW )

(2fC—BW)Z f Z(2fc+BW) @)
m m+1

where f_is centre frequency (1 GHz), BW is bandwidth (500

MHz), f is sampling frequency, and m is integer (say 1).

Considering the above two conditions, sampling frequency
may be between 1500 MHz > f > 1250 MHz. Sampling
frequency is selected at the center of the sampling window i.e.
1350 MHz. The sampling frequency of 1350 MHz provides a
guard band at both edges because the actual frequency spectrum
coverage will be from 675 MHz to1350 MHz. The synthesized
clock of 1.35 GHz has been generated using the reference clock
of 10 MHz with phase locked loop (PLL) technique. The phase
noise of the clock synthesizer output is maintained below -100
dBc @ 10 KHz, so that the clock jitter can be minimized and
higher dynamic range can be achieved by the ADCs.

The quad digital Rx processing PCB is a high speed
board design mainly consists of high speed ADCs and Virtex-6
FPGAs as shown in Fig. 3. signal integrity analysis of QDRx
has been carried out to ensure the proper impedance matching
of high speed traces. The ADC selected for the design is from
the Taxes Instruments Part no. ADC10D1500, which provides
analog bandwidth of 750 MHz - 1250 MHz @ 1.35 GHz
sampling clock. Multiple ADC synchronization feature has
been utilized for accurate phase measurement between adjacent
channels, which is required for BLI based DF measurement.
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Figure 3. Quad digital Rx main board hardware.

Advancements in the FPGAs technology have made possible
the implementation of complex DSP algorithms in real time
due to the availability of ample resources inside the FPGA.
The QDR employs three Virtex-6 FPGAs of millions of gate
density for realizing the real time fast Fourier transform (FFT),
radar pulse parameters measurement and time-frequency DSP
algorithms to extract the intrapulse modulation characteristic
like Barker, Frank and Poly-phase (P1-P4).

The signal processing algorithms for intrapulse parameters
measurement have been developed in VHDL language and
implemented in FPGAs.

3.5 ELINT Processor and Display

The ELINT processor sub-system is designed for
generating electronic order of battle (EOB) from measured
parameters of radar emitter signals from quad digital receivers.
The ESM processor characterizes signals in real time in
high density dynamic signal scenario with pulse density in
the order of one million pulses per second. The sub-system
comprehensively de-interleaves all emitter parameters and
identifies by comparing parameters stored in radar libraries.
The ELINT processor performs the task of de-interleaving and
determines secondary radar parameters such as pulse repetition
frequency (PRF), PRF type, scan type and scan period for each
emitter and sends emitter file to display.

Display for ELINT system is an EW system operator’s
console for system operations. The operation of display includes
receive intercepted ES data from ES/ELINT payload in near
real time, Present the received emitter data in different display
formats i.e., Tactical, situational, tabular and map formats.

4. REAL TIME DSP ALGORITHM FOR
INTRAPULSE PARAMETERS MEASUREMENT
Real time performance in digital receiver is being

achieved by implementing signal processing algorithms in

FPGA, where the incoming sampled data and the signal

processing speed are matched. In order to be smart to cope

up with the large bandwidths, high interleaved signals load,
sophisticated advanced algorithms are employed in digital
receiver®. This section describes the real time measurement
algorithms and their implementation in FPGA for frequency,
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pulse width, amplitude, time of arrival and DOA of radar
signal. The primary parameters of radar signal are based on
real time FFT implementation. The major challenges are to get
fine resolution in frequency and also in time, because higher
points FFT will give good frequency resolution but poor
time resolution and vice versa for the lower point FFT. The
implemented algorithms explain, how both resolution in time
and frequency have been achieved without violating the FFT
principle.

4.1 Frequency Estimation of Radar Signal

Frequency of the radar signal is one of the important
basic parameters measured by ESM receiver. By comparing
the frequency of the pulses received, pulse trains of various
radars can be sorted out. To make the jamming and others
important actions very effective, better frequency resolution
and accuracy are desirable specifications of the receiver. In
an electronic warfare scenario, it is required to intercept and
resolve multiple radar emitters operating at the same time. So,
in order to achieve simultaneous signal resolving capability,
FFT is selected as the frequency measurement technique.
The input frequency of the signal after normal FFT spectrum
analysis is given in Eqn. (3).

Measured Frequency = %* k 3)

where f the sampling frequency and k is the index corresponding
to the maximum FFT bin and N is number of points of FFT.
Selection of number of points of FFT is a trade-off between
the amount of collected data that is processed or computed and
the resolution/accuracy that can be achieved in frequency by
FFT.

To achieve good frequency accuracy while running the
short FFT, interpolation of interbank energy levels in FFT
outputs is used. If K-1, K and K+1 are the locations of previous
peak bin, peak bin and next peak bin of the spectrum and o,
B, vy are the corresponding amplitudes respectively then, the
offset p in frequency bin or interpolated peak location is given
in bins by’

b= (a—7) (4)
2*(a=2%B+7)

The estimated frequency bin is then measured by

Estimated Peak Bin=k+ p ®)
And estimated frequency can be measured by

Estimated Frequency = (k = p) *% (6)

Using the curve fitting FFT frequency estimation algorithm
approach, it is observed that there is huge improvement in
frequency resolution and accuracy measurement. In case of
512 points, the frequency measurement accuracies with this
approach are less than 0.5 MHz (rms) against 1 MHz (rms)
with normal FFT spectrum analysis.

4.2 Pulse Width Estimation

Pulse width is the envelope of the intercepted RF signal.
The accurate measurement of pulse width is required to identify
the type of radar, whether it is surveillance, tracking or missile
homing radar. Accurate PW measurement is achieved with

precise knowledge of leading edge and trailing edge of the pulse.
The 512 points FFT provide time resolution of 400 ns, which
is not acceptable for the short pulse width signal detection.
Overlapping technique has been used to know precisely the
Pulse width. The 50 per cent overlapping of input ADC data for
FFT will provide 200 ns resolution. Hence, the use of 87.5 per
cent overlapping of the input data for FFT has been carried out
to achieve 50 ns pulse width resolution. 15 bits has been used to
represent pulse width range from 50 ns to 1 ms.

4.3 Time of Arrival Measurement

Time of arrival (TOA) measurement is required to get
the PRF of the intercepted radar signals. For TOA calculation,
a free running counter of 5 MHz is implemented in FPGA.
Whenever there is a signal present, first frame of FFT is used
for generating the TOA strobe. At the leading edge of the
TOA strobe, the counter value will be registered. The counter
value multiplied by the resolution of TOA will yield TOA
measurement. The range of TOA varies from 1 ns to 20 ms,
which results PRF from 50 Hz to 1 Million pulses per second.

4.4 Pulse Amplitude Measurement

The amplitude of the intercepted radar signal is measured
from the FFT spectrum. The data input from the ADC is 10
bit; it is fed to FPGA for 512 points FFT computation. The
FFT output i.e. the magnitude spectrum will be 19 bits real
and 19 bits imaginary data. The peak value is determined after
comparing the values with dynamic threshold. The peak value
of real and imaginary FFT output is squared and the square
root of the sum of these values is used to find the absolute peak
amplitude. This value is used for look up table and mapping
the magnitude modulus to the amplitude scale in dBm.

4.5 Direction of Arrival Measurement

Angle of arrival is generally regarded as the best initial
sorting parameter because radar cannot change its position
immediately, whereas all the other parameters like frequency,
PW, amplitude and modulation can be easily changed. BLI
is often proposed as a fast and computationally efficient
direction finding (DF) technique that provides high accuracy
DOA estimates with a small number of receivers, typically
2-4 receivers per quadrant®. Principle and its operation of Four
antenna BLI technique has been explained Fig. 4.

Af II/ ~ | / +,f / u{}f’
Al v Af A
A
DI2 D23 | D34
) DI4

Figure 4. Four antenna phase interferometry-DF.
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In Eqn. (7), basic principle of BLI algorithm is explained
considering two antennas.

0= (2nd;1n9) _y+2mm %)
where o is the true phase delay between two antennas, d is the
spacing between the two antennas, A is the wavelength of the
incident signal, 6 is the angle of arrival of the signal, v is the
measured phase delay, and m is an integer.

The Eqn. (7) explained BLI principle and phase
difference (¢) between two antennas is measured and DOA
(0) is calculated from the Eqn. (7), because other variables are
known or constant. The equation shows that to get more DF
accuracy, the distance between two antennas should be large
i.e. much more than A/2, but it will create phase measurement
ambiguity and resultant phase is reminder of modulo 2x. The
four antenna BLI configuration for direction of arrival (DOA)
is shown in Fig.4, which will provide good accuracy and also
help in resolving the phase ambiguity. The spacing’s of the
antenna array is kept in a ratio of 1:3 shown in Table 1. and
using Chinese Reminder Theorem used to resolve the phase
ambiguity. The absolute phase difference is obtained by using
CORDIC function in each channel at the output of FFT. The
four phase difference i.e. phase difference between channel 1
and 2, Channel 2 and 3, Channel 3 and 4 and Channel 1 and
4 are obtained by taking absolute phase difference among the
channel respectively.

Table 1. BLI antenna array spacing 1:3 ratio

Freq. D, D,, D, Total  Error Accuracy
(GHz) (mm) (mm) (mm) (mm)
0.5-2 180 540 240 960 4151 o 2°
2-6 90 270 120 480 2.2 N 1°
0.7
2.2°- o
6-18 30 90 40 160 0.7° 1
Field of view (FOV) +56°
Phase margin +45°

The 1:3 BLI algorithms for 0.5-2/2-6/6-18GHz band is
explained through following equations.

D,:D,,=1:3 ie wy,:y,=1:3
D,:D,,=9:4 ie wy,:y, =9:4
D, :D ,=13:16 ie. vy, 1y, =13:16
The corresponding phase relations can be written as
3*(@, +21*m,) =1% (¢, +21*m,) (8)
Y, =@y +21%m,
4*(@23+2n*m3):9*(¢34+2n*m4) (9)
4xy,y =9%yy,

16%(@,, +2m*m,) =13*(¢,, +2m*m,) (10)
16y, =13%y,

here y , is the unwrapped phase of longest baseline i.e. between
1 and 4. Solving the equations will result in reduction in the
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number of ambiguities (possible values of m,, m,, etc.). It can
be seen that the ratio of any two antenna spacing’s bears a ratio
of mutually prime integers. This feature is used to resolve the
phase ambiguity by using the Chinese remainder theorem. The
error equation for the BLI based DF is given in Eqn. (11).

5 = 3,
o (2n Dcos0) an

where 3, is the DOA error and 8¢ is the phase measurement
error. From the error equation it is seen that the achievable
DOA accuracy is better for a longer baseline and also for
higher frequency (i.e. smaller A). This assumes that the phase
measurement error is constant throughout the operating
bandwidth of the system. Considering these points, it indicates
that higher frequencies will give better DOA accuracy than
lower frequencies. The resulted set and measured DF from
-45° to 45° is resulted in the 1° (rms) DF accuracy for 2 GHz
- 6 GHz and 6 GHz - 18 GHz frequency band, which is very
much required for effective localisation of scanning emitters’.

5. ALGORITHM FOR INTRAPULSE

MODULATION EXTRACTION

The real time FFT algorithm implemented in FPGA is
suitable for extracting the carrier frequency, amplitude, DOA
and also pulse parameters like pulse width, TOA, but it has
drawbacks like spectrum correction and spectral leakage,
which limits its use phase modulated signals. All Phase FFT is
an algorithm to achieve the high accuracy phase measurement
without the need for spectrum correcting. With this algorithm,
the advanced parameters of the intrapulse modulated radar
signal such as Barker, Frank, and Poly-phase (P1, P2, P3 and
P4) are analysed.

5.1 Principle of All Phase FFT

The principle of all phase FFT is represented pictorially in
the Fig. 5. The input data is firstly windowed by a (2N-1) length
window W, then every two samples with the space between N
intervals (except the middle element x(0)) are summed up thus
one new N-length data vector y=[ y(0), y(1), ..., y (N-1)] can
be formed. Lastly, implementing DFT/FFT on the new vector
will generate the outcome of apFFT. The algorithm shown

b! 71 ’| zl } }| 71 .. 71
v h 4 v h
Convalution af N.order Symmetric Window W1 and W2 ]
D DD
-

k. - ->
[ N-point FFT ]

- v - -

Figure 5. All phase FFT spectrum analysis.
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in Fig. 5 is an optimum implementation which makes apFFT
convenient to be implemented®. we is named as convolution
window, which equals the convolution of one front window
f(n) and one reversed back window b(n), i.e.

w(n) = f(n)*b(n) (12)

5.2 Amplitude Spectrum of APFFT
The amplitude of all phase spectrum is as follows®

2
‘sin2 7N (fo—kj
1 f, N
|XAP| =

N

(13)

This is square of the traditional Fourier transform
frequency spectrum amplitude. It can also be noted that all
N spectral lines amplitudes obey the same square law, which
means that the amplitude ratio of adjacent lines to the peak
line decreases more acutely according this square relation. As a
result, apFFT possesses a better quality than FFT in inhibiting
spectral leakage.

5.3 Phase Spectrum of All Phase FFT
A single-frequency complex exponential sequence

27

x(n) = e o =pAw, Ao = , 18 N+I<n <
N

N-1, selected as an example to compare the traditional DFT
phase spectrum with apDFT phase spectrum. The N-order
normalized traditional windowed FFT spectrum X(K) and the
N-order normalized dual windowed All phase FFT spectrum
Y(k) with can be respectively represented as

zﬂMlﬂ-NU Window
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=100

-150

i 100
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Fraguency Indax
(@

Hanning Mag-Hanning Phase-Hanning

| 150 |

150 ’ |

% e

. 200 300
Frequancy index

(©

Phase-MNo Window
00

00 300
Fraquency Index

100 200 300
Frequency Index

.{90_(N—1)(k—B)Am

X (K) = F, [(k-B)ao]e o]

(14)

Y (k) =F, [(k—B)Aw]e™

k e[0,N —1] (15)

From Eqn. (14) and Eqn. (15), we can infer that having
implemented apFFT on the (2N-1) input data, we can directly
obtain the central sample’s theoretic phase value from the peak
spectral line without any additional correcting operations. Thus
we say that apFFT possesses the property of ‘phase invariant’.

5.4 Simulation Results of All Phase FFT Algorithm

Simulation has been carried out on sinusoidal signal to
clearly view the working principle of all phase FFT and to
compare it against the no window and windowed FFT. Figure 6
(a) shows the signal plot with no window and the corresponding
magnitude and Phase plots using FFT.

Figures 6 (b) and 6(c) shows the signal plot, magnitude
and phase plots using FFT with Hamming and Hanning
windows respectively. From Figs. 6 (a) - 6(c) we can observe
that frequency spectrums of window and no windows are
same except for low magnitude in the case of windowed FFT.
The phase spectrums of windowed and no windowed FFT
are deviating from the actual phase due to non-synchronous
sampling. Figure 6(d) shows the phase and magnitude plots
for the all phase FFT. From Fig. 6(d) we can clearly say that
with the all phase FFT the phase of the signal can be identified
clearly as the frequency and also the phase is invariant for
nearby indexes also and is completely unambiguous. This
particular property of all phase FFT is used for the extracting
the phase changes in the digital phase modulations.

Hamming

Mag-Hamming Phasa-Hamming
0 00

Mag
3 8 &8 8 B
Phase

% i00 200 200 %

100 200 300
Timea Frequency Index Frequancy lndax

ApFFT Input

Phase-ApFFT

=

EERTEERERE

= S

@ o0 200 00

W00 200 200
Tirme Frequency Index

00 200 300
Frequency Index

(d

Figure 6. Magnitude and phase spectrums: (a) No window, (b) Hamming window, (¢c) Hanning window, and (d) All phase FFT.
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5.6 Implementation of apFFT in Digital Receiver

After the phase collection from the all phase FFT the
phase information within the 256 bin is obtained. This phase is
again unwrapped to get the actual phase. Whenever there is a
phase change happens within the samples under consideration
the phase from the central bin will deviate from the actual
one. From the information obtained through the previous
frame and next frame the phase change is calculated. If there
is no phase change is present then the signal is considered as
a pulse modulated signal. Similarly if the frequency from the
successive frames differs then the signal will be classified as
a Frequency modulated signal. If the signal is having phase
modulation then the phase change pattern is obtained. For
testing the effectiveness of the algorithm against the detection
of various intrapulse modulation signals, the signal is being
generated from the arbitrary waveform generator since it is an
ideal instrument to generate complex real world signals'®.The
signal from the AWG is being digitized by the High Speed
ADC and is processed in the FPGA of the digital receiver
to extract the various basic and advanced parameters of the
intrapulse modulated signals. The results are monitored using
the chip scope pro tool of FPGA. The types of the signals and
the intrapulse modulation that can be obtained with the above
algorithm are shown in Table 2.

Table 2. Effectiveness of algorithm

Parameter Extracted signal parameters

Type of signals Chirp, Barker, Frank, P1-P4

Parameters of chirp signals Centre frequency, chirp

bandwidth, chirp rate

Phase modulation parameters Sub code duration, phase

pattern, type of phase code

Table 3 shows the output phase of a Barker and Frank
code that are being extracted with the apFFT algorithm. It
is also observed that the phase error is within +5°, which is
sufficient to extract all the polyphase modulations.

Table 3. Extracted phase for Barker and Frank code

;l%lr,\ZIOf Actual phase pattern  Achieved phase pattern
Barker 7 + -t 0001801800180

0 0 0 0 0 o0 0 0

0 90 180 270 0 &9 180 270
Frank 4

0 180 0 180 0 180 O 179

0 270 180 90 0 267 180 &7

6. CONCLUSION

Thedigital receiver based system is the modern day solution
for the interception, detection and analysis of basic as well as
advanced radars in real time with high parameter accuracies
and sensitivity. The proposed digital Rx based ELINT system
configuration meets the operational requirements of modern
ELINT system and can also be customised to meet ELINT
system requirements of tri-services.
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