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A novel and smart automatic light-seeking flowerpot for monitoring flower

growth environment

Xihai Zhang, Dong Liu, Chengguo Fan, Jiali Du, Fanfeng Meng, Junlong Fang”

(School of Electronic Engineering and Information, Northeast Agricultural University, Harbin 150030, China)

Abstract: Although the flowerpot is widely used for indoor flowers, it cannot meet the needs of intelligent management during
the uncared-for period. The objective of this study was to design a new microcontroller-based smart flowerpot. Its overall
system was composed of three parts: information collection layer, automatic control layer and data transmission layer. Firstly,
in the process of collecting information, the Laiyite criterion and the normalized weighted average algorithm were adopted to
improve the accuracy of information collection. Secondly, for making precise control decisions, the fuzzy control was used to
achieve automatic on-demand watering. Finally, the method for comparative analysis of regional light intensity was utilized to
achieve light-seeking and light-supplementing. Experimental results showed that the smart flowerpot had strong anti-jamming
performance for information collection, the relative soil moisture of flowers could be stably maintained near the optimum
humidity (65%), and the light was well-distributed on the flower with the error angle of light-supplementing ranged from —3°
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1 Introduction

With the continuous development of social economy, the
quality of life of people is continuously improved. The demand
for indoor afforestation is also growing. However, the living
environment is deteriorating and the air quality is also getting
worse in the industrial developed cities of China. As everyone
knows, the flowers can release stress and purify indoor air and so
on. Reasonable watering and proper light are not only beneficial
to the growth of plants, but also to highly efficient use of water
resources and light energy!'. At present, the planting and
management of flowers are still highly dependent on manual
operation, so that survival rate is relatively low.

The development of modern electronic technology, sensor
technology and communication technology provides effective
methods for the collection of environment information®*,
recent years, some researches conducted on
real-time monitoring systems of the smart flowerpot. Wu et al.l”
designed an ARDUINO microcontroller-based smart flowerpot
which has the voice broadcast function and can achieve automatic
watering. Lea-Cox et al.'® studied a smart wireless sensor node
that is capable of integrating outputs from a range of soil moisture
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and environmental sensors for pot-in-pot nursery. The
sensor-controlled technology is used to make precision watering
decision on a daily basis. Zhang et al.”! proposed an automatic
irrigation device for potted plants based on Programmable Logic
Controller. It used the pressure sensor to measure the weight of
potted plants, and used the bar code reader to read the information
of potted plants. Ji et al.®] designed a smart pot based on the
combination of ZigBee and ESP8266. It can upload the diverse
plant growth data collected from the system to cloud server of
internet.  The above mentioned flowerpots have their own
characteristics, and their functions are powerful enough. But
further improvements are still needed in some aspects. Firstly,
using a single sensor may lead to the poor accuracy of collected
information and weak ability to resist the random interference.
Therefore, the collected information is not the true value of the
state, so that the growth state of the plant can’t be accurately
judged. Secondly, although the function of automatic watering is
achieved, it can not water the flowers in accordance with the actual
need, so it is difficult to achieve the ideal control effect. Finally,
most of the above mentioned designs can detect the environment
light, but the corresponding decision can’t be made when the light
intensity is uneven or inadequate. All of the above mentioned
problems may affect the life of flowers.

In addition
to the above mentioned functions, the corresponding improvement
methods are put forward to overcome the drawbacks. Firstly, the

information

This paper comes up with a new smart flowerpot.

smart flowerpot can monitor the environment
including soil temperature, humidity, light and water level by
various environment sensors. Moreover, the Laiyite criterion and
normalized weighted average data fusion algorithm are adopted to
achieve accurate information collection and enhance the
anti-jamming ability of the collection system. Secondly, the fuzzy
control algorithm used in this paper can realize automatic watering
control. Lastly, the flowerpot can be rotated automatically by four

motors, and the wheels are fixed at the bottom of the flowerpot.



March, 2018

Zhang X H, etal. A novel and smart automatic light-seeking flowerpot for monitoring flower growth environment

Vol. 11 No.2 185

That helps to automatically seek light and supplement light to make
sure the light is well-distributed on the flower.

2 Materials and methods

2.1 Overall design of smart flowerpot

A modular method is adopted in the design of smart flowerpot.
The overall system of smart flowerpot is divided into three layers,
namely the information collection layer, the automatic control layer
and the data transmission layer. The main function of information
collection layer is to collect the flower environmental information
which includes temperature, humidity, light intensity, water level
and display these information on the LCD screen. The main
function of automatic control layer is to achieve automatic watering
and light-seeking based on the feedback information. The main
function of data transmission layer is to transmit the collected data
to a mobile phone APP interface through an ESP8266 wireless
WIFI module.

The overall system of the smart flowerpot is shown in Figure 1.
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Figure 1 System structure of the smart flowerpot
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2.2 Design of the information collection layer
2.2.1 Methods for collecting environmental information of flowers

(1) Laiyite criterion

In this collection system, each kind of environmental
information is collected with several similar sensors, which has the
same precision, and the result of measurement obeys the normal
distribution. When the gross error is dealt with, the actual
situation and the characteristics of the collection system are fully
taken into account, using Laiyite criterion to eliminate the gross
error is more appropriate. In the Laiyite criterion, the parameter
data which can reflect the distribution structure are residuals and
standard deviation estimate. The definition is as follows:

a) When many independent measurements are conducted on a

subject, a series of measured values (Xj, X, ..., X,) can be
established.
b) The residual of these measurement values is defined as,
V,=X,-X 0]

where, X is the average value.
¢) The estimate of standard deviation is defined as,

@

It supposes the measured value obey the normal distribution.
If V; satisfies Equation (3), the suspicious gross errors that should
be eliminated can be determined in the X;.

V|>3c 3)

(2) The normalized weighted average algorithm

Many same sensors are needed to measure the same parameters
from different angles. In this way, the state of the environmental
parameter which exists random disturbances can be measured
precisely, so that it can be more close to real value. The
normalized weighted average fusion algorithm has the advantages
of low computation, high precision and simple computer
programming, which are suitable for detection of slowly changing
variables. The environmental information collection system of
flowers has these features, thus this algorithm is adopted”!” to
obtain accurate information. The specific steps of this algorithm
are as follows:

a) The average value of the measured data is calculated. The
formula is as presented in Equation (4).

X-13x, @
ni

b) The deviation value AX; is calculated, the formula is as
expressed in Equation (5).

AX,=X,-X (5)

c) The deviation value is introduced into weighting function

and do normalized processing, the result is Aib[ , the formula is
Ab, = f(AX)) (6)
4) The weighted value E is obtained by dealing the deviation

value with the method of normalization. The formula is

b =—— (7)

5) The final average value X" can be calculated by using the
weighted value, the formula is

X :gx,.xbf. ®)

In the process of calculating, weight function f{AX;) can be
selected according to different applications. Here, the weight
function is chosen according to the empirical formula,

S(AX)=(

— IAX ) x arctan(i) )

2.2.2  Selection of sensors

(1) Soil moisture sensor

Soil moisture is detected by the FC-28 soil moisture sensor
which has the advantages of high precision, real-time measurement,
and convenient setting"'?.  Soil moisture range is 0-100% with
accuracy of £0.4. Moreover, it has the widened sensing area,
because of this area, the problem that is easy to rust for contacting
soil can be prevented, and the service life can be prolonged!'*'.

(2) Soil temperature sensor

The soil temperature is detected by waterproof DS18B20. It
has the characteristics of small size, strong anti-interference ability,
high precision, less occupied port line. According to the
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characteristics of DS18B20 digital and single bus access, the field
temperature is directly transmitted by digital mode of “first line
bus”, which greatly improves the anti-interference ability.

(3) Light intensity sensor

TSL2561 module is used to detect the environmental light of
flowers. It has a direct I°C interface which can convert the light
intensity to digital signal as the output!'>'71,

(4) Water level sensor

Water level sensor is used to determine water level of the inner
water storage tank of flowerpot through a series of exposed and
parallel wires trace. In this way, it can accomplish the conversion
of water quantity to analog signal. The output of the analog value
can be read directly by the CPU.

(5) Display module

The display module can provide a good man-machine interface
to display all environmental information in real time. It is mainly
composed of 3.2 inch TFT-LCD screen which the resolution is
240%320.

As is shown in Figure 2, LCD screen shows a variety of
environmental information. The smart flowerpot can detect and
maintain those parameters by itself.

Optimum humidity F
uzzy
input

Figure 2 LCD screen display

2.3 Design of the automatic control layer
2.3.1 Automatic watering control

In order to improve the water utilization rate, fuzzy control is
used in the automatic watering control system. The structure of
automatic watering fuzzy controller is shown in Figure 3!'%-2%,

Fuzzy Fuzzy
control rule control
and relation strategy

Soil moisture

SCNsOr

Figure 3  Structure of fuzzy controller

The fuzzy controller is designed in the following procedures.
First, e (the error of soil moisture) and ec (error change rate) are
designed as the input variables of the fuzzy controller and u
(watering time) is designed as its output variable. Second, E, EC,
U are fuzzy variables which are corresponded to input/output
variables of the fuzzy controller, respectively. The fuzzy domain
of E and EC are selected from —6 to 6, the fuzzy domain of U is
also select from 0 to 6. The actual conditions and the control
precision of watering are fully taken into account, the fuzzy subsets
of input and output variables are divided into 7 levels in turn*':
{NB, NM, NS, ZO, PS, PM, PB} and {ZO, PS, PS1, PM, PM1, PB,
PB1}. Finally, the fuzzy rule response table is designed by
applying the fuzzy relation R (R=ExECxU=(ExEC)"-U) based on
the membership assignment table of the fuzzy subset and the fuzzy
control model of each variable.

2.3.2 The design of automatic seeking and supplementing light
control

According to the feedback information of the detected light
intensity, the smart flowerpot can rotate in a definite direction.
Firstly, the circular area detected by the light intensity sensor is
divided into four small areas, in order to obtain the average light
level of each area, several light values are collected in each area
when the smart flowerpot is rotating. Then the average values of
four small areas are compared. If the light intensity of each area
is larger or less than the set value, the flowerpot can keep static
state. Otherwise, the weakest light area which the average light is
lower than the set value can rotate automatically to the strongest
In this way, it can ensure that the
In order to achieve the automatic
rotation, the L293D motor driving module is used to drive four
motors which are installed at the bottom of the flowerpot. The

light area in a minimum angle.
flowers receive uniform light.

modules are shown in Figure 4, and the flow chart is shown in
Figure 5.

£ 5. | 8] BEEERN 4474V UM

n;. 'I',l Al
a. L293D driver board

b. Smart flowerpot
Figure 4 L293D motor driving module of smart flowerpot

Rotating light-
supplementing

Figure 5 Flow chart of control system
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2.4 Design of the data transmission layer

In order to achieve the remote access, in the data transmission
layer, the ESP8266 wireless WIFI module is used as the medium to
connect the STM32 and the mobile phone to achieve the

[24,25]

information exchange This system is shown in Figure 6.

Figure 6 System operating environment

Mobile APP operation interface is shown in Figure 7, the
current environmental information of flowers including soil
temperature, soil moisture, light intensity, and water level can be
displayed in the APP. Mobile APP operation interface shows that
the system can rapidly acquire and real-time transmit
environmental information, it can provide a basis for intelligent
detection and precision watering.

@ Flower information

Figure 7 Mobile phone interface
3 Results and discussion

3.1 Anti-jamming performance test

Taking the humidity as an example, putting three humidity
sensors at three different positions in the soil, then the data is
recorded and shown in the Table 1. According to the Laiyite
criterion and the normalized weighted average algorithm, the
weighted average value (X') can be calculated. The final
weighted average values are also shown in Table 1.

The corresponding figures are shown in Figure 8 and Figure 9.

It can be seen that the fluctuation in Figure 8 is relatively
smooth in comparison to that in Figure 9. It is obvious that the

fro—f F
.Slcp Gain 1 Saturation
i
Gain Saturation |

sixth sets of data measured by sensor 3 existed gross error and
poorly reflected the true state of the soil humidity, so the
corresponding curve has a larger fluctuation. However, Figure 8
still keeps relatively stable at the corresponding fluctuation point of
Figure 9. Therefore, the data measured merely by the sensor is
vulnerable to outside interference, and using the proposed
algorithm can eliminate the external random dynamic disturbance
to improve the measurement accuracy.

Table 1 Humidity acquisition and integration (%)

Measure Humidity e
No X(s) X
’ Sensor 1 Sensor 2 Sensor 3
1 67.5 68.7 68.7 68.3 68.3
2 67.5 69.1 68.5 68.4 68.5
3 67.4 68.8 68.6 68.3 68.5
4 67.3 68.5 68.7 68.2 68.4
5 67.3 68.6 68.5 68.1 68.3
6 67.5 68.6 90.3 75.5 68.1
7 67.7 68.4 68.8 68.3 68.4
95
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ot
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Figure 8 Plot of the weighted average value (X*)
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Figure 9 Plot of sensor 3

3.2 Automatic control watering test
3.2.1 Matlab simulation

Based on the mentioned fuzzy control theory, the simulation
model of the relative soil moisture control was built in Matlab
Simulink. The model of controller is shown in Figure 10.

LN g

Gain 2 Sine wave Transport Scope
Fuzzy logic function delay
controller
with ruleviewer

Figure 10  Simulation model of fuzzy control system
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The output characteristic is shown in Figure 11, the percent
overshoot is low, and the relative soil moisture can be maintained
near the humidity (65%).

65 :

IR & EEEEEE R ..: ........................... -
= £
= H
g 45 i

— 35H H ‘ I (R =t
2 i
£ 25 Hede e H
£ 15 i
5 :

i |
0 1 2 3 4 5
Time/s
Figure 11 Automatic watering control simulation diagram

3.2.2 The watering performance test

The humidity was collected four times at fixed moments every
day. The real-time collected humidity data are recorded in Table
2. The corresponding curve is shown in Figure 12.

Table 2 Real-time collected data

Measure No.
Day
1 2 3 4

1 72.9 72.6 70.6 68.4
2 65.8 65.7 70.7 70.3
3 68.1 66.5 66.3 66.2
4 65.6 65.3 65.0 69.8
5 67.2 67.0 66.2 69.8
6 67.8 67.5 66.4 66.2
7 65.1 68.3 65.5 64.3
8 66.8 66.5 65.4 65.3

80 -

75t

Soil moisture/%
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T

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Times/number

Figure 12 Real-time collected data

From Figure 11 and the Figure 12, it can be seen that the
practical results and the expected results are essentially coincident.
The relative soil moisture of flower can be maintained well in the
vicinity of 65%. As shown in Figure 12, when the soil moisture
curve changes from declining trend to rising trend, the fuzzy
control system certainly makes an accurate control decision and
responds quickly to open the solenoid valve for watering. Then
the soil moisture rapidly increases to a certain extent. So this
fuzzy control system has a good adaptability to the change of soil
moisture.

3.3 Supplementing light test

The average light of each area are recorded in the Table 3 when
the smart flowerpot light detection with
counterclockwise rotation. In order to verify the accuracy of the
supplementing light, the rotating angle of flowerpot is measured.

performs the

Table 3 Supplementing illumination test

No. Area/(Ix) Measured Theory Error
a b c d Angle/(°)  angle/(°)  Angle/(°)
1 455 484 85 413 267 270 -3
2 475 450 476 480 0 0 0
3 530 521 496 502 0 0 0
4 99 457 383 395 93 90 3
5 368 60 375 401 178 180 -2

As shown in Table 3, the practical measurement angle was
nearly close to the theoretical calculation angle, and the error angle
ranged from —3° to 3°. It means that the flowerpot can achieve the
accurate supplementary illumination to ensure that the light is
well-distributed on the flower.

4 Conclusions

Based on STM32 microcomputer and the key environmental
factors that affect the growth of flowers, a novel and smart
automatic light-seeking flowerpot for monitoring flower growth
environment was designed. Through the experimental analysis, it
was certain that the smart flowerpot can perform well on
multi-channel information acquisition, information configuration,
LCD display, automatic watering control, automatic light-seeking
and light-supplementing control, data sending and receiving, and
mobile APP operating. So the design of smart flowerpot is
feasible. It can create a comfortable environment for the healthy
growth of flowers.
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