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Design of greenhouse temperature and humidity wireless
control system based on CC3200
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Abstract: Referring to the shortages that the process of traditional greenhouse measurement by using thermometer and

hygrometer is complex, the measurement result is not accurate, and the control system operation is cumbersome, a greenhouse

temperature and humidity (TH) control system based on CC3200 is designed. The system uses FPGA as the main controller,

sends the TH signals to the wireless module CC3200 by controlling DHT22. The proposed system realizes the remote

transmission of data and the automatic control of system.
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0 Introduction

Nowadays, crops planted in greenhouses play an
extremely important role in people’ s lives. The
temperature and humidity ( TH) are important
which
directly affect the growth and yield of cultivated
method
traditional thermometer and hygrometer is inefficient

standards of greenhouse measurement,

crops. The of TH measurement by
and difficult to control the TH in the greenhouse.
Aiming at this problem, a TH monitoring system
that can automatically control the TH is designed in
this paper, which effectively solves the issues in TH

controlling""%.

1 Overall design of temperature and
humidity monitoring system

The TH monitoring system mainly consists of
digital TH sensor DHT22, FPGA, CC3200, heater,
humidifier, air inlet and outlet devices and PC-side
composition. The TH signals detected by the DHT22
are received by FPGA through the external input
interface circuit, and are displayed on the PC (server
mode) through the wireless MCU CC3200 ( STA
mode)t*, FPGA takes the relevant
measures for the air inlet and outlet devices, heater

Meanwhile,

and humidifier, and improves the surrounding

environment for the plants. Thus, a simple TH
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monitoring system is formed. The overall design
block diagram of monitoring system is shown in

Fig. 1.
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Fig. 1 Overall design block diagram of TH monitoring system

2 Hardware design

2.1 DHT22 and its external interface circuit

DHT22 is a digital display sensor of measuring the
humidity and temperature. It includes one capacitive
humidity sensor and one high precision temperature
measuring element, connected with a single chip
microcomputer. The calibration coefficients are
stored in the OPT memory of the microcontroller,
and the calibration coefficients are called in the
process of processing the detected signals to improve
the accuracy of output digital signals-*/.

DHT22 is a standard single bus interface with
space and

small size, low power consumption,
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which  makes the
integration more simple and convenient. Moreover,

resources  saving., system
DHT22 has the characteristics of fast response
speed, high performance price ratio and strong anti-
interference ability. DHT22 has the ultra-long signal
transmission distance, which can reach more than
20 m, and combines with CC3200 by wireless
communication, so it is the best choice for remote
monitoring of greenhouse TH system.

DHT?22 uses the standard single bus interface
which is 3 pin single row pin package, and its

external interface circuit is shown in Fig. 2.
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Fig. 2 DHT22 external interface circuit diagram
2.2 Single bus communication
The communication mode of sensor DHT22 is

Response signal High temperature Low temperature
@

single bus, that is, there is only one data line, and
the FPGA control bus and the data transmission of
sensor are completed by this data line. The data line
needs an external pull-up resistor about 5.1 kQ to
ensure that the bus in idle state is in high level, so
that the sensor can receive the signal sent by FPGA
to start work.

FPGA and DHT22 are master-slave structure, and
the FPGA must strictly follow the single bus
sequence to call sensor. The user sends the start
signal, namely the data bus is pulled down at least
800 ps, then DHT22 sends a response signal from a
low power mode to a high speed mode, and outputs
TH data of 40 bit from the serial data bus". The
data transfer order is high humidity (8 bit), low
humidity (8 bit), high temperature (8 bit), low
temperature (8 bit), the parity bit (8 bit). Each 40
bit can trigger a collection of information, then
DHT22 will automatically turn into sleep mode until

the next communication starts'® .

The specific single
bus communication timing diagram is shown in
Fig. 3.
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Fig. 3 Specific single bus communication timing diagram of DHT22

2.3 FPGA control module

FPGA is the core of greenhouse TH monitoring
defined through
configuring the logic function of the device and I/0O

system, and its function is
port, FPGA adopts modular design method, and is
easy to do timing analysis and search problems. In
addition, FPGA  has the
programmability, high reliability and integration.

advantages  of

The traditional digital circuit system meets the
through the board
design, but FPGA focuses on the chip, so using

requirements mainly circuit
FPGA as the core greatly improves the flexibility and
efficiency of greenhouse TH monitoring system.

In this system, FPGA is not only an important
component of information transmission and
processing, but also plays a certain role in controlling
system. Through processing data collected by the
TH sensor, FPGA completes the fan and other
equipments control and plays an important role in

improving the greenhouse living environment. The

specific design of control system is shown in Fig. 4.
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Fig. 4 Design of FPGA control module

2.4 Radio frequency peripheral circuit

The radio frequency (RF) peripheral circuit of
CC3200 is the basic configuration of the wireless
communication, and its circuit diagram is shown in
Fig. 4. Thanks to the high degree integration of
CC3200,
becomes very simple. The transmitted signal is
transmitted through RF_BG pin, 2.4 GHz band pass
filter FIL1 and impedance matching network, and

the structure of the peripheral -circuit

finally sent out through the antenna™. The radio
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frequency peripheral circuit is shown in Fig. 5.

118
CONN_U.FL
£ . Ly
1\ .
C49 A S
10 pF
50Q La
E DNP
- 500 R0, . DNP
| 3
2 =z CHIP ANTENNA
58 RI11 0R
(o] IS4
2.4 GHz filter 50 Q 124 L9
DEA202450BT-1294C1 , 36nH El
0 YV _T_ L
N 4 == C50 L 2.45 GHz Ant
GND  GND l 1.0 pF ==AH316M245001-T
RF SWITCH =

MM&8030-2610RJ3

Fig. 5 REF peripheral circuit

3 Software design

3.1 FPGA specific control mode

In this design, strawberry growing in greenhouse

Temperature >25 C <

in winter is as an example to introduce the specific
control mode of FPGA. It is necessary to control the
TH of the greenhouse by FPGA to ensure the normal
development of strawberry plants in different growth
stages. The specific control mode is shown in Fig. 6.
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Fig. 6 FPGA control mode

3.2 FPGA data flow reading

The communication between FPGA and DHT22
can be completed by the following three steps.

1) DHT22 needs to wait for 2 s to get into the
steady state after powered on. Then the sensor starts
to measure the TH and records data. At this point,
the data line turns to the low power mode, maintains
at high level, stays in input state to detect the
external signal at any time.,

2) The FPGA outputs the starting signal (typically
1 ms) with a hold time no less than 800 ps, and then
releases the bus; meanwhile, the data line of the
DHT?22 becomes as an idle state. After the release of
FPGA bus, DHT22 sends a response signal, which is
low level of 80 us output, followed by a high level of
80 us output as the response signal to notify the
FPGA to receive data. The signal transmission is
shown in Fig. 7.

3) Response signal of the sensor makes the FPGA
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to receive the data, and the data bus outputs 40 bit
serially. The FPGA recognizes the 40 bit according
to the change time of high and low levels.

Data format of “1”; time for low level of 50 ps and
high level of 70 ps;

... Release
Starting signal 4,

Sensor response signal

Host signal Sensor signal

Fig. 7 Single bus response signal timing diagram

The DHT22 data flow diagram readed by FPGA is
shown in Fig. 9.
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Fig. 9 DHT22 data flow chart readed by FPGA

3.3 CC3200 communication

CC3200 is the hub of information transfer between
PC and FPGA, and all data transmission is done by
CC3200 First,
CC3200 starts and initializes, connects the wireless

through wireless communication.

router (Router) and establishes communication with

Data format of “0”: time for low level of 50 ps and
high level of 26—28 s,
Signal formats of the bit data “0” and “1” are

shown in Fig. 8.
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Fig. 8 Signal formats of bit data “0” and “1”

the PC. CC3200 is connected with FPGA. The data
collected by TH sensor is transmitted to CC3200
through FPGA UART port.
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Fig. 10 Waorkflow of CC3200

After that, the signal is sent to PC by Wi-Fi with
using the secure TCP/IP protocol, so that the TH
information in greenhouse can be obtained at the PC
terminal, so the real-time monitoring of TH in
greenhouse is realized. The wireless communication
characteristic of CC3200 overcomes the obstacle of
long-distance communication, and this characteristic

is also its advantage in greenhouse. Fig. 10 is the

workflow of CC3200.

4 Verification of test results
4.1 Data fetch

The 40 bit data collected by DHT22 include 16 bit
humidity data, 16 bit temperature data and 8 bit
check data. The experimental data are ten times of
the actual data, so it is necessary to transform the
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collected data to the actual value of temperature and
humidity in the measured environment. For example,
the collected 40 binary data are 00000010 10001000
00000001 00111000 11000011, 00000010 100010008,

which are 648D under decimal system, so the
environmental humidity is 64. 8% RH; 00000001

001110008, which is 312D under decimal system, so
the temperature is 31.2 ‘C, check bit 11000011 =
00000010+ 10001000 + 00000001 + 00111000 (16 bit
humidity data plus 16 bit temperature data), which

means the check bit is verified correctly. This data
recording method improves the accuracy of the

measured data.
4.2 Conclusion verification

In the TH monitoring system, when the
temperature reaches 25 ‘C, the FPGA opens the fan.
Fig. 11 shows that during the cooling process, data is
transmitted by CC3200 and displayed on PC when the

distance between DHT22 and FPGA is 24 m.
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Fig. 11 PC data

It can be seen from the screenshot that the
temperature value drops from 00FA to 00E1, that is,
from 25 °C to 22.5 °C, and the humidity value is
kept constant, i.e. , atmospheric humidity. It is
that DHT22 the data
transmission in long distance, and FPGA can control

verified can complete
the system in the absence of monitoring and provide a

more suitable growth environment for plant.

5 Conclusion

The
humidity monitoring system based on CC3200 with
digital sensor DHT22, FPGA, CC3200 and PC has
the advantages of high measurement accuracy and
the
traditional temperature and humidity measurement
the

corresponding

design of greenhouse temperature and

high monitoring efficiency compared with

greenhouse. Moreover,
take
measures according to the change of environment, so

used in traditional

system can automatically
that crops can grow in better environment. In
addition, the

communication can give full play to the advantages of

transmission mode of wireless

long-distance transmission in this system, and has

strong practicability and broad prospects for

development™’.
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