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ABSTRACT

This project is designed to control the growth factors inside a greenhouse.
A greenhouse is a structure made up of glass, which traps energy to
support plant growth. It can be seen as a multivariable process which is
quite non -linear in nature and which is influenced by several biological
processes. To ensure an optimal environment for efficient plant growth,
there arises a necessity to control the factors which affects the
greenhouse.
This project aims at “Automating the Greenhouse” and the project
focuses on automatic control of the greenhouse variables which includes

e Temperature

e Air humidity

e Soil moisture

e Light intensity
This is implemented using a central computer, installed with LABVIEW.
Here, LABVIEW acts as a supervisory controller. The PC is loaded with
DAQ software, which acquires the data from various field points,
processes it and sends the control output to the actuator. In addition, the
user can also be notified with an e-mail as a warning signal, when the
greenhouse deviates from the optimal condition. Since the control action
is performed by a PC, it ensures flexibility in parameter settings and high
speed data acquisition. Moreover, the user requires less or no technical
background. Thus, this design ensures an accessible means for better and

convenient control, thereby increasing the overall efficiency.
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CHAPTER 1

1. INTRODUCTION

Environmental parameters have a tremendous effect on plant growth. The
various climatic parameters such as temperature, air humidity, soil
moisture, light intensity and CO2 level are non linear and extremely
interdependent. So, these parameters must be controlled so as to ensure
optimum environment required for plant growth. Our project mainly deals
with monitoring and controlling the climactic parameters inside a

greenhouse.

1.1. GREENHOUSE:

A greenhouse (also called a glasshouse) is a building where plants are
grown. The glass used for a greenhouse works as a barrier to air flow and
its effect is to trap energy within the greenhouse, which heats both the
plants and the ground inside it.

Most greenhouses look like a small glass house. Greenhouses are used to
grow plants, especially in the winter. Greenhouses work by trapping heat
from the sun. The glass panels of the greenhouse let in light but keep heat
from escaping. This causes the greenhouse to heat up, much like the

inside of a car parked in sunlight,’and keeps the plants warm enough to

live in the winter.




Greenhouse structures are commonly used to grow off-season
horticultural crops when the conditions are not favourable for their
normal growing. Greenhouses protect crops from too much heat or cold,
shield plants from dust storms and blizzards, and help to keep out pests.
Light and temperature control allows greenhouses to turn inarable land
into arable land, thereby improving food production in marginal
environments.

Greenhouse ensures continuous supply of fruits, vegetables and flowers
throughout the year. The various parameters that have an influence on
plant growth inside greenhouse are temperature, light intensity, moisture ,
humidity, Co2 level. To provide' a congenial environment for plant

growth, it is mandatory to maintain these parameters to an optimum level.

1.2. Why Automation:

The first and foremost benefit of automation is accuracy and reduction of
labour forces. In greenhouses, efficient plant growth depends upon
certain requirements .For instance, irrigation is required to support plant
growth. Pests and extreme levels of heat and humidity must be controlled
so as to prevent plants from blight. Also, significant inputs of heat and
light are required, particularly in winter.

So, the requirements and conditions for effective plant growth varies
accordingly to the change in seasons. So, this necessitates a proper
control of the parameters. However, monitoring and maintaining the
parameters manually becomes a tedious task. Manual methods lack
consistency and accuracy. Moreover, it is time consuming and always
requires user to monitor the status of the process. So, automatic means of
controlling is adopted. Thus, in our project, the parameters are monitored

and controlled using Lab VIEW software installed in system
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CHAPTER 2

2.1. BLOCK DIAGRAM
TEMPERATURE — PC | RELAY1 |——~| HEATER
LABVIEW
AIR HUMIDITY — FAN
WITH =1 RELAYZ ==
NI-DAQ

SOIL MOISTURE m———
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There is a central/ host computer, installed with LABVIEW software, in
the control room. The required sensors are placed at various field points
to measure the climatic parameters. The data from the sensors is acquired
through the DAQ card installed along with the LABVIEW software. The
processing of the data is done at the PC level and the final control

elements are actuated by the control signal from the PC.

2.2. PLATFORM

The system is implemented using LABVIEW by National Instruments.
Certain features like VI portability, easy upgradeability , Image
Processing, availability of advanced processing kits, etc have made this

software more preferable. The software has a typical front panel-block



coding is done at the block-diagram level while the front panel forms the
visual interface to the farmer for monitoring and control. This front panel

forms the visual link between the farmer and the system.
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CHAPTER 3

3. VIRTUAL INSTRUMENTATION AND LAB VIEW

Virtual instrumentation is the use of customizable software and modular
measurement hardware to create user-defined measurement systems,
called virtual instruments.

Traditional hardware instrumentation systems are made up of pre-defined
hardware components, such as digital multimeters and oscilloscopes that
are completely specific to their stimulus, analysis, or measurement
function. Because of their hard-coded function, these systems are more
limited in their versatility than virtual instrumentation systems. The
primary difference between hardware instrumentation and virtual
instrumentation is that software is used to replace a large amount of
hardware. The software enables complex and expensive hardware to be
replaced by already purchased computer hardware; e. g. analog-to-digital
converter can act as a hardware complement of a virtual oscilloscope, a
potentiostat enables frequency response acquisition and analysis in
electrochemical impedance spectroscopy .

With virtual instrumentation, software based on user requirements
defines general-purpose measurement and control hardware functionality.
Virtual instrumentation combines mainstream commercial technologies,
such as the PC, with flexible software and a wide variety of measurement
and control hardware, so as to create user-defined systems which tend to
meet user’s exact application needs. With virtual instrumentation, one can
reduce development time, design higher quality products, and lower the
design costs.

As innovation mandates software use of to accelerate new concept and

product development, it also requires instrumentation to rapidly adapt to



modular /O, and commercial platforms, it delivers instrumentation
capabilities uniquely qualified to keep pace with today’s concept and

product development.

3.1. Virtual instrumentation vs Traditional instrumentation
Virtual instruments are defined by the user while traditional instruments

have fixed vendor-defined functionality.

User
] [Asters.
Shared Power Supply
Virtual instruments Traditional instruments

3.2. COMPONENTS OF V1

The heart of any VI is flexible software. Every virtual instrument is built
on this flexible and powerful software. The result is a user defined
instrument specific to the application needs. With such software,
interfacing with real world signals and data analysis can be done with
ease.

NI LABVIEW, the productive software component of the virtual
instrumentation architecture, is the graphical development platform for

test, design and control applications.



3.3. LABVIEW

LabVIEW (short for Laboratory Virtual Instrumentation Engineering
Workbench) is an integral part of virtual instrumentation because it
provides an easy-to-use application development environment designed
specifically for engineers. LabVIEW is a powerful graphical development
environment for signal acquisition, measurement analysis, and data
presentation, giving the flexibility of a programming language without
the complexity of traditional development tools. LabVIEW offers
powerful features that make it easy to connect to a wide variety of
hardware and other software. This ease of use and these features deliver
the required flexibility for a virtual instrumentation software development
environment. The result is a user-defined interface and user-defined
application.

One of the most powerful features that LabVIEW offers is its graphical
programming paradigm. With LabVIEW, users can design custom virtual

instruments by creating a graphical user interface on the computer screen
through which they:

« Operate the instrumentation program
« Control selected hardware

« Analyse acquired data

« Display results

LabVIEW is defined as a general-purpose programming system. A
LabVIEW program is also referred as virtual instruments. Virtual
instruments mean that the operations and appearance can imitate actual

instruments.



Virtual instruments are structured as follows:

e The control or user interface of virtual instruments is known as the
front panel. The front panel simulates the panel of a physical
instrument.

o Instructions that are given to the virtual instrument are in the form
of a block diagram.

e Virtual instruments can be used as a "top-level program", or as a

subprogram of another program.
Front Panel

The "user interface" of VI looks like that of an instrument. This "user

interface" is known as the front panel.
Block Diagram

With the block diagram, a block diagram can be constructed that wires
together objects that send or receive data, perform specific functions, and

control the flow of execution.

Icon and Connector

An icon is either the pictorial or the textual representation of the purpose
of the Virtual Instrument, or its terminals. A connector is a set of
terminals that correspond to the sub Virtual Instrument controls and

indicators.

The front panel generally shows knobs, buttons, charts, and other controls
and indicators. Controls are used to give the computer information to

process. Indicators display information that the program generates.



indicators look realistic; however, they are pictures on the screen. The
diagram is a separate screen which contains the coding. The diagram
looks similar to a piece of blank sketch paper. A tool box is available
which is used to select or point an object, to wire the blocks, to write
texts. Hence, Lab VIEW ensures flexibility and user friendly

environment.
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CHAPTER 4

4. DATA ACQUISITION
The purpose of data acquisition is to measure an electrical or physical
phenomenon such as voltage, current, temperature, pressure, or sound.
PC-based data acquisition uses a combination of modular hardware,
application software, and a computer to take measurements. While each
data acquisition system is defined by its application requirements, every
system shares a common goal of acquiring, analysing, and presenting
information. Data acquisition systems incorporate signals, sensors,
actuators, signal conditioning, data acquisition devices, and application
software.
Data acquisition ( abbreviated as DAQ) is a process of sampling of real
world physical conditions and conversion of the resulting samples into
digital numeric values that can be manipulated by a computer. Data
acquisition systems typically involves the conversion of analog
waveforms into digital values for processing.The components of data
acquisition system include:

o Sensors that convert physical parameters to electrical signals.

¢ Signal conditioning circuitry to convert sensor signals into a form

that can be converted to digital values.
e Analog to Digital converters which convert conditioned sensor
signals into digital values.

e DAQ hardware

e Driver and application software.
DAQ hardware is what usually interfaces between the signal and a PC. It
could be in the form of modules that can be connected to the computer

ports (parallel, serial, USB) or cards connected to slots (PCI, PCI-E) in



the mother board. DAQ cards often contains multiple components
(multiplexer, ADC, DAC, TTL, high speed timers).

The real time interfacing with LABVIEW software requires NI DAQ
card. The DAQ card used here is 6024E.But the DAQ card does not
support direct signal connectivity. So, it requires a connector and a cable
for the purpose of interfacing.

DAQ hardware acts as the interface between the computer and the outside
world. It primarily functions as a device that digitizes incoming analog
signals so that the computer can interpret them. Other data acquisition

functionality includes:

1. Analog Input/Output

2- Digital Input/Output

3- Counter/Timers

4- Multifunction - a combination of analog, digital, and counter

operations on a single device

National Instruments offers several hardware platforms for data
acquisition. The most readily available platform is the desktop computer.
National Instruments offers PCI DAQ boards that plug into any desktop
computer. In addition, NI makes DAQ modules for PXI/CompactPCI, a
more rugged modular computer platform specifically for measurement

and automation applications.



4.1.DRIVER SOFTWARE

Software transforms the PC and the DAQ hardware into a complete data
acquisition, analysis, and presentation tool. Without software to control or
drive the hardware, the DAQ device will not work properly. Driver
software is the layer of software for easily communicating with the
hardware. It forms the middle layer between the application software and
the hardware. Driver software also prevents a programmer from having to
do register-level programming or complicated commands in order to
access the hardware functions. National Instruments offers two different

options:

- NI-DAQmx driver and additional measurement services software
‘NI-DAQmzx Base driver software
DAQ Assistant, included with NI-DAQmyx, is a graphical, interactive
guide for configuring, testing, and acquiring measurement data. With a
single click, a code can be generated based on a particular configuration,
making it easier and faster to develop complex operations. Because DAQ
Assistant is completely menu-driven, only fewer programming errors

arise.
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4.2, BNC 2120

The BNC-2120 is a desktop or DIN rail-mountable accessory that can be
connected directly to E Series devices. The BNC-2120 has the following
features:

« Eight BNC connectors for analog input (Al) connection with an
optional thermocouple connector, an optional temperature reference,
and optional resistor measurement screw terminals

« Two BNC connectors for analog output (AO) connection

« Screw terminals for digital input/output (DIO) connection with state

Indicators.

» Screw terminals for TIO connection

» Two user-defined BNC connectors

« A function generator with a frequency-adjustable, TTL-compatible

Square wave, and a frequency- and amplitude-adjustable sine wave or

triangle wave

* A quadrature encoder

The BNC-2120 has a 68-pin input/output (I/O) connector that
connects directly to the DAQ device.

Analog Inputs

BNC-2120 can be used to measure floating and ground-referenced Al
signals. BNC-2120 can also be used to measure temperature and
resistance.

To measure floating signal sources, switches are moved from ACHO
through ACH7 (located below the BNC connectors) to the floating
source switch position labelled FS. In the floating source switch position,
the negative terminal of the amplifier connects to ground through a 4.99
kQ resistor.

To measure ground-referenced signals, switches are pushed to either the



ground-referenced source position, labeled GS,

loops.

FRONT PANEL OF BNC 2120
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Figure 4.2



Thermocouple and IC Temperature Reference

To measure temperature, ACHO and ACHI have switches for selecting
the BNC connectors, used for connecting floating and ground-referenced

Al signals (or the temperature reference and the thermocouple connector).
These switches are located just above the BNC connectors for ACHO and

ACHI. The integrated circuit (IC) temperature reference provides cold-
junction compensation (CJC) through software. The IC sensor voltage is
linearly proportional to the sensor temperature where the sensor is
accurate to 1.5 °C. The thermocouple connector is for connecting any
type of thermocouple having a two-prong miniature or sub-miniature

male connector.

Resistance Measurement

To measure resistance, ACH3 has a switch for selecting the BNC
Connector, used for connecting floating and ground-referenced Al
signals,

Or the screw terminals, used for connecting resistors. This switch is
located above the thermocouple connector. Resistors can be measured
with values ranging from 100 Q to 1 MQ. Resistor must be connected
into the screw terminals labelled RES+ and RES—.

The VI changes the AI mode of the E Series differential channel 3 to
referenced single-ended (RSE). The E Series device measures channel 3
for a VCC measurement and channel 11 for voltage drop across an
internal 10 kQ resistor. Using these measurements, the VI calculates the

resistor value as
Vch3 - Vchll
(Vch11/10kQ)
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Analog Outputs
The BNC-2120 connects to the AO channels of the E Series device with
the DACOOUT and DACIOUT BNC connectors. AOGND is the

reference for these BNC connectors.

Digital I/O |

The DIO channels of the E Series device connect to the screw terminals
in the DIO section of the BNC-2120. The LEDs next to each screw
terminal indicate the state of each digital channel. If the LED is lit, the
channel is either pulled high or driven high. If the LED is off, the channel
is either low or is driven low. DGND is available at the screw terminals

to supply the reference for the DIO signals.

Function Generator

The BNC-2120 has a function generator that produces sine or triangle
waveforms and TTL-compatible square waveforms. The Sine/Triangle
BNC connector is used to select a sine wave or triangle wave output for
the Sine/Triangle BNC connector. A TTL-compatible square wave is
always present at the BNC connector labelled TTL Square Wave. To
adjust the frequency of the function generator, frequency range is selected
using the Frequency Selection switch. 100-10kHz, 1 k-100 kHz, or 13k-



within the preselected range for the sine or triangle wave, and the TTL
square wave outputs. The Amplitude Adjust knob adjusts the amplitude
of the sine or triangle wave output up to 4.4 Vp-p.

Timing I/O

The timing I/O (TIO) signals of the E Series device are connected at the
screw terminals in the Timing I/O section of the BNC-2120. The TIO
output signal names are categorized and color-coded for specific types of

applications.

Quadrature Encoder

The BNC-2120 contains a mechanical quadrature encoder circuit that
produces 96 pulses per encoder revolution. Two outputs, CLK and
UP/DN, are available at the screw terminals located below the quadrature
encoder knob. CLK outputs a pulse train generated by rotating the
encoder shaft. It provides four pulses per one mechanical click of the
encoder. UP/DN outputs a high or a low signal indicating rotation
direction. If the direction is counter clockwise, UP/DN is low. If the
direction is clockwise, UP/DN is high.

To use the quadrature encoder with E Series counter 0, CLK is connected
to PFI8 and connect UP/DN to DIO6, which is the up/down pin of
counter 0. To use it with counter 1, CLK is connected to PFI3 and

connect UP/DN to DIO7, which is the up/down pin of counter 1.

4.2.1. SPECIFICATIONS

Analog Input

Number of channels (default) - Eight differential
Field connections (default) - Eight BNC connectors



Optional inputs

INPUT DESCRIPTION

ACHO Temperature sensor

ACHI1 Thermocouple

ACH3,ACHI11 Resistor measurement
Table 4.1

Resistor measurement range - 100 Q2 to 1 MQ

Resistor measurement error - <5%

Analog Output

Field connection - Two BNC connectors
Digital Input/output

Screw terminals - Nine positions

LED state indicator -  Eight, one per DIO line
Protection (DC max V) |

Powered off - 55V

Powered on - +10/-5V

Timing Input/Output

Screw terminals - 14 posifions

BNC connector - One, for PFIO/TRIG1
Protection (DC max V)

Powered off - =17V

Powered on -+6.7/-1.7V

Quadrature Encoder

Screw terminals - Two

Output signals
CLK - 96 pulses/revolution
UP/DN - High for clockwise rotation, low for counter clockwise

rotation



Function Generator

Square wave
100 Hz to 1 MHz

Through Frequency Adjust knob

Frequency range

Frequency adjust

Rise time - 250mns

Fall time -  50mns

Sine/Triangle wave

Frequency range - 100 Hzto 1 MHz

Frequency adjust - Through Frequency Adjust knob
Amplitude range - 60 mVp-p to 4.4 Vp-p

Amplitude adjust - Through Amplitude Adjust knob
Output impedance - 600 Q

4.3. MEASUREMENT AND AUTOMATION EXPLORER
Measurement & Automation Explorer (MAX) is a tool to manage various
NI components. MAX can manage:

1. Interchangeable Virtual Instruments (IVIs)

2. Instrument interface controllers (e.g., GPIB)

3. Instrument connections (VISA, Ethernet, VXI)
Input and output channels in the connector are configured using
“Measurement and Automation Explorer (MAX)”.It is window based

application software.

4.3.1. FEATURES OF MAX:

e Configures the NI hardware and software
e Adds new channels and interfaces
e Executes system diagnostics

e Enables scaling of the parameters
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CHAPTER 5

5. POWER SUPPLIES

Starting with an ac voltage, a steady dc voltage is obtained by rectifying
the ac voltage, then filtering to a dc level, and finally, regulating to obtain
a desired fixed dc voltage. The regulation is usually obtained from an IC
voltage regulator unit, which takes a dc voltage and provides a somewhat
lower dc voltage, which remains the same even if the input dc voltage
varies, or the output load connected to the dc voltage changes.

A block diagram containing the parts of a typical power supply and the
voltage at various points in the unit is shown in fig. The ac voltage,
typically 120 V rms, is connected to a transformer, which steps that ac
voltage down to the level for the desired dc output. A diode rectifier then
provides a full-wave rectified voltage that is initially filtered by a simple
capacitor filter to produce a dc voltage. This resulting dc voltage usually
has some ripple or ac voltage variation. A regulator circuit can use this dc
input to provide a dc voltage that not only has much less ripple voltage
but also remains the same dc value even if the input dc voltage varies
somewhat, or the load connected to the output dc voltage changes. This
voltage regulation is usually obtained using one of a number of popular

voltage regulator IC units.
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Figure 5.1



5.1. IC VOLTAGE REGULATORS:

Voltage regulators comprise a class of widely used ICs. Regulator IC
units contain the circuitry for reference source, comparator amplifier,
control device, and overload protection all in a single IC. Although the
internal construction of the IC is somewhat different from that described
for discrete voltage regulator circuits, the external operation is much the
same. IC units provide regulation of either a fixed positive voltage, a

fixed negative voltage, or an adjusiable set voltage.
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Figure 5.2

A power supply can be built using a transformer connected to the ac
supply line to step the ac voltage to desired amplitude, then rectifying that
ac voltage, filtering with a capacitor and RC filter, if desired, and finally
regulating the dc voltage using an IC regulator. The regulators can be
selected for operation with load currents from hundreds of milli amperes

to tens of amperes, corresponding to power ratings from milliwatts to tens
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CHAPTER 6

6. SUBSYSTEMS

This project is classified into 4 subsystems:
e Temperature Subsystem
e Humidity subsystem
o Light intensity subsystem

e Irrigation subsystem

6.1. TEMPERATURE SUBSYSTEM
A thermistor is a type of resistor used to measure temperature changes,
relying on the change in its resistance with changing temperature.
Thermistor is a combination of the words thermal and resistor.
If we assume that the relationship between resistance and temperature is
linear (i.e. we make a first-order approximation), then we can say that:
AR = kAT
Where

AR = change in resistance

AT = change in temperature

k = first-order temperature coefficient of resistance
Thermistors can be classified into two types depending on the sign of k. If
k is positive, the resistance increases with increasing temperature, and the
device is called a positive temperature coefficient (PTC) thermistor,
Posistor. If k is negative, the resistance decreases with increasing
temperature, and the device is called a negative temperature coefficient
(NTC) thermistor. Resistors that are not thermistors are designed to have
the smallest possible %, so that their resistance remains almost constant

over a wide temperature range.



Symbol of thermistor:

e

6.1.1. Circuit Description:

In this circuit the thermistor is used to measure the temperature.
Thermistor is nothing but temperature sensitive resistor. There are two
type of thermistor available such as positive temperature co-efficient and
negative temperature co- efficient. Here we are using negative
temperature co-efficient in which the resistance value is decreased when
the temperature is increased.

Here the thermistor is connected with resister bridge network. The bridge
terminals are connected to inverting and non-inverting input terminals of
comparator. The comparator is constructed by LM 324 operational
amplifier.

The LM 324 consist of four independent, high gains, internally frequency
compensated operational amplifier which were designed specifically to

operate from a single power supply over a wide voltage range.
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The first stage is a comparator in which the variable voltage due to
thermistor is given to inverting input terminal and reference voltage is
given to non-inverting input terminal.

Initially the reference voltage is set to room temperature level so the
output of the comparator is zero. When the temperature is increased
above the room temperature level, the thermistor resistance is decreased
so variable voltage is given to comparator. Now the comparator delivered
the error voltage at the output. Then the error voltage is given to next
stage of preamplifier. Here the input error voltage is amplified then the
amplified voltage is given to next stage of gain amplifier. In this amplifier
the variable resistor is connected as feedback resistor. The feedback
resistor is adjusted to get desired gain. Then the AC components in the
output are filtered with the help of capacitors. Then output voltage is
given to final stage of DC voltage follower through this the output

voltage is given to ADC or other circuit.

6.1.2. LM 324
Features
« Internally Frequency Compensatéd for Unity Gain
« Large DC Voltage Gain: 100dB
« Wide Power Supply Range:
LM324/LM324A : 3V~32V (or) 1.5 ~15V)
« Input Common Mode Voltage Range Includes Ground
« Large Output Voltage Swing: 0V to VCC -1.5V
 Power Drain Suitable for Battery Operation



Description

OUTH{ 1 14}0UT4
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The LM324/LM324A consist of four independent, high gain, internally
frequency compensated operational amplifiers which were designed
specifically to operate from a single power supply over a wide voltage
range. Operation from split power supplies is also possible so long as the
difference between the two supplies is 3 volts to 32 volts. Application
areas include transducer amplifier, DC gain blocks and all the
conventional OP-AMP circuits which now can be easily implemented in

single power supply systems.



6.1.3. FRONT PANEL AND BLOCK DIAGRAM OF
TEMPERATURE SUBSYSTEM:
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6.2. HUMIDITY SUBSYSTEM:
Humidity is the amount of water vapor in an air sample. There are three
different ways to measure humidity: absolute humidity, relative humidity,

and specific humidity.

Relative humidity is the most frequently encountered measurement of
humidity because it is regularly used in weather forecasts. It’s an
important part of weather reports because it indicates the likelihood of
precipitation, dew, or fog. Higher relative humidity also makes it feel
hotter outside in the summer because it reduces the effectiveness of
sweating to cool the body by preventing the evaporation of perspiration
from the skin. This effect is calculated in a heat index table. Warmer air
has more thermal energy than cooler air; thus more water molecules can
evaporate and stay in the air in a vapour state rather than a liquid state.
This may draw out a conclusion that warmer air "holds" more moisture in
warmer air, there is more energy for more water molecules to hold
themselves in the air (and overcome hydrogen bonds which seek to pull
water molecules together). Similarly, humidity level plays an important
role in plant growth. Humidity increases the transpiration in plants.
Optimum humidity level required is 45% RH at 25 deg C room

temperature.



HUMIDITY SENSOR SPECIFICATIONS

Type Relative Output
humidity voltage
range range

SYHS220 30 to 90% 990mv to
RH 2970mv

Table 6.1

6.2.1. SIGNAL CONDITIONING CIRCUIT:

This circuit is designed to measure the humidity level in the atmosphere
air. The humidity sensor is used for the measurement device. The
humidity sensor is consists of astable multivibrator in which the
capacitance is varied depends on the humidity level.

So the multivibrator produces the varying pulse signal which is converted
into corresponding voltage signal.

The voltage signal is given to inverting input terminal of the comparator.
The reference voltage is given to non-inverting input terminal. The

comparator is designed by the LM 741 operational amplifier.
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Figure 6.2

The comparator is compared with reference humidity level and delivered
the corresponding error voltage at its output which is given to next stage

of cain amvplifier in which the variable resistor is connected in the



the final voltage is given to microcontroller or other circuit in order to

find the humidity level in the atmosphere.

6.2.2. LM741
e Large input voltage range.

e No latch-up.
e High gain.
e Short-circuit protection.

¢ No frequency compensation required.

DESCRIPTION

The UA741 is a high performance monolithic operational amplifier
constructed on a single silicon chip. It is intended for a wide range of
analog applications.

» Summing amplifier

* Voltage follower

* Integrator

» Active filter

* Function generator

The high gain and wide range of operating voltages provide superior
performances in integrator, summing amplifier and general feedback
applications. The internal compensation network (6dB / octave)

ensures stability in closed loop circuits.



6.2.3. FRONT PANEL AND BLOCK DIAGRAM OF HUMIDITY
SUBSYSTEM:
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6.3. LIGHT INTENSITY SUBSYSTEM:

The predominant factor required in the photosynthesis process is LIGHT.
Thus the amount of light must be regulated to promote efficient growth of
plants. Greenhouse lighting systems allow us to extend the growing
season by providing plants with an indoor equivalent to sunlight.

LDR is used to measure the intensity of the light based on the change in
resistance. TRIAC control is used to modulate the intensity of the light by

varying the gate voltage.
LDR
LDR SPECIFICATIONS
Type Resistance | Operating
range Temperature
PDV- 5K-20M | -30 to75degC
P9203
Table 6.2
6.3.1. TRIAC CONTROL

A TRIAC, or Triode for Alternating Current is an electronic component
approximately equivalent to two silicon-controlled  rectifiers
(SCRs/thyristors) joined in inverse parallel (paralleled but with the

polarity reversed) and with their gates connected together. This result in a



direction when it is triggered (turned on). It can be triggered by either a
positive or a negative voltage being applied to its gate electrode. Once
triggered, the device continues to conduct until the current through it
drops below a certain threshold value, such as at the end of a half-cycle of
alternating current (AC) mains power. This makes the TRIAC a very
convenient switch for AC circuits, allowing the control of very large
power flows with milliampere-scale control currents. In addition,
applying a trigger pulse at a controllable point in an AC cycle allows one
to control the percentage of current that flows through the TRIAC to the
load (so-called phase control).

Symbol of Triac:

A2

A

Al

Application:

Low power TRIACs are used in many applications such as light dimmers,
speed controls for electric fans and other electric motors, and in the
modern computerized control circuits of many household small and major
appliances. However, when used with inductive loads such as electric
fans, care must be taken to assure that the TRIAC will turn off correctly
at the end of each half-cycle of the ac power.

Circuit working and description:
This circuit is designed to control the 230V AC load such as heater,
motor etc. The 230V AC voltage is step down with help of step down

transformer. The step down voltage is rectified by the full wave rectifier.



the transistor Q1. Whenever peak pulse is come the transistor Ql is
conducting and ground voltage is given to Q2 transistor base. Rest of the
time 12V is given to base of the Q2 transistor which is connected across
the feedback capacitor of UlA saw tooth generator. The saw tooth
generator is constructed by LM 1458 operational amplifier.

The LM1458 is the general purpose duel operational amplifier with
sharing common supply. ULA delivered the saw tooth wave output which
is given to non-inverting input terminal of comparator. The comparator is
constructed by the U1B. The 12V square wave signal is given to inverting
input terminal. The 12V square wave signal is generated by the
comparator U5 which is constructed by LM 741 operational amplifier.
The U1B comparator compares the input saw tooth wave and square
wave signal and outputs the +12V to -12V square pulse. The -12V square
pulse is rectified by D3 diode.

The positive 12 square pulse is given to isolation circuit. The isolation is
constructed by the MOC3011 Opto coupler. The isolation is used to
separate the 230V AC voltage and DC voltages. The opto coupler
consists of photo LED and photo transistor. Whenever the 12V signal is
given to photo LED the light rays’ falls on the photo transistor. Now the
photo transistor is conducting and high pulse is given to triac gate. So the
triac is conducting and 230V AC voltage is given to load. Depending on
the pulse given to triac gate the conduction angel is varied. Then the
variable AC voltage is rectified by the full wave rectifier unit. So that DC
voltage flowing through load is varied in order to control the load to the

desired level.
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6.3.2. REAL TIME INTERFACING

6.3.3. LM 1458

General Description

The LM1458 is a general purpose dual operational amplifier. The two
amplifiers share a common bias network and power supply leads.
Otherwise, their operation is completely independent. LM 1458 has its

specifications guaranteed over the temperature range from 0degC to

70degC .

Features

¢ No frequency compensation required

Short-circuit protection

Wide common-mode and differential voltage ranges

Low-power consumption

8-lead can and 8-lead mini DIP

No latch up when input common mode range is exceeded.



6.3.4. FRONT PANEL AND BLOCK DIAGRAM OF LIGHT
INTENSITY SUB SYSTEM
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6.4. IRRIGATION SUBSYSTEM:

It refers to the pump control based on soil moisture level. A capacitive
soil moisture sensor senses the variation in capacitance due to the change
in moisture level. The removal of human error in estimating and

adjusting available soil moisture levels enables the farmer to maximize

net profits. The sensor used for soil moisture control is MK33.

SPECIFICATIONS
Type Relative Operating
Humidity range | Temperature
Range
MK33 0 to 100% RH -40t0 190 deg C

Table 6.3
The signal from sensor is acquired through the analog port. Based on the
upper and lower limit values set, the final control element is switched to
the corresponding state. The signal to the final control element is sent
through the digital write port. The digital signal is given to the relay

circuit which switches the state of the final control element. The final



6.4.1. BLOCK DIAGRAM AND FRONT PANEL OF SOIL
MOISTURE SUBSYSTEM
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6.5. RELAY:

A relay is an electrically operated switch. Current flowing through the
coil of the relay creates a magnetic field which attracts a lever and
changes the switch contacts. The coil current can be on or off so relays
have two switch positions and they are double throw (changeover)
switches. Relays allow one circuit to switch a second circuit which can be
completely separate from the first. For example a low voltage battery
circuit can use a relay to switch a 230V AC mains circuit. There is no
electrical connection inside the relay between the two circuits; the link is

magnetic and mechanical.

RELAY CIRCUIT - S8SPST
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Figure 6.4

The coil of a relay passes a relatively large current, typically 30mA for a

12V relay, but it can be as much as 100mA for relays designed to operate
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transistor is usually used to amplify the small IC current to the larger
value required for the relay coil. The maximum output current for the
popular 555 timer IC is 200mA so these devices can supply relay coils

directly without amplification.

Relays are usually SPDT or DPDT but they can have many more sets of
switch contacts, for example relays with 4 sets of changeover contacts are
readily available. The picture shows a working relay with its coil and
switch contacts. A lever on the left is attracted by magnetism when the
coil is switched on. This lever moves the switch contacts. There is one set

of contacts (SPDT) in the foreground and another behind them, making

the relay DPDT.

r—‘O NO

£ one
NC

The relay's switch connections are usually labeled COM, NC and NO:

« COM = Common, always connect to this, it is the moving part of
the switch.

« NC = Normally Closed, COM is connected to this when the relay
coil is off.

« NO = Normally Open, COM is connected to this when the relay

.y .
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Circuit description:

This circuit is designed to control the load. The load may be motor or any
other load. The load is turned ON and OFF through relay. The relay ON
and OFF is controlled by the pair of switching transistors (BC 547). The
relay is connected in the Q2 transistor collector terminal. A Relay is
nothing but electromagnetic switching device which consists of three
pins. They are Common, Normally close (NC) and Normally open
(NO).The relay common pin is connected to supply voltage. The
normally open (NO) pin connected to load. When high pulse signal is
given to base of the Q1 transistors, the transistor is conducting and shorts
the collector and emitter terminal and zero signals is given to base of the

Q2 transistor. So the relay is turned OFF state.

When low pulse is given to base of transistor Q1 transistor, the transistor
is turned OFF. Now 12v is given to base of Q2 transistor so the transistor
is conducting and relay is turned ON. Hence the common terminal and

NO terminal of relay are shorted. Now load gets the supply voltage

through relay.

Voltage signal from | Transistor Q1 Transistor Q2 Relay
PC

1 On ' Off Off

0 Off On On

Table 6.4




SPECIAL FEATURES




CHAPTER 7
SPECIAL FEATURES
Some of the features that are implemented in this project are:
*  Web publishing
It allows the user to control the parameters from a remote area.
e Notification through G-mail
A report on the various greenhouse parameters is generated, attached

and sent to the user.

7.1. WEB PUBLISHING TOOL

- Used for Creating HTML Documents and Embedding VI Front

Panel Images

Using this tool, one can embed images of a VI front panel in an existing
HTML document. The following are the steps to create an html document
and to embed images on it:
1. The VI whose front panel has to be viewed by clients is opened.
2. Tools» Web Publishing Tool is selected to display the Web Publishing
Tool dialog box.
3. A VI name is selected in the VI Name field or Browse is selected from
the VI Name pull-down menu and is navigated to a VL.
Note The Web Publishing Tool creates an HTML file in the application
instance from which the VI is opened..
4. The front panel appearance is configured in the Web browser.
In the Viewing Mode section, a particular mode is chosen —embed mode,
snapshot or monitor mode. '
The Next button is clicked to display HTML output options. Now, the
Document title, Header, and Footer text boxes are entered. In order to

preview the document, Start Web server is clicked, followed by



saving the file. The path to the directory where the HTML file has to be
saved is verified8. The Document URL dialog box displays the URL for
the Web page if the document is saved in the Web Server root directory.

If the clients who do not have LabVIEW installed have to view and
control a front panel remotely, they must install the LabVIEW Run-Time
Engine, and then view the front panel remotely. The HTML file created
by the Web Publishing Tool can be opened in any HTML editor and can

also be customized.

7.2. NOTIFICATION THROUGH GMAIL

LabVIEW features built-in SMTP functions. In modern times, nearly all
email services require authentication. Microsoft's NET Framework, on
the other hand, does support sending SSL and TSL authenticated email
(such as that required by GMAIL), which can be accessed using
LabVIEW's .NET Constructor Nodes.

7.2.1. SIMPLE MAIL TRANSFER PROTOCOL

SMTP is an internet standard for electronic mail transmission across
internet protocol (IP) networks. While electronic mail servers and other
mail transfer agents use SMTP to send and receive mail messages, user
level client mail applications typically only use SMTP for sending
messages to a mail server for relaying. An E-mail client requires the
name or the IP address of an SMTP server as a part of its configuration.
The server will deliver messages on behalf of the user. End users
connected to the internet can use the services of an email provider that is
not necessarily the same as their connection provider (ISP). Network
topology, or the location of the client within a network or outside a

network, is no longer a limiting factor for email delivery. Modern SMTP



client’s location ( IP address), to determine whether it is eligible to relay
email. Server administrators choose whether clients use TCP port 25
(SMTP) or port 587 (submission), for relaying outbound mail to a mail
server. Some servers are set up to reject all relaying on port 25, but valid

users authenticating on port 587 are allowed to relay mail to any valid
address.

Secure Sockets Layer (SSL), are cryptographic protocols that provide
security for communications over networks such as the Internet. TLS and
SSL encrypt the segments of network connections at the Transport Layer
end-to-end. This protocol allows client/server applications to

communicate across a network in a way designed to prevent
eavesdropping and tampering. TLS provides endpoint authentication and

communications confidentiality over the Internet using cryptography.

FRONT PANEL OF GMAIL CODING
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CHAPTER 8
RESULTS AND CONCLUSION

This project work gives an optimized solution by adopting efficient and
user friendly techniques to have an optimum control of the parameters
like temperature, humidity, soil moisture and light intensity inside the
green house environment, thereby ensuring effective climatic control for
the nourishment of plants. As LABVIEW is used as controller, it also

ensures flexibility and better performance of the greenhouse environment.

FUTURE ENHANCEMENTS

Since the VI design is generic, the same system can be applied to any
crop, by just tweaking certain parameter values. The project leaves a
significant scope for further research in same and allied fields. The
system, if implemented and standardized all over world, will form a

unified, efficient and user-friendly way of greenhouse automation.
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ELECTRICAL CHARACTERISTICS
Veo = 15V, Tams =25°C {unless otherwise specified)

Symbol Pazameter Min. | Typ. | Max. | Unid
Vo vamuet&s 10k} v
=25"C 1 5
Tm £ Tams S Trax G
umiEA
Tams = ki b
Tt & Tt £ Tonnn, 4
b input Offset Current A
Toms = 2 0
T, S Tamd S Tonaz, 70
| ™ input Bias Current n&
Tamss = 235G 10 | 100
Yo, % Tomen 2 Tmax, 200
A Large Signal Voitage Gain (Wa=+10V, Ry = 2kiY) Wl
Tame =25°C 53 | 200
Toun. 2 Tams S Tmox, Pl
SVR Suppiy g Rejection Ratic {(Rs 5 102 dB
va% Rs d 7 B0
Toan. 3 Teow S Toar 77
fec Supply Current, no load mA
Tamn = 4 28
Toen. 2 Tomp 2 Tmax. 3.3
Vi inpadt Common Mode Violtage Range: v
Yams = +12
Toe. % Tomp & Troe +12
CMR Common Mode Rejection Ratio (Ry < 10ki3) dB
o> = Fis) 20
T, S Tams S Tmax 70
los Output Short-cirouit Current ki) 35 mé
Voer | Output e Swing . v
Tams = Ry = 10k0 12 | 14
Fo= i 18 13
T 5 Toow S Trmox o= 10k 12
= Zdd i}
SR Slew Rate Ws
(% =3V, R, = 243 . C; = 100pF. Tyme = 25°C. unitygain} a5 | 05
¥ Rise Time s
{Vi=120mV, R = 2k . C1 = 100pF, Tom = 25°C, unity gsin} 03
Kov | Overshoot 5
G =420mV, R = 281 , O = 100pF, Tape = 25°C, unity gain} 5
R inpist Resistanca 03 2 f."i A
{¥i=10mV, By =202, C, = 100pF, { = 100kHz} o7 k
THD Total Harmonic Dislodicn %
{f=1kHz, Ay = 2008, B = 24}, Vo= Dee, © = 100pF, Toue = 25°0) oog
£ Equivalent Input Naise Vollage Y
{f=ThiHz, Re = *mm) 23 ey
Om Phase Margin 70 Degrees




Quad Operational Amplifier

Features

» Intemnally Frequency Compensated for Uity Gain
» Large DC Voltage Gainc 10048
» Wide Power Supply Range:
LMR24AMMA, IMIMVLMIMA - V-2V (r 31 5~

13

IMIS02: 3V~26V {or 11 5V ~ 13V}
« Input Comenon Mode Voltape Range Includes Ground
+ Large Output Vollage Swing: OV to VoC-1.5V
+ Powrer Dyain Suitable for Battery Opesation

internal Block Diagram

Description

also possible so long as the difference between the two
supplies i 3 wolts o 32 wolis. Application axeas include
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Electrical Characteristics
oo =50V, VEE = GND, Ta = 25°C, unless olheruise specified)

LM22 1524 )
Parameter Symbol Conditions 4 — - L2 - nit
Min.| Typ. |Max.|Min | Typ. [Max | Min. | Typ. (Max.
Vo =0V ko Voo
Input Offset vio |V o Re | - |15 |s0| - |15 (70| - |15)70 |my
=00 ’
pond mf o - -|20|=30|-|30|s50| - |20!50|na
input Bizs Cument | 18ias . [ a0 [150] - | 40 |250| - | 40 | 250 | mA
Common-hMode Veo Voo Voo
Input iRy | Notet o - || o5 -|o|-|a5|V
Vaitage Range: -
&m‘;":w" e 3| -|wel3]|-110|3 |ma
Suppiy Current Ry =eeVgp =5V
0| il Amps) -lar 2] - lorf1z2] - o712 |ma
(Vo =26V for ' ' - :
LA2902)
Lasge Signal - Vo = 15V, Rzt : . Vi
Voliage Gain S lyop=twiony | 0|00 - |20 ] - - 1100 - gy
g‘-«; %] - | -|=w| - |-]=|-]-1|v
Quiput Violiage Vo) | Netel o —
Swing M |2 |28 |- |2r| 2| - 23| - |V
Vo) |VCC=SV.RZIOKO| - | 5 |28 | - | 5 |20 - | & | 100 |mv
Common-Mode o
g CMRR - 70|85 |- |es| 75| - |5l - |e
mﬂ. IW d PSRR . 65 | 10| - |es|t00!| - |50 |100| - |8
‘ms . S |f=1KHzto20KHz | - |120| - | - |20 - | - |120| - |dB
et Crato isc - - |4 |6o| - |40 |60| - | 40|60 |ma
Vi =1V, V=W
ISCURCE| Veo=15V, Vo | 20| 40 | - |20 40 | - [ 20| 40 | - [mA
=2V
Vi =0V, Vi) =1V
Oultput Cumrent Voc=1V.Vopy |10 13 ] - |10 13| - |1]| 13| - |ma
=2V
T Vg =0V, Vi =1V
Vec=15VVom= | 12 | 45 | - |12] a5 | - | - | - | - |ma
200mV
Diflorestailngad | - 1T Tveal - 1 - veal - | - lveo| v




Electrical Characteristics (Continued)
{Vor = 5.0V, VEE =GND, unless othervise specified

Tmmwmw?mmswof-.?ﬁ%smx+%%mme {224 and the 0P0 £ Ty 2 +70°C
for the L3324 ; and the - 40°C < T £ +85°C for the LM2802

}

Parameter Symbol| Conditions _ i _ - “mﬁ_ — u2a02 Unit
iy Typ. | Max. |¥in. Typ. | Max. | Bin. | Typ. | Max.
Wiom =0V Voo
) “1.5% - & )
Input Ofiet Valtage | Vio | Yol pe| - | - [TO| - | - |80 - | - |00 my
=.w
m#omww AVICIAT - -|ra| - | -|78| - | - |70]| - {purc
Input Offset Camvent 14 ] - - - | 08| - - | 158 - - | 20B| nA
gpgwmﬁ AUOIAT - -] - | -|w] - | - || - |parc
Inpat Bias Cament Bias - - - 138 - - | 53] - - | 508| nA
Common-Mode Wi W Vi
Input Voltage Range | VIR) | hiokel o|-|25|0%|-|2a|0]|-|38|V
I Signal Vol Veo=19V, R e
Gain i Gy 20K 2! - - 15| - - 15 - - | VY
Vo= 1Vio 1
R = - . _
WY 28| - - 2| - - pLes - - Vv
Oulput Voiiage Yogy | Noted 1o _ 1 . ,
Swir 10K0 27| 28 - |28 - 23| 24 - W
, Voo =5V, 3 ; i
Vou) | maroRes s|20|-|5|20|-]|5 |10 av
Vigy= 1V, Vigy
ISCURCE| =WV =15V, | 10 | 20 - 101 20 - 10 | 20 - (3172
VOIP =27
Cxdput Caament Vi) =DV, Vigy=
W X
SN | yeeotsvvop| 0| 3] - |58 - | S| 8| -|m
=2V
wm VA{OIFF) - o ves!| -] - Ivee| - | - |vee| v




Electrical Characteristics (Continued)
Noo =50V, VEE = GND, Ta = 25°C, uniess oihenuise spacified)

LM224A LM3Z3A
Parameter Symbol Conditions Unit
Nin. | Typ. | Max. | Min. | Typ. | Max. :
Vs =0V o Voo
input Offset Voitage Vi | -15v - |1o|s0| - | 15| 30| mv
Vo= 14V, Rg =04
Input Offset Current o - - 2[5 | - |30 30 | A
input Bias Current ipwas - - [ 40|80 | - |40 )100) A
e
Input Comon-kode \ _ _ Voo
Vallage Range Viry | Veo=30V 0| - |4el 0] - |45V
Voo = 30V - 15| 3 | - [15] 3 | maA
Supply Current (All Amps) i
o~ e Noo=sv o7 |12 - |07 ]| 12 | mA
- Voo =15V, Riz 2K |
Large Signal Violtage Gain ov |vee Vi | so 00| - 25 00| - |vimy
v Notel |RL=2KQ | 28| - | - |28 ] - | - | ¥
Output Voltage Swing Ot} RL-I0KQ| 27 | 28 | - |27 | 28| - | ¥
Yoy | Voo=oV, ReeiDKae | - 5| 28 - 3| 20 | mW
Ratio CMRR - 7|8 | - |65 |85 - | B
Power Supply Rejection Ratin| PSRR - 65 |100| - | 65 |100| - | dB
Channel Separation S | = 1KHz o 20KHz (i@ | - | - |120] - | @B
Shost Circult 1o GND isc - - | %D | 88 | - | 4D | 60 | mA
ISOURCE .gzg::‘s"o”’“*‘“" 20|40 - |20/ - | ma
Vi =W, Vi =1 ‘
Output Current Voo=15V,vom=2v| 0| 0| - [0 A - i mA
ISBIK | Vi) =Dv, Vi = 1V
Vec=1WVopy= | 12 | S0 | - |12 |50 | - | pa
200mV
Cilferential Input Violinge VIDIFFy - - - | Vool - - |Veo| ¥V




Electrical Characteristics Continued)

Voo = 5.0V, Vee = GND, unless otherwise specified)
The following specification apply over the range of -25°C £ Ta £ + 85°C for the LM2244; and the 0°C = TA< +70°C

for the LM324A
Parameler Symbol Conditions. [Py gy [y [ Loy ey Linit
, . Viom =V o Voo -1.5V .
input Offset Voltage: Vio Vopy= 14V, Rg =02 - - 48| - - 50 | m¥
input Gifset Voltage Drilt NOIAT - - | 78|20 - | T8 | 30 |WPC
input Ofisel Cument 7o) - - - |3y - - | 7| nA
inpast Cffsiet Current Dift AlDIAT - - 0 (200 - 10 | 300 |padC
Input Hias Cumrent isias - - | 40 [ 106| - | 40 [ 200| n&
v Voo

Common-Mode Input ‘ Voo
Valiage Range ViRr) | Voo=30v a - 2ol @ - |20 ¥
Large Sighal Voltage Gain Gv Voo =15V, Ry 20K | 25 - - 15 - - | Vi

Vi veo= | FL=2KQ k| - - |28 - - v
Output Voltage Swing o | 30v Fr=t0R0 |27 | 28| - |27 |28 | -

Vo | Voo =5V, Rz 10KD - | 5|28 - 5 | 20 | mA

tsource| Y= V=0V 1 g0 |20 | - 10|20 | - | ma
Ouiput Current ,
Vigsy =0V, Vi =t

SIK | yor - 157 5|8 -{5|8]-|ma

Differential Input Vollage ViDIFF) - - - Veo! - - |Veol| V




LM1558/LM 1458 Dual Operational A
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MOC3010 MOC3011 MOC3012

ELECTRICAL CHARACTERISTICS (T3 = 25°C unless olherwise noted)

| Chasacteristic | Symbol Hin Typ Max | unit
INPUT LED
Rewerse Leakage Cumrant g — .05 180 Y
Wr =3V}
Forward Noltage: YF — 118 15 Vaoits
(= HmA}
OUTPUT DETECTOR {ip = 0 unless othemwise roted)
Peak Biocking Current, Eilher Direction IoRM —_ 12 1 i
{Rated Voru( ')
Peak On-State Yollage, Either Direction VT — 1.8 3 Yalts
{Fry = 100 mA Peak)
Crilical Rate of Rise of OF-Siate Voliage {Figure 7, Noke 2} it —_ 10 — Wins
COUPLED
LED Trigger Cusrent, Cumrent | ired toLatch Quiput FT 59
{(Mains Terminal Vollage = 3 W3 MOC018 — ] 15
1#0G301Y — & 1
MOC3012 —_— 3 5
Holding Current, Either Cirection in — 100 — A

1. Testvollage nusst be appbed within dvidt rating.

2. This is stalic dwiit. See Figure 7 for test circuil, Commutating dwidt is 3 function. of the load-driving thynistors)ondy.

3. All devices are geranteed o iigger at an i- valoe less than or equal to max ket Thesefare, recorsmendecd operating I tes between max

1F7 {15 mi for MOC3010, 10 mi for MOCIDTE, & for MOC3G12) and absolute max i {60 mAj

TYPICAL ELECTRICAL CHARACTERISTICS

Ip = 25°C
2 T +B0 7
B 7 7
g“ e — FULSEORLY LV £ o A
T TV E /’/
g ® A £ J"/' w ] -
) Rl %% i )
14 T Lialll” % (/
ol Ta=oe AT FTLA] & o
£ [ B
!.--—-"‘—jm I l | L] i l/
1 0 w0 1000 3 ] z 3
I LED FORWARD CURRENT gmi} Vi, ON-STATE VOUTAGE (VOLTS}

Figuee 2. On—8iate Characieristics
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Panasonic NTC Thermistors {Disc Type)
Disc Type NTC Thermistors ﬁ

Disc type negative termperaturccostiicient thermistors.
Resisiance valucs from 80 to 150 ki and B Velues

are: from: 3000 K 105000 K.
B Fealures B Recommended Applications
@ VYide sclection of tempesature cosfficients ® Tempemiure deiection
@ Excellent clectricol and thermne! stability # Tomperature ponsation for measusing
nsbruments
# Temperature compensation for deflection coil in TV
8 Explanation of Part Numbers

1 2 3
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B Ratings and Characteristics

ZoroPower | B Velue™ | Meximum Dé&ggﬁm Theemal Time| Resisiance
Part No. Registance K} Pormissible Consiart Ratioy
ot 25 °C{Q) Power(W) | Constant {s) Ro/Ru
{m¥iPC)

ERTDZFELF2005 =0 3000 218
ERTOZFFIIMDOS 40 3200 250
ERTDZFGILFTS0S 75 3700 T2
ERTD2FFLMOIS 100 3500 248
ERTO2FGLEFMUS 100 3700 282
ERTO2FGILMTYS 170 3700 282
ERTOZFFIMIS1S 250 3500 248
ERTOZFGILI251S 250 3500 278
ERTOZRGLF301S 300 S300 276
ERTDZFFILIM5S 350 500 2.48
ERTDZFGILIGOIS 800 400D 283
ERTH2FGLINSOS 800 S850D 0.4 4.5 o0 2.78
ERTOZFGILMO2E 1000 3700 21
ERTDIFGILI42S 1400 2800 278
ERTDRFGEF2025 2000 2000 53
ERTD2FGEP3I32S 3300 4000 2.83
ERTOZFHIEMAE2S 4600 4100 2.80
ERTD2FHILIS02S 8000 4100 2.90
ERTDZFHILMD3S | 70000 4100 2.80
ERTOZFHEMSE3S | 15000 4200 2

ERTDZFHIP333S | 30000 4500 322
ERTD2FHELPS03S | 50000 4500 b B
ERTDZFILMS4S | 150000 4800 3.48
ERTD3FELMEROS 8 3000 2.18
ERTOSFFLM30S 13 2000 250
ERTO3FFILMG0S 18 3000 .50
ERTDSFFILIFIOS 20 S200 250
ERTODSFFLMO0S 0 3200 2.30
ERTOSFFLINO0S 40 320D .50
ERTO3FGILP7508 75 3700 0.8 70 27 252
ERTDAFGILFEN0S 80 3700 2.62
ERTOZFGIIM31S 130 3700 262
ERTDAFGILMSIS 500 S000 2.83
ERTOIFHIINGD2S 4000 4160 2.90
ERTOSFHILIZ03S | 20000 4800 a3z
ERTD3FILI8035 80000 5000 370

*Hesisience Tolerance Code
J K L "% Opemiing Tomporature Range: —30 o +125°C
+5% +10% =15 %
»Tolcrance of *B walus™: 210%
I (RyefRa} Ra=Resistence at 250 *C

B= 1/288.15-1/323.15 Ry<Resistance a1 500 °C



