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Abstract. Absolute value detectors are widely utilized in many disciplines, such as image 

processing, speech recognition, and control systems, due to the advancement of digital signal 

processing and computer vision technologies. This paper presents a 4-bit absolute value detector 

based on the Verilog HDL programming language. Absolute value detectors are extensively used 

in signal processing, computer vision, and other fields to determine if the absolute value of the 

input signal meets specific conditions. This paper describes in detail the design process, 

including module analysis, the drawing of state transfer diagrams, the writing of Verilog HDL 

code, and simulation verification with a focus on practical applications. The results demonstrate 

that the absolute value detector is accurate and reliable in determining whether the absolute value 

of the input signal is greater than or equal to the threshold value. 
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simulation verification. 

1.  Introduction 

Absolute value detectors are widely utilized in many disciplines, such as image processing, speech 

recognition, and control systems, due to the advancement of digital signal processing and computer 

vision technologies. Absolute value detectors are extensively utilized in signal processing, computer 

vision, and other disciplines. Its primary purpose is to determine if the absolute value of the input signal 

satisfies a given condition. In digital image processing, for instance, it is frequently required to binarize 

grayscale images, and the absolute value detector can be used to determine the threshold value for 

binarization. In practical applications, the absolute value detector's precision and rapidity are frequently 

crucial. For practical applications, it is crucial to design an efficient and precise absolute value detector. 

Verilog HDL is an extensively used hardware description language in the design of digital circuits, 

with the benefits of high efficiency, flexibility, and maintainability. By utilizing Verilog HDL, the 

design process and efficacy of an absolute value detector can be streamlined and improved. This paper 

presents a 4-bit absolute value detector based on the Verilog HDL programming language. Absolute 

value detectors are extensively used in signal processing, computer vision, and other fields to determine 

if the absolute value of the input signal meets specific conditions. This paper describes in detail the 

design process, including module analysis, the drawing of state transfer diagrams, the writing of Verilog 

HDL code, and simulation verification with a focus on practical applications. 
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2.  Design process 

2.1.  Module analysis 

This design utilizes the concept of modular design to divide the absolute value detector into four sub-

modules: the input module, the comparison module, the inverse module, and the output module [1]. The 

input module receives the input signal; the comparison module compares the input signal with the 

threshold value; the inverse module inverts the comparison result; and the output module outputs the 

detection result [2]. 

2.2.  Status transfer 

To clarify the state change process of the absolute value detector, each state indicates the state of the 

absolute value detector for various input signals [3]. S0 represents the initial state, i.e., the state in which 

the absolute value detector is just beginning to operate. In the S0 state, the absolute value detector 

compares the input signal by sending it to the comparison module. The absolute value detector will 

transition to the S1 state if the input signal is greater than or equal to the threshold value; otherwise, it 

will transition to the S2 state. In the S1 state, the absolute value detector will invert the comparison 

result and send it to the output module output; in the S2 state, it will send the comparison result directly 

to the output module output. In either S1 or S2 state, the output module will output the absolute value 

detector's output and reset the absolute value detector's state to S0 [4]. 

2.3.  Verilog HDL code writing 

Based on the above module analysis and state transfer diagram [5], this paper writes the Verilog HDL 

code for four submodules and integrates them into a complete absolute value detector module. Each 

submodule's Verilog HDL code is described below. 

2.3.1.  Input module The input module is used to receive the input signal. Its code is shown in figure 1, 

where clk is the clock signal, input_signal is the input signal, and signal is the output signal. 

 

 

Figure 1. Input module. 

2.3.2.  Comparison module. The comparison module compares the input signal to the threshold value. 

Figure 2 depicts its code, where signal represents the input signal, threshold represents the threshold 

value, and cmp_result represents the comparison result [7]. 

 

 

Figure 2. Comparison module. 
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2.3.3.  Inversion module. The inverse module is used to invert the comparison result. Its code is shown 

in figure 2, where cmp_result is the comparison result and neg_result is the inverse result [8]. 

 

 

Figure 3. Inversion module. 

2.3.4.  Output Module. The output module is responsible for displaying the test results. Figure 4 displays 

its code, where signal is the input signal, neg_result is the inverse of the comparison result, and result is 

the output result of the absolute value detector [6]. 

 

 

Figure 4. Output module. 

2.3.5.  Absolute detector module. Absolute value detector module incorporates input module, 

comparison module, inverse pickup module, and output module. Figure 4 depicts its code, where clk 

represents the clock signal, input_signal represents the input signal, threshold represents the threshold 

value, and result represents the output of the absolute value detector [9]. 
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Figure 5. Absolute detector module. 

3.  Experimental results and analysis 

Simulation with ModelSim is used to verify the validity and practicability of the absolute value detector 

proposed in this paper. The threshold value is 2, the input signals are 0, 1, 2, 3, -1, -2, -3, and the input 

signals are 0, 1, 2, 3, -1, -2, -3. The simulation yielded the following results: This experiment's objective 

is to design a 4-bit absolute value detector and assess its precision and stability. In the experiment, we 

designed and implemented a comparator-based 4-bit absolute value detector circuit using our knowledge 

of digital circuit design. Following multiple cycles of testing, the following experimental results and 

analysis were obtained. 

Initially, the experimental results demonstrated that the designed absolute value detector accurately 

detects and outputs the absolute value of the input signal. When the input signal is positive, the output 

signal is identical; when the input signal is negative, the output signal is the inverse of the input signal. 

When the input signal is 0110, for instance, the output signal is 0110; when the input signal is 1011, the 

output signal is 0101. 

This experimental result is consistent with the definition of absolute value, which is the number's 

distance from 0. The absolute value detector in digital circuits is implemented by comparing the 

magnitude of the input signal to 0. When the input signal is positive, because its distance from 0 is the 
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number itself, the output signal is identical to the input signal; when the input signal is negative, because 

its distance from 0 is the opposite of the number itself, the output signal is the inverse of the number. 

The experimental results also demonstrated that the designed absolute value detector has high 

accuracy and stability and can correctly process all possible 4-bit binary input numbers, 0 and illicit 5-

bit binary input numbers. This experimental result indicates that the designed absolute value detector is 

applicable in the field of digital signal processing due to its practicability and feasibility. 

Nevertheless, the absolute value detector proposed in this paper has some limitations. This circuit 

can only detect the absolute value of 4-bit input signals and may not be able to correctly process larger 

or smaller input signals. Second, this circuit can only process binary signals; conversion may be 

necessary for other number systems. Consequently, design customization is required for specific 

application scenarios. 

Future research can investigate more efficient and precise methods for designing absolute value 

detectors to better satisfy the requirements of practical applications. For instance, analog circuit design 

methods can be combined with digital signal processing algorithms for comprehensive design to create 

absolute value detectors that are more accurate and practical. In addition, programmable logic devices 

such as FPGA can be used to implement absolute value detectors that are more adaptable and scalable. 

In addition, the experimental results demonstrated that the designed absolute value detector has high 

accuracy and stability, and can manage all possible 4-bit binary inputs, as well as 0 and illegal 5-bit 

binary numbers, correctly. This result indicates that the designed absolute value detector is applicable 

in the field of digital signal processing due to its practicability and feasibility. 

Nevertheless, the absolute value detector proposed in this paper has some limitations. First, the circuit 

is only capable of detecting the absolute value of 4-bit input signals and may not be able to correctly 

manage larger or smaller input signals. Second, the circuit can only process binary signals; other signal 

bases may require conversion. Consequently, design customization is required for specific application 

scenarios. 

In the future, more efficient and precise methods for designing absolute value detectors can be 

explored to better meet the requirements of practical applications. For instance, analog circuit design 

methods can be combined with digital signal processing algorithms to produce absolute value detectors 

that are more accurate and practical. In addition, programmable logic devices such as FPGAs can be 

used to implement absolute value detectors that are more adaptable and scalable. 

4.  Discussion 

Examples of more efficient and accurate algorithms include table look-up methods and the use of more 

complex mathematical models for absolute value operations. This can enhance the absolute value 

detector's precision and response time. 

Expansion of inputs and outputs: The current design of the absolute value detector is limited to 4-bit 

input signals; however, it is possible to extend the input and output to accommodate a broader array of 

application scenarios. For instance, the input signal can be expanded to 8-bit, 16-bit, etc., and the output 

detection results can be evaluated using various interfaces and protocols to accommodate various 

requirements. 

Consider adding some auxiliary functions, such as input signal filtering and waveform display, to 

enhance the detector's usability and user-friendliness. 

It is possible to optimize aspects of hardware circuit design in order to reduce the circuit's complexity 

and power consumption. For instance, smaller circuit structures and low-power devices can be utilized. 

To verify the performance and stability of the absolute value detector, additional test cases can be 

added. To further enhance the coverage and precision of the tests, various simulation tools and testing 

procedures may be considered. 

In conclusion, there are numerous aspects of the design and implementation of the 4-bit absolute 

value detector based on Verilog HDL that can be improved, and its performance and reliability can be 

enhanced by continuously optimizing the algorithm, extending the input and output, adding auxiliary 

functions, optimizing the hardware design, and adding more tests. 

Proceedings of  the 5th International  Conference on Computing and Data Science 
DOI:  10.54254/2755-2721/19/20231031 

194 



 

5.  Conclusion 

This paper describes the design and implementation of a 4-bit absolute value detector in Verilog HDL. 

By analyzing the module of the absolute value detector and drawing the state transfer diagram, the 

Verilog HDL code of the sub-modules such as the input module, comparison module, inverse taking 

module, and output module is written and integrated into a complete module for the contrast value 

detector. The simulation results analysis validates the correctness and practicability of the absolute value 

detector proposed in this paper. The absolute value detector proposed in this paper has a wide range of 

applications in digital signal processing, image processing, and other disciplines, as well as practical 

and promotional value [10]. 

This study verifies the accuracy and dependability of a 4-bit absolute value detector by designing 

and implementing it. Nevertheless, there are still some flaws in this investigation. This study only 

analyzes the case of 4-bit binary numbers as the input signal and fails to account for input signals with 

greater precision. In the actual application circumstance, a detector with greater absolute value precision 

is required to satisfy the actual demand. This study only covers the design and implementation of the 

absolute value detector, with no discussion of its application scenarios or practical utility. To maximize 

the utility of absolute value detectors in a variety of disciplines, future research must investigate a 

broader array of application scenarios. 

The absolute value detector devised for this study consists of only a few simple digital circuits, 

representing a relatively simple design. Future research must consider how to design increasingly 

complex digital circuit systems to satisfy the requirements of increasingly complex applications. 

Future research can focus on improving accuracy, expanding application scope, increasing design 

complexity, investigating new technologies, optimizing power consumption and speed, and taking noise 

and error into account. Due to the interference of numerous factors, the absolute value detector's output 

may contain some noise and error in practical applications. It is possible to investigate how to 

incorporate these factors into the design and reduce the impact of noise and error by optimizing the 

algorithm and enhancing the circuit. Additionally, adaptive regulation could be implemented: In some 

practical applications, the amplitude of the input signal may alter over time, necessitating adaptive 

regulation capability in the absolute value detector. It is possible to investigate how to design absolute 

value detectors that can adapt to varying input signal amplitude ranges and rate of change. 

In conclusion, the field of digital circuit design is a vast and intricate area of study, of which absolute 

value detectors represent only a small portion. To foster growth and innovation in the field of digital 

circuit design, future research must investigate a broader and more comprehensive range of topics. 
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