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Chapter 1T Introduction

1.1  About data-loggers and sensors

In science experiments various values are measured, such as temperature, light, sound,
voltage, current, distance, velocity, acceleration, oxygen percentage in air or in solution, pH
etc.

Most of the measured values are analog, which change successively. The device that
measures them is electronic so the value is changed into an electrical signal, and is called
sensor or transducer. There is a specific sensor for each value.

The electrical signal is then converted into digital form in order to be displayed or
computerized by a component called ADC (Analog to Digital Converter).

Digital numbers are changed in steps. The ADC resolution determines the size of the steps.
When the steps are small, the resolution is higher and the accuracy is higher.

A data-logger is a device that includes an ADC for reading values from several sensors and
recording this data in its internal memory. Usually, it has a display for viewing the measured
values graphically. The data-logger can be connected to a PC for exporting the recorded
data to Excel files or for saving it in files and viewing it on the screen.

The data-logger's capability is characterized by the number of sensors that can be connected
to it simultaneously, its memory size, its ADC resolution level and its sampling rate. Its inputs
are suited to all available sensors and also to those which will be developed in the future.

The data-logger software analyzes all available sensors.
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1.2  About logger sensors

The logger sensors system is rather different from almost all other educational data-loggers
in that its sensors incorporate their own individually programmable microprocessors and
have memory. Hence, each sensor can be viewed as a data-logger in its own right, it records
and stores data independently and can be referred to as a logger sensor but within this guide
they will just be called sensors.

+6VI..

Figure 1-1 Voltage-Current Measurement Experiment

In order to program the sensors, they need to be connected to a Monitor Display Unit (MDU).
The MDU can be any kind of PC (Windows, MAC, and Linux), tablet (IPAD or Android) or
Edu-Logger viewer. The connection can be by wire using the USB module or wirelessly using
the RF module or through the WiFi module. Tablets are connected to the sensors through
the WiFi module.

The MDU is the monitor and the display unit only. Data is stored in the sensors themselves.
The PC can save the experiments in hard disk and can load saved experiments at off-line
mode.

The sensors can be connected singly or in a chain. The order of connection does not matter
and they can be added or removed from the chain without affecting the others.

Depending on their use, sensors can be powered directly from the MDU. However, they can
also be powered individually or in chains by a Battery Unit.

One chain of sensors can be divided into more chains by adding RF communication modules
to all the sensors' chains allowing remote connection of up to 30m (in open space).

12 bit resolution is provided for most sensors and sampling rates vary from 10000 per
second to 1 per hour, depending on the sensor concerned. The rates available for each
sensor match well to their likely use. Experiment durations are from 25ms to 31 days,
depending on the sensor and the sampling rate. A Trigger setting with Pre-trigger is available
through which sampling starts and data is displayed from just before the Trigger operated.
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1.3 Plug and play system

The philosophy behind logger sensors is a "plug and play" system. Connect the experiment's
required sensors to the MDU (Monitor Display Unit) and perform the experiment with intuitive
software.

There is no need to study data-logger operation. All the measurements, the recording and
analysis are done by the sensor itself according to its functions. The data sent to the MDU is
processed by the sensor.

The total memory of the system is increased since each sensor has its own memory.

Each sensor has its own micro-controller (tiny computer), so it can control and adapt even
the hardware to different functions. This is why many of the logger sensors have several
ranges or different types of measurements that are usually done by more than one sensor.

The built-in software in the logger sensor can be upgraded at any time using software
(without opening the sensor module).

1.4  Modes of operation

The Logger Sensors system has two modes of operation: On-line experiment and Off-line
experiment.

On-line experiment mode is where the sensors are connected to the MDU, programmed,
and remain connected as the data is fed back continuously in real-time. All sensors gather
data at the same rate, are triggered together (a choice has to be made of which sensor to
trigger from) and run for the same time.

On-line experiment mode enables also collection of data at particular stages of the
experiment instead of continuously. The Single-step mode (sometimes known as 'snapshot’)
can be used when measurements are taken while some of the experiment variables are
changed manually, like changing the source voltage in an electrical circuit, volume in a
pressure-volume experiment or adding drops into solutions, etc.

Off-line experiment mode is where the sensors have been programmed by connection to
the MDU with different Sampling rates and Experiment durations. The sensors are then
disconnected from the MDU and put into battery-powered chains (or singly) to collect their
data on the pressing of the sensors' Start/stop buttons. However, in this mode, each sensor
can be programmed independently to be triggered to record data as well as having their
Start/stop buttons pressed at different times. Five experiments can be stored in each sensor.

Reconnection of the sensors to the MDU is required to upload the data and analyze it.
However, all graphs would be overlaid on the longest Time axis with t = Os being where each
sensor appears to have been triggered. Hence it does not take into account the time
differences between the pressing of any sensors' Start/stop buttons and their independent
triggering.

The sensors can remain connected to the MDU at Off-line experiment mode. As before, the
sensors can be programmed with different sampling rates and experiment durations. Again,
each sensor can be programmed independently to be triggered to record data. Starting and
stopping can be done either by clicking on relevant icons on the MDU or by pressing the
Start/Stop buttons on the sensors. Data is then uploaded in order to display and analyze it.
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Collected data (in both modes) is stored in the sensors' internal memories, to be displayed as
required on the MDU. Each sensor has an ID number that can be changed, when necessary,
through software. This would be needed if you were using an array of the same type of
sensor, i.e. several temperature sensors, and needed to see what was happening on each
one. All sensors are automatically recognized by the system.

1.5 Data display and analysis

The computer's display of data can be in the form of a graph, a table or both, plus a digital
display of each sensor's current value e.g. 20°C, 8.95V, 20.9%. The default graph display is
of what the sensor measures (Y-axis) plotted against Time (X-axis) but, as mentioned in an
earlier paragraph, it is possible to plot XY graphs in which one sensor's data is plotted
against another's.

Graphs can have their axis scales pre-selected, can be zoomed to maximize their display in
the Y-axis direction, or have small areas selected and zoomed to allow examination in more
detail. The graphs of each sensor can be overlaid and their Y-axes moved to convenient
positions on the screen.

A best-fit line/curve facility is provided to overlay the graphs, and extrapolation to zero of
best-fit straight-line graphs is available. Areas under graphs can be easily calculated for use
in determining such a quantity as Impulse from a Force-time graph. Graph plotting can be in
'points only' or in 'a joined up line' and a set of grid-lines can optionally be added.

A number of mathematical functions [log(A), In(A), sqrt(A), A% 1/A% (A+B), (AB), (A/B), (
1000 A @), (A &), (e?), (10%) and (A/K)] are available with which to convert data, where A
and B are the variables and K a constant. The function A/B would be useful in generating
data (and a graph) of the resistance of a filament light bulb, where A is the voltage across the
bulb and B the current flowing through it.

These functions allow one to deal with most data processing. The data can also be exported
into a spreadsheet for further manipulation and processing.

Triggering is available to start data-logging when a particular sensor's measured value falls
or rises below or above a set level. When triggering has been selected, a Pre-trigger display
is made available on the graphs and in the tables so that sensor values just before the
triggering took place can also be seen. This is particularly useful when looking at how the
voltage across a coil changes when a magnet falls through it.

Worksheets, incorporating setup details, photographs and diagrams, can be developed and
displayed, and saved with or without a Setup Configuration.

Note:
Additional features will be incorporated in later versions of Logger Sensors and some

more sensors will be developed. Revised versions of the software will be provided
free to download as they become available.
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1.6  About this user guide

This User Guide was designed to go through one complete chapter at a time.
Instructions to do things are indicated by a bull et 0§.

Because the measured data is processed in the logger sensor, the software treats each
sensor in the same manner except the photo-gate sensor.

The Edu-Logger™ software is very rich and at the same time intuitive. It is very simple to
use.

There are two types of Edu-Logger™ programs. One is a version for PC with Windows and

its icon is . The second is for any PC (Windows, MAC, and Linux) using the PC default
browser and its icon is

This manual describes the Edu-Logger™ program for browser mode through few sensors.

1.7  Safety instructions

Read and understand these entire instructions before proceeding.

Keep these instructions.

This equipment is not designed to perform in an environment where failure may result in
accident or injury.

This equipment is designed to operate and perform in an educational environment. It is
not designed to be used in a medical, marine or industrial environment.

Disconnect module before servicing for any reason. Servicing should be performed by
QUALIFIED PERSONNEL ONLY!

Do not operate a module if it is broken or if components are revealed for any reason.

Do not operate module with damaged cord, wires or electrical parts. Use only cords
supplied with the module.

Use only power source approved by SES or enclosed with the training system.

The USB module is also an approved power source for the Edu-Logger™ modules.

Use modules only to measure the parameters for which they are designed as specified
on the module label.

Do not attempt to measure values exceeding those specified on the module label,
particularly voltage and current.

Clean only with a dry cloth.

Do not install near any heat sources such as radiators, heat registers or other apparatus
that produce heat.

Unplug the module during lighting storms or when not used for long periods of time.

> > >y P> D>y D> D>y P>

1.9 Environmental conditions

A Do not expose modules to any kind of liquid.
A Operating temperature: 0 C to +40 C.
A Humidity: up to 95% at 35 C.

Power requirements:

A Battery module (rechargeable batteries) or computer USB outlet.
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1.10 FCCradio frequency interference statement

This equipment has been tested and found to comply with the limits for a Class B digital
device, pursuant to part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates uses and can radiate radio frequency energy and, if not installed and
used in accordance with the instructions, may cause harmful interference to radio
communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or television
reception, which can be determined by turning the equipment off and on, the user is
encouraged to try to correct the interference by one or more of the following measures:

A Reorient or relocate the receiving antenna.
A Increase the separation between the equipment and receiver.

A Connect the equipment into an outlet on a circuit different from that to which the receiver
is connected.

A Consult the dealer or an experienced radio/TV technician for help.

Scientific Educational Systems Ltd. is not responsible for any radio or communication
interference caused by using other than specified or recommended cables and battery or by
unauthorized changes or modifications to this equipment. Changes or modifications not
expressly approved by the manuf aityttouaperate theoul d
equipment.

This device complies with part 15 of the FCC Rules. Operation is subject to the following two
conditions:

1.  This device may not cause harmful interference

2.  This device must accept any interference received, including interference that may
cause undesired operation.
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Chapter 21 Basic Setup

2.1 Installation

The software and drivers must be installed before connecting any modules to the PC.

A Open the setup file on the CD you received with the system.

A Follow the instructions on the screen. The installation process is straightforward and the
required drivers are installed automatically.

The installation is composed of two parts: Edu-Logger™ software installation and USB driver
installation. After the installation process is completed, the Logger Sensors software is ready
to use.

Notes:

Upgrading the software can be done at any time. Installing the upgraded software just
replaces the relevant files, so uninstalling the software before upgrading is not necessary.

When upgrading the software, the USB driver installation can be skipped by clicking the
‘Cancel’ button.

The Edu-Logger™ shortcut icon should appear on the PC desktop.

2.2 Edu-Logger sensors with tablet through WiFi

Most of the tablets do not have USB port and this is why we cannot connect the USB module
to them.

Instead, we use a WiFi module, called WiFi-201. This module comes with the Edu-Logger
software in it. This software can be run under any browser.

This mode of operation has some more advantages. One can operate the system and run
the experiments and many others can view his results and screens.

What are the options of this mode of operation and how to run the software until we get the
main screen, is described in appendix B.

If you are using the WiFi-201 module, use the instructions in Appendix B until you get the
Edu-Logger software main screen and continue from section 2.3.
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2.3 Logger sensors main screen

A Double-click the Edu-Logger™ shortcut icon G@EXEEED to display the following:

@vroeen) R e wm @ 4 O
Search Off-Lir Abo

On-Line ine Visuals Neulog ut
Sensors  Experiment Experiment  Mode Tools NeuLog

The Edu-Logger™ software is an intuitive program that guides the user how to use through
the screen icons. Please, do not be afraid to play with the system. This is the main idea of
the Edu-Logger™ system i use it and have fun.

2.4  Connecting a sensor

£
A Connect the USB Bridge module n to a USB port on the PC with the USB-mini USB
cable.

',
A Connect the Sound sensor to the USB Bridge module n

Each module has two connecting sockets i a female socket at one side and a male
socket on the other side. The sockets enable you to connect the sensor modules in a
chain.

A Click on the Search Sensors icon m in the Main-icon bar. The program will scan and
display the connected sensor's Module box, in this case that of the Sound sensor,
automatically in the Module window on the left-hand side of the screen as shown below:
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[d]
Online  Offline  Visuals  Neulog About
riment Experiment  Mode Tools NeuLog

[~
CourioeeeR) X oha
.

Sear
S

( 85.4
‘)) dB

souna  JRETNEN

) |

A During the search, a Stop button E] appears at the end of the search bar. This button
can be used in order to stop the search when all the connected sensors are identified.

The program starts automatically in the Search for sensors mode so, if you run the program
whilst modules are connected to the PC, their presence will be scanned for and their Sensor
Module boxes will be displayed in the Module window.

If you add or remove sensors from a chain of sensors you must rescan by clicking on the
Search Sensors icon . |S§

Any newly detected Sensor Module boxes are displayed vertically in the Module window.

The software strives to achieve maximum intuition; only the buttons that are relevant to each
stage is shown. The BACK button brings you back to the previous step.

This is the "plug and play" method. Connect the sensors to the PC through the USB module,
click Search Sensors and the system is ready to use.

2.5 Sensor module box

ID (1-9) Module Setup

1. ID 1 Displays the sensor's ID. Up to 9 sensors of the same type can be connected in a
chain.

2. Valuei Displays the sensor's numerical value.

3. Module Setup 7 Opens the sensor's setup window.

4.  Type i Displays the sensor's type (Light, Temperature, etc.).

5. Units T Displays appropriate units of measurement (Ix for a Light sensor, °F or °C for a

temperature sensor, etc.).

A Pressing on the sensor symbol opens the parameter window (Module Setup) for that
particular sensor.
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@oroesen) Q& > @ 4 O

Search Visuals  Neulog About

ual
Mode Tools. NeuLog

On-Line  Off-Line
Experiment Experiment

Sound id=1

Duration = 10 seconds.

Rate = 50 per second

Color =

Display Y axis

Eooroseem) R o aw @ 4 @

Search  Online  Offiline  Visuals  Neulog About
Sensors Experiment Experiment  Mode Teols Neulog

Sound id=1

Range = Level
Duration = 10 seconds
Rate = 50 per second

Color =

Display ¥ axis

A The Y axis limits can be set too in the two white fields.

A The parameter setup screen displays several buttons (such as Reset, calibrate, etc.) as
shown for the force sensor as shown in the following illustration.

Euwoeen X i 0 @ 4 @

Search On-Line Off-Line Visuals NeulLog About
Sensors Experiment Experiment  Mode Tools NeuLog

Force id=1

Range = +-50 N
Duration = 10 seconds
Rate = 10 per second
Color =

Display Y axis

Left Right

Trigger

Reset

Push = Negative
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2.6 Visuals mode

>
A Pressing the Visuals Mode @ button will display the Visuals screen, which is divided
into four windows that show the samples in various display modes:

Bar graph

Digital measurement display

Analogue meter

Accumulative graph that shows a new sample every second. The graph shows the
last minute.

coow

EDUYLOGGER m

Sound id=1

A To change the sensor for which its results are displayed, press on the analog meter
symbol that appears on each sensor.

A To enter the change parameters screen for a specific sensor, press on the symbol
associated with that sensor.

EDUYLOGGER ![I

Back

[ 523 * Sound id=1
dB
o )) — Range = Level
Sound \
| D=1
Color=

Sound id=1

A Press Back to return to the main screen.
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Chapter 317 On-line Experiment Mode

In this chapter you will run an experiment with the temperature sensor in order to see and
use the features of the On-Line Experiment mode. In this mode, the experiment is
controlled by the PC. Results are recorded and displayed in real-time.

@,
A Connect the USB Bridge module n to a USB port on the PC.

£y
A Connect the Sound sensor to the USB Bridge module n

A Double-click the Edu-Logger™ shortcuticon GEIEEEEEto display the following.

EonmEn) R e o @ 4 O
Off-Li

Search  On-Line e Visuals  Neulog About

i
Sensors Experiment Experiment  Mode Tools NeuLog

A During the search, a Stop button E.] appears at the end of the search bar. This button
can be used in order to stop the search when all the connected sensors are identified.

LA
A Click on the On-Line Experiment icon U.El to display the On-Line experiment screen
below.

EPUYLOGGER

EEEEEEE

[ 5.4
‘)) dB

D=1

30

[RRAe = [ i =2

Unzoom Zoom Zoom Select Line Grid Graph Table Point Area
Al Fit Zone Width Functions

Edulab



13

3.1 Module and experiment setup

A Pressing on any sensor displayed on the left column brings up a window with the
following functions.

-
@vrioceen K1 (B
iment  Era

Back E:

Sound id=1

Range = Level

Color =

s = S

Grid Graph Table Point Area

A You can change the color of the graph by pressing on the Color button.

(Epu+LOGGER )
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