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ABSTRACT 

 

A sophisticated low-power consumption smart hearing aid was designed using state-

of-the-art technology. Normally, hearing aid circuits consume battery power continuously 

once they are switched on. The developed system saves battery power by switching on the 

sound amplifier section only when sound is detected. A microcontroller PIC12F675 was used 

to control the developed system‟s function.  A “C” language program was development to 

control the function of the microcontroller, using PCWH compiler. 
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INTRODUCTION 

 

Hearing loss has many forms. The most common is related to the body aging process 

and long term cumulative exposure of the ear to sound energy. As one grows older, it become 

more difficult to hear. The ear becomes less sensitive to sound, less precise as a sound 

analyzer and less effective as a speech processor. Loss of hearing differs greatly in different 

individuals. Changes in the ear occur gradually over time. However, by the time the changes 

are manifested, it is estimated that approximately 30 to 50 or more of the sensory cells in the 

inner ear have suffered irreparable structural damage or are missing [1]. Under these 

conditions, the only choice available for hearing-impaired individuals is to wear a hearing 

aid. Locally available hearing aid circuits consume battery power continuously and the circuit 

design is complex.  

 

Considering this factor, smart hearing aid has been developed for ensuring low power 

consumption that explained in [2, 3]. In this system, 555 IC has been used as a mono-stable 

multivibrator and Op-amp as comparator. This circuit design is complex and the accuracy is 

low. 

 

We have designed an attractive approach: microcontroller based low-power 

consumption smart hearing aid that saves the battery power. The sensitivity of the detection 

section and the „on‟ time duration can be set by the program of the microcontroller software. 

The designed circuit uses only a single condenser mic for sound detection and amplifier. The 

comparator circuits have removed using the internal clock of the microcontroller. Using 
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readily available components and simple circuitry, the system should be beneficial in 

providing low-cost and simple. 
 

DESIGN CONSIDERATION 

 

The system is divided into four parts: condenser microphone, earphone, amplification 

section and sound detection section. The sound detection section employs a microcontroller 

PIC12F675. The sound signal received at the mic is pre-amplified by transistor T1. The 

voltage at its collector is fed to the I/O port (pin 7) of the microcontroller which acts as the 

input voltage. This voltage is compared with the internal comparator and control the 

sensitivity. The output of the microcontroller (pin 5) as like as the monostable mode. The 

block diagram and the complete circuit diagram of the developed system are shown in Fig. 1 

and Fig. 2 respectively. 

 

 

Fig. 1:  Block diagram of the designed Hearing Aid 

 

 

 
Fig. 2: Complete circuit diagram of the designed Hearing Aid 
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Sound Detector 

 

The sound detector unit consists of a condenser microphone, R1 and C1. The condenser 

microphone receives the sound signal and converts it into electrical signal [4].  

 

  

Pre-amplifier 

 

The pre-amplifier consists of T1, R2 and R3 [5]. The sound signal received at the mic is pre-

amplified and fed to the microcontroller‟s input port.  

 

 

Microcontroller Unit 

 

This powerful (200 nanosecond instruction execution) and easy-to-program (only 35 single 

word instructions) CMOS FLASH-based 8-bit microcontroller packs Microchip‟s powerful 

Programmable Interface Controller (PIC) architecture into a 8-pin package and is compatible 

with the PIC12F675 and PIC12F629 devices [6,7]. The PIC microcontroller is a Multipoint 

Control Unit (MCU) that is used in this project. MCU measures the period of the input signal 

and it converts into a digital voltage data. The PIC's Console Command Processor (CCP) 

which can also detect rising or falling edges every four or 16 pulses. PIC12F675 features 128 

bytes of electrically erasable programmable read-only memory (EEPROM) data memory, self 

programming, 4 channels of 10-bit Analog-to-Digital (A/D) converter [7, 8]. All of these 

features make it ideal for an advanced level A/D applications in automotive, industrial 

appliances and consumer applications. 

 

Features 

 

• High-Performance RISC CPU 

• Only 35 single word instructions to learn 

• All instructions are single cycle (1µs) except for program branches 

• Operating speed: DC - 20MHz clock input 

• 1 k Bytes Flash Program Memory 

• 64 Byte RAM Data Memory 

• 128 Byte EEPROM Data Memory 

• In-circuit serial programming 

 

Peripherals Features  

 

• One 8-bit timer/counter (TMR0) with 8- bit programmable prescalar 

• One 16 bit timer/counter (TMR1) 

• 10-bit, 4-channel Analog-to-Digital converter 

• High current sink/source for direct LED driver 

• One Analog Comparator 

• Watchdog Timer (WDT) with independent oscillator for reliable operation 
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Special Microcontroller Features  

• 100,000 erase/write cycle Enhanced FLASH program memory 

• 1,000,000 erase/write cycle Data EEPROM memory typical 

• Power saving SLEEP mode 

• Programmable code protection 

• Selectable Oscillator Options 

• Self-reprogrammable under software control 

• Flash/Data EEPROM Retention: > 40 years  

 

CMOS Technology 

• Low power, high speed CMOS FLASH technology 

• Fully Static Design 

• Low Power Consumption 

 

I/O and Packages 

• 6 I/O pins with individual direction control 

• 8-pin DIP 

 

Buffer/ Unity Follower 

 

The buffer or unity follower unit consists with an op-amp CA3140 which denoted by IC1 [8]. 

The unity follower mode resolves the problem of impedance mismatch which would have 

occurred if the output of the mic is feed directly to amplifier stage.   

 

Amplifier Section 

 

The sound amplifier stage is consists of transistor T2 through T5, resistor R5 through R11, 

capacitor C3 through C4. The last amplifier stage T5 drives the earphone. The output from pin 

6 of IC1 is feed to the base of transistor T2. The weak signal received at transistor stage T2 is 

further amplified by transistor T3, T4 and T5 [9]. 

 

 

Earphone 

 

An earphone to listen the sound is connected between the collector of T5 and ground. It is 

recommended to use a mono earphone with volume control attached. 

 

 

SYSTEM PROGRAM 

 

The system program is depicted in the flow chart below: 
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Figure 3: Flow chart of the system program 

 

 

RESULTS AND DISCUSSION 

 

The microcontroller based low-power consumption smart hearing aid was successfully 

designed and developed, as its performance was strong. The system employed a local, low-

cost PIC12F675 microcontroller. To avoid the complex comparator and A/D converter 

circuit, we used an internal comparator and A/D converter for the microcontroller. 

Furthermore, the internal frequency successfully avoided the external oscillator circuit. Thus 

the entire system function depends on the developed software. The circuit design is simple 

and compact.  
 

 

In recent times, the cost of electronic equipment has fallen significantly, though bio-medical 

equipment remains expensive. However due to the rapid development of micro electronics, 

all designed components and instruments are inexpensive. Moreover, when the features of the 

presently used system are compared with the developed system, the latter emerges as a better 

choice in terms of cost, portability and design. Particularly in developing countries, the use of 

the deigned instruments will be accessible for many users. 
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CONCLUTION 

 

A framework has been presented in this sense that the developed system is of low power 

consumption, low cost and high accuracy. The developed system has been tested and found to 

be reliable and satisfactory. Besides, a comparison on the features of different types of 

presently used hearing aid. It shows that the developed system is of better choice in terms of 

power consumption, cost, portability and design. 
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