
Multifunctional Audio Equalizer 

Development for Professional Sound 

Systems 

Prajwal Malabagi

Santhosh S

 Saikumar 

Shashanka C S 

Department Of Electronics and Communication Engineering        

Alva’s Institute of Engineering and Technology, Karnataka.  

ABSTRACT  

Multi-band audio equalizers are essential for adjusting and 

improving sound quality across a variety of frequency ranges. 

In order to get precise control over low, mid, and high 

frequencies as well as a more comprehensive configuration 

that includes low, low-mid, mid, high-mid, and high 

frequencies this work discusses the design and analysis of 

equalizers employing operational amplifiers (op-amps). 

Improved audio clarity and customisation are made possible 

by multi-band equalizers, which enable separate adjustment 

throughout these ranges. 

With simulations examining important performance measures 

like frequency response, gain, and signal-to-noise ratio (SNR), 

the paper discusses design approach, including component 

selection and filter layout. The findings demonstrate that op-

amp-based equalizers offer efficient frequency adjustment 

with low distortion, making them useful for consumer 

electronics and audio engineering applications. Control 

specificity and design complexity are balanced in a 

comparative analysis that shows trade-offs between the 

simpler and more complicated setups. Future developments 

are examined, including potential improvements and uses for 

audio technology. 

equalization Type A passive equalization circuit is described in 

the study. Circuits known as passive equalizers rely on passive 

parts like resistors, capacitors, and inductors rather than an 

external power supply to function. 

KEYWORDS: op-amps for signal amplification, like the 

LM358 or TL072, as well as resistors and capacitors for 

frequency band tuning. Audio input/output jacks may be 

utilized for signal connectivity, and potentiometers for  

controllable gain. A DC power source, PCBs for circuit 

construction, LEDs for visual cues, and switches for 

operational control are possible additional parts. 

INTRODUCTION: 

In applications involving signal processing and 

contemporary audio systems. Audio equalizers are essential 

audio equipment to professional sound systems. The 

research primarily focuses on 5-band equalizers, which 

allow users to fine-tune music to their preferences since 

they provide more precise control than simpler systems. 

The utilization of op-amps for active filters, which offer 

advantages like enhanced signal-to-noise ratio and less 

distortion, in a small and power-efficient system, may be 

the main focus of the creative design approach that was 

presented. 

Technical issues including eliminating interference, 

decreasing signal loss, and optimizing power consumption 

are probably resolved with the use of sophisticated filtering 

methods and well-chosen components. The ultimate goal of 

the research is to improve audio system performance by 

aiding in the creation of more effective and efficient band 

equalizer designs, especially for consumer and portable 

audio  

The EQ system's op-amp-based filters are in charge of 

modifying the frequency bands (such as bass, midrange, 

and treble) in accordance with user preferences. The bass 

frequencies are usually handled by low-pass filters, and the 

treble ranges are handled by high-pass filters. For the 

intermediate frequencies, band-pass filters can be used to 

provide more precise control. 

An op-amp-based 5-band equalizer architecture guarantees 

that the signal stays clear and powerful even when 

significant reduction or boosting of specific frequencies is 

needed. In order to enhance or attenuate various frequency 

bands without causing undue distortion or phase shift—two 

factors that might deteriorate sound quality—the filters are 

made to interact with the signal flow. 
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for modifying sound systems' frequency response because 
they let users boost or cut particular frequencies for better 
sound quality. These gadgets offer control over the bass, 
midrange, and treble frequencies to guarantee the best 
possible audio output in a range of settings, from home

applications.
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Figure 1:Block diagram 

Integrated Circuit(IC) 

Figure 2:LM833 Pin Out diagram 

Due to its exceptional performance in low noise and low 

distortion settings, the LM833 is a dual operational 

amplifier (op-amp) integrated circuit that is frequently 

utilized in audio applications. The LM833 provides 

excellent sound quality by reducing unwanted noise and 

maintaining the integrity of the audio signal, making it ideal 

for high-fidelity (hi-fi) audio systems. It is adaptable to both 

single and dual power supply configurations since it 

operates over a broad supply voltage range, usually between 

±3V and ±18V. In applications where preserving signal 

purity is essential, like audio equalizers, preamplifiers, tone 

controls, and mixing consoles this integrated circuit is 

especially well-liked. 

With an equivalent input noise voltage of only 3nV/√Hz at 

1kHz, the LM833's low noise performance is one of its 

primary characteristics, which makes it perfect for high-

precision audio systems. Furthermore, even when the 

circuit is amplifying weak audio signals, there is no signal 

deterioration due to its low total harmonic distortion (THD), 

which is approximately 0.003% at 1 kHz. In audio 

processing circuits, where maintaining the original sound 

quality is crucial, this low distortion is especially 

significant. It can handle a broad range of audio 

frequencies, from bass to treble, without suffering 

appreciable performance loss thanks to its high gain-

bandwidth product of 8 MHz 

Audio equalization circuits benefit greatly from the LM833, 

which can be used to build band-pass, high-pass, and low-

pass filters. The active filters enable the user to enhance or 

reduce particular frequency bands in the audio signal. They 

are constructed with resistors and capacitors surrounding 

the op-amps. The LM833's low noise and low distortion 

features guarantee that the equalizer operates with no 

interference or signal deterioration. In high-fidelity audio 

systems, where users expect precision and clarity from their 

audio equipment, this is especially crucial. 

The LM833 is used in preamplifiers for instruments like 

guitars and microphones, where preserving signal quality 

without introducing noise is essential, in addition to audio 

equalizers. 

Applications Involving Signal Processing and 

Contemporary Audio Systems  

In order to improve overall audio performance, sound 

systems' frequency response is shaped and altered using 

audio equalizers (EQs), which are essential tools in the field 

of audio signal processing. EQs provide a potent way to 

customize sound to certain requirements or settings by 

enabling the user to increase or cut particular frequencies. 

Whether the audio output is intended for live sound 

reinforcement,  

professional recording, or casual listening, this procedure 

guarantees that it stays clear, balanced, and appropriate for 

its context. 

Equalizers' function in contemporary audio systems has 

grown beyond merely enhancing sound quality; they are 

now essential to the user experience of a variety of audio 

equipment, including in-car audio systems, cellphones, 

portable speakers, headphones, and home audio systems. 

The 5-band equalizer is one of the most often utilized kinds 

of audio equalizers in both home and business settings. 

Because it offers a more accurate degree of control over the 

sound than the more straightforward tone controls used in 

entry-level audio systems, this kind of equalizer is 

particularly well-liked. The audio spectrum is usually 

divided into five different frequency bands (sub-bass, bass, 

midrange, treble, and high treble) by the 5-band EQ, which 

enables users to modify each band separately to suit their 

tastes. This is especially helpful in situations where users 

want to improve certain elements of the audio content, such 

highlighting vocals or deepening bass, or make up for 

particular shortcomings in their listening environment. 

Design Considerations and the Use of Operational 

Amplifiers (Op-Amps) 

 In the design of audio equalizers, particularly in active 

systems, operational amplifiers (op-amps) are widely used 

to implement the filters that enable frequency adjustments. 

Op-amps are advantageous because they allow for high-

performance filtering with low distortion, and they can 

operate in low-voltage environments while maintaining a 

high signal-to-noise ratio (SNR). These characteristics 

make op-amps ideal for use in portable or battery-powered 

devices, where power efficiency and signal integrity are  
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critical. Moreover, op-amps enable the creation of active 

filters—a more efficient alternative to passive filters—by 

providing amplification without requiring large, bulky 

components. 

The EQ system's op-amp-based filters are in charge of 

modifying the frequency bands (such as bass, midrange, 

and treble) in accordance with user preferences. The bass 

frequencies are usually handled by low-pass filters, and the 

treble ranges are handled by high-pass filters. For the 

intermediate frequencies, band-pass filters can be used to 

provide more precise control. 

An op-amp-based 5-band equalizer architecture guarantees 

that the signal stays clear and powerful even when 

significant reduction or boosting of specific frequencies is 

needed. In order to enhance or attenuate various frequency 

bands without causing undue distortion or phase shift—two 

factors that might deteriorate sound quality—the filters are 

made to interact with the signal flow. 

Challenges in Modern Audio Equalizer Design 

Designing audio equalizers, particularly for contemporary 

consumer and portable applications, requires overcoming a 

number of technological obstacles, mostly related to 

interference rejection, power consumption, and signal 

integrity. Reducing signal loss brought on by the addition 

of active parts, such as op-amps or other filtering features, 

is a major difficulty. To achieve the intended frequency 

changes without noticeably degrading the signal as a whole, 

the EQ circuit's efficiency must be maximized. 

Additionally, interference rejection is essential, particularly 

when handling the high-frequency switching noise that is 

frequently present in contemporary consumer devices. 

Proper shielding, decoupling capacitors, and grounding 

procedures are examples of good circuit design principles 

that assist minimize these problems and provide clear, 

interference-free audio output. 

Power efficiency is another important factor. The equalizer 

circuit's power consumption in battery-powered or portable 

devices must be minimized without sacrificing 

functionality. This calls for the careful selection of parts that 

deliver the necessary performance with the least amount of 

power consumption. Additionally, contemporary digital 

equalizers, which are frequently found in streaming and 

mobile devices, feature software-based filters that may be 

dynamically modified in reaction to the content being 

played, enabling real-time frequency response adjustments. 

Additional design issues are brought up by these systems, 

include making sure there is minimal latency and smooth 

integration with the rest of the digital audio pipeline. 

Enhancing Efficiency in Portable and Consumer Audio 

Applications Modern equalizer designs aim to provide easy 

control over the sound output while preserving system 

performance in order to improve the user experience. This 

entails developing compact, power-efficient solutions that 

provide excellent sound quality with less distortion for 

consumer and portable audio systems. This is especially 

crucial because battery life and miniaturization are major 

METHODOLOGY: 

Understanding the LM833's design, use, and importance 

requires a methodical approach to the five-band audio 

equalization circuit. In order to investigate the 

fundamentals of audio equalizers, a thorough literature 

analysis is first carried out, with an emphasis on the design 

of multi-band systems and the function of operational 

amplifiers such as the LM833. Understanding the basic 

concepts of frequency bands, such as bass, midrange, and 

treble, as well as using active filters, such as high-pass, low-

pass, and band-pass, to separate and process particular 

frequency ranges, are all part of this. 

Analysing the circuit design is the next phase, which begins 

with the LM833 operational amplifier. Its main 

characteristics are highlighted in this stage, such as its low 

noise level, high speed, and suitability for audio 

applications. 

After that, the block diagram of the 5-band equalizer is 

carefully examined to determine the input stage, filtering 

network, and amplification procedures. The selection of 

parts, including capacitors and resistors, and how they 

influence the frequency response are examined critically. 

Lastly, the circuit's capacity to precisely manipulate 

audio frequencies is used to assess its performance. This 

includes contrasting it with alternative equalization 

designs and talking about its uses in audio systems. 

The approach guarantees a comprehensive comprehension 

of the LM833-based five-band audio equalizer's design 

considerations, operational effectiveness, and practical 

applicability. 

Figure 3:Band Pass Filter 

Due to its ability to precisely manipulate particular 

frequency ranges within an audio stream, band-pass filters 

are crucial components of audio equalization circuits. The 

entire audio spectrum is usually divided into many bands 

by an audio equalizer, including bass (low 

frequencies),middle, and treble (high frequencies). 

Depending on the listener's tastes or the acoustics of the 

space, each of these bands can then be independently 

modified to accentuate or lessen specific components of the 

sound. 

The fig 3 shows a schematic of an active band-pass filter 

circuit using an operational amplifier (op-amp). The

detailed explanation of each component and how the 
circuit works: 

issues for mobile audio products like Bluetooth, smart 
speakers, and headphones. 
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Operational Amplifier (Op-Amp): Denoted by "A" in the 

design, the op-amp is the circuit's primary component. The 

filtered signal is amplified to a particular frequency range 

by the op-amp. With the feedback network connected to the 

inverting (-) terminal and the input signal applied to the 

non-inverting (+) terminal, this is set up as a non-inverting 

amplifier. 

Users can track previous data through cloud integration, 

which enables them to optimize dehydration procedures 

going forward. This configuration guarantees secure, 

scalable, and adaptable data transfer between the cloud and 

the dehydrator.  

RA, RB, and RC resistors: A voltage divider made up of 

RA and RB aids in adjusting the filter's input signal level. 

They also figure out the circuit's input impedance. The 

feedback loop's RC and capacitors work together to 

regulate the frequency range that the filter will allow. The 

bandwidth of the frequencies permitted through the filter 

is determined by the quality factor (Q) and centre 

frequency of the filter, which are influenced by the values 

of these resistors. 

Figure 4: Resistor 

Capacitors (C): The band-pass filter's centre frequency is 

set by the two capacitors linked in series with RC. It is 

possible to regulate the frequency that the circuit will 

amplify by choosing particular values for these capacitors. 

Additionally, the two capacitors filter out DC components 

from the transmission, letting only AC signals like audio 

frequencies flow through. 

Vi and Vo, or input and output: The input voltage, or Vi, is 

where the signal or audio is applied. Within a particular 

frequency range, the filtered signal is provided by the 

output voltage, or Vo. 

LITERATURE SURVEY: 

[1] Principe et al. "Multi-rate Sampling Digital Audio

Equalizer" A digital audio equalizer that uses multi-rate

sampling to improve efficiency and performance is

presented in this study. The system minimizes processing

needs while maintaining audio quality by optimizing filter

operations across a range of sampling rates through the use

of decimation and interpolation. This creative method

shows improvements in digital signal processing

applications while addressing difficulties in high-resolution

audio processing.

[2] Gerdes, et al., "Creating a Portable MP3 Player

Three-Band Graphic Equalizer and Amplifier for a Circuits

Laboratory Final Project" The creation of a portable MP3

player with a three-band graphic equalizer and amplifier is

discussed in this study. The device, which uses a power

amplifier for audio output and active filters for frequency

band division, was created as an instructional aid for a

circuits lab. To improve student engagement and

comprehension of audio signal processing, the project

places a strong emphasis on hands-on learning by fusing

theoretical circuit design with real-world application, such

as PCB assembly and enclosure construction.

[3] Rämö, et al., "Optimizing a High-Order Graphic

Equalizer for Audio Processing" With an emphasis on

maximizing computing efficiency while preserving audio

fidelity, this study investigates developments in high-order

graphic equalizer design. It presents innovative techniques

to simplify the implementation of digital filters, allowing

for accurate frequency band modifications with less

resource use. The work addresses the difficulties in

attaining both precision and efficiency in contemporary

signal processing applications by showing how these

equalizers can be practically integrated into digital audio

systems.

[4] E. Wilen et al. "Audio Frequency Digital Equalizer"

The creation of a digital audio equalizer for accurate

frequency modification in audio processing is presented in

this paper. The project's main goal is to optimize

computational efficiency while controlling frequency bands

through the use of digital signal processing techniques.

Along with addressing system integration issues, it places a

strong emphasis on practical application and user interface

design. The piece emphasizes the value of digital equalizers

in contemporary audio engineering by showcasing their

capacity to improve sound quality and adjust to different

audio processing needs.

[5] Smith, J et al. "Modern Techniques in Audio Signal

Processing "by This study examines state-of-the-art

developments in audio signal processing, emphasizing

creative methods to improve system performance and audio

quality. It covers techniques including spectrum shaping,

adaptive filtering, and multi-band processing for a range of

uses, such as music production and speech enhancement.

Figure 5: Capacitor 
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The study discusses the difficulties of processing data in 

real time while preserving high fidelity, which makes these 

methods crucial for contemporary audio systems. 

CONCLUSION: 

Operational amplifiers (op-amps) are used in the design and 

execution of a five-band audio equalizer, which offers users 

precise control over various frequency ranges and 

significantly improves audio customisation. The equalizer 

guarantees high-quality sound modification while 

preserving signal integrity by utilizing op-amps such as the 

LM833, which provide low noise and low distortion. In 

both consumer and professional contexts, the ability to 

separately adjust the bass, middle, and treble frequencies 

enables customized audio experiences.  

The effectiveness of the op-amp-based equalizer has been 

assessed by in-depth research and simulations, with 

particular attention paid to important metrics like frequency 

response, gain, and signal-to-noise ratio (SNR). These 

simulations demonstrate that these equalizers are useful for 

a range of applications, including portable electronics and 

home audio systems, in addition to being efficient at 

improving audio quality.  

One of the most important parts of the project is the printed 

circuit board (PCB) design for the audio equalization. To 

ensure a small and effective design while reducing noise 

and signal interference, a carefully thought-out PCB layout 

is necessary. In this process, component placement is 

crucial; parts should be positioned to reduce possible signal 

interference and guarantee appropriate signal flow across 

the circuit. Capacitors for power supply decoupling must be 

placed strategically to remove noise and keep the op-amps 

operating steadily, which guarantees the equalizer operates 

at its best. It is also important to carefully use shielding and 

grounding techniques. At higher frequencies, where noise 

might be more problematic, shielded traces and appropriate 

grounding procedures are utilized to prevent interference.  

Particularly in regions with high signal processing activity, 

thermal management must be taken into account because 

parts like op-amps might produce heat that could impair 

circuit performance. Last but not least, the design should 

take manufacturability into consideration. This is crucial 

for cost-effectiveness and production efficiency since it 

guarantees that the PCB can be readily manufactured, 

tested, and assembled at scale. All of these factors work 

together to produce a dependable, high-performing PCB for 

audio equalization. 
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