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1. INTRODUCTION

Communication and information technology will facilitdfl farmens to explore innovative ways to
minimize nisks and 1o increase  production  [1]. Recently, lm‘émcﬂlf Things (IoT) as one pan
of communication and infornution technology is developing rpidly and has been widely applied in various
fields,"SUch a8 in agriculture. The ToT is a combination of all the "things" by using the intemet as
the backbone of a communication system to build intelligent interactions between people and objects around
them [2, 3]. Most 10T technology solutions in the field of agmo-industry and the environment focus on
monitoring (62%), controls (25%), logistics (79%). and predictions (6%) [4]

In field of agriculture, the nitrogen content in the soil can be detemmined through the chlorophy i
content of plant leaves. because nitrofin content is strongly related to chlorophyll content [5. 6].
Sensor technology can be used to deteet the chiorophyll content of plant leaves based on the ability of the
leaves to absorb, transmit and reflect light [7]. This technology has been applied to spectrophotoneter |8, 9]
and chlorophyll meter [10-14], Spectrophotometer can be used to analyze chlorophyll pigments in extracted
plant leaves, but this method has disadvantages such as destructive, tiring and time consuming [13].
This device is not only expensive but also has a large size therefore it is only used in kaboratories.
Meanwhile, between fields and the laboratories arc generally sepamted by long distances [15].
Therefore, carrying the leaves of plants from field to the laboratory becomes ineffective and inefTicient.
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chlorophyll neter allows <estructive measurement of chlorophyll content in the field,
however chiorophyllmeters availab! he market are still expensive. Van Den Berg and Perkins [16] have
reported that a portable cHEEfbphyll meter (CCM-200) s an effective, rpid, and non-destructive devices for
estinatiff] the chlorophyll content in sugar maple leaves during the growing seasofF#Another chlorophyll
meter is SPAD-502, it is the most widely used chlorophyll meter 7). Several studies have been conducted to
measure the chlorophyll content of various plants using SPAD-502 [10, 17-21]. The chlorophyll content in
leaves is expressed in Chlorophyll Content Index (CCH unit or Soil Plant Analysis Development (SPAD)
unit, Chlorophyll contentof plant keaves in the CCI unit is caleulated using [22]:

% transmission IR

e e e {
o % transmission RED o
Conversion from CCl 1o SPAD is calculated using [22]:
SPAD = klog(cCl) +¢ 2)

Where: -
k: Confidenitial skope coefiicient

As an example, computational processes for calculating the amount of Nitrogen (N) fertilizer that
must be given to plants (com and wheat) consists of calculating the average value of chlorophyll content
from the fickl and calculating chlorophyll content from the reference area where N levels are high,
N recommendation for plants (com and wheat) is calculated using [23-25):

N=6+(7xD) 3
Where:
N = N (Ib/A) needed at Feckes S for optimal growth
D = The difference between the average chlorophyll measurenents from the agricultural land and the
reference areas that have high N levels (in a SPAD unit)

2. RELATED WORKS

Several studies on the design and realization of a low-cost chlorophyll meter have been carried out.
Takeuchi et al [26] reported the development of a simple PAM chlorophyll fluorometer for monitoring
vegetation conditions using a Programmable Logic Controller (PLC) and a computer. Maleki et al [27)
reported the development of a device to measure nitrogen content in lettuce plants using the TCS230 sensor.
Lamb et al [28] reported the development of a fluorometers based on LED for quantification of chlorophy Il
in the field and in the laboratory, Sookchalearn and Abdullakasim [29] reported the development of & tool o
measure the chlorophyll content of cassava plants using TCS230 sensorand added a Global Position System
(GPS) module to get a location when measuring chlorophyll content of plant leaves in the ficld
Limitations of previous studies, namely requires expensive costs [26], destructive [28], no data sending
facility to the server for agricultural data management [26-29], no data storage facility in non volatile
memory therefore data will be lost i’ the power is wmed off [26-29], no data location based on GPS
satellites [26-28), and no interface to external devices [26-28].

New innovations are needed on chlorophy Il meter devices to meet userneeds and provide solutions
to the current limitations of chlorophyll meters, namely by applying loT technology, stomge facility,
location based on GPS satellites and data sending facility to the service Eﬁtcm platform for agricutural data
management. This study is pamarily interested in design and realization of a low-cost 1oT-based chlorophyll
meter for collecting chlorophyll content and location data from the field and send it to the service system
platform. The performance of a low-cost loT-based chlorophyll meter is also compared to more expensive
chlorophyll meter (SPAD-502) and spectrophotometer (SP-3000nano).

3. RESEARCH METHOD

The mresecarch method consists of four stages, namely designing loT-based service system
architecture for monitoring plant nutrition deficiencies (Figure 1), developing low cost [oT-based chlorophyll
meter, testing the low cost loT-based chlorophyll meter and evaluating the performance of a low cost
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IoT-based chlorophyll meter, The first stage is designing loT-based service system architecture for
monitoring plant nutrition deficiencies. The loT-based service system architecture for monitoring plant
nutrition deficiencies consists of loT-based chlorophyll meters. wircless access{Hoints, service system
platforns and remote monitoring devices. In this system, fanmers can measure the chlorophyll content
of plantleaves, mark a location based on GPS satellites at the time of measurenent in the field and send daty
1o the service system platform using an loT-based chlorophyll meter. The low-cost loT-based chlorophyll
meter uses the APl Key as an D to enter and communicate with the service system platform. This systemcan
be used for effective and efficient agriculture because it only requires one loT-based chlorophyll meter
device to collect data rather than installing multiple sensors in the fickl. such as in the Wircless Sensor
Network system(WSN) [30-31).

Applkation
Server
»J”\
3 |
,bmjf ]’l'-t\;r,‘lu\m
nEMS
Vo Py \ A&
1 {‘ It rrnet } Remate Monitoring
4 S Wey Devices
! g
Ston g
T

5
&

Figure 1. AnloT-based service systemarchitecture for monitoring plant nutrition deficiencies

10T Based Chicropt il Meter

3. Deweloping a low-cost ToT-based chlofiiphyll meter

The second stage is developing a low cost loT-based chlorophyll neter. Low cost loT based
chlorophyll meter devices consist of NodeMCU, red and infrared LEDs. spectral sensor (TSL2561).
GPS module (GPS6MV2), LCD module, pushbutton, and memory module. Table | shows connection
of NodeMCU pins with other components. Figure 2 shows an loT based chlorophyll meter device
that has been developed.

Tuble 1. Connection of NodeMCU pins with otherconponents

NodeMCUPins LCD Modile TSLIS6T Sensor Memory Module  GPSOMV2 PushButton

DO DO

DI SCL SCL

D2 SDA A

DS SCK

D6 MISO

n7 MOSI

D8 (&)

D9 TX

D10 RX

Figure 2. IoT based chlorophyll meter realization
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32.1oT-based chlorophyll meter flonchart

Main program flowchart (Figure 3). starting with the process of initialiZing the components.
then sclecting the online or offline mode. If offline mode is sclected, then the data will be stored
in the memory module when the button is pressed. If online mode is sclected, then the data will be sent
to the database server when the button is pressed. Sub program flowchart (Figure 4) to obtain chlorophyli
content and location based on GPS satellites starting with the process of obtaining positions base d on GPS
satellites (Long and Lat). reading the intensity of red and infrared light trunsmitted by the leaf on the spectml
sensor,and calculating the CCl values. Finaly, CCI, Long and Lat are displayed on the LCD.

)

IHMALRATION:
LE0, GPS, SENSOR, SDCARD. \WIH

FROCESS_CO_6FS

!

GETFOSITION [LONG, LAT}

CALCULATE THE CHLOROPHYLL CORTENT
COTRANS_IR / TRAHS_RED

!

SHOWOM 1L

Figure 3. Flowchart of nmin programn Figure 4. Flowchan of process
CCI and GPS

4. RESULTS AND DISCUSSION

A low-cost loT-based chlorophyll r@rusun&, hns _been conducted by comparing the performunce
of a low-cost loT-based chlorophyl) meter With o N er-(SPAD-502) ond n spectrophotoneter
(SP-3000nano). Measurements of chlorophyll content were conducted on the keaves of manilton grandiflora
(young leaves, adult keaves and old leaves). The leaf chlorophyll content was measured using a low-cost
loT-based chlorophyll meter and a SPAD-502 at four differcnt positions (Figure 5) and repeated five times
which were then taken the avemge value. We have also measured the leaf chlorophyll content using
a spectrophotometer (Figure 6). As shown in Figure 7 to Figure 9, the measuring chlorophy |l content results
using a spectrophotometer, a SPAD-52 and a low-cost loT-based chlorophyll meter are strongly convlated.
It can be concluded that young leaves have less chlorophyll content than mature leaves and old leaves.
The leaves that contain the mwst chlorophyll are old leaves. As chlorophyll is lincady comelated with
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nitrogen, young leaves have less nitrogen content than mature leaves and old leaves. Young leaves need nore
nitrogen than mature leaves and old leaves.

Figure 5. Measurement of chlorophyll contentin four

Figure 6. Measurementof chlorophyll content
positions

through Leat extract

Measurement Results Using

Measurement Results Using SPAD
Spectrophotometer (Unit: mg/L)

502

20 (Unit: SPAD)
100
10 g : 4 - » . a "
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Figure 7. Measurement of chlorophyil content using

Figure 8, Measurement ot chlowophyll contentusing
Spectrophotometer

SPAD-502

Measurement Results UsingloT
Based Chloraphyll Meter (Unit: CCI)

15
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Figure 9. Measurement of chlorophyll content using low-cost IoT-based chlorophyll mete

__

The strength of the corrclation between chlorophyll content measurement using a low-cost
ToT-based chlorophyll meter and a SPAD-502 is assessed using the coefficient of determination (RY).
From the test results, we obtained an R? of 09705 (Figure 10), this shows a very strong comelation between
low-cost loT-based chlorophyll meter values and SPAD-502 volues. A low-cost loT-based chlorophyll

meter has been used successfully to measure chlorophyll content, these results in accordance with other
reports [13, 27,29, 32].
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Figure 10. Correlations between SPAD values and IoT-based Chlorophyll meter in the leaves
of maniltoa grandiflora

Testing of a sensor module, a memory module, and an LCD module is conducted by inserting leafin
a low-cost loT-based chlorophyll meter and pressing a button to save data into memory and send data o
the server. Test results show the device has worked well. chlorophyll content of plant leaves and location
based on GPS satellites can be displayed on the LCD. stored in menory and sent to the server.
Figure 11 shows thedata displayed on the LCD and data in the form of text files stored in memory .

1 DATALOG[1).TXT - Netepad - o0 x
(Ble (&t Format Yien Hep
FCI=1.00,Lat=-6.941447, Lon=107.558739 A

[CC1+7.34, Lat=-6, 941453, Lon=107. 558754
{CCT=8.61,Late-5,941441, Lon=107, 558754
CC1=9.29, Lat=-6.941441, Lon=107, 558754
{CCT#21.37, Lat=-6.041446, Lon=107. 558754
{CCI-19,20, Lat=-6,941449, Lon~107. 558754
[€CT=19.24, Lat=-6,041449, Lon=107, 556745
ICC1=19.72, Lat=-6,941449 , Lon=107 . 558746
|CC1=14.28, Lat=-6,941450, Lon=187, 558754

Figure 11. Memory module and LCD testresults

Testing of communication between loT-based chlorophyll meter device and service system

tforms has been conducted by sending chlorophyll content and location based on GPS satellites data from

a low-cost loT-based chlorophyll meter to the service system platform. Figure 12 shows data received by
the service systemplatform is displayed on monitor page (http/e-agriculture net/).

i » L
Smart Farming

= o 4 Homa | Morstor

@ Monltor ‘
Devica Horotimaton ~|

 Pock =

shaw(1 | entriea searzh

Davise Hama Date [==] Longitudo Latitude
Merolimensn 208-02-1410840:078221 en 076573 -B.500440
Herotirmoter! 2002 UTITAB2B M 1 0V ~BR4HTH

Figure 12, Data from a low-cost loT-based chlorophyll meter is dis plaved on the monitor page
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5. CONCLUSION

The results have shown that low<cost loT-based chlorophyll meter are functioning propedy.
which is able to measure chlorophy!l content. get location, display data on the LCD. store data in memory.
and send data to the service system platform. A strong conelation was obtained between measurements of
chlorophyll content using loT-based chlorophyll meters, SPAD-502 and spectrophotometer. The test results
showed a significant relationship bctw@ SPAD 502 values and low-cost IoT-based chlorophyll neter
values . Therefore, loT-based chlorophyll meter ciinihe’ {5 a cheap iliémative to SPADES02 chlorophyll
eleE. In our future work, the data collected in the database server will be processed for the pupose
of providing fertilizer recommendations to plants. In addition, the performance of a service system platform
to monitor the chlorophyll content of plants (https//e -agriculure net/) will be evaluated.
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