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Abstract

Objective: To enhance multiple moving target detection of Radar by improving
auto and cross-correlation properties of the digital signal received from the
target. Methods: This study uses the Booths Algorithm to generate various
groups of digital codes to test the auto and cross-correlation properties,
and Doppler tolerance of the desired digital signal received from the target.
Furthermore, Matlab is used to validate the investigated results. The side-noise
of the presented digital codes is optimal which improves both staticand moving
target detection in multi-target environment. Standard length codes (i.e. 8, 16,
32, 64,128 and 256-bit) are designed. Findings: The designed group of digital
codes discovers a broad range in smart 5"-generation battlefields to detect
the target, in which multiple and fast-moving warfare including Unmanned
Aerial vehicles will actively participate in the mission. To confirm the study, a
comparison has been made between the proposed approach and the current
art of work (vide figure A). Novelty: Simple novel and productive set of digital
codes using the Booths Algorithm have been designed and tested in real-time
applications; wherein, the side noise peaks have been reduced to a minimum
when compared to the current art of work

Keywords: Booths Algorithm; Autocorrelation; Digital Codes; Target
Detection; Cross Correlation

1 Introduction

Defense is the main focus of any nation to protect their territory, so it becomes necessary
to make the territory secure. Various techniques have already been adopted to improve
the security of the country in terms of automatic weapons, improvised fighting aircraft,
UAVs, and surveillance equipment. However, on top of all developments, an initial and
necessary step is to monitor the inward and outward movements of the warfare within
the territory (i.e. air as well as ground). Thus the research community focused to work
in the field of radar engineering to enhances surveillance systems to detect the target
as it is the only equipment to investigate targets. Several theories and models ) (i.e.
range gate, finding auto and cross-correlation of PN code, minimization of noise, and
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windowing technique) have been explored to detect the position of the target. Moreover, maximum researchers of signal
processing used Golay, Prouhet- Thue-Morse (PTM), over-sampled PTM, ternary codes, etc. to investigate the position of the
target. However, these approaches are well suited when the targets are static or slow-moving, but these approaches fail to detect
multiple and fast-moving targets.

To mitigate the gap of minimizing the side noise and finding multiple and fast-moving targets, researchers move towards
windowing methodology. In this technique, the researchers tried to reduce the amplitude of the side noise peaks below the
acceptable limit up to certain frequencies called frequency bands. The authors used a different arrangement of binary codes to
create more windows within the desired frequency limit. At this juncture, the authors are improving the windows, but the overall
throughput is reduced since code generation is complex and maximizes the delay. Furthermore, the auto and cross-correlation
of the given codes showed side noise peaks, which degrade the target detection performance.

In this study, a simple and effective method of code digital code generation called Booths Algorithm of code generation
(BACQ) is developed to investigate the multiple moving targets with desired Doppler. The presented approach improved the
auto and cross-correlation performance and can be used to investigate the probability of multiple target detection. The proposed
approach includes

a) Design of initial binary codes using the Booths Algorithm.

b) Performing mathematical operations to improve the properties of these codes.

c) To analyze the auto, cross-correlation properties and Doppler tolerance of the final codes obtained.

The standard codes can detect only static targets and the recent researches in this field detect the moving targets with
significant side noise and complexity. In the presented approach the code designed depicts optimal noise in auto and cross-
correlation properties and provide clear windows for static and moving targets detection.

Jiang et al® proposed a method to detect radar targets using conventional neural networks (CNN). The approach is well
suited for static targets because a huge database is created to match the target which increases the delay and may not be the
optimum solution for multiple and moving target detection. Long et al® presented a comparative analysis of various types
of high-resolution radar (HRR). Here the author focused on issues and solutions related to detection, but no attention was
given to reducing side noise peaks to facilitate multiple-moving target detection. Abratkiewicz, K discussed a schemeusing
Fourier transform to improve the probability of signal retrieval, however the approach is complex and fails to catch fast-moving
targets. Alotaibi, M ©”) modified the existing hex codes to improve the performance of the existing target detecting scheme,
undoubtedly the author maximizes the target detection probability but still, the author fails to remove all side noise peaks and
may not be the optimum solution of high-Resolution Radars. Aleem et al® proposed ASCI code of some special characters in
which they tried to develop a set of coding schemes to test the target detection. Here the author got better results in terms of
ambiguity but the performance of the designed codes reduces at the cost of auto and cross-correlation. Therefore, hiding targets
cannot be detected and fails to solve real-time problems of multiple-moving target detection. Unissa et al ) present long binary
codes to improve the performance of the auto and cross-correlation to detect high-speed targets, however, the design process of
code generation is too complex which needs more time to process it and increases the delay. Bhure R K D and Manjunathachari
K19 designed a method using trills coding approach in which the authors combined the trills bits at various levels to make
the stream in a standard form and later they used combinational circuitry to generate more number of bits to investigate the
target detection probability. Here the presented model showed good results up to a stream of 48 bits soon after it degrades
performance because delay in the designed system increases more caused by more usage of combinational circuitry.

2 Methodology

The presented approach is unique as it is using a step-by-step procedure to generate the codes and mathematical operations are
performed to minimize the noise and improve target detection. As no additional hardware is required for the proposed method
the complexity is optimal and hence system performance is enhanced.

2.1 Proposed Approach

The fundamental string of integers employed to generate radar testing codes has been developed from 0-15 hex decimal
numbers. However the concatenation series must follow an equal number of zeros and ones when represented in hex code,
moreover, we are required to follow the decimals which are multiples of 3. Thus mathematically can be represented as

Sintstr = H?,3p 1<p<qg&q=4 (1)
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where ‘fin; o is the fundamental string of integers and has values 3, 6, 9, and 12. Therefore the same series can be represented
in hex code as

30011
6=0110

9 = 1001 2)
12 = 1100

Now the radar testing codes have been developed using Booths Algorithm and termed Radar code generation using Booth
Algorithm (RCGBT).

2.2. Radar code generation using the Booth Algorithm (RCGBT) to measure auto-correlation

In this method of code generation initially we multiply each element of the series by ’3’ using the Booths algorithm. Later, we
combine all the bits of Accumulator ’A’ and Multiplier 'Q’ row-wise. Figure 1 represents the algorithm of the proposed approach
to generate a fundamental code matrix.

For simplicity purposes, we represent 3x3 multiplication using the Booths algorithm to generate the initial codeword (see
Table 1). To test the target interpretation, we analyze the auto and cross-correlation of the designed code word. Similarly, all
other multiples of 3 of the series i.e. 3x6, 3x9, and 3x12 can be developed.

M « Multiplicand
Q « Multiplier
A0

n+ no of bits

Qo
0

Arithmetic Shift Right
AQ bits

v

n=n1 ‘

No

Yes

Result in AQ

Fig 1. Flow chart of the initial Radar code generationusing the Booths Algorithm

The autocorrelation of the generated codeword is more or less the same as that of existing models. So to optimize
autocorrelation the codeword generated is further modified by principles of digital logic and can be represented as ‘Mcyw”
Mathematically the modified codeword can be generated by Complement the bit position of 6 i.e. Total weight of the codeword
- the weight of one’s (8-2 = 6). Therefore

Mcw = 00001101 (3)

The side noise peak of the designed codeword is 1. Therefore, the Main peak to noise peak reduction ratio (PRR) at a code
length of 8 bits can be given as

PRR(dB) = 20log(1/8) = —18.06 dB (4)
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Table 1. Generation of initial codeword using Booths Algorithm

Iterations Carry bit (C) Accumulator Multiplier  bits Multiplicand Operation
(n) bits (A) Q) bits
M)
4 (astotal bits o o0 o o B Q¥ QA QA 5 itialization
are 4) o 0 1 1
0 0 0 1 1 0 0 1 1 AsQ0=1
Then A = A+M
3 0 0 0 0 1 1 0 0 1 Shift Right AQ
0 0 1 0 0 1 AsQ0=1
Then A = A+M
2 0 0 0 1 0 0 1 0 0 Shift Right AQ
0 1 0 0 1 0 AsQ0=0
So Shift Right AQ
0 0 0 0 0 0 1 0 0 1 AsQ0=0
So Shift Right AQ

Generated codeword (bits of AQ) 00001001

Moreover, to test the target at 16, 32, and 64 code lengths, the generation of the desired codes is developed by Matrix Creation
Method (MCM). The first row and column of the matrix can be generated by using equation (3), and the remaining bits of the
matrix can be developed using the EX-OR operation of row and column as characterized in Table 2. E, E= ESE and E = EGE

Table 2. Generation of codes using MCM

0 0 0 0 1 1 0 1

0 Ex Ea3 - - - - Eon
0 Esp - - - - -

0 - R

1 R

1 i

0 -

1 En - - - - Enn

where Exy = Ey; ®Ej2,Er3 = Er; ®E 3 and Epy, = Ep ®Eqy } (5)

En =En ®Ep and Ey, =Ep GEq,

To test the 16-bit codeword first two rows of Table 2 are concatenated to each other to form a desired codeword
i.eEqy...E1E2;...Eoy = 0000110100001101inwhich the value of the side noise peak is ’5’ which is again nearly the same as
reported earlier in the literature. So to make the code ideal we complemented the bit positions containing multiple of 3 values
(i.e. 3, 6,9,12, and 15-bit positions. Therefore the novel 16-bit code generated can be signified as

Cieng = 0010100110011111 (6)

The codeword has only a noise peak of amplitude 2

For 32 bit test, we divided the elements of Table 2 into equal parts i.e. upper part 32 bits and the lower part 32 bits. During
the test, the upper part showed a maximum noise peak equal to 23 and the lower part illustrated a noise peak of 8 and can be
represented as

C3p=11110010111100100000110111110010 (7)

However, to get the optimized value of the maximum noise peak, the codeword is further modified by complimenting the bit
positions of multiples of 3 up to the limit given in equation (8) of bit positions.
noo
i=1"

(8)

S, dvs
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where 1< n <4 and Sy = Starting decimal value of the initial series (i.e. 10/3 = 3.3333, so limit the complimenting process up
to 3™ multiple) and the innovative codeword generated can be represented as

C3oyp = 11010110011100100000110111110010 9)

This generated codeword has a maximum noise peak of 4
In 64 bit test, all the row of Table 2 are concatenated to form a 64-bit codeword and is represented as

Ceap = 0000110100001101000011010000110111110010111100100000110111110010 (10)

The codeword has a maximum noise peak of 8.
To get the optimum value we complemented the residue of the 3-bit position (i.e. residue of 3=1) of this code we can reduce
the noise peak to 5 (see Figure 2 (a). The modified codeword generated can be represented as

Ceamp = 1000110100001101000011010000110111110010111100100000110111110010 (11)

Two more code words of length 128 and 256 bits have been tested to optimize multiple moving target detection. The 128-
bit codeword is developed by concatenated Cspp-Ceaprp-C32p code words respectively and the expanded code word can be
represented as

Ci28p =11110010111100100000110111110010100011010000110100001101000011011111001

12
011110010000011011111001011110010111100100000110111110010 (12)

The maximum noise peak of ‘Ci2g5” is 30, so to optimize the maximum noise peak further at 128-bit length we complement
multiple of 3 positions up to the limit given in equation (13).

Savfe=YXi 3, 1<k<4 (13)

Where “Sa, r.‘is the sum of all values of the fundamental code represented in equation (1). Therefore from equation (13), the
value of ‘S, r.” = 30. Hence limit the complementation process of multiples of 3-bit positions up to 30 and the required codeword
generated can be represented as

C128mp =1101011001100000010010011010010100011010000110100001101000011011111001

14
01111001000001101111100101111001011110010000011011111000 (14)

The maximum noise peak of ‘Ciagyp’ is 12
Similarly, 256 codeword’s are developed by considering the 16-bit code of equation (6), furthermore, this code is used to
generate the 16*16 bit matrix i.e. 256 bits, and can be characterized as

Cas563 =00101001100111110010100110011111110101100110000000101001100111111101011
00110000000101001100111110010100110011111110101100110000011010110011000
00001010011001111100101001100111111101011001100000110101100110000011010
1100110000011010110011000001101011001100000

(15)

Here the Maximum noise peak is 30 for only a few seconds and for the rest of the time interval, the noise peak is 16 (see Figure 3
(a)). The noise peak of 30 can be tolerated, as in Doppler versus amplitude test analysis, the noise amplitude is below 0.2 dB and
has a clear window within the entire range of frequency (see Figure 4 (b)).

Note that the complement of each final code designed gives the same auto-correlation value.

2.3 Design of a codeword to evaluate Cross-correlation

Cross-correlation is the measure of similarity between two different signals this is the next method that has been adapted to
measure the noise peak value. To verify the multiple target detection process using cross-correlation at 8, 16, 32, 64,128, and
256-bit length code words. The first codeword (signal value) of all the given codes at different lengths (i.e.8, 16, 32, 64,128, and
256) is considered the same as characterized in section 3.1 (Autocorrelation). However, the 2" codeword for all the above-
mentioned codeword lengths is developed with different logic investigations to check the performance of the detection system.
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The initial design of the 8-bit codeword is developed by concatenation of alternate bits of equation (2) (i.e. the bits formed
by 3 and 9) and the bits are 00111001. The cross-correlation amplitude obtained is 3.

The 16-bit codeword is developed by concatenating all the bits of equation (2) such as 0011011010011100. Meanwhile
multiple of 3 positions are complementing up to 12 (i.e. using equation 16).

SAV fe
2 - fint.str ( 16)

Dpc =

where‘Dpp’ is the decimal value of the bit position in a codeword up to which complement needs to be done and ‘I, , ’ is the
initial decimal value of the string represented in equation (1). Hence the modified 16-bit codeword can be represented as

Snd;esc = 0001001000001100 (17)

Where ‘Snd ¢p¢” is the 2" 16-bit code word used to check the cross-correlation. The maximum noise peak of ‘Snd6pc’ is 5 .
For 32-bit code generation equation (17) is concatenated with its complement, so the 32-bit code word can be represented as

Snd3zpc = 00010010000011001110110111110011 (18)

The maximum noise peak we achieved from ‘Snd3apc’ is 8. To test the cross-correlation of a 64-bit length codeword, simply we
concatenate ’SndzpcSndsopc’ to get a 64-bit codeword. Here we got a maximum noise peak of 14 (see Figure 2 (b)) and the
codeword can be designated as

Sndgspc = 0001001000001100111011011111001100010010000011001110110111110011 (19)

Moreover, for 128-bit length code word initially the hex values of series 3, 9,6,12 are concatenated and is represented as ‘Hy’ =
3,9, 6, 12(i.e. 0011100101101100). Then multiple of 3 has been complimented to get a 32-bit codeword in the form of "pHy’
such as ‘00011101111111100111001011011000’, furthermore this process continues till the length will be equal to 128 bits, and
can be represented as

Sndjrgpc = pvaHv..tﬂl 128 bits (20)
So the final code can be represented as

Sndj28pc =00011101111111100011100101101100000111011
111111000111001011011000001110111111110001110010110
110000011101111111100011100101101100

In this code word, we got a maximum noise peak of 20
Finally, for 256-bit generation ’Hy’ is concatenated 16 times to develop 256-bit code and can be represented as

S,adasesc = 00111001011011000011100101101100001110010
1101100001110010110110000111001011011000011100101101

1000011100101101100001110010110110000111001011011000

01110010110110000111001011011000011100101101100001110
01011011000011100101101100001110010110110000111001011
0100

In this code word, we got a maximum noise peak of 29 (see Figure 3 (b))

2.4 Doppler Tolerance of the Codes

The obtained codes are tested for the Doppler tolerance, as Doppler shift degrades the performance of the matched filter, the
signals sent for target detection must be more Doppler tolerant. The codes having fewer bits are less Doppler tolerant when
compared with the codes having more bits. Figure 6 depicts the ambiguity function of the designed codes of lengths 128 and
256 respectively. From the figures, we can observe the clear windows for certain frequencies, as the noise amplitudes for these
frequencies are 0.2 dB and below which is an acceptable threshold limit value. Clear windows from Doppler graphs represented
in Figure 4 (a) for 128 bits and Figure 4 (b) for 256 are 4-8 kHz, 9-60 kHz, and 0-60 kHz respectively.
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3 Results and Discussion

In this section, we validate the performance of the desired and developed codeword’s using Mat-Lab. Figures 2 and 3 represent
the auto and cross-correlation of different code lengths to validate the proposed approach. Furthermore, Figure 4 (a) & (b)
represents the ambiguity function of 128 and 256-bit length codes respectively to validate the designed codes at various Doppler
frequencies.
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Fig 2. (a) Auto-correlation property of 64-bit (b) Cross-correlation property of 64 bit
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Fig 3. (a) Auto-correlation property of 256-bit (b) Cross-correlation property of 256 bit
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Fig 4. (a) Ambiguity function of 128 bits (b) Ambiguity function of 256 bits

The summary of all graphs is represented in Tables 2 and 3
Represents the summary of all the designed codes relating to Auto correlation, cross-correlation, and clear window frequency
range at various code lengths.
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Table 3. Summary of all the figures

Number of bits Auto-correlation Max. Noise Cross-correlation Max. peak Clear windows from Doppler
peak graphs (in kHz)

8 3 -

16 5 -

32 4 8 40-55

64 5 14 10-23, 43-60

128 12 22 4-8,9-60

256 16 29 0-60

4 Comparative Analysis and Discussion

Figures 5 and 6 represents the comparative analysis of noise peaks of the proposed approach and current art of work with respect

to auto correlation and ambiguity.

30 4 =#=—Ishrath Approach == Aleem Approach
Alotaibi Approach == AbratkiewiczApproach
25 | =#=Proposed Approach

20

Side Noise
=
(%3]
L

10

0 50 100 150 200 250
Code Length

300

Fig 5. Autocorrelation property of Proposed and Existing Approaches (Code Length Versus Side Noise)

From the figures, it has been observed that the proposed approach depicts the enhanced results when compared to the
current literature. Furthermore, the developed codes are simple to design and effective to analyze multiple fast-moving targets.
The proposed approach is energy efficient, because the code design process required minimum hardware to run the desired
detection procedure, in addition to this only two output devices (i.e. either A- Scope or Plan Position Indicator (PPI)) will cover

the entire range of the target and minimizes the visualization cast and human effort.

Noise Amplitude

1.2 =#=—Bhure Approach =—[shrath Approach
=== Aleem Approach === A lotaib1 Approach
1 == AbratkiewiczApproach =@=Proposed Approach

Doppler Frequency

Fig 6. Ambiguity property of Proposed and Existing Approaches (Doppler frequency Versus Noise Amplitude)
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5 Conclusion

An easy and efficient stream of codes has been obtained to investigate the target detection probability of the radar system. The
designed codes are optimized to have minimal noise with improved auto-correlation, cross-correlation, and Doppler tolerance
properties. The designed coding schemes demonstrated improvement in the results when compared to the current art of work
as represented in section 4. Furthermore, the proposed technique will enhance the knowledge of the research community which
is working in the field of radar signal processing. The proposed model has been validated using Matlab
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