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ABSTRACT 

Vocal intensity-related speech disorders such as dysarthria and vocal nodules can limit quality 

of life and reduce the patient’s ability to interact with family, socialize, or pursue employment 

[1]. Behavioral speech therapies exist to address these issues but have limited effectiveness 

because they are expensive and clinic-based. The ability to monitor vocal intensity outside of 

the clinical setting will greatly aid in the treatment of these speech disorders, enabling patients 

to make quicker progress by reinforcing techniques learned in the clinic. The Voice Volume 

Monitor (VVM) is a portable and cost-effective therapeutic aid designed for this purpose, 

providing real-time feedback regarding speech volume to the user. Initial testing of a prototype 

with patients at the Our Lady of the Lake Voice Center has shown positive results. 
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which in the case of the OPA 4353 is approximately 1013 Ω. This high impedance is sufficient for 

efficient transmission of the signal. 

2.2.4. SUMMING AMPLIFIER 

The outputs from the inverting and non-inverting amplifiers now have to be combined to form 

a positive amplified signal. This is done using a summing amplifier. The outputs from the 

inverting and non-inverting amplifiers are provided as inputs to a third op amp as shown in 

Figure 10. The configuration shown allows this op amp to function as a non-inverting summing 

amplifier.  

 

Figure 10 - Summing amplifier 

The summing amplifier merely adds the output signals from the inverting and non-inverting 

amplifiers. The gain of the inverting amplifier circuit (10) is slightly smaller than the gain of the 

non-inverting amplifier (11). These values were chosen so that convenient resistor values could 

be used and do not adversely affect the functioning of the VVM. Figure 11 shows the output 

from the summing amplifier. It can be seen that the combination of the inverting, non-inverting 

and summing amplifiers essentially acts as a full-wave rectifier with a gain of approximately 10. 

Vout 

V1 

V2 



  

13 
 

 

Figure 11 - Summing amplifier output 

2.2.5. LOW-PASS FILTER CIRCUIT 

The fully rectified signal is still not in a state where it can be analyzed easily. To obtain a 

representative measure of the signal amplitude, it is made to pass through a passive, low-pass 

filter circuit consisting of a resistor (R12) and capacitor (C4) set up as shown in Figure 12.  

 

Figure 12 – Low-pass filter circuit 

This circuit attenuates signals with high frequencies and allows low frequency signals to pass. It 

could be said that the low-pass filter performs the function of providing a moving average, 

capturing the general trend of the voice signal while ignoring the peaks and troughs. The values 

of the resistor (22KΩ) and capacitor (22μF) are selected so as to eliminate the ripples in the 

signal. The cut-off frequency for this low-pass filter circuit is given by  
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Figure 13 shows the output of the low-pass filter, which is an average of the output from the 

summing amplifier shown in Figure 11. 

 

Figure 13 - Low-pass filter output 

Finally, this filtered signal passes through a fourth op amp which functions as a non-inverting 

amplifier. The gain for this amplifier can be varied using a potentiometer (variable resistor). This 

fourth amplifier is added to the circuit to provide a simple means of tuning the overall gain of 

the signal without having to change resistors at multiple stages.  

2.3. CONTROL LOGIC 

The heart of the VVM lies in the control logic which is implemented using a quad comparator IC 

(the Texas Instruments TLC3704) and logic function IC (the Texas Instruments SN74LVC1G0832). 

Three comparators are used to compare the speech signal to three threshold voltages while the 

logic IC analyses the output from the three comparators and generates an output voltage only 

when the user is to be notified.  

2.3.1. COMPARATORS 

The output signal from the signal conditioning circuit is provided as input to the first three 

comparators in the TLC3704 IC. Each comparator compares this signal with an adjustable 
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reference level – ‘A’, ‘L’ or ‘H’. ‘A’ is a fixed reference voltage of 0.2V, which is just above the 

quiescent voltage of the microphone. When the user is not speaking, the microphone output 

will be slightly lower than 0.2V, but when they begin speaking the signal exceeds 0.2V. Thus, ‘A’ 

is used to differentiate between when the user is not speaking and when they are speaking too 

softly. ‘L’ represents the ‘LOW’ reference voltage which defines the minimum desired vocal 

intensity. If the voice signal goes below this reference level, the user is speaking at a level that is 

too soft and feedback is required. ‘H’ represents the ‘HIGH’ reference voltage which defines the 

maximum desired vocal intensity. If the voice speech goes above this reference level, the user is 

speaking at a level that is too loud and should be notified. Between ‘L’ and ‘H’ is the vocal range 

that the user is trying to maintain. Figure 14 shows the relative positions of the three reference 

levels with respect to a typical speech signal.  

 

Figure 14 - Speech signal with comparator reference levels 

The output from a comparator is a digital signal – it provides +5V if the input signal is greater 

than the reference voltage and 0V if it is smaller than the reference voltage, as seen in Figure 

15, where 1 is the input signal and 2 is the comparator output. If the inverting and non-

inverting inputs are switched, it performs in the opposite manner, generating 0V if the input 

signal is greater than the reference voltage and +5V if it is smaller, as seen in Figure 16.  

Microphone 
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Figure 15 – Comparator with normal operation 
 

 

Figure 16 - Comparator with switched operation 

As can be seen in Figure 17, comparators ‘A’ and ‘H’ use the first configuration while 

comparator ‘L’ has the second (switched) configuration. This switched configuration is 

employed so as to simplify the logic required to notify the user at the required voice levels. 

 

Figure 17 - Comparator configuration 
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With the comparators in this arrangement, the comparator outputs for the possible positions of 

the smoothed speech signal are tabulated below.  These outputs can also be seen in Figure 17 

where V0 = +5V and is represented by the digital output ‘1’ in Table 1.  

Table 1 - Comparator outputs 

Speech signal position Outputs 

Comparator ‘A’ Comparator ‘L’ Comparator ‘H’ 

Below reference level ‘A’ 0 1 0 

Between ‘A’ and ‘L’ 1 1 0 

Between ‘L’ and ‘H’ 1 0 0 

Above ‘H’ 1 0 1 

 

2.3.2. LOGIC 

The digital outputs from the three comparators are analyzed by the logic IC such that an output 

signal is generated only if the input signal is either between ‘A’ and ‘L’, or above ‘H’, which are 

the two ranges of speech volume where the user needs to be notified. The following logic 

function yields an output signal at the appropriate vocal intensity levels  

Y = (A ∙ L) + H 

 where  A, L, H are the comparator outputs 

  Y is the logic IC output 

  ‘∙’ represents the ‘AND’ Boolean operator 

  ‘+’ represents the ‘OR’ Boolean operator 
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The different comparator output possibilities and their output after using this logic operation 

are listed in Table 2. When the logic output Y is 1, a signal is sent to the motor. A signal is not 

sent when the output Y is 0. 

Table 2 - Logic output example 

  Comparator 
Outputs 

Logic 
Output 

 

 

A L H Y 
    

1 0 1 1 
    

1 0 0 0 
    

1 1 0 1 
    

0 1 0 0 
    

 

2.4. TIMING CIRCUIT 

The switching time of the logic IC is almost instantaneous. As a result, a fluctuating speech 

signal will cause a rapid on-off switching of the motor as the signal passes the different 

threshold voltages. This undesirable trait is amplified with the wave-like nature of the speech 

signal, as exemplified in Figure 18 below. The timing circuit is added to address this issue.   

 
Figure 18 – Output without timing circuit 

 
Figure 19 - Timing circuit 
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The output signal from the logic IC passes through an integrator circuit, which consists of a 

resistor and capacitor in the configuration shown in Figure 19. When a constant signal is sent to 

the integrator, the output is a gradually increasing voltage signal as seen in Figure 20. This 

output is sent to a comparator which determines the onset of motor vibration. The rate at 

which the signal increases can be changed by adjusting the value of the resistor (R) in Figure 19. 

The time delay before the onset of vibration of the motor can be adjusted from between 1 

second to 4 seconds by using a potentiometer to change the value of this resistance.  

The timing comparator makes use of the fourth comparator in the TLC3704 quad comparator 

first used in the Control Logic part of the circuit. Figure 20 shows the output of the VVM with a 

varying speech input and a timing circuit employed using a time delay of 3 seconds.  

 

Figure 20 - Final output after timing circuit 
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2.5. POWER  

The components of the circuit have been selected such that a single voltage supply of +5V is 

sufficient. The power is provided by a 9V battery with the voltage regulated down to 5V using a 

voltage regulator IC (the Texas Instruments LP2981-50). This 5V supply then is used to power 

the components of the circuit as shown in Figure 21.  

 

 

 

 

 

 

2.6 ENCLOSURE 

The electronic circuit described above is assembled on a printed circuit board (PCB) which has 

dimensions of 2.35” x 3.15”. The PCB and battery are housed in a plastic enclosure which is 

approximately 5” x 2.75” x 1”. This enclosure comes with a clip for belt attachment and a 

separate compartment for the 9V battery so that batteries can be replaced without having to 

completely open the enclosure.  Figures 22 and 23 show the PCB and plastic enclosure.  
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Figure 21 - Power supply configuration 
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Figure 22 - PCB inside enclosure 

 

 

 

 

Figure 23 - VVM Prototype Enclosure 
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CHAPTER 3. VOICE VOLUME MONITOR DATA 

Below are graphs of output data from the VVM. Signal 1 (lower signal) is the input voltage from 

the microphone while signal 2 (upper signal) is the output going into the motor. The reference 

voltages used in the following graphs are A (0.5 V), L (1 V) and H (3 V) with a delay of 1 second 

before the onset of vibration.  

Figure 24 shows a graph of the output with an input that spans 3 vocal ranges (between ‘A’ and 

‘L’, between ‘L’ and ‘H’, and above ‘H’).  

 Legend:  

 

 

 

         Figure 24 – VVM operation 1  

The user starts off speaking too soft (between ‘A’ and ‘L’) and a signal is sent to the motor after 

approximately 1 second (the gridlines divide the x-axis in 1 second increments). When the 

user’s voice rises to the required level (between ‘L’ and ‘H’), the motor output stops almost 

instantaneously. When the user’s voice becomes too loud (above ‘H’), the signal is again sent to 
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the motor after 1 second. The signal stops immediately as the user recognizes the motor 

vibration and lowers their volume below H. When the volume drops below ‘L’ again, the motor 

begins after 1 second. 

Figure 25 below shows the graph of the speech signal and output to the motor when the user is 

speaking within the appropriate vocal range (between ‘L’ and ‘H’).  

 

Figure 25 – VVM operation 2 

When the user stops speaking, their voice drops below ‘L’ momentarily but proceeds below ‘A’ 

in less than 1 second, thereby not triggering the motor. When the user next begins speaking, 

their voice quickly rises above ‘L’ in less than 1 second again preventing the triggering of the 

motor. In this manner, the Voice Volume Monitor is designed to allow for normal speech with 

minimal interruption, while notifying the user only in the case of a real issue.  
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CHAPTER 4. OPERATION 

4.1. CALIBRATION 

The VVM has two modes of operation. It can be used to notify the user when their voice level 

goes: 

1. below a certain vocal loudness 

2. above a certain vocal loudness 

The acceptable range of vocal intensity is different for patients with Parkinson’s disease-related 

disorders and for those with vocal abuse-related disorders. Since it is not expected that a 

patient will suffer from both types of disorders, a given patient will only use either the low 

trigger or the high trigger depending on their specific needs.  

The reference level settings may have to be customized for each user. Below are instructions on 

how to set the reference levels:  

1. Set knobs ‘A’, ’L’ and ‘H’ (Figure 25) to the maximum setting.  

2. Instruct the user to speak continuously at level ‘H’. The device should not be vibrating at 

this point. To set ‘H’, slowly decrease the setting of knob ‘H’ until the device vibrates.  

3. Next instruct the user to speak continuously at their lowest possible voice level, i.e. level 

A. The device should not be vibrating at this point. Slowly decrease the setting of knob 

‘A’ until the device vibrates. Reference ‘A’ is now set. 

4. Next instruct the user to speak continuously at level ‘L’. The device should be vibrating 

at this point. Slowly decrease the setting of knob ‘L’ until the device stops vibrating. 

Reference level ‘H’ is set and the user can stop speaking at level ‘L’.  
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For Parkinson’s disease patients: 

5. After completing the first 4 steps, increase the setting of knob ‘H’ to the maximum 

setting.  

For vocal abuse patients: 

5. After completing the first 4 steps, decrease the setting of knob ‘L’ to the minimum 

setting. 

 

Figure 26 - PCB layout with knobs for A, L, and H  
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APPENDIX : LIST OF COMPONENTS AND CIRCUIT SCHEMATICS 

The components listed below are used in the design of the Voice Volume Monitor:  

 
Part Supplier Supplier Part Number Price 

  
 

      
1 Printed Circuit Board ExpressPCB - 47.35 

2 
Ear Bone Vibration Speaker-

Microphone 
Gadget Infinity TWRVIBKEN 23.95 

3 Plastic Enclosure Digikey SRH65-9VPCB-ND 10.21 

4 On-Off Switch Digikey CKN1813TR-ND 7.78 

5 Potentiometer Digikey 3386X-103TLF-ND 6.3 

6 Vibration Motor SparkFun Electronics ROB-08449 4.95 
7 9-volt Battery Walmart - 2.75 
8 #4 40 Mounting Screws Radioshack 64-3011 1.99 

9 3.5mm stereo jack Digikey CP1-3523N-ND 0.44 

10 2.5mm mono jack Digikey CP-M2509N-ND 0.38 

11 
Quadruple Operational  

Amplifier 
Texas Instruments Inc. OPA4353EA 0* 

12 Quadruple Comparator Texas Instruments Inc. TLC3704CD 0* 
13 AND-OR Logic IC  Texas Instruments Inc. 74LVC1G0832DBVRE4 0* 

14 Motor Driver 
Maxim Integrated 

Products Inc.  
MAX1749 0* 

15 Voltage Regulator Texas Instruments Inc. LP2981-50DBVR 0* 
16 Enclosure Modifications LSU Machine Shop - 0 
17 Resistors Digikey Various   

18 Capacitors Digikey Various   

   
Total $106.1 

 
*These parts were obtained as free samples from the manufacturers.  

The parts listed in the table above have been indicated in the circuit schematic and printed 

circuit board layout shown in the following pages. 
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Figure 27 - VVM Circuit Schematic 
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Figure 28 - VVM Printed Circuit Board Layout 
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