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Abstract. The Internet of Things (IoT) technology is changing the agriculture
to smart farming which enables farmers to face new challenges in agriculture.
This paper develops an IoT platform for smart plant care where the sensors
detect the environment parameters and report them to the server. The server
invokes the fan and LED by calculating the parameters. In addition, the
parameters are stored into the SD card when the connection to the server is
failure. Once the emergency event occurs, the platform notifies the users by
dialing the phone number instead of polling the system. This way saves the
unnecessary messages exchange and power consumption.
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1 The Plant Care System

In this paper, we utilize a plant care system as an example to demonstrate a plant
growth chamber. The plant care system is designed for hydroponic vegetables such as
lettuce.

The plant care system consists of a cylinder [Fig. 1(a)], several electronic com-
ponents and several sensors [Fig. 1(b), (d)], a Wi-Fi module and a micro-controller
[Fig. 1(c)].

In the plant care system, we utilize ATmega328 (Arduino UNO board) as the
micro-controller. The micro-controller connects to the sensors, the electronic compo-
nents and the Wi-Fi module. The micro-controller receives the environment informa-
tion (e.g., temperature and humidity) through the sensors, checks whether the value is
within the threshold and sends the environment information to the server through the
Wi-Fi module. For example, if the value is over the threshold (e.g., temperature is more
than 25 °C), the micro-controller will activate the thermos electric cooling chip (i.e.,
the electronic component) to lower the temperature.

Growth cylinder [Fig. 1(a)] divided into two layers (upper and lower). The upper
layer places the plant such as lettuce and devices, including a load cell [Fig. 1(d)],
humidity and temperature sensors [Fig. 2(a)], five 3-watt white LED lights [Fig. 2(b)],
a 150-watt thermoelectric cooling chip [Fig. 2(c)], an infrared sensor [Fig. 2(d)], a CO2
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sensor [Fig. 2(e)] and a light sensor [Fig. 2(f)]. The lower layer sets drain hole [Fig. 1
(e)] used to easy to adjust the nutrient solution.

The humidity and temperature sensor [Fig. 2(a)] measures the relative humidity and
temperature value. Take lettuce for example, the suitable relative humidity and tem-
perature ranges are 70%–80% and 20 °C–25 °C. Based on the relative humidity value,
the micro-controller adjusts the relative humidity through the thermoelectric cooling
chip. When the temperature decreases lower than the dew point, the moisture con-
denses and the relative humidity is decreased.

Fig. 1. Plant care system diagram

Fig. 2. Electronic components and sensors diagram
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The light intensity affects the growth of the plant. If the light intensity is not
enough, the plant’s growth will be slow. For example, the range 150–250 lmol/m2/s is
suitable for lettuce’s growth. In plant care system, we use five 3-watt white LED lights
[Fig. 2(b)] as the light source for plant illumination. The photoperiod are set to
light/dark 16/8 h.

The temperature affects the growth of the plant, and thus the temperature should be
controlled in a range that is suitable for the plant’s growth. For example, the range 20–
25 °C is the suitable temperature for lettuce’s growth. In the plant care system, we use
150-watt thermoelectric cooling chip [Fig. 2(c)] to control the temperature.

The infrared sensor [Fig. 2(d)] measures height from growth cylinder’s top to the
plant’s leaf crown. The plant height is the growth cylinder’s height (22.5 cm) minus the
measuring result.

CO2 is also an important factor in plant growth. We use the CO2 sensor [Fig. 2(e)]
to monitor CO2 concentration. Generally, we maintain the CO2 concentration in the
range 1100–1300 ppm. The CO2 solenoid valve connects with a CO2 cylinder.
Through switching the CO2 solenoid valve, we can adjust CO2 concentration in growth
cylinder.

The load cell (Fig. 1(d)) is used to measure the plant’s weight.
The sensors monitor environment condition and transfer the result to the micro-

controller. Then, the data will be transferred to the server. The server receives the data
and executes the related procedures. One is used to store the data into the database, and
the other is used to check the data is unusual or not. If the data is abnormal, the server
will send the notification message to the user’s handset. The users can check the data
by the phone.

Figure 3 illustrates the data transmission architecture. The micro-controller con-
nects to the server through an 802.11 Wi-Fi module. The module can be changed to
Zigbee, Bluetooth or LoRa for different environments. The micro-controller invokes an
HTTP (Hyper Text Transfer Protocol) library to generate the HTTP GET or POST
requests to the server. The HTTP request contains the parameter names and values
reported by the sensors. The user equipment (f) connects to the server through 3G (i.e.,
UMTS) or 4G. The server is developed by using apache, PHP and My SQL software.
In addition, a phone is connected to the server through COM port (i.e., USB) and used
to make a phone call to notify the system administrators.

Fig. 3. Data transmission architecture
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2 Solutions for Connection Failure and Emergency
Notification

The server in the IoT platform stores the parameters reported from the micro-controller,
calculates the optimized solutions and notifies the micro-controller taking actions.
However, the wireless connection may not be always stable. This paper considers this
situation and provides the solution for the connection failure. In addition, the emer-
gency event (e.g., temperature is too high) may occur and the administrator should be
notified. In this paper, we propose a PUSH mechanism instead of polling the server.
The solutions are elaborated as follows.

2.1 Connection Failure Solution

Consider the wireless connection may be failure, we add an SD module to the micro-
controller. Before sending the data to the server, the micro-controller checks whether
the connection is successful. If yes, the micro-controller uploads the parameter names
and values to the server through the HTTP requests. In addition, the micro-controller
checks if there is any buffered data stored in the SD card. If the file exists, the micro-
controller reads the parameters and uploads the parameters to the server. The example
codes are shown as follows.

On the contrary, if the connection is failure, the micro-controller stored the
parameters into a file in the SD card.

2.2 Emergency Notification

In traditional solution, the handset periodically sends the request to the server to check
whether there is an emergency event. Since the emergency event does not occur

104 W.-E. Chen et al.



frequently, most of the query messages are unnecessary that consume the wireless
bandwidth and the battery power of the handset.

Figure 4 illustrates the emergency notification flow that is proposed by this paper.
When the emergency event is detected and reported by the micro-controller [1], the
server utilizes the adb command to invoke the android phone to make a phone call to
the administrator’s handset [2]. Upon receipt of the call, the application on the handset
checks the caller identifier. If the caller identifier comes from the server, the application
terminates the call and notifies the user by the sounds, vibration and light [3].

The script file (i.e., a batch file on Windows) is shown as follows. The script makes
a call, waits 20 s, and terminates the call. Note that the call can be terminated by the
called party. If the call is not terminated, the sever should terminate the call. Otherwise,
the call enters the voicemail system. In this example, the script waits 20 s.

On the android handset, the application utilizes PhoneReceiver to receive the
incoming phone call information (i.e., the caller identifier).

Fig. 4. Emergency notification flow
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3 Performance Evaluation

In this system, we would like to understand the performance of the proposed notifi-
cation method. We compare the proposed method with the SMS (Short Message
Service) which is also a PUSH service.

Figure 5 demonstrates the test environment which includes a server and two
android handsets. The server is connected to one handset through the COM port (USB
cable), and the handset is used to send the SMS message or make a phone call. The
server and the handsets synchronize their clocks through the same NTP (Network Time
Protocol) server. In the SMS method, the server sends the SMS messages with the
sending timestamp to the called handset. The called handset can calculate the latency.
In the proposed method, the server stores the sending timestamp in the notification
while making the call. The application sends the request to retrieve the notification
(with timestamp) after receiving the phone call from the server. The handset then
obtains the latency.

The comparison of the SMS and the proposed method are listed in Table 1. We
observe that the latency of the SMS and that of the proposed method are very similar.
However, the SMS is one-way communication from the server to the client. The
proposed method a bi-directional communication. Using the proposed method, the
server can record the timestamps that the notification arrives the handset and the user.

Fig. 5. Performance test environment

Table 1. The comparison of the SMS and proposed notification methods.

Notification method SMS Proposed method

Average latency 5.23 s 5.62 s
Variance 0.1501 0.2376
Communication One-way (server ! client) Bi-direction
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4 Conclusion

The Internet of Things (IoT) technology is changing the modern agriculture to smart
farming which enables farmers to face new challenges in agriculture. This paper
develop an IoT platform for smart plant care where the sensors detect the environment
parameters and report them to the server. The server invokes the fan and LED by
calculating the parameters. Specifically, we utilize a plant care system as an example to
demonstrate the growth chamber. The plant care system is designed for hydroponic
vegetables such as lettuce.

Besides the development of the sensor platform, we also consider the wireless
connection failure. In this case, the parameters are stored into the SD card. Once the
connection is recovery, the buffered data are retransmitted to the server. In this way, the
data are not lost due to wireless link failure. We design the local control system instead
of the cloud server to handle the environment control during the wireless failure. This
part is not discussed in this paper.

When the emergency event occurs, the proposed IoT platform notifies the system
administrators by dialing the phone number. This way saves the unnecessary messages
exchange and power consumption. Through the experiments, the notification is almost
the same fast (about 5 s) as the SMS and the proposed method provides bi-directional
communications.

To sum up, the proposed IoT platform can provide reliable data records and
effective emergency notification system which can be applied to the smart framing
applications.
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