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Abstract 
 

Memory loss is a common problem found among old people, the person may forget mealtime altogether due to memory loss. This paper 

proposes an idea for a monitoring system which will monitor the old people food intake from a remote place and generate an alarm local-

ly. A wearable system is designed usingpiezoelectric sensor that will sense the trachea movement during food ingestion and produces an 

output signal with variations in the frequencies over time. Based on the detected frequency, food type is classified. Food classification 

algorithm is depends on Time-Frequency analysis of the piezoelectric output and the wearable design transmits the signals to PC via 

Bluetooth module. The received signal is processed by LabVIEW and accuracy is tested. 
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1. Introduction 

Forgetfulness is a disease, called Alzheimer, Commonly found in 

older adults. It is a degenerative disease that attacks the brain, 

causing impaired memory. The person may altogether forget their 

mealtime due to memory loss. It makes them incapable of caring 

for themselves. The inadequate food intake will further worsen the 

physical and mental health of the old people. So, it is necessary to 

monitor the food intake of old and sick people. Nowadays, our 

market shaped our way of living, having no time for caring elderly 

people. So that monitoring of the food intake by the old and sick 

people is very difficult. In this paper, we presented a wearable 

system to monitor the food intake of old and sick people. 

Automatically monitoring the food intake of old people, without 

disturbing their daily habit is challenged one. The modern tech-

nology for patient monitoring is inaccurate and impractical due to 

the following reasons: 1) chances of false and undetection is more, 

for example food intake is detected based on hand movements [3]; 

2) they interfere the day to day activity; 3) they are bulky and non 

wearable; 4) they are impractical, patient and old people cannot 

stay near the system [4]. There is a need for awearable monitoring 

system for food intake and to alert the person when they forget to 

eat food. 

Many monitoring systems are available nowadays such as heart 

rate monitoring system, pressure monitoring system, glucose level 

monitoring system, but when one takes their food regularly, there 

won’t be a need to use these kinds of monitoring systems. When 

we eat properly, the chances of getting thedisease is reduced. In 

this paper, it is mainly focused on a wearable food intake monitor-

ing system which can be worn around the neck without disturbing 

our daily activities. 

 

The proposed system will enable us to monitor the old and sick 

people who are alone in thehome, from being in our workplace. 

The monitoring system will monitor the food intake and it will 

send analert message to the concerned person through email or 

SMS. LabVIEW is used to process the acquired signal and to send 

analert message.  

This paper is presents the content as follows. Related works are 

described in section(II). Food monitoring device is described in 

section (III). Food intake detection algorithm is described in sec-

tion (IV). Results are discussed in section V and concluded in 

section (VI). 

2. Similar work 

Many sensors have been used in various ways to monitor food 

intake by detecting their swallow. Hoover et al. [3] introduce a 

method for detecting food intake by counting their bites taken 

during a meal. Orientation sensor was placed on the wrist to count 

the biting of food. Through this method, we can find the amount 

of food intake, but we can’t identify whether they took medicine 

or food or water. At the same time when thehand is not rotated at a 

determined pattern, it will not count the food bite. So, 

thepossibility of wrong and undetection is more. 

Sclabassi et al.performed food intake estimation using thevideo-

based algorithm. A wearable camera is used to record an individu-

al’s daily activity. Though the proposed algorithm shows good 

accuracy, implementing this in day to day life is really impractical. 

Similarly,sazonov et al.introduced food intake monitoring through 

chewing. Strain gauge sensor is used to detect food intake by sens-

ing lower jaw movements. Since the device interfaced with a 

strain gauge transducer placed near the ear, which is not practical-

ly applicable for daily use. 
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Ottaviano et al. [5] introduced food intake monitoring system 

through fiber optic endoscopic examination. In which endoscope 

is connected to avideo camera, DVD recorder, TV set. The setup 

will be bulky and non-wearable. Similarly,Limdi et al.introduced 

deglutition detection using themicrocontroller based device. Elec-

trodes are placed on the patient’s neck and EMG is performed to 

observe deglutition. The whole hardware design is bulky and the 

device is minimized to thehospital environment. 

Detection of food intake have been explored by following several 

other methods [1],[2],[5]introduced food intake detection by sens-

ing arm gestures using accelerometers and gyroscope sensors. 

Food intake is monitored by identifying the arm gestures associat-

ed with thehandling of cups, spoon, and plates. However, the way 

of eating does not disclose the amount of food intake. At the same 

time possibility of false detection is high. Controllers’ analysis for 

non-linear system has been reported [17-29]. 

A piezoelectric sensor is a vibration based sensor element which 

generated voltages when the physical strain has applied and is 

used in numerous applications. The using ofpiezoelectricsensing 

element forthe monitoring of food intake is attempted by very few 

with several exceptions. In this paper, both food intake detection 

and classification of food intake is explained. Spectrogram which 

is mainly used for speech recognition and audio analysis is used to 

represent frequency changes over time. The main aim of the work 

is food intake monitoring using spectrogram analysis of sensed 

data. 

3. The wearable monitoring device 

Our food intake monitoring comprises of two parts, piezoelectric 

sensor part and LabVIEW part. Noise reduction, smoothening, 

frequency domain transform, guidance and feedback generation is 

performed using LabVIEW. This section describes the piezoelec-

tric sensor part. Section IV will further discuss the algorithm im-

plementation on the LabVIEW. Figure 1 shows the block diagram 

of the Food intake monitoring system. 

 

 
Fig. 1: Block Diagram of the Food Intake Monitoring System. 

3.1. Piezoelectric element 

A piezoelectric sensor is a vibration based sensor element which 

generated voltages when the physical strain has applied, this may 

be placed against the throat andthetrachea movement while swal-

low has represents the output of the sensor.The wearable device is 

designed by placing piezoelectric sensor inside small necklace 

shaped box with signal conditioning circuit. TL074 Trans-

impedance amplifier is used for signal conditioning. The condi-

tioned signal is acquired by Arduino-Nano, which is transmitted to 

PC through HC-05 Bluetooth module. The PC receives the trans-

mitted signal through Bluetooth dongle. LabVIEW is used to per-

form signal processing, smoothening and filtering. The user guid-

ance and feedback also displayed using LabVIEW. 

3.2. Arduino Nano 

The Arduino-Nano is a small, breakout board integrated withAT-

mega328 microcontrollerand it works with the usb power. The 

Nano has 6 ADC inputs, each of which provides 10 bits of resolu-

tion. The ATmega328 provides UART TTL (5v) serial communi-

cation, which is available on digital pins 0 (RX) and 1 (TX). The 

RX and TX LEDs will flash when data is being transmitted. In this 

paper, Arduino-Nano is used as DAQ to read analog signals from 

the piezoelectric sensor. The 5v from arduinoboard supplies power 

to the signal conditioning circuit and HC-05 Bluetooth module.  

3.3. Bluetooth module 

HC-05 is one of the Bluetooth module which usesserialprotocol in 

order to establish a transparent wireless connection and it can 

configure to work as slave or a master device. As a slave it cannot 

initiate aconnection, it can only accept theconnection. The HC-05 

board has a 3.3v regulator that allows an input voltage of 3.3v to 

6v but the TX and RX pins are still 3.3v. For HC-05 RX pin, it 

cannot be directly connected from arduino board. The voltage 

should be converted from 5v to 3.3v using avoltage divider and 

then it can be connected. Since the Arduino-Nano board will ac-

cept 5v as high, the HC-05 TX pin can be connected directly to the 

arduino RX pin.The default baud rate of HC-05 is 9600.The ac-

quired signal from the wearable device is transmitted to the PC 

through Bluetooth module. In PC the signal is received through 

Bluetooth dongle. The signal will be transmitted and received 

without any error only when the baud rates are matched. To re-

ceive the transmitted signal through PC, right COM port must be 

specified. The COM port that is specified in VISA resource should 

match with the COM port displayed in device manager for Blue-

tooth connection. 

4. Implementation 

The food intake algorithm is implemented in LabVIEW. It is a 

platform that helps to design and develop a system. It accelerates 

the productivity with graphical programming syntax that makes it 

simple to create, visualize, and code the systems. It is difficult to 

monitor the food intake in acquired signal due to noise. Without 

signal processing, smoothening and filtering, we cannot differenti-

ate the noise and the signal. The main objective of this paper is to 

detect each swallow during food intake. Guidance and user feed-

back is given based on the detected swallow. Figure 2 shows the 

food intake detection process. 

 

 
Fig. 2: Process Flow of Food Intake Monitoring System. 
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4.1. Standard deviation calculation 

Though the acquired signal is amplified using signal conditioning 

circuit, still it is difficult to view the clear signal due to the pres-

ence of noise. To reduce the noise content standard deviation is 

calculated for the acquired signal with asliding window. When we 

calculate standard deviation the noise is greatly suppressed. In 

standard deviation, the squared difference of each element from 

the mean value of the acquired signal is calculated and divided by 

N-1. Within which range the signal is distributed can be obtained 

and theremaining unwanted signal is rejected. The standard devia-

tion is calculated with the sliding window having window size, w. 

The value is calculated for the elements that lie within the window 

and then the window is shifted to next element. 

 

                                                                           (1) 

 

                                                              (2) 

 

Where µ gives the mean value of the signal. Equation 2 gives the 

standard deviation value. This can be written in the following way 

 

                                                  (3) 

 

                                             (4) 

 

The equation 2 is modified for the ease of calculating thestandard 

deviation with asliding window. 

4.2. Smoothing and filtering 

SavitzkyGolay filter is used for data smoothing, which is based on 

local least-squares polynomial approximation. During food intake, 

each swallow is represented as peaks in the waveform.The 

savitzkygolay filter reduces noise while maintaining the shape and 

height of waveform peaks. The polynomial is fitted to a set of 

input samples and then theapproximation is done. Initial central 

point is replaced by the computed value which is equivalent to 

discrete convolution with a fixed impulse response. The polyno-

mial order should be less than the frame size.  

4.3. Spectrogram 

Spectrogram concept normally used for recognition of speech 

signal and it is the graphical representation of spectrum of fre-

quencies in a signal. Generating spectrogram using the fast Fourier 

transform is a digital signal processing concepts. The time domain 

sample data are broken into small data or chunks, which overlaps 

and then transformed to calculate the amplitude of the frequency 

spectrum.Once food intake is detected; thespectrogram is calculat-

ed around each signal. Spectrogram of a signal can be calculated 

by computing the squared magnitude of the STFT of the signal in 

the following way. 

 

                                            (5) 

 

In STFT, the signal to be transformed is multiplied by the window 

function. We used hanning window of window size 32. The equa-

tion is mathematically written as, 

 

                          (6) 

4.3. Feature extraction and user guidance 

It is possible to monitor the food intake using spectrogram. Once 

the spectrogram is obtained, to give user guidance and feedback 

feature extraction is necessary. Spectrograms are 2D matrices. 

Interpreting 2d spectrograms cannot be done directly. In 

LabVIEW to extract useful 1D information,time-frequency analy-

sis tools are used. The mean instantaneous frequency is computed 

to help with further feature extraction. The center of gravity of the 

power spectrum of the signal is described by the mean frequency 

computation. In food intake monitoring, the food type is classified 

based on the frequency.  

The main objective of this food monitoring is to help old and sick 

people. Since they are incapable to take caring of themselves, to 

make them eat their tablets and food, this wearable design can be 

used. While taking tablets they will be swallowing it without 

chewing so taking tablet will come under high frequency. But 

while taking food they will chew well and swallow it so food in-

take will come with slow frequency. To differentiate food intake 

and tablet intake, thresholding is used. The frequency when it 

crosses the threshold value, it is noted as tablet intake, while less 

than thethreshold value is noted as food intake. Based on the in-

take, user guidance and feedback is displayed in LabVIEW. Based 

on this, when they didn’t take the food and tablet, the feedback 

can be seen in LabVIEW and the alert message can be sent to the 

caretaker through SMS or E-mail. 

5. Result 

 
Fig. 3: Data Acquisition Waveform. 

 

 
Fig. 4: Standard Deviated Through Sliding Window Waveform. 
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Fig. 5: Smoothed Waveform. 

 

 
Fig. 6: Spectrogram Generated in LabVIEW. 
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Fig. 7: Spectrogram Generated In MATLAB A) High Frequency, B) Low 

Frequency. 

 

 
Fig. 8: User Guidance and Feedback when Tablet Alone is Taken. 

 

 
Fig. 9: User Guidance and Feedback when Food Alone is Taken. 

 

 
Fig. 10: User Guidance and Feedback when both Food and Tablet is Not 

Taken. 

6. Conclusion 

In this paper, we performed food intake detection by detecting 

each swallow of food using spectrogram generation of 

piezoelectric signals. We have developed the wearable device that 

successfully distinguishes the food and tablet intake. Our future 

work is to design the food intake monitoring system using the 

embedded cloud. 
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