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Abstract— In this paper, the coherent integration processing 

and detecting algorithm is proposed to enhance the 

performance of pulsed radar for aircraft detection. A tunable 

high performance Finite Impulse Response (FIR) Filter with 
high linearity and high Signal to Noise Ratio (SNR) is 

proposed in this work. The proposed FIR filter provides a 

linear phase response which is aimed to achieve good 

quality reception of the received pulses for pulsed radar 

system. The proposed filter is an analog FIR filter with large 

number of taps is designed to operate in discrete time 

domain. The incorporation of the time interleaved Sample 

and Hold (S/H) circuit results with the discrete output of the 

given pulses. S/H is succeeded by the tunable Trans 

conductance amplifier and the time interleaved multiplexer 

(MUX). The received pulses from the pulsed radar with 
pulse repetition frequencies of 2 MHz, 4 MHz, 6 MHz, 8 

MHz and 10 MHz were considered. At the above PRF’s and 

the Intermediate Frequency (IF) of 15 MHz the received 

pulse responses were simulated using TANNER EDA. 

Hence, the designed high performance FIR filter is focused 

as a matched filter for receiving the pulses from the pulsed 

radar used in military applications. Radon Fourier 

Transform (RFT) to carry out long time coherent processing 

for searching range and velocity dimensions and the blind 

speed effect at the storm cloud is suppressed. 
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I. INTRODUCTION 

Applications of RADAR are Military, Air Traffic Control, 

Remote Sensing, Ship safety, Aircraft safety and 

Navigation. In order to detremined the target information the 

Radon Fourier Transform(RFT) is used. Radon Fourier 

Transform (RFT) is used to detect both range and velocity 
of the moving target aircraft via the Doppler filters. 

Comparing MTD, RFT and Hough transform, RFT method 

also detect the weakest target at the farthest range [1, 7]. 

RFT algorithm is used for fast implementations in the 

Doppler filter bank to suppress the blind speed side lobe [1-

3]. RFT is the successive algorithm for detecting aircraft 

compared to Hough Transform and Moving Target 

Detection (MTD). Radon Fourier Transform (RFT) 

approach is a generalized processing of the Doppler filter 

bank. By this method coherent integration time, blind speed 

of the target, detection performance, etc., can be determined 

[1]. 
Discrete Time analog domain finite impulse 

response (FIR) filters are used in a wide range of 

applications, such as wireless local area network and cellular 

receivers, frequency synthesizers, frequency down 

converters, software defined radio, line equalizers, etc., [8, 

10-13]. FIR topologies have been used in radar systems to 

filter the noise and other disturbances in the received radar 

pulses, where they could potentially be even more useful. In 

a pulsed Doppler radar transceiver, RF pulses are 

transmitted and the Doppler-shifted echo signal is returned 
and processed by the receiver. In radar, the transmitter 

generates an electromagnetic signal that is radiated into 

space by an antenna. A portion of the transmitted energy is 

intercepted by the target and reradiated in many directions. 

The re-radiation directed back towards the radar is collected 

by the radar antenna, which delivers it to a receiver. The 

reflected energy that is returned to the radar not only 

indicates the presence of a target, but by comparing the 

received echo signal with the signal that was transmitted, its 

location can be determined along with other target related 

information. The range or distance ‘T’, to a target is found 
by measuring the time it takes for the radar signal to travel 

to the target and return back to the radar. Pulsed Radar 

operates at frequencies of 3 to 1000 megahertz. Maximizing 

the ouput peak signal to noise ratio of a radar receiver 

maximizes the detectability of a target. This linear network 

is called a Matched Filter. This matched filter is used to 

improve Signal to Noise Ratio (SNR) by reducing the 

interference of  noise signal with the received pulse[9]. 

 
Fig. 1: Block Diagram of Pulse Doppler radar 

The range and resolution of the RADAR depends 

on the Pulse Repetition Frequency (PRF). It uses the 

Doppler shift method. The transmitted signal and the 
received echo signal are mixed in a detector to get the 

Doppler shift and the difference signal is filtered using a 

Doppler filter where the unwanted noise signals are rejected. 

Pulse-Doppler typically uses medium Pulse Repetition 

Frequency (PRF) from about 3 MHz to 30 MHz. Pulse 

Repetition Frequency (PRF) is the number of pulses of a 

repeating signal in a specific time unit, normally measured 

in pulses per second. Medium PRF is enough to determine 

both the range and velocity of target and corresponds with 

radar range from 50 km to 180 km. Medium PRF is used 

with Pulse-Doppler radar, which is required for look-
down/shoot-down capability in military systems. Pulse 

Doppler systems were first widely used on fighter 

aircraft starting in the 1960s [9]. Moving Target Indicator 

(MTI) radar is used for detecting the movable target, the 

radar should receive only the echo signal due to that 

movable target. However, in practical applications, Radar 

https://en.wikipedia.org/wiki/Medium_pulse_repetition_frequency
https://en.wikipedia.org/wiki/Medium_pulse_repetition_frequency
https://en.wikipedia.org/wiki/Pulse-Doppler_radar
https://en.wikipedia.org/wiki/Look-down/shoot-down
https://en.wikipedia.org/wiki/Look-down/shoot-down
https://en.wikipedia.org/wiki/Fighter_aircraft
https://en.wikipedia.org/wiki/Fighter_aircraft
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receives the echo signals due to stationary objects in 

addition to the echo signal due to that movable target. Pulse 

radar emits short and powerful pulses and in the silent 
period receives the echo signal. The transmitted and 

received signals are in continous time domain. 

Noise is an unwanted information received along 

with the original data. The sources of noise arises from 

inside and outside a circuit. Along with the signal, a noise 

received by the radar antenna. The received noise depends 

on the frequency and the receiver bandwidth. In radar signal 

processing, signal is most affected by Gaussian noise from 

natural sources, such as thermal noise, black body radiation 

from the earth and celestial sources such as the sun [14]. 

White Gaussian noise is often used to model the thermal 

noise in the system. Power Spectral Density (PSD) of 
thermal noise is, 

SX  (f) = No / 2 , for all f                     (1) 

 
Fig. 2: PSD of Thermal Noise 

By the reflection of transmit signal the spectrum 

may be modified. The pulse duration of the echo signal is 

not constant. Since the echo signal is received with the white 

Gaussian noise, to reduce or eradicate the noise in the 

received signal the matched filter is used at the receiver end 

of the pulsed radar system. By increasing Signal to Noise 

Ratio (SNR), the noise can be reduced. For the purpose of 

reducing the noise in the received signal along with higher 
frequency operation FIR Band pass Filter is implemented. 

GNSS based passive radar with 2D coherent algorithm 

provides high SNR for target detection with pulse repetition 

frequency of 1000 Hz and the detection of aircraft range is 

from 80km to 150 km [7]. RFT algorithm is implemented in 

the Pulsed Doppler radar system for detecting aircraft is 

worked in this paper. The proposed algorithm RFT has a 

good performance of detecting target in pulsed Doppler 

radar with Doppler filter to increase the signal and detect the 

target range and velocity. 

II. FIR FILTER DESIGN 

The FIR filter has a number of significant advantages. It is 

unconditionally stable, easily designed. It is possible to 

design an FIR filter with a linear phase delay. For a discrete-

time FIR filter of order N, each value of the output sequence 

is a weighted sum of the input values: 

y[n] = h0 x[n]+h1 x[n-1]+h2 x[n-2]+……+hN-2 x[N-2] 

+ hN-1 x[N-1]                                     (2) 
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Frequency domain of bandpass FIR filter is: 

H(ejω) = 1/2π
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The bandpass FIR filter has to be tunable in 

bandwidth while maintaining constant group delay to meet 

the requirements of the radar receiver. For traditional analog 

filter it is difficult to do, so a discrete-time FIR topology 

was chosen. FIR filters are tolerant to variations in process, 

voltage and temperature (PVT) and can typically be scaled 
by scaling the clock frequency. The discrete-time FIR filter 

can have constant group delay, the value is depends on clock 

rate and number of taps. FIR filters can be described as: 

H(z) =
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αn = αN-n ,0 ≤n ≤ N- 1                            (6) 

Where, N is the number of taps. Constant group 

delay of the pulsed Doppler radar will allow the received 

signal to pass the desired Intermediate Frequency (IF) 

without causing distortion of the time domain in the pulse 

shape. The Tanner EDA tool was used to design the FIR 

filter with IF of 15 MHz, signal is sampled at the rate of 75 

MHz and the bandwidth was tunable from 2 MHz to 10 
MHz. To achieve high SNR value for the received pulses 

from the radar a high quality tunable FIR filter is deigned. 

The main sections of this tunable FIR filter are: Non 

overlapping clock generator, Time interleaved sample and 

hold circuit and MUX based tunable transconductance 

amplifier. 

A. Non-Overlapping Clock Phases 

A key importance in the operation of the FIR filter is the 

non-overlapping clock generator. This section is needed to 

feed the non-overlapping phases of clock pulses to the 

tunable Trans conductance based FIR filter. It is generated 

by ring oscillator, comprises of OR gate which is subdivided 

by two clock cycles to complete a full cycle. Initially, a non-

overlapping clock of ten phases was generated. A ring 

oscillator generate it and clock pulse are subdivided into two 

2-five clock cycles. The input voltage, should be kept 

constant during each clock phase. 

In synchronous circuits, a "two-phase clock" refers 
to clock signals distributed on two wires, each with non-

overlapping pulses. Similarly, for six-phase clock distributes 

clock signal on six wires, each with non-overlapping pulses. 

 
Fig. 3: Non-Overlapping Clock Phases 

Transfer function is, 

https://www.sciencedirect.com/topics/engineering/linear-phase
https://en.wikipedia.org/wiki/Discrete-time
https://en.wikipedia.org/wiki/Discrete-time
https://en.m.wikipedia.org/wiki/Synchronous_circuit
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Hmismatch (z) =
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Capacitor mismatch αn is eliminated by choosing 

the capacitors with similar specification. Capacitor 

mismatch should be less than 20%, hence it does not have 
much effect on the passband of the filter. For 32 tap FIR 

filter 34 non overlapping clock phases is generated. 34 clock 

phases are divided into two sets, 17 even and 17 odd clock 

phases. It is generated by designing 17 input OR gate and 

non-overlapped clock pulses is feed as input to the OR 

gates. 

 
Fig. 4: Schematic Diagram of 17 Odd Clock Phase 

Generator 

These 17 odd and even non-overlapping clock 
phases is feed to sample and hold circuit as MOSFET 

switches to switch the circuit from sample to hold and hold 

to sample mode. 

 
Fig. 5: Simulation Result of 17 Odd Clock Phases 

B. Time Interleaved Sample & Hold (S/H) 

The input to the FIR filter must be constant during each 

clock cycle, so that the charge injected onto the capacitor is 

equal to the sampled input voltage. Figure. 6 shows the 

proposed S/H circuit, which is a time interleaved approach. 

During one clock period, one of the two S/H circuits will 

track the input, while the other holds a constant value. These 

operations will then switch for the next clock cycle, and so 
on. The S/H circuits each require two nonoverlapping clock 

phases, one clock will turn ON the switches to sample the 

input voltage onto the capacitor, while the second clock put 

the capacitor in feedback around the amplifier during the 

hold phase. 

 

 
Fig. 6: Sample and Hold (S/H) Circuit 

The odd and even non-overlapping clock phases 

used to perform the sample and hold operation. For 34-

phase, clock distributes clock signal on 34 wires, each with 

non-overlapping pulses. Ideally, the output of the S/H would 

be constant during the entire hold phase, which would allow 

the trans conductor cells and capacitors that follow to do the 

desired integration error free. The output of the S/H can be 

approximated to be: 
VO, SH (t) = VO, IDEAL (1 – e-t×GBW)                   (8) 

The error acquired in the clock period is reduced 

through this approach. Succeeding the S/H circuit is the set 

of 32 trans conductors for the FIR filter, which is the filter 

section provides high linearity and SNR. 

C. Tunable Trans Conductance Amplifier 

Transconductance is the electrical characteristic relating the 

current through the output of a device to the voltage across 

the input of a device. 

Transconductance (gm) = Δ Iout / Δ Vin   (A/V)                 (9) 

Transconductance amplifier is defined as a Voltage 

Controlled Current Source (VCCS), which improves the 

frequency response. This amplifier delivers a current 

proportional to its input voltage. In the proposed filter 

topology, the BW of the filter needs to be tunable, which is 

achieved by varying the filter coefficients αn from (5). In 

this design, the tuning of the coefficients αn is done by 
varying the transconductors [16]. The main parameters 

associated with the transconductance amplifier such as 

output resistance, input output range, linearity and noise are 

discussed along with the trade-off for each parameter. The 

main purpose of the transconductance amplifier is to pump 

current into the fixed capacitor with the ability to tune the 

needed current to get the corresponding transconductance 

values for the FIR filter. The input stage of all 

transconductors is similar and is optimized for noise and 

linearity. gm tunability is achieved through the bank of 

transistors MTi that operate in triode region. 

Transconductance gm in triode region is, 

gm = µn Cox 
𝑾

𝑳
 VDS                                    (10) 

The transconductor consists of a basic source 

degenerated differential pair with a current mirror load. The 

transistors N1–N5 are placed across the drain of the 

transistors in the differential pair. It is used to tune the 

transconductance by attenuating the differential current 

entering into the current mirror load. The tuning transistors 

operate in the triode region when activated and present a 
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resistance of Rtune that is controlled by the gate voltage equal 

to 2Vgs2. 

Rtune = 2Vgs2                                    (11) 

 
Fig. 7: Tunable transconductance (gm) amplifier 

The voltage VGS – VT, which gives the low 

frequency transconductance is approximated as: 

      (12) 

 
Fig. 8: Simulation result of Tunable Transconductance 

Amplifier 

Thus the transconductance can be tuned by 

adjusting the ratio of two transistor dimensions, which is 

reliable with PVT variations. The tuning is carried out 

through a bank of transistors that allows the adjustment of 

aspect ratio (W/L) without affecting the operating point. 

From this circuit we obtain noise free and high linear output 

signal. 

D. Multiplexer (MUX) 

The simplified single-ended schematic of the MUX is 

illustrated in Fig. 9, which is a time-interleaved topology 

similar to that used for the S/H circuit. During an even 

numbered clock phases, the charge from the desired 

capacitor is injected onto the capacitor C which, in 
concurrence with the amplifier, holds the output voltage 

until the next cycle. In the second amplifier, the voltage 

across the feedback capacitor is reset to zero for hold phase. 

 
Fig. 9: Time Interleaved MUX 

The amplifier needs to drive the following stage, 

which consists of the set of tunable transconductors in the 

same way that the S/H must drive the first stage 

transconductors. This makes the requirements for the 

amplifier of the MUX to be the same as that of the S/H, the 

same topology is used here. The outputs of 32 

transconductance cells is subdivided as odd and even 

outputs which are fed into 2:1 multiplexer to obtain a single 

output with high linearity and low noise. 

 
Fig. 10: Proposed 8 tap FIR Bandpass Filter with Input from 

Sample and Hold Circuit Output 

 
Fig. 11: Response of 32 tap FIR Filter Measured in Tanner 

EDA with 15 MHz IF and the Bandwidth of 2 MHz to 10 

MHz 

III. RADON FOURIER TRANSFORM 

Radon Fourier Transform (RFT) is an algorithm used in the 

Doppler filter bank to measure the range and velocity of the 

target. The proposed FIR filter works in discrete time so 
Discrete time RFT is chosen [1]. It is used to determine the 

coherent integration time, blind speed and detection 

performances. 
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A. Coherent Integration Time 

The time domain integration of measurements in a coherent 

radar over a sequence of pulses or over an observation 

interval, prior to estimate the signal properties, to improve 

the Signal to Noise Ratio while minimizing signal 

processing. Coherent Integration Time should be less than a 

few milliseconds [17]. Coherent Integration Time, 

TCIT  = 10(SNR
CIT/10) / fp                       (13) 

where, fp is the pulse repetition frequency. Long-
time coherent integration time is better than the non-

coherent integration time, it provides SNR is N times the 

SNR by the radar range equation. SNR with coherent 

integration time is, 

SNR CIT  = 10 log10 (Tfp)                          (14) 

Where, T is the coherent integration time. 

B. Blind Speed 

At the time of storm cloud the blind speed is suppressed, the 

magnitude of the radial component of velocity of an object 

is the blind speed vb is, 

Vb = λ fp  / 2                                (15) 

Searching velocity interval of RFT is, 

Δv,M  = λ / (2TM)                             (16) 

Blind speed response of discrete RFT is defined as: 

T ˃ ρr / vb                                     (17) 

Where, ρr is the range unit. Doppler frequency resolution is, 

Ρd = 1 / TM                                   (18) 
Where, TM is the coherent integration time. 

Through these parameters target range and velocity is 

determined. 

Signal to Noise Ratio of proposed FIR filter with 

pulse repetition frequencies of 2 MHz, 4 MHz, 6 MHz, 8 

MHz and 10 MHz and the taps of 4, 8, 16 and 32 were 

analysed. It provides high SNR for 2 MHz to 4 MHz 

frequency range. At this frequency range target information 

that is target range is obtained accurately. Signal to Noise 

Ratio (SNR) is 

   (19) 

 
Fig. 12: Measured Signal to Noise Ratio of proposed FIR 

Filter with Pulse Repetition Frequencies of 2 MHz, 4MHz, 6 

MHz, 8 MHz and 10 MHz and with the number of taps 

IV. MEASUREMENT RESULTS 

In this section, the following comparison tables shows the 

performance of different design using TANNER EDA tool. 

Parameters Proposed Work Song 
Hon 

[16] 

Supply Voltage (V) 0.8 1.0 0.8 1.0 

Transconductance gm 

(µA/V) 
20 48 10.3 20 

Power Consumption 

(µW) 
64 132 78 145 

Table 1: Tabulation of Power Consumption & 

Transconductance (Gm) For Tunable Transconductance 

Circuit 

FIR Tap Power consumption (mW) SNR Performances 

4 8.4 43 

8 22.4 59 

16 45 75 

32 89.5 97 

Table 2: Performance Comparison of Proposed Fir Filter 

Though, the FIR filter lacks with power 

consumption by increasing the number of taps it is observed 
that the transconductance of the circuit is high which makes 

tunable process effectively. By tuning the transconductance 

amplifier high linearity and Signal to Noise Ratio (SNR) 

signal is received in the pulsed radar system. The SNR 

performances is increased by increasing the number of taps 

that operates in the bandwidth of 2MHz to 10 MHz. 

V. CONCLUSION 

The analog FIR bandpass filter is a suitable architecture for 
reducing noise and increasing the response of the received 

signal to detect the aircraft. Radar signal reflects from the 

target is received along the noise signal. The analog discrete 

time FIR filter is implemented as the matched filter in the 

receiver end of the radar system to reduce the noise in the 

signal by increasing the signal to noise ratio. The SNR 

performances is analysed and increased by increasing the 

number of taps in the filter, operates in the bandwidth of 2 

MHz to 10 MHz with the IF of 15 MHz. Radon Fourier 

Transform algorithm is implemented in the filter section to 

measure the target range and velocity. 
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