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Resumen

La glucosa es una molécula im-
portante del metabolismo humano; por 
esta razón debe ser regularmente mo-
nitoreada en casos especiales. En este 
trabajo exploramos algunos métodos no 
invasivos para obtener la concentración 
de la glucosa. Además presentamos el 
diseño y desarrollo del análisis espectral 
usando la técnica de espectroscopia 
infrarroja en un sistema embebido, 
en las regiones espectrales del Medio 
(MIR) y Cercano Infrarrojo (NIR). El 
diseño electrónico se desarrolló basado 
en un sistema embebido y varios dis-
positivos hardware como: memorias 
de almacenamiento masivo (Tarjeta 
SD) y periféricos externos [LCD, 
como en algoritmos software como: 
comunicaciones digitales (SPI e I2C)], 
protocolos de interrupciones, filtros 
de media cuadrática (Filtro S-Golay), 
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aproximaciones lineales. Este desarrollo 
permitió obtener un dispositivo portable que 
realiza el análisis espectral.  

Palabras clave: glucosa, espectrosco-
pia IR, sistemas embebidos, filtro de media 
cuadrática, filtro Savitzky-Golay.

Abstract

Glucose is an important molecule in 
human´s body metabolism; however it has 
to be regularly monitored in special cases. 
This paper explores noninvasive methods 
to obtain the concentration of glucose. Also 
the design and development of an embedded 
system for spectrum analysis using infra-
red spectroscopy in the Medium Infrared 
(MIR) and Near Infrared (NIR) regions of 
the spectrum are stated. This paper focuses 
on the electronic design using embedded 
systems and hardware devices such as: mas-
sive memory storage (e.g. SD Card), digital 
communications (e.g. SPI and I2C), external 
peripherals (e.g. LCD and interruption pro-
tocols), mean squares filters (e.g. S-Golay 
filter), lineal approximations algorithms, and 
first order derivate algorithms in a portable 
device.
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1. Introduction
Glucose is one of the major carbohydrates 

present in humans. This molecule serves for seve-
ral functions in the organism: primarily to perform 
chemical regulations in metabolic processes, and it 
also serves to control the amount of energy in body 
cells. However, there are some occasions in which 
the level of glucose has to be externally controlled.

There are several reasons to control glucose in 
the body. In some people glucose levels regulated 
by the hormone insulin, are abnormal. An inappro-
priate control of these levels can cause diseases 
such as diabetes, glycaemia, hyperglycemia, and 
hypertension among others.

To determine if the glucose is at acceptable 
levels it requires a measurement and control of 

the concentration in the body. Usually, for this, 
glucose measurement devices are used with blood 
samples, therefore, it is necessary a little pinch in 
the subject’s finger. This puncture is uncomfortable 
for many people [1]. Deep analysis laboratory, 
such as blood glucose curves, are procedures that 
take more time, because several blood samples 
are required. In this case, large blood samples are 
obtained from the arm of the subject.

This paper focuses on the design and deve-
lopment of a glucose measurement device that 
uses a non-invasive method such as Infrared (IR) 
spectroscopy to obtain the glucose levels. This 
could allow people to avoid any painful procedure 
to know their glucose behavior, and prevent the 
occurrence of major complications in the future.

The objective of this paper is to design and 
develop a prototype device which applies a gluco-
se quantification method in an embedded system, 
to know the concentration of glucose in a test 
sample [2, 3].

This prototype was implemented using one 
PSoC3 chip. The embedded system and algorithms 
for signal processing were integrated as well as the 
drivers for the LCD and digital communications 
(USB flash drives, SPI and I2C). The result is a 
small size programmable prototype, with mass 
storage in SD memory cards, which can be the 
base of a portable device.

2. Preliminary Design
In order to develop a device that measure the 

glucose concentration by analyzing and proces-
sing IR spectrum obtained by a Fourier transform 
IR spectroscopy, a system composed by two 
subsystems is proposed. The first subsystem is 
the IR spectroscopy, and the other is a glucose 
quantification system (see Figure 1).

Figure 1. Acquisition and processing systems 
Block diagram

 Source: by the author.
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The Glucose Quantification System (GQS) recei-
ves an analog signal from the spectroscopy sys-
tem. That signal is representative of the amount 
of light reflected or refracted when passing over 
the blood sample and it is finally captured con-
tinuously by a photo-sensor continuously. This 
system also produces a control signal (known as 
activation signal) to start the recording of infor-
mation in the GQS. The data is obtained through a 
digital to analog convertor (ADC) and then stored 
in the internal memory of the GQS.

For this paper it is assumed that an IR spec-
troscopy system has already obtained the raw data 
to be processed. These raw signals are stored in a 
database built in previous research [4].
The GQS is composed by the following subsys-
tems: an ADC; a system of internal storage or ca-
che memory; a processing core; communication 
interfaces, in this case we only used the Serial 
Peripheral Interface (SPI) to establish commu-
nication between the Secure Disk (SD) memory 
and the GQS; an interface to an Liquid Character 
Display (LCD); and finally input buttons for the 
user interface (UI).

3. Electronic Design

To carry out the development of the GQS a 
mixed-signal microcontroller called Program-
mable System on Chip (PSoC) 3.0 was used. This 
device was used for having features to use both 
analog and digital signals, and which includes a 
wide variety of peripherals in a single chip.

3.1 Communication with a SD Card Memory

The proposed GQS device uses an SD me-
mory for storage IR spectra storage before and 
after processing. To use this memory we must 
have a number of basic considerations which are 
discussed later.

It has to be advised that these memories can 
work with two different types of communication: 
one of them is the protocol proper of these memo-
ries, called SD communication protocol and has a 
fee to be used. The other type of communication 
is the SPI, which is usually used and implemented 
in microcontrollers, mainly because it is free of 
charge, and it is the communication that was used 
on this paper´s development.

To program the PSoC 3.0 free software called 
PSoC Creator® was used. With this software 
we can design which peripheral components 

were embedded with the main processor. In this 
software the interfaces between the peripheral 
components and the CPU are called Components 
Modules (CM).

The CM for the SD Card has 4 pins in total 
which are: The "Chip Select" pin or CS that is an 
input pin to the SD Card, the MOSI pin that is an 
output pin of the SD Card, the MISO that is an 
input pin of the SD Card, and finally a pin to the 
sync signal SCLK. The Clock in this module is 
recommended to be set less than 4 MHz.

Other consideration using a SD memory is 
that this system operates at 3, 3 V and some mi-
crocontrollers can only operates at 5 V. There are 
multiple solutions to this problem but the most 
common are: using a voltage divider between the 
SD Card input pins and the microcontroller, or 
using "Pull up" resistors to a 3,3 V source and 
placing pins drivers as "Open Drain". Despite the 
fact that the PSoC 3.0 can operate at 3,3 V, it’s 
better to have these considerations in mind for 
possible changes on the design [5]. 

3.2 Other components drivers

For the other different peripheral components 
such as: The LCD Screen or buttons there are 
specific CM for each one of these included in 
the software, and could be easily implemented 
in any embedded system application.

4. Processing Algorithm

One advantage to perform signal processing 
in PSoC 3.0 is that the main processor works 
with a 16b bus, so we can use in the inside code 
more floating-point numbers, and also process 
information with more speed (64 MHz at less).

4.1 Savitzky-Golay filter

The filter we use to perform the previous 
filtering of data is a least square filter also known 
as Savitzky-Golay filter. In order to reduce as 
much noise as possible without impairing loss 
in the original signal information due to elimi-
nation of important frequencies a use of a classic 
filter may be insufficient, and that’s because it 
requires a polynomial smoothing filter such as 
the Savitzky-Golay filter.

The Savitzky-Golay FIR smoothing filter is 
a filter that removes high frequencies but retains 
some of the original information by eliminating 
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noise [6, 7, 8]. A polynomial filter is equivalent 
to have five sample values and replacing these 
values with the values generated by the filter´s 
coefficients. For more information about how 
to obtain the coefficients of this filter see the 
procedure in [9]. 

The designed filter is a Savitzky-Golay filter 
of order 2 with a 15x15 window size due to the 
large number of input sample (approximately bet-
ween 1000 and 5000 samples) and high frequency 
noise to be eliminated. After performing a data by 
data filtering the result is stored on the SD card.

a.  Baseline correction

To perform a correction of the baseline there 
are various methods. In this paper the first deri-
vative correction method (recommended) was 
used. To perform the first derivative to a data the 
following equation can be used:

  

where D (t) is the derivative in the actual time 
t, A(t) is the current data A(t+1) is the next data 
or future data.

In order to perform the data derived from 
the edges an average of the first and the last data 
points were used, and this result was used as the 
previous data position [8].

After performing this procedure the data is 
stored in the SD memory due to the amount of 
data, making impossible to save this data in the 
cache memory, and then it could be used or be 
extracted from the GQS if it is necessary in other 
procedure or be used by a different device.

b.Obtaining of the glucose concentration

To obtain the glucose concentration the para-
meters previously established by the method of 
merit factor and linear regressions set in previous 
projects were used [4, 10].

Later, a data by data product is performed 
using the data points obtained in the baseline co-
rrection and then performing an algebraic sum of 
these data; the result is the glucose concentration.

The final data is displayed on the screen 

through the LCD, and compared with values 
obtained previously with Matlab® software and 
procedures of previous projects

5. Tests and Results
5.1 Test of communication and functionality of 
the SD Card

As a first test a repeatability test of the SPI 
communication is performed in order to observe 
the SD memory behavior in cases many data have 
to be stored, exceeding the CPU cache capacity.

This test also serves to know the time ex-
pended by the GQS to store or remove a data in 
the SD Card memory. As a result we obtain that 
storage or extraction time is approximately 15 ms 
x sample. This time could be improved reducing 
the number of floating-point decimals or upgra-
ding the speed of the SPI communication [11].

5.2 Test of the S-Golay filter
A signal extracted from a MIR spectroscopy 

system with concentration of glucose of 10 mg/
dl without noise canceling was used.

This test consists in performing comparisons 
between the result signal obtained by the GQS 
and the result using the sgolayfilt() instruction 
from Matlab® (See Fig. 3 and Fig. 4).

The result obtained using the GQS is very 
similar or nearly identical to the results using 
Matlab® which tells us that you can perform 
these procedures using an embedded system, and 
the process is not altered by approximations or 
introduction of noise signals due to communica-
tion between devices.

Figure 2. Output signal of the MIR spectroscopy system

     Source: by the author.
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Figure 3. Filtered signal using Matlab® and a 
S-Golay filter

Figure 4. Filtered signal using the embedded system

6. Conclusions and Future Works
It demonstrated that the use of IR spectros-

copy to estimate the concentration of glucose in 
a test sample is a non-invasive method feasible; 
which it may in the future be used for the de-
velopment of a device for measuring glucose 
concentration in a subject.

A hand-size device, that includes the em-
bedded system, drivers and algorithms for signal 
processing was implemented and validated. Its 
high level of integration is reached by the resour-
ces and simple programming environment of the 
mixed-signal circuits PSoC, and its flexibility for 
low and medium complexity applications.

Differently from the glucose measurement 
device is small, the spectroscopy system is not. 
This is large and makes that a portable device 
is not completely feasible for now, because it 
is expected that research and advances in this 
area lead to development of small system for IR 
spectroscopy.

Since all tests and results performed in this 
work were carried out in-vitro, we have the 
expectation that in the future these can be per-
formed in vivo, in order to improve the device 
for end use.

Source: by the author.

Source: by the author.
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