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Abstract \/0

With the global increase in energy prices and the urgent need to reduce Issions
to the atmosphere, high energy usage is the main problem the greenhousg i thy facing.
Optimized control of supplemental lighting intensity quality. improve
productivity and energy efficiency of greenhouse.In thls paper,BED |gh ce module is

developed according to the design of light distribe 0 RR ased on plants
need for uniform lighting. Adaptive LED supplem lighti gs?m realize collection,
storage and call of environmental data, and adaptiV€ regulatio red, green, and blue
light output based on combination of uppel comput abVIEW and controller
STM32.PC based on LabVIEW moniter €nwronmental meters,and call or choose

PPFD setting value of red, green, blue ?be ands,oflight based on expert database. The
controller communicating with La wir rough WiFi module, conducts
real-time detection and adaptivge r; iononp nthetic photon flux density (PPFD)
of red, green and blue b{\&e ordm PPFD setting value. This intelligent

supplemental lighting system t ment of plants for lighting environment
and greatly saving energj rough %& adjustment of PPFD of red, green and blue
bands in environmen ing toythesetting based on different supplemental lighting
demands of diﬂer@mts ort me plant in different growth stages for PPFD and
light quality rat

Keywor@D supp@hl lighting, LabVIEW, PWM, PPFD, light quality ratio
1. Introductio @'

Art|f|C|aI li is especially important for the growth of greenhouse plants in the
W|th increasingly severe haze. Light intensity and light quality play an
in the photosynthesis, material metabolism and morphogenesis of plants
Onm visible spectrum band is the optical band mainly absorbed by the
‘. thesis of plants. Absorption peak occurs in red and blue optical bands [2] and the
on of a certain proportion of green light can promote the growth of plants [3, 4]. As
a new light source applied to plant lighting, LED has advantages such as strong reliability,
long life, small volume, less heat and low energy consumption compared to traditional
light source. As it can emit single wavelength light, accurate configuration of spectrum
can be realized according to the requirement of plants [5]. One super-bright LED alone
cannot provide adequate light for the normal growth of greenhouse plants, but multiple
LEDs can meet the fill lighting demand of plants through modular configuration design
[6-9]. Traditional supplemental lighting generally keep definite light intensity and quality
[10-12] and the light exposure to plants change with the change of ambient light, which
cannot meet different demands of different plants or the same plant in different growth
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stages for PPFD and light quality ratio [1,13,14].Meanwhile, it wastes energies and
increases costs. The adaptive LED supplemental lighting system in this paper designs
LED light source modules of red, green and blue bands with uniform distribution of
irradiance, conducts real-time monitoring and sets ambient light intensity, temperature
and humidity through upper computer. The controller adjusts PWM signal dynamically
according to the change of light intensity so as to control output of LED red, green and
blue light source modules and maintain the given PPFD and light quality proportion
accurately, which reduces costs and meets the demand of plants.

2. LED Light Source Module

Small-power chip have more uniform mixing of PPFD of different spectrums
compared with high-power chip and it is used to illuminate plants in a near distance. This
paper select 0.2W paster-type RRGB lamp head for design of LED light source. F ure 1.
shows the relational graph of R, G and B light quantum and electric currentgi
RRGB lamp head measured with measurement system composed of - 000
high-precision rapid spectral radiometer and small mtegratmg sphere( pr ed by
Hangzhou Everfine Photoelectricity Company.

The relz p betw electrlc current and the number of photons is obtained
through linea tlng of

yr=0.0002xg ,R?*=0.9925
ys=0.0002xg ,R?=0.9754 (1)
.@ y6=0.0002x¢ ,R?=0.9714
Where, yg, Ys'and yg refer to the number of red, blue and green photons and X , Xg and
Xg refer turrent of red, blue and green chips. The goodness of fit R* is close to 1.
Therefu‘ current and the number of photons of red, green and blue LED light
aS|caIIy have relationship of positive and linear proportion.
% erence [4], when planted under lighting conditions of 70% red light, 20% green
and 10% blue light,both lettuce and radicchio plants grown at 220pumol-m?.s™
Photosynthetic Photon Flux Density (PPFD) express higher photochemical activity of
Photosystem 11 (PSII) than 400umol-m™.s* PPFD grown plants,evaluated by effective
guantum vyield of Photosystem Il (®ps). Therefore, when light quality ratio is
R:B:G=7:1:2, the current of single lamp head R, R, G and B is respectively 20mA, 20mA,
16mA and 6mA during simulation, which is specified according to proportional
relationship between number of photons and current of light sources.
Plant lighting is different from ordinary lighting. Currently, there are two common
basic measuring methods for evaluating plant illumination effect, namely
photosynthetically active radiation energy (PAR) method and photosynthetic photon flux
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method. In PAR method, irradiance as physical quantity represent the radiant power
number promoting photosynthesis per square meter and then represent the degree of
illumination of plants. Photosynthetic photon flux method uses the number of photons
exposured every second per unit area [7,15].Irradiance is used to represent illumination
degree in the simulation of optical software TracePro and PPFD value is used to refer to
plant illumination in actual greenhouse environment. They can realize transition.

81 lamp heads are arranged into a square light source module with 9 rows and 9
columns. Based on theoretical research foundation, TracePro respectively simulates the
irradiance when the LED spacing L is 7.5mm, 10cm ,12.5mm and 15mm. The height
from illumination plane to LED light module is 20cm.

The computational formula [8,9] of illumination area of LED light source unit module

on the reference plane of illumination is as below:

S = [7L+ 2h tan(——)P? @)

L is the distance between two light sources and h is the distance between | WI’
and illumination plane. So irradiation area S is respectively 146 mm?. 1642ma%\\ 0?
mm? A1 200°mm?.

LED light source module simulation model is established with TraCe radiance
analysis diagram under different LED spacing is achieve cing rayof gelected LED

light source ,as shown in Figure 2. \/
P o

0 o

Figure 2. Ifradiance Map Simulated by TracePro with Different LED Spacing.

It ca@seen that illumination distribution of irradiance intensity is the biggest in the
cent sition, and gradually reduce from center to both sides, especially sharply decline
% edge. Irradiance map showed that distribution of irradiance with 15mm LED
spaging is most symmetrical. Distribution curve of horizontal direction is basically
coincidence with vertical direction, and the uniformity of irradiance is best.So light source
interval is 1.5cm, which is selected on the basis of meeting irradiance density, because it
has not only high uniformity, but also wide irradiation area.

3. System Hardware Design

The system uses modular design, including detection module, control module, driving
power module, WiFi module,LED light source module and LabVIEW upper computer
module. Figure 3 shows the schematic diagram of the system.
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Figure 3. The Block Diagram of System ?\/

3.1. Detection Module %’ %
The detection module conducts real-time dete i@ , en, and blue light
onm

illuminance, temperature and humidity values in its the detection
signal to microcomputer and completes data acquiSitien. When light sources are all
alight, red, green and blue wavelength bands @simulw ly in the environment. To
detect red, green and blue light intensitigs tively, ilhmination is first preprocessed
by blue, green and red light band-pa s withgaylight transmittance of 90% and
wavelength scope respectively of Onm Onm and 625-700nm[16,17].

Processed red, green and blue lig detecte otosensitive diode of illumination

sensor BH1750FVI. Optical sigha ransjor d into digital signal and transmitted to P2
port of microcomputer. Sim , temper nd humidity sensor DHT11 transforms

temperature and humidity-ipto digital, Signal, "thus realizing the detection of temperature
@circuit dia 0

f detection module.

and humidity. Figure@
<
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Figure 4. Circuit Diagram of Detection Module

Bl wb =

@Qar Sensor BH1750FV1 (b) Temperature and Humidity Sensor DHT11

3.2. Control Module

The system uses microcomputer STM32F103RCT6 as controller with output waveform
frequency 9600Hz. For the connection with the detection part, temperature and humidity
sensor DHT11 is connected through P1.1 port; illumination sensor is connected through
P2 port; 1IC clock pin SCL of illumination sensor is connected through P2.1, P2.3 and
P2.5; I1C data pin SDA is connected through P2.2, P2.4 and P2.6. Microcomputer realizes
PWM signal output through software programming. It outputs three PWM signals to
power driving module through P0.0, PO.1 and P0.2 and adaptively adjusts PPFD of red,
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green and blue LED light sources.Microcomputer communicates with upper computer
wirelessly through WiFi module. A power source with voltage 5V and 3.3V supplies
power for it.

3.3. Power Driving Module

This system uses DC-DC boost LED lighting module designed based on DHC018SXO
boost-type DC power converter chip. PWM signal with variable pulse width is loaded on
PWM lighting input pin of DHC018SXO chip. The light intensity of LED is adjusted
through the adjustment of driving current of LED. Figure 5 shows the changing curve of
output current of R, G and B LED driving power under the regulation of PWM lighting
signal. When duty ratio is 100%, driving output current is the rated current of LED light
source module. R, G and B rated currents are respectively 360mA, 180mA and 180mA,
and changing curve of green light source basically coincides with that of blue light.
According to the Figure, duty cycle and output current have positive and nor "
proportion relationship and formula 1= D 1,,,[18] is not appropriate to this drivi

propose control method of constant feedback and adjust PWM cle so as to
adjust the drive current to achieve the set iIIuminance@ R,% elength bands

adaptively . O

relation of PWM and LED output quantity is not appropnate, to this’s . So we
gro$

@ Te 2 W an @ wm w
Q\Q * PWM duty cycle(
Figure 56@\ Curve\@&/een LED Drive Current and PWM Duty Cycle
3.4. Wifi Module 6

Using WiFi , System makes up for the complex connection of serial circuit and
the communi inconvenience subject to limit of lines, realizing wireless

commw between lighting control terminal and PC monitoring. System select

embed RT- TLN13UAO06 WiFi module, which is based on UART interface and up
to WiRR{'steandard. Built-in IEEE802.11 wireless networking protocol stack and TCP/IP
stack, UART-TLN13UAO06 WiFi module can realize conversion from serial data
eless network.It can realize wireless transmission of data easily without making any
changes to the original serial port devices if connection line of serial port is replaced by
WIiFi module on the basic of original serial port devices. Connection diagram between
TLN13UAO06 WiFi module and external hardware is showed in Figure 6. Module power
supply is voltage of 3.3 V, which is standard TTL power supply. Pin 1 ~ 4 have optional
features, and pin 5 ~ 8 is used for serial port communication. Two LED indicator lights of
red and green is used to indicate the state of power and network.
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CPU or RS232 serial port TLN13UA06 module
GND ® e | Reset
UART_RX - ® @ 2 LINK indicator light
UART_TX . ® J .
VCC_3.3V 5 @

UART_RTS

UART_CTS

Figure 6. TLN13UAO06 WiFi Module Connection Diagram with External
Hardware

\/’
4. Software Design of System QQ

System software design mainly includes the softwar%&'gn 0 omputer

interface and lower computer control. LabVIEW rea ign of upper
computer interface with graphics language (G languagg). interface sets
PPFD value of R, G, B light and upper and Iowerm humidity plants
required. Controller realize adaptive regulation ac g to set

wavelength band. Q
@

4.1. Software Design of Controller \O

Figure 7 shows the software flomg of ¢ &n of system. After the startup of
controller, the system is fir zed, |nc the initialization of serial port,
temperature  &humidity sg% umma sensors and timer. Then, controller
communicate with detection ule e communication is successful, ambient
temperature & humldlty illumin v ue are sent to WiFi module by serial port ,

then transmit to PC, Fi module. PC as server sets appropriate PPFD
value of R,G,B convert into illuminance. Controller compare

FD value of R,G,B

illuminance val ,G,B i ironment with the setting value. If the illuminance
is not equ set valyey as LED driving current and duty cycle do not have direct
proportion@ nece&o change drive current through constant feedback and
adjustment of PW cycle so as to achieve the adjustment of illuminance. If
illumination intensi lower than the set value, PWM duty cycle is increased; if
illumination in& Is higher than the set value, PWM duty cycle is reduced till the
output value is | to the set value or PWM reaches the upper and lower limits 20 and
100, so&e illuminance remains the setting value, or supplemental lighting source is
switche

Q)O
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Figure 7. The So w Char }’Control Part of System
0\6

4.2. Software Design of @VIEW Q

S \'

The system uses.tth represeftative graphical programming development platform
LabVIEW in vi% instr %ea as upper computer programming software.
Microcompu r?y Lam achieve  wireless communication  through
TCP/IP p. Th s@lr—upper computer sends setting parameter data to the
client-controller” and cljett-egntroller transmits illuminance and temperature & humidity
data to server. serv and port in “TCP listening” leads to the input controls of IP
address and por ols, delay millisecond is set to -1. When the communication
between the se;@d the client is established, we need to specify the IP address and port
number. Rort nuriber is used to distinguish different communication services and manage
multiple nication connection , the range of which is 0 to 65535. Only if port
number lient and server are the same, effective communication conduct.

W program has two parts — front panel and program chart. The design of
@oring system mainly include user management module and function module.
AmOng them, function module which is the main module consists of data acquisition and
display, parameter setting and call, data storage function. User management interface
verify user login information. Only if the user name and password are correct, user can
enter the function module interface. As shown in Figure 8 , data acquisition and display
interface of function module display the value and changing curve of PPFD of R, G, B
intuitively. Value of temperature and humidity can also be observed in real time.
Corresponding upper and lower limits of PPFD and temperature & humidity can be set
through click on the corresponding key or direct input. Indicator lights up if the threshold
range is exceeded. As optical signal detected by illuminance sensor is expressed with
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illuminance, it is necessary to realize the transformation between illuminance intensity
and PPFD through conversion relation (4).

The relation between PPFD and illuminance intensity [8,19] is:

TR Ny an @
B1755.1 T4e W(A)N;(A)ar =¥
Where, Ug refers to photon flux density, Eg, refers to illumination intensity, N,(4)

refers to relative power density of spectrum and V (A)refers to human eye visualizing
function.
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data and management of greenhouse system.
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Figure 9. The Front Panel of Par@ Sétting

Y A
5. System Test and Analysis . O \

This paper mainly tests and analyze% tabilit D supplemental lighting system.
PPFD values of red, blue and ghts s% as 200, 30 and 56pumol'm?s™
respectively by upper compute ht quality ratio is R:B:G=7:1:2 [4]. The light area
under LED light source um% 20cn? n irradiation area of 200°mm? is divided
into 25 grid. PPFD values of the yste center of 25 grid areas under different light
environments are tested LI 250A inometer. The result shows that adjustment of
PWM signal of supp Ilghtl sy em makes red, blue and green lights reach and
maintain setting n the ine is weak or there is no sunshine. Figure 10 shows
the distribution FD ont adiation plane. The uniformity is calculated as 74%
according tio of imum value to average value of PPFD. When sunshine is
strong , P nd the supplemental lighting system stop to work as PPFD
is far beyond settln . At this time, sunlight is greenhouse light source. Above all,
supplemental lighti stem realize adaptive regulation and save energy consumption,
which is of gre ication value for modern greenhouse supplemental lighting.

B PPFDAumolim?.

07"

Yiem

Figure 10. Distribution of PFD on Irradiation Plane
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6. Conclusion

This paper designs an intelligent supplemental lighting system which can conduct
real-time monitoring based on the interface of LabVIEW upper computer, in which
greenhouse environmental parameters can be set. Lower computer controller wirelessly
communicate with LabVIEW through WiFi module. Lower computer collects and feeds
back temperature, humidity and illuminance data in the environment. The light intensity
of red, green and blue bands and light quality ratio exposure to plants meet needs of plants
for lighting through the dynamic adjustment of PWM duty cycle. Meanwhile,the
intelligent adjustment of temperature and humidity in the defined scope is achieved. Light
source module is subject to simulation design using optical software TracePro. The test
and analysis on the system shows uniform distribution of PPFD on irradiation plane,
adaptive adjustment of setting PPFD value of R,G,B bands of light and small system error.
Adaptive LED supplemental lighting system is appropriate for application of gree house

0
supplementary lighting. ‘
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