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Abstract       Given that the sectors "Food and agriculture" and "Water and 
forests" to the critical infrastructure of states we have a legal and moral 
obligation to protect them. Collaboration between specialists from different 
branches to move to smart agriculture is a must. Using hardware computing 
platforms in conjunction with electronic sensors to monitor plant health is a 
major step in streamlining processes and implementing smart agriculture. In 
view of the above, I bring to your attention a study designed to demonstrate 
the feasibility of developing such equipment, at reasonable costs adapted to 
any economic organization, regardless of the level of development. The 
purpose is not to replace laboratory equipment, but to provide reasonable and 
documented guidance on the appropriate growth of crops at an affordable 
price. In order to perform this study, I designed an equipment. It consists 
essentially of an easily accessible development board, a multispectral sensor 
and a halogen light source. A "black box" was created to perform the 
measurements. This is necessary because the sensor is very sensitive and the 
presence of parasitic light severely distorts the measurements. In this "black 
box" are mounted all the electronic boards and light sources. The equipment 
uses the Arduino Uno development board and the AS7265X sensor. This 
sensor has an accuracy consistent with this purpose, at a reasonable price. 
The sensor benefits from UV-Vis-NIR technology and monitors wavelengths 
between 410nm and 940nm divided into 18 channels each with a 20nm 
bandwidth. It also has its own light sources, infrared, visible and ultraviolet. It 
can be used to measure the reflectance as well as the absorption of different 
materials in this wavelength range. For this study, the reflectance and spectral 
absorption of some leaves belonging to 12 identified plant species were 
measured. The data generated by the equipment was collected in a computer 
and then processed for conclusions.   
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Open source hardware usually refers to the 

fact that information about that hardware is available to 
everyone, from the design to the software running on it. 
It is a common way to start research on a certain topic, 
even if later a proprietary system is designed. 

Sensor: is a device that can measure and 
transform a physical quantity into a signal that can be 
read or interpreted. 

Monitoring: supervision of parameters, 
specific to plant physiology in our case, which are to be 
analyzed and generate conclusions about plant health. 

Spectroscopy: studies the absorption and 
reflectance of light with different wavelengths (UV-
Vis-NIR) by matter. 

UV-Vis-NIR: ultraviolet, visibile and near 
infrared in terms of light. 

Absorption spectroscopy: molecular 
spectroscopy that uses the wavelength-dependent 

absorption of materials to determine the chemistry of 
the analyzed sample. 

Reflectance spectroscopy: spectroscopy that 
uses the wavelength-dependent reflectance of materials 
to determine the chemistry of the analyzed sample. 

 
Material and Method 
 

The main materials used for the development 
of this project, at least in the research phase, are 
presented below, together with a very short description 
of them. Along with these materials it is necessary to 
write code for programming the operation of the entire 
system, as well as testing in various operating 
conditions, assembling all components and building the 
necessary case. 
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List of materials 
Hardware list: 

1.  Arduino Uno development board (fig. 1) 
around which the whole system is built. This board has 
a microcontroller ATmega328p frequency 16 MHz, 
USB Chip CH340G, USB power supply 5V, DC 

connector supply voltage 8-12V, Digital I / O pins 14 
(6 supports PWM output),  Analog pins 6, Maximum 
current per I/O pin 40 mA, Flash memory 32 KB of 
which 0.5 KB used by bootloader, SRAM 2 KB, 
EEPROM 1 KB [2]. 

 

 
Fig. 1. Arduino UNO development board 

 
2. AS7265x (fig. 2) - spectrometric sensor 

Sparkfun. AS7265x has three sensors combined with a 
visible LED, UV and IR to illuminate with different 
wavelengths.. It cover (fig.3) the measurement of light 

from 410nm to 940nm in 18 individual bands. Each 
band has a bandwidth of 20 nm. The sensor can 
accurately measure up to 28.6 nW / cm2 and an 
accuracy of +/- 12%. [3] 

 
Fig. 2. AS7265x spectrometric sensor 

 

 
Fig. 3. AS7265x spectrometric response and bands 
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Considering the spectrum of the sensor, 
theoretically the following parameters can be 
determined, provided that the relative accuracy differs 
from one index to another: Anthocyanin reflectance 
index [4], Chlorophyll Absorption Ratio Index, 
Chlorophyll Index RedEdge 710, Chlorophyll Green, 
Chlorophyll Red-Edge, Coloration Index, Gitelson2, 
Leaf Chlorophyll Index, Maccioni, MERIS Terrestrial 
chlorophyll index, MCARI/OSAVI750, 
MCARI/OSAVI, MCARI/MTVI2, mSR2, New Double 
Difference Index, Normalized Difference 415/435 
Normalized Phaeophytinization Index , NDPI, NDVI 
[5], [6], Normalized Difference 680/430 Normalized 
Pigment Chlorophyll Index, Normalized Difference 
800/680 Pigment specific normalised difference A2-
Lichtenthaler 1, Normalized Difference 900/680, 
Normalized Difference 925/710 Normalized Difference 
Chlorophyll, Normalized Difference Green/Red 

difference index-Atmospherically Resistant Indices 
Green, Optimized Soil Adjusted Vegetation Index, 
Plant Senescence Reflectance Index, Simple Ratio 
550/680 Disease-Water Stress Index 4, Simple Ratio 
800/635 Pigment Specific Simple Ratio (Cholophyll b) 
(PSSRb), Simple Ratio 800/680 Pigment Specific 
Simple Ratio (Cholophyll a) (PSSRa), Simple Ratio 
950/900 Water band index, Simple Ratio Red/Blue 
Iron Oxide, Simple Ratio Pigment Index, etc. [7], [8]. 

3. "Black box" and case 
The mounting case for experiment equipment 

(fig. 4) was made of common products found in 
household stores. Some changes have been made to 
this by cutting, reaming and drilling. Black rubber and 
sponge parts have also been added to create a closed 
measuring area and to prevent interaction with natural 
light and distortion of measurements. 

 

 
Fig. 4. Experiment equipment (original foto) 

 
4. Data and power supply cable (fig.5).  
The cable has the role of supplying electricity 

from the laptop USB port for the developed equipment, 

also to transmit the data collected by the sensor to the 
computer system for processing. 

 

 
Fig. 5. Data and power supply cable (original foto) 

 
5. Computer 
A laptop was used to collect and process the data in the 
experimental phase. Its role is to supply electricity to 
the developed equipment and to receive the data 
through the serial port. Putty was used to read the serial 

port. The collected data was processed in this phase 
using Microsoft Excel. 
Software list: 
1. Arduino IDE environment [9] for programming the 
development board (fig. 6). 
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Fig. 6. Arduino IDE programming environment 

 
2. Putty utility (fig. 7) for connecting the computer via the serial port to the developed equipment and reading the data 
provided by the equipment. [10] 

 

 
Fig. 7. Putty connecting and reading data (original) 

 
3. Microsoft Power BI, R Language , Microsoft Excel 
for interpretation, analysis and display of the resulting 
data and graphs. 
 
Biological material for the study: leaves from 12 
correctly identified plant species. 
These are:  
Tilia cordata Mill, Chaenomeles japonica, Quercus 
myrsinifolia, Magnolia kobus, Parotica persica, 
Aesculus hippocastanum Lin., Castaneva sativa, 
Aristolochia durior Hill, Quercus rubra L., Arbutus 
unedo L., Urtica diodica, Rumex crispus. 
 
Necessary knowledge: 
1.Programming knowledge in the Arduino 
programming language [11]. This programming 
language is basically a framework built on top of C ++, 
but with some differences. This knowledge is 
necessary for writing the operating code of the 
microcontroller for control and reading the measured 
values of the multispectral sensor also for transmitting 
this data to the computer.  
2.Knowledge of using the Putty utility. This knowledge 
is required to connect the computer through the serial 

port to the developed equipment and read the data 
delivered by the equipment.  
3. Usual knowledge of use Microsoft Power BI [12], R 
Language [13], Microsoft Excel [14]. This knowledge 
is necessary for the interpretation, analysis and display 
of the resulting data and graphs. 
4. Notions of plant physiology to know the 
wavelengths reflected and absorbed by the leaves of the 
chosen plants. Also to be able to correlate their 
variation depending on plant health and phenophase 
[1], [17]. 
 
Research methods 
1. From the beginning, I started from the idea of trying 
to validate the solution of using open source platforms 
and medium-priced sensors in field research at a 
generally affordable price. The purpose is not to 
replace laboratory equipment, but to provide 
reasonable and documented guidance on proper crop 
growth. 
2. After the documentation phase on the chosen topic 
to see the state of research in this field and the 
technical documentation in order to carry out the 
project in good technical conditions, I chose a number 
of 10 leaves from each of the 12 chosen species. 
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3. Each leaf was analyzed and a record was kept for 
each species in terms of measured values of reflectance 
and absorption on each of the 18 wavelength bands 
(410nm, 435nm, 460nm, 485nm, 510nm, 535nm, 
560nm, 585nm, 610nm, 645nm, 680nm, 705nm, 
730nm, 760nm, 810nm, 860nm, 900nm, 940nm) 
summarizing a total of 5,400 readings of values. 
1800 values measured on each side of each leaf for 
reflectance and 1800 values for absorbance.  
4. Measured values were averaged for each species to 
determine if there was a pattern for each species. 
5. Diagrams for each species and graphs containing all 

species have been created to determine if there are any 
differences between them. 
 
Results and Discussions 
 

After the development of the specific stages of 
the programming activity and the commissioning of the 
equipment, it was found that the assembly is stable and 
can be used for the original purpose. 15 consecutive 
series of measurements were performed. The image 
below (Fig. 8) shows the stability of the measurements. 

 

 
Fig. 8. Stability of the measurements (original) 

 
Due to the small space allocated, I will 

partially present the measurement results. Now follows 
the actual measurement stage as shown in the suite of 
images below. 

 

Absorbance measurements 
Few examples of graphs for absorbance 

measurements will be presented (Fig. 9 - Fig. 12) and 
then the relative spectral absorbance graph for all 12 
species will be presented (Fig. 13). 

 

 
Fig. 9. Tilia cordata Mill - graph for spectral absorbance mesurements (original) 

 

 
Fig. 10. Chaenomeles japonica - graph for spectral absorbance mesurements (original) 
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Fig. 11. Quercus myrsinifolia - graph for spectral absorbance mesurements (original) 

 

Fig. 12. Magnolia kobus - graph for spectral absorbance mesurements (original) 
 

 
Fig. 13. The relative spectral absorbance graph for all 12 species (original) 

 
Reflectance measurements 
 Few examples of graphs for reflectance measurements will be presented (Fig. 14 - Fig. 17) and then the 
relative spectral reflectance graph for all 12 species will be presented (Fig. 18). 
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Fig. 14. Tilia cordata Mill - graph for spectral reflectance mesurements (original) 

    

 
Fig. 15. Chaenomeles japonica - graph for spectral reflectance mesurements (original) 

 

 
Fig. 16. Quercus myrsinifolia - graph for spectral reflectance mesurements (original) 

 

 
Fig. 17. Magnolia kobus - graph for spectral reflectance mesurements (original) 
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Fig. 18. The relative spectral reflectance graph for all 12 species (original) 

 
Conclusions 
 

Following the study, we concluded that the 
use of spectrometric sensors together with 
microcontroller development boards in the study and 
improvement of plant growth is feasible and affordable 
in practice. 

As a result of performing a total number of 
5,400 measurements for the absorbance and reflectance 
of the leaves belonging to the 12 species chosen (Tilia 
cordata Mill, Chaenomeles japonica, Quercus 
myrsinifolia, Magnolia kobus, Parotica persica, 
Aesculus hippocastanum Lin., Castaneva sativa, 
Aristolochia durior Hill, Quercus rubra L., Arbutus 
unedo L., Urtica diodica, Rumex crispus) taken into 
account in this study, after processing the collected 
data, several conclusions could be drawn. 

In terms of absorption measurements, easily 
observable differences are visible for all 18 studied 
wavelengths for each species. 

Regarding the reflectance measurements, 
significant differences are observed on 16 of the 18 
wavelengths studied, and on two of them (645nm and 
940nm) small values of the reflectance are observed, 
with small differences between the measurements, both 
within the same species and and between species. 

Each species has characteristics that seem to 
be unique in terms of spectral response for both 
absorbance and reflectance measurements. 

The leaves of the same species follow the 
same shape of the graph with slight differences in value 
between samples. 

There are significant differences between the 
measured values of different species for both 
absorbance and reflectance measurements, but the 
shape of the graph is similar to the chosen plants in the 
same kind of measurements. In this way we can 
identify which species the sample belongs to. Also, 
whether the analyzed sample belongs to plant species 
or not. 

Samples belonging to the same species but 
affected by anomalies (diseases, deficiencies, etc.) have 
measurements with values different from those 
considered healthy. This is true for both absorbance 
and reflectance measurements. We believe that this 
method can detect changes and anomalies before they 
are visible to humans. 

Creating patterns for each culture requires 
further in-depth study. In this sense, together with 
research professors of Banat's University of 
Agricultural Sciences and Veterinary Medicine "King 
Michael I of Romania" from Timisoara, Faculty of 
Horticulture and Forestry, data on at least 3 crops 
(tomatoes, peppers and eggplants) grown in natural 
environment [15], [will be collected weekly, 
throughout their life from seedling to harvest. [6] 

In addition to the foliar apparatus, the 
vegetables produced by these crops will be analyzed 
from the point of view of the spectrometric response. 
We expect that this method of evaluating vegetables 
can anticipate the exact time of harvest. The data will 
be collected and analyzed in different phases of crop 
growth, in order to obtain patterns specific to each 
species.  
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The cases of growth anomalies (diseases, 
deficiencies, etc.) will be analyzed and documented in 
order to correlate between the measured values and the 
anomalies, to verify whether the possibility of 
anticipating the occurrence of these anomalies by 
spectrometric evaluations is a feasible method in 
diagnosing crop health. 
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