THE MULTI-SENSOR

ELECTRONICS LEARNING BOARD

Brought to you by:

ENGINEERINGSHOCK ELECTRONICS

FEATURES:

5x On-board sensors  

2x Sensor plug-ins

Plug & Play operation

Included relay & laser attachments

Arduino/Raspberry Pi compatible

2x Voltage Comparators / 2x Non-Inverting Amplifiers

1x 555 timer based pulse widener (Monostable)

1x Variable resistor (Variable Voltage Divider) 

Tons of product and project videos!

Detailed downloadable manual with schematics, diagrams, explanations, video links, troubleshooting tips, etc!

The Multi-Sensor Electronics Learning Board!

Thank you for purchasing the Multi-Sensor Electronics Learning Board!  This board is interface-able with platforms such as ARM, Arduino, PIC, Basic Stamp, Raspberry Pi, etc.  This stand-alone board comes with three product videos that help to introduce you to the circuitry, and lots of project videos that concentrate on the many electronic blocks on the board.  Each project has its own video that allows for you to follow along. To understand how each project is working, it is highly recommended that you watch each of the product videos prior to watching the project videos.  It also advised that you read this manual in detail.  This manual will discuss the schematic diagrams for each block, the hardware on the board, each of the electronic circuits, and each of the project requirements.  Each schematic diagram will have a link to the relative tutorial.  We will also be discussing the extra peripherals that come with the board.  
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Included Parts:

1x Multi-Sensor Electronics Learning Board
1x 9v 1A AC-DC power adapter

1x PIR (Passive infrared) motion detector attachment

1x Laser attachment

1x Relay attachment

1x Thermistor attachment

1x Buzzer attachment

Safety & Disclaimer

The AC adapter that is used with this kit is regulated down from 120VAC-240VAC to a mere 9VDC, which is harmless to human skin, but if you choose to use the relay attachment to control AC devices, then you need to have someone with you.  You can follow along with me, but if you have not done this before, it is imperative that you take your safety into consideration.  It is of the utmost importance.  I will not be held accountable if you hurt or kill yourself from carelessness.  This board was designed for educational purposes, but if you use the relay to control high power devices, and you do not take it seriously, then you will be in danger.  BE CAREFUL, and have someone with you who has experience with high voltage.  

The 7805 5v regulator may get warm when the relay attachment is connected to the main board, and is being driven.  This is nothing to worry about. However, try to refrain from touching it.  If you notice that the 7805 gets very hot, then something is likely wrong.  Always be aware of what you are doing with this board, and you will be just fine.  If you have questions regarding what may be safe, or what may not be safe, I can always be contacted at engineeringshock@hotmail.com.
The Electronic Blocks:
1) The 7805 5v regulator (Regulated power supply)
2) 1x 555 timer based monostable multivibrator (Adjustable - Pulse widener)

3) 2x LM324 based voltage comparators
4) 2x LM324 based non-inverting amplifiers
5) 1x Variable resistor (Used as a variable voltage reference)
6) On-board sensors (Infrared/Sound/Light/Vibration/Magnetic)

7) LED Indicator

8) 2x Peripheral sensors (PIR motion sensor & Thermistor)
9) 3x Peripheral attachments (Relay, Buzzer & Laser)

Projects:

1) The Microphone
2) The Light Sensor (Laser Tripwire Circuits)

3) The Vibration Sensor & Reed Switch
4) The PIR Motion Detector & The Relay Attachment
5) The Infrared Sensor

6) The Thermistor (Heat Sensor)
The Blocks:

This section will include the schematic diagrams for each block.  Each block will have the relative product video link.  The product videos go over the block schematics and pin block configurations on the board. I have also included my “Ohm’s Law” tutorial below.  Ohm’s law is the most fundamental element to electronics, and it shows you the relationship of current, voltage, and resistance.  If you have two variables, you can find the third in every case when you use this tutorial as a manual!
Ohm’s Law:  http://www.youtube.com/watch?v=EY0diXrI2lM
7805 5v regulators (Regulated power supply)
Product Video#1 Link: http://www.youtube.com/watch?v=Q6THwgrjelI
This is the most important block!  The power supply for this module is a 9v 1000mA wall adapter.  Most of our circuitry requires an accurate 5v to operate, as many of our circuits will fry if more than 5v is used to power them.  Therefore, we need to regulate our power supply down from 9v to 5v.  For this, we will use a 7805 5v regulator.  This regulator requires more than 7v at the input to regulate down to an accurate 5v.  This regulated 5v supply will be our “VCC”.  VCC is the term we use as our power supply reference.  You will see this often in each of the videos.  If you watch the product video, you will see how it works, and how to connect it.   There is a power supply pin block on the board that allows for you to access the regulated 5v supply, and the common ground line (DC ground).  Please follow the product video, and then look at the following schematic. Also, a designation for the power supply rail can also be found below.  Please take note of it, as we will be using that rail for many of our projects.  The capacitors are at the output to smooth the output, as well as decouple the output of ambient spikes. Please note that an addition to the hardware has been made since the linked product video. The jumper at the output of the 7805 allow for us to interface safely with a Raspberry Pi.  This will be talked about later.  By default, the jumper should be shorted with a 2-pin connector.
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555 timer based monostable multivibrator (Adjustable - Pulse widener)

Product Video#3 Link: http://www.youtube.com/watch?v=9VF53pwjTlI
NE555 Timer Data Sheet: http://www.alldatasheet.com/datasheet-pdf/pdf/23384/STMICROELECTRONICS/NE555.html
Meet the 555 timer! This block will be used in many of the projects, and has a very important function!  It can be used to turn a small pulse, or a bunch of pulses into a single big pulse.  The output pulse is easily adjusted by tuning the 50k ohm “DLY” variable resistor on the board.  The capacitor (220uf) is fixed.   There are two ways to trigger the operation on the board.  The delay (SEL) button on the board can be pressed to trigger the output pulse, and the “IN” pin on the main pin block can be used to trigger this as well.  The “IN” pin triggers the operation through an on-board transistor switch.  We will use the “IN” pin on the main pin block to trigger the operation from our sensors.  If you watch the video, and see the schematic below, this circuit will make sense.  The adjustment of the pulse width can be shortened or lengthened easily by adjusting the “DLY” (DELAY) variable resistor on the board.  The output pin “DLY” on the pin block is the output of the 555 timer, and this can be connected to the LED pin to visually show you how long the pulse is, so that you can easily adjust it!  Try it out!  R5 and C6 act as a power-on-reset circuit. This circuit ensures that there is no false triggering on power up.  Please see the linked product video for a full explanation.  This is a very useful circuit!
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Voltage Comparators
Product Video#2 Link:  http://www.youtube.com/watch?v=0JSJheCIMVw
LM324 Data Sheet: http://www.ti.com/lit/ds/symlink/lm124-n.pdf
Time to talk about using operational amplifier ICs (Integrated circuits) as voltage comparators.  The LM324 Quad op-amp (Operational Amplifier) IC is what we use for our on board comparators.  Comparators output digital logic.  When the output is (High), then we see the power supply voltage (VCC) at the output.  Our circuit has a regulated VCC of 5v.  So our high output will equal 5v when high.  When the output is low, there will be 0v at the output.    For each comparator, there are two input splicing pins for each positive (+) and negative (-) input on the comparator pin-block.  There are also two output splicing pins per comparator on the main pin-block.  For example, SP1A, and C1B are both connected internally so that you have two output splicing points for the comparator#1 output. The comparator has an easy function.  If the voltage level at the positive input is higher than the voltage at the negative input, then the output will equal VCC, which is 5v.  We call this a “High” output.  If the voltage at the negative input is higher than the voltage at the positive, then the output will be “low”, which is equal to 0v.  For instance, if we have 4v at the positive input, and 3v at the negative input, then the output will be 5v (VCC), because the voltage at the positive input is higher than the voltage at the negative input.  If we ha 3v at the negative input, and 1v at the positive input, then the output would be 0v, because the voltage at the negative input is higher than the voltage at the positive input. In the linked product videos, we also talk about resistor dividers.  You can use two resistors between a power line and the ground line to create any voltage in between 0v (ground line) and the VCC line, which is of course 5v.  We will be using an on-board variable resistor (VAR – 50k) to create a variable voltage reference.   The input ports are located on the comparator pin block.  For instance, “C1-“ is the comparator#1 negative input pin, and there are two pins for this that are connected together.  “C1+” is the comparator#1 positive pin.  There are two pins available for this line as well.  C2+ and C2- are also available, and they are the second comparator input pins.  Each of these inputs have two pins to connect to as well.  The outputs of the comparators are labeled CP1A/C1B, and CP2A/C2B.  They are located on the main pin block. 
Operational amplifiers – Non-Inverting Amplifiers

Product Video#2 Link: http://www.youtube.com/watch?v=0JSJheCIMVw
LM324 Data Sheet: http://www.ti.com/lit/ds/symlink/lm124-n.pdf
Operational amplifiers are capable many different configurations.  We just used the LM324 quad op-amp IC in the comparator configuration.  Now, we are going to use them as non-inverting amplifiers. If we have a very small voltage signal, then we can use this circuit, and two resistors to amplify the input signal.  The tutorial in the linked product video should be very easy to follow, and you can follow along with your calculator to make calculations in advance. In the tutorial, we use the term “gain” a lot.  The value that we calculate for gain is essentially a multiplier.  For instance, if we have a 0.1v signal, and we want to amplify it to 1v, then we need to multiply our input signal of 0.1v by a factor of 10.  The factor of 10 is our gain.  It is a multiplier.  If we configure our amplifier to have a gain of 10, then out input of 0.1v will be amplified 10x times (0.1 x 10 = 1v).  To determine gain, you need to use two resistors (RA & RF).  RF is the feedback resistor.  The calculation for gain is [(RF/RA) +1].  Follow along with the video, and you should have no issue.  There are two on-board non-inverting amplifiers.  Consider purchasing an LM324 IC online or at your local electronics store so that you can toy with them on your own breadboard.  
The positive inputs are labeled A1+ and A2+ for amplifier#1 and amplifier#2.  The outputs are labeled A1_OUT, and A2_OUT, for amplifier#1 output, and amplifier#2 output.  All of these pins are found on the main pin-block.  Follow along with the video.  It is VERY easy to understand!  To adjust the gain for each amplifier, there are two adjustable 100k ohm variable resistors called GAIN1 and GAIN2.  These adjustable resistors are the “RF” resistors, or “feedback” resistors on the amplifiers.  GAIN1 is the RF resistor for Amplifier#1, and GAIN2 is the RF resistor for Amplifier#2.  For both amplifiers, the RA resistors are fixed at 10k ohms.  If you turn the variable resistors right, it makes the resistance larger, which makes the gain larger.  For instance, if you turn the GAIN1 variable resistor right to say 50k ohms, then the gain will be (RF/RA+1), which is equal to (50k/10k + 1), which is equal to 6.  That said, if you have a 0.1v signal at the input then the output will equal 0.1v x 6, which equals 0.6v.  Remember, the VCC (Power line for each amplifier) is 5v, so the maximum output will equal VCC (5v).  You cannot amplify to a higher voltage than VCC.   
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Variable resistors as voltage dividers

Product Video#2 Link: http://www.youtube.com/watch?v=0JSJheCIMVw
This is a very simple block!   A variable resistor (also known as a potentiometer) has three pins.  Two external pins, which in this case are connected to both the VCC line, and the ground line, and a wiper pin, which is the middle pin.  The wiper pin points to the resistor, and can be used to point at any area on the resistor.  This means that the voltage on the wiper pin can be tuned to any voltage between 0v and VCC (5v).  We can now create any voltage between 0v and 5v, which will be very helpful when creating voltage references for our comparator projects.  There is only one variable resistors on the board.  This variable resistor is a blue component on the board with a little screw head that is used for calibration.  It is labelled “VAR1”, and is rated at 50k ohms.  The wiper pin can be located on the main pin block, and is labelled “VAR”.  This stands for VARIABLE, or Variable Voltage.  Turn the screw head on the VAR1 resistor clockwise to bring the voltage on the VAR pin up, and counter clockwise to bring the voltage on the VAR pin down.  If you take out your multi-meter, and set it for a voltage measurement, you can connect your negative (black probe) to one of the common ground rails in the power supply pin block, or to the back of the 7805 voltage regulator, which is also connected to ground.  Connect the positive (red probe) to the VAR pin on the main pin block.  When you have these connections made, use a small flat-head screwdriver to turn the variable resistor knob either left or right to tune the voltage on the VAR pin.  As you turn the VAR variable resistor knob either left or right, you should see the voltage on the VAR pin go up or down, depending on which way you are turning the variable resistor.  These variable resistors are 10-turn precision units, so you can be very precise in your tuning!  Please see the main pin block diagram to the VAR wiper pin.
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Sensors Part#1 (LDR/Electret Microphone/Vibration Sensor/Magnetic Reed Switch/Infrared Sensor)
Product Video#1 Link: http://www.youtube.com/watch?v=Q6THwgrjelI
Product Video#3 Link: http://www.youtube.com/watch?v=9VF53pwjTlI
This block will talk about the selection circuit for the LDR (Light dependent resistor), the electret microphone, the magnetic reed switch, the vibration sensor, and the infrared (IR) sensor.  The infrared sensor is on a separate circuit that is completely independent of the main sensor selection pin-block.  As you can see by the below schematic, there is a 10k protective resistor connected to the common side of the sensor selection block.  The secondary sides of the connection block are connected to each of the aforementioned sensors; minus the infrared sensor.  By using a 2-pin jumper, you can select “LDR”, “MIC”, MAG”, or “VIB”.  There are two sensor outputs labeled “DIV”, and “AC”.   The DIV 

Pin on the main pin-block will be used primarily for the vibration sensor, magnetic reed switch, and the LDR, while the AC output can potentially be used for all four sensors. We will use this output directly for the vibration sensor, microphone, and the LDR in the project videos. 
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The DIV Output:

Watch the tutorial!!!  In the case of the LDR, magnetic reed switch, and the vibration sensor, this output acts as a “voltage divider” connection to the sensor array.  In the case of the LDR, the voltage here will vary depending on light, as this becomes a voltage divider circuit.  In the case of the vibration sensor, by default, this sensor connects itself to ground, so it will act as a short on the secondary side of the 10k protective resistor.  If the vibration sensor is connected, then by default, you should see 5v on the SENSE line when no vibration is occurring.  When the vibration sensor is being bounced around, the connection along the vibration sensor will open and close many, many times.  This will cause a “Bounce” effect on the line during vibration.  This means that the output will spring back and fourth between 0v and 5v many times until vibration stops, as the short to ground within the vibration sensor keeps opening and closing.  If you were to select the LDR, then we should see a variable voltage on the DIV line.  This voltage would depend on how much light was hitting the LDR.  The LDR in series with the 10k ohm resistor acts as a voltage divider.  This is talked about in both the product videos and the relative project videos.
The AC Output:

The AC output is AC coupled from the sensor line.  What does this mean?  There is a 0.1uf capacitor connected between the sensor array and the AC pin.  Capacitors block DC, but couple AC.  This means that we can use this line to isolate audio signals from the MIC.  We can also isolate tiny little voltage spikes from the LDR when there is a fast change in light.  Lastly, we can couple little vibrations from the vibration sensor, as opposed to simply using an ON/OFF effect, as we would see on the SENSE output.  This line is called “AC” because, it blocks the DC component on the main sensor array.  Because the 10k protective resistor is on the sensor array, we will always see a DC voltage here.  If we don’t want a DC voltage, but rather signal information only, then we will use the AC output.  The signals coming from this line are very small, so they will need to be re-amplified later on using a non-inverting operational amplifier.  We will be using this output for several projects. Just make sure to watch all of the videos! 
The LDR:
The resistance of this component changes dramatically depending on how much light it is being exposed to.  For instance, if you have a lot of light hitting the sensor, the resistance will be around 1k ohms.  Since this is in series with the 10k protective resistor, we create a voltage divider with this.  If the room is dark, and the sensor is not receiving any light, the resistance will be much higher; likely in the range of about 100k ohms or more.  This means that our DIV line will have a very different voltage on it depending on how much light is hitting the sensor. 
The Microphone:

The microphone reacts to audio signals, and will create small variances on the line when it hears something.  We need to rid this signal of the DC component, so we will use the AC output to isolate these signals.  They will be re-amplified later so that we can actually use these audio signals, as the coupled signal is very, very small.  
The Vibration Sensor:

The vibration sensor has two leads inside that make intermittent contact with one another when it is being moved.  We can couple this signal on the AC line to rid the signal of its DC component, or we can simply use the SENSE output to see an ON-OFF effect.
The Magnetic Reed Switch:
The reed switch is very easy to understand and work with; although you will need a magnet to test it.  The reed switch is normally open, which means that when a magnet is not nearby, the internal leads will not be connected to one another.  When the device comes in close proximity with a magnet, the two internal contacts connect with one another, and stay that way until the reed switch is no longer within close proximity with a magnetic field.  

The IR (Infrared) Sensor:

This circuit is independent of the sensor selection pin block, and has its own output on the main pin block called “IR”.  This sensor is a VS1838B Infrared receiver.  The output of this sensor is normally high (5v).  It can pick up on signals coming from your TV remove control.  To really see these signals, you’ll need an oscilloscope.  However, we know that many of you won’t have an oscilloscope, so let’s discuss what is happening.  When you press a button on your TV remove control, it sends an infrared signal from an IR LED to a similar IR sensor in your TV.  Each button has its own special code.  When the IR sensor receives an infrared signal, the output will go from high (5v) to low (0v). Basically, when you press a button on your remote, this output will turn on and off many, many times, offering different pulse widths.  The output signal is received by your TV.  This signal is fed into a decoder that determines which button has been pressed.  We will not be using this sensor for that.  We will use a simple piece of code and an Arduino UNO to use this sensor to turn an LED on and off.  There is a 1k ohm series resistor connected between the 5v (VCC) line and the power supply input of the VS1838B IR receiver.  This is a current limiting resistor.  If you did not have this resistor in line with the IR receiver power supply input, and you accidentally shorted the output to ground, then you would fry the receiver.  The 1k current limiting resistor ensures that current is limited, and that the output can only source a maximum of 5mA.
The LED Indicator:

Product Video#3 Link: http://www.youtube.com/watch?v=9VF53pwjTlI
This is a very simply, yet very important circuit!  This LED will help us to understand when a circuit is working properly. It acts as a visual indicator that will show us when things are working correctly. An LED has two sides; a positive (Anode), and negative (Cathode).  The LED will only work when voltage is applied to the positive (anode).  If the LED were reversed, and a voltage was applied to the cathode (negative), then the LED would not light up.  The LED does not have any resistive properties to limit current, so in order to keep the LED (L1) from burning out, we need to apply a protective, current limiting resistor in series with the LED.  It doesn’t matter if this resistor is tied to the anode or cathode. It is adding a series resistance to the circuit.  If we apply 5v to the LED pin, then current is limited to a maximum of 12.8mA (5v/390 ohms = 12.8mA).  This will keep the LED alive for a LONG TIME. LEDs are resilient.  If treated properly, they will live for as long as we do, or longer.  The cathode is connected to the ground line, and the LED pin can be connected to by any signal.  In order for the LED to light up, it will need at least 1.5v.  It will be very dim at lower voltages and fully lit up when 5v is applied.  The schematic symbol for the LED is a triangle with a straight line on the point.  The base of the triangle is the anode.  The point on the triangle with the solid line (facing the resistor) is the cathode. [image: image6.png]NSO
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Sensors Part#2 – The Sensor Attachments (Thermistor/PIR)
Product Video#3 Link: http://www.youtube.com/watch?v=9VF53pwjTlI
These two circuits are additional plug-in peripherals that come as extras that interface directly with the sensor learning board.  
The PIR (Passive Infrared) Sensor Module: 
This is a motion detector that picks up on the infrared spectrum that comes from human bodies. It can detect motion in light and in darkness.  It has a white Fresnel lens that covers the sensor acts to filter out ambient light.  There are two variable resistors on the PIR module that act to adjust sensitivity.  There are three pins on the board that are dedicated to the PIR sensor: (5v/SIG/GND).  These three pins form the PIR pin-block.  Please see the pin-block section of this document for reference.  The 5V pin connects to the VCC pin on the PIR attachment, and the GND pin connects to the GND pin on the PIR attachment.  The SIG pin on the learning board connects to the OUTPUT pin on the PIR attachment. The SIG pin on the PIR pin-block connects to the PIR pin on the main pin-block.  This where you can connect to the output of the PIR module.  The output of the PIR module is high when it detects a human presence.  The output is low when no one is coming in contact with the sensor.   When you power up this sensor, it takes about thirty seconds for the sensor to become stable.  If you are going to use it, make your connections, set up your circuit, and leave the room.  You may see some false triggers fir the first minute, but then it should settle.  If you are standing in front of the sensor, you will constantly false trigger it if it is being powered.  There are two orange variable resistors on the back of the PIR module.  Toy around with these resistors until you get a sensitivity that you like.  I always turn them both to the middle; not all the way right or all the way left.  I always leave both variable resistors in the middle.
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The Thermistor (Heat sensor/heat sensitive resistor):

The thermistor attachment is a long cable with a metal head.  The metal head is the sensor.  On the opposite side of the cable, there is a while connector that has two holes.  This plugs into the thermistor pin-block.  The thermistor is essentially a resistor that has a varied resistance over temperature. When you connect it to the thermistor pin-block, it places the thermistor in series with a 10k ohm resistor, which creates a voltage divider.  This circuit is very similar to the LDR circuit when connecting to the DIV line.  The voltage on the THRM pin (Main pin-block) varies with temperature.  This will be talked about in detail in the relative product and project videos.    This table shows you the resistive values of the thermistor at different temperature (Degrees Celsius).  The resistance values are in k-ohms.
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Above Is the on board schematic diagram, and on the following page, you’ll see the thermistor extension.
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The Relay Attachment:

A relay is an electromagnetic switch that can control high powered devices.  There are 5x pins on a relay such as this one.  This is an SPDT (Single pole double throw) relay.  Internally, there is a wire coil.  One side of the coil is connected to the VCC line.  The other is connected to the collector of the transistor.  When power is applied to the base of the transistor through the protective resistor, power flows from the VCC line, through the coil, through the collector of the transistor, to the emitter of the transistor to ground. This acts to complete the circuit, which acts to energize the coil.  When this happens, it creates a magnetic field within the relay.  There are three other switching pins within the relay.  These pins are completely isolated from the coil.  These pins are called:

CO – Common Pin 

NC – Normally Closed Pin

NO – Normally Open Pin

When the relay is not activated, the CO (common) pin is connected to the NC (Normally Closed) pin.  When the relay is activated (coil energized), the common pin disconnects from the normally closed pin, and connects to the NO (Normally open) pin.  Think of this as a power switch.  Each of these three pins are accessible on a 3-pin terminal block and are labelled below.  The circuit board traces from the relay to the terminal block are VERY thick, which means that you can control high power devices.  In one of the project videos, we use power from a wall outlet (120v AC) to control a lamp with the relay.  The relay has a VCC (5v) pin, and a GND pin that can be connected to the power supply pin block, and an IN pin, that is the control pin.  This relay is active-low, which means that the relay is activated when a 0v signal is applied to the /IN pin.  The relay is turned off when the /IN pin sees a high signal (5v).  In Project#5, you will be shown how to connect a manipulated extension cord between the relay, the wall outlet, and your high powered device (lamp).  PLEASE NOTE THAT YOU SHOULD NOT BE PLAYING WITH AC DEVICES WITHOUT THE SUPERVISION OF AN ADULT! Please see the disclaimer.
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The (Active) Piezo Buzzer Attachment:

By “active”, it is meant that in order to activate this buzzer, all you have to do is connect a power supply of 5v to it, and it will emit a high pitched buzz when you place a 5v signal on the input pin.  When you supply a power supply (VCC) of 5v, and connect ground to the GND pin, then the device is powered.  The buzzer will only sound when a high (5v) signal is applied to the input pin (I/O).  In the videos, we use an active-low buzzer, which means that the buzzer sounds when a 0v signal is applied to the I/O pin.  Please pay attention to the videos, as there will be texts added to speak on this.  At times, we need to invert logic to accommodate active-low buzzers.  The videos will show you how to do this, but an active-high buzzer will be included with this set.  To reiterate, if the input required a high 5v signal to activate it, it would be an active-high buzzer unit.  Alternately, if it required a 0v signal to sound the buzzer, then it would be an active-low buzzer.  A “passive” buzzer is a unit that requires an external oscillation in the audio range.  The active buzzer has an internal oscillator that, when powered and enabled, creates a loud buzzing sound.  It is very easy to use.  All you need to do is connect 5v from the power supply pin-block to the VCC (5v) pin, common ground from the power supply pin-block to the GND pin, and a signal line from either your Arduino or sensor learning board to the input (I/O) pin.  When the signal to the I/O pin is brought from low (0v) to high (5v), then the buzzer will sound. 
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The Laser Attachment:
The laser attachment is very simple, and plugs directly into the power supply pin-block.  Make sure that you do not reverse the polarity of the laser on the power supply pin-block.  The red wire plugs into the 5v line, and the black wire plugs into the common ground line.  If you have done this correctly, and you power up the board, then the laser should emit a cool beam; good for light sensor and laser trip-wire experiments!!! If you are feeling industrious, you can even make the laser beam show up in mid-air by showering the laser beam with some baby powder or smoke. 
  [image: image13.png]\
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The Pin Blocks:
You make connections on the board using female wire plugs.  There are many pin blocks on the board, and this section will discuss all of them.  Below is a diagram of the board, and each of the pin blocks are notated.  From there, each block will be discussed individually.  

[image: image14.png]The
Thermistor
Pin Block

The RPI
Jumper

THE MULTI-SENSOR ELECTRONICS LEARNING BOARD
THE PIN BLOCKS!

@ =

NSOR LEARMNING BOARD

+ e
3 oMMdap ] A0sk32

THE L. BECHIEER HEREH 0 AR DRI

[
==

1B
AG
@

E11

D @_—H—@@_m* & @ 1 @

BLROUND

GAIN1

GAINZ

ﬁ The Power Supply Pin Block

(Power Rail)

The Comparator Pin Block

<=

The Sensor Selection
Pin Block

<=

The PIR Pin Block

<=

The Main Pin Block




See Larger Image: 
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The Power Supply Pin Block
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This pin block allows for you to tap into the regulated 5v line and the DC ground line.  As you can see, the bottom pins are connected to the DC ground line. The upper pins are connected to the regulated 5v line.  We will be using the DC ground line and the 5v line often, so make sure that you keep this block in mind!
Sensor Selection Pin-Block:

[image: image17.png]



This block allows for you to select either the microphone, the LDR (Light dependent resistor), the magnetic reed switch, or the vibration sensor.  You can use one of the included 2-pin jumpers to select one of these three sensors for your circuit.  For instance, if you connect the bottom left and top left pins, you’ve selected your microphone.  If you’ve shorted the top right and bottom right pins, you’ve selected the magnetic reed switch.  The sensor outputs “DIV1”, and “AC” are located on the main pin block.

Comparator Pin-Block:

[image: image18.png]



This pin block allows for you to connect to the inputs of comparator#1 and comparator#2.  There are two connections for each input. For instance, the two pins to the left of the CMP2+ notation are connected together so that you can splice to this line twice.  The outputs for both of the on board comparators are CMP1_OUT and CMP2_OUT, and those pins are located on the main pin block.

The Main Pin-Block:
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This block holds most of the input/output lines talked about in the electronic blocks section, and in the product videos.  We will use this pin-block during each of the projects.  
The PIR Pin Block:
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This is the pin-block used to connect the PIR (Passive Infrared) module to the sensor learning board.

The Thermistor Pin Block:
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This is the pin-block used to connect the Thermistor attachment to the sensor learning board.
The RPI Jumper:
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This jumper should be connected by default using a 2-pin header connector.  If you do not have this jumper shorted, then the main power supply will not work.  The only time you ever want to remove this jumper is when you have either your Arduino or Raspberry Pi powering the sensor learning board.  In all other cases, this jumper should be shorted.
The Schematic Diagram!
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See Larger Image:  
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Components:

Headers:

2x 8-pin headers (16)

6x four pin headers (24)

1x 3-pin header (3)

2x 2-pin headers (4)

1x 1-pin header (1)

Total headers: 48

Miscellaneous Parts:

2x header connectors 

1x Power Jack

1x 2N2222 NPN Transistor

1x Momentary Push Switch

1x 7805 5v regulator

1x 8-pin DIP socket

1x 14-pin DIP Socket

1x 3mm Red LED

1x 555 Timer IC

1x LM324 IC

Sensors:

1x Microphone

1x Magnetic Reed Switch

1x Infrared Sensor (VS1838B)

1x Light Dependent Resistor (LDR)

1x Vibration Sensor

Resistors:

2x 50k 10-turn variable resistors (VAR1/DLY)

2x 100k 10-turn variable resistors (GAIN1/GAIN2)

1x 390R

4x 1k

5x 10k

1x 100k

Capacitors:

2x 0.1uf

1x 10uf

1x 100uf

1x 220uf
The Projects!
In this section, we will link you to the relative project videos, and give you a brief text description of each project.  The projects will give you some experience with each of the electronic blocks, attachments, and sensors.  While the videos may be long, they are informative.  Each video should give you a theory lesson, hook-up instructions, and hands-on testing instructions.  In some cases, we will interface the board with Arduino. In which case, the code used will either be linked or posted directly in the relative project texts.  It should be noted that some projects have two videos, instead of only one.
Project#1: The Audio Detector (Clap Circuit)
Video Link#1: http://www.youtube.com/watch?v=J6nyAODCH0U
Video Link#2: http://www.youtube.com/watch?v=Cjv4378wUJk
Hurray!  This is your first project!  Please make sure that you’ve watched ALL of the product videos so that you understand each of the schematic diagrams. The first video talks about how we can take a signal from our microphone, isolate the AC component, amplify the signal, and turn the amplified audio frequency into a single pulse with the on-board 555 timer.  We will also be using our on-board LED indicator to calibrate our amplifier and 555 timer circuit.  In the second video, we talk about how you can interface this circuit with your Arduino.  Below you can find a few pieces of Arduino code that I put together can be used to create three beeps with the active piezo buzzer attachment when audio is detected.  I have a piece of code that will work with an active-high buzzer (Included), and active low-buzzers.  I’m also linking a neat piece of code that acts to toggle an output from an open source website.  You’ll need to follow or edit the specific pin assignment in the linked code, but this is very easy to do. Just watch the video.  The circuit pin-out is documented nearing the end of video#2.

Code example (Active Low - Three Beeps):  

[image: image25.emf]Active Low.txt


Code Example (Active High – Three Beeps): 


[image: image26.emf]Active High.txt


Code link for toggling (Arduino Website):  http://www.arduino.cc/en/Tutorial/Switch#.UxSmx_k7v5
Project#2: Light Sensors & Laser Tripwires!

Video Link#1: http://www.youtube.com/watch?v=q8JjRFz_Wt4
Video Link#2: http://www.youtube.com/watch?v=oqerG0K5jn0 
In this project we talk about two different light sensor/laser tripwire circuits.  We employ voltage comparators, the LDR, non-inverting amplifiers, the variable resistor, the LED indicator, and the 555 timer.  In the second video, we talk about the second circuit, and we break out the Arduino board again.  You will now learn how to calibrate the output of the variable resistor for a specific voltage reference.  We will also discuss voltage dividers, as they are very important when working with the second circuit.  Make sure to follow along with all of the calculations in each video.  The math is simple!  You can use the same code examples as seen in project#1 if you wanted to, but in the second video, I wanted to show you a fun way to interface with one of the ADC (Analog-To-Digital) converter pins on the Arduino.  In the code examples that can be found under the file tab of your Arduino UI, you can find a piece of code called AnalogReadSerial.  It can be found this way: File>Examples>Basic>AnalogReadSerial.  We will be using this code, along with the serial monitor in the Arduino UI to see the decimal representation of the LDR based voltage divider.  This is all explained in the video.  The active-low piezo buzzer and laser attachments will also be employed for these circuits.  The buzzer will act as a bonus indicator, and why not? Everyone should make a laser tripwire alarm system at some point in their life, right?  Awesome!
Project#3: The Vibration Sensor & the Magnetic Reed Switch

Video Link: http://www.youtube.com/watch?v=dKKD8qsL1dM
In this project, we will discuss how to use the magnetic reed switch and the vibration sensor.  We will discuss a few different circuits that employ many of the electronic blocks that we have used before.  We don’t use the Arduino in this project, but using what you have already learning you can really start to customize your own projects by now.  If any point a certain detail seems vague, simply watch that portion of the video again to ensure that you understand how each sensor is working.  The learning board comes with a small magnet for the reed switch.  In the second half of the video, we also discuss the Buffer circuit. A buffer is a current amplifier that can be configured by manipulating a comparator circuit, or rather an op-amp (operational amplifier).  The output voltage of a buffer equals the input voltage of the buffer in one configuration.  You can also have the buffer output equal the inversion of the input voltage.  The significance of a buffer circuit is that it acts as a current amplifier of sorts.  If we hook up the magnetic reed switch circuit, there is a 10k resistor in series with the line which limits current.  If we connect this line directly to the LED, then there is a 10k +390 ohm series resistance between the reed switch circuit and the LED, which means that the LED will barely light up.  If we connect a buffer in between, then the output of the buffer will power the LED.  The buffer output can source more than 10mA of current, which is more than enough to power an LED.  MAKE SURE TO TRY THIS!  The reason why we have two pins for every comparator input, and two output pins for each comparator is so that we can create a buffer circuit.  If the explanation in the video isn’t enough for you, feel free to google “operational amplifier configurations”, or simply “buffer”. There are many, many different op-amp configurations, and we only cover a few of them!   
Project#4: The PIR Motion Detector Attachment & the Relay Attachment

Video Link: http://www.youtube.com/watch?v=YwDDEW9CvMU
This is easily one of my favorite projects!  In this video, we talk about how to hook up the PIR (Passive Infrared) motion detector attachment, and the relay attachment.  Using the relay attachment, we can control AC devices.  Please read the disclaimer before attempting to use the relay for higher power applications.  The goal of this project is to use the PIR sensor to activate a relay when someone enters the room.  You will need to have an extension cord that you are willing to sacrifice for this project, as it will require severing one of the wires and connecting them to the relay module.  Please make sure that you read the section concerning the relay attachment, and the PIR module.  You can tune the sensitivity of the PIR modules by tinkering with the two variable resistors on the back of the PIR module.  I like to leave both of the variable resistors in the middle position.  Make sure that you don’t have them turned all of the way left or right.  When you power on the PIR module, it will take a minute or so for it to become perfectly stable.  Be patient and give it some time.  If your PIR module isn’t working well after that, try carefully tuning the two variable resistors.  MAKE SURE THAT YOU HAVE THE PIR MODULE AND THE RELAY MODULE CONNECTED PROPERLY BEFORE POWERING ON THE BOARD.  IF YOU REVERSE THE POWER SUPPLY PINS, YOU WILL DAMAGE THESE ATTACHMENTS!!!!!
Project#5: The Infrared Sensor

Video Link: http://www.youtube.com/watch?v=iBSPfoec69A
The infrared sensor has a normally-high output, and it reacts to infrared signals coming from your TV remote control.  It picks up on 38kHz module signals.  It does not have its own decoder, but you can feel this signal into your Arduino, and if you have the correct code, you can decode said signal.  That said, we will not be doing this.  We will be inverting the signal, and we will also be creating a toggle circuit using a small piece of edited Arduino code.  I’ve noted this before in the videos, but I want to mention this again.  I am a PIC guy.  The Arduino is cool, but I do all of my programming in the PIC ASM language, so please don’t be too harsh with me. The code is simple and reliant, but isn’t fantastically written.  Using the Arduino, we can use a TV remote control to turn the buzzer attachment on and off.  You might find that you’ll get better results from some buttons on your remote more than others.  There are many different pieces of code online that work with infrared sensors, so be sure to have a look around! If you want a full tutorial on how this sensor works/how kinds of signals it picks up, you can google “Infrared Sensor”, and quite a few interesting tutorials come up immediately! As always, there is a wire-up diagram in the video, so make sure to follow along with it if you can’t follow along with my video plugins.  The code below is the exact same as the toggle code linked to the main Arduino website, but I’ve changed a delay from 50ms to 200ms to make it compatible with the sensor board.  I did not write this code, but rather I made a small edit to make it compatible.  You might have the best luck when using the volume up key on your remote.
Code Example:  

[image: image27.emf]Toggle Code  Edited.txt


Project#6: The Thermistor (Heat Sensor)

Video Link: http://www.youtube.com/watch?v=Wa0ipq7yWxc
This is a long one, but a useful one.  We talk about how the thermistor works, hysteresis loops, the thermistor temperature VS resistance chart, and a few different circuits.  We also make some calculations along the way.  I sincerely hope that you’ll pause the video when asked to, so that you can try the calculations on your own before I give you the answer.  I show you how to connect the thermistor, and how to use it with a variable resistor as a voltage reference, and a voltage comparator.  Thermistors are really awesome!  Accurate too! If you take the voltage from the THRM line on the main pin-block, and hook it into one of the ADC ports on your Arduino, then the possibilities are endless, assuming that you are decent at coding.  Even if you aren’t there are always tons of different scripts available online.  Thank goodness for open source code!

At this point, I’m hoping that you’ve learned enough to play with these circuits on your own.  You should be able to customize your own circuits, and interface with Arduino with relative ease. 

Interfacing With Arduino & Raspberry Pi:

This section will talk about how to interface your sensor learning board with both the Arduino Uno and the Raspberry Pi Platforms.  Please pay close attention to the information listed below.  It is all VERY important! =)
Interfacing with Raspberry Pi:

This sensor learning board by default works on a regulated 5v power supply, but the Raspberry Pi works on a regulated 3.3v power supply.  That said, I've added a jumper to the power supply on the Multi-sensor learning board that allows for you to disconnect the regulator.  Why would you want to do this?  By doing this, you can safely connect the 3.3v line from the raspberry Pi and connect it to the 5v line on the Multi-sensor board.  This will act to power the multi-sensor learning board at 3.3v. From there, connect one of the GND (Common ground) pins from the learning board to a GND pin on the Raspberry Pi, and you are off to the races.  The Raspberry Pi is now powering the learning board, and all of the signal inputs and outputs on the sensor board will now be completely compatible with the Raspberry Pi GPIO ports!  If you don't want to interface with a Raspberry Pi, then simply ignore the jumper. This is simply just an extra option for additional compatibility.  I talk about this in the above video.  Please see the diagrams on the following page.  The RPI jumper acts to disconnect the 7805 regulator from the rest of the circuit, so no harm will come to the regulator, and there will be no back powering when the RPI jumper is disconnected.  Something to note is that the PIR attachment, the buzzer attachment, and the relay attachment will not work properly when you make this interface, but everything else on the board should function properly, and with no issue.  Remember, if the sensor learning board is being powered by the included 9v AC adapter, the RPI MUST BE CONNECTED!
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Interfacing with Arduino:
If you power both your Arduino board and sensor learning board, then all you need to do to make the boards compatible with each other is to make sure that the RPI jumper is shorted (See red connection on the learning board, and connect the ground pin on the learning board to one of the ground pins on the Arduino Uno board. From here, all of the I/O ports between the two boards are safely compatible with one another. 
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If you want to use the Arduino Uno board to power the sensor learning board, disconnect the RPI jumper, and connect both the ground pins on the two boards together, and connect the 5v line on the Arduino Uno to the 5v line on the power supply pin-block on the sensor learning board.  However, it is important to remember that if you are using USB to power the Arduino board, and you are using the Arduino board to power the sensor learning board, that USB can only support 500mA.  From what I understand, the board requires about 30mA, so you have about 470mA to work with.  That is the ABSOLUTE MAX!  Be considerate with loading, as you don’t want to mess with shorting your USB.  The sensor learning board on its own should never take more than 50mA at any given time.  At most times, much less, but if you add a bunch of peripherals and what not, then you have to be careful.
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Troubleshooting
If you run into problems, there may be very simple fixes.  The below section is short, but it may very well come in handy if your circuits are not working as you think they should.  Below are the tips that you’ll need to proceed when stuck!

1) Take your time when making your connections.  It is very easy to mix up one of the pins, and you really don’t want to do that.  Take things one step at a time, and follow the video.  The goal is always to take things one step at a time.

2) If the wire plug-ins are abused or over-used, the connectors may get damaged, In this case, there will be no connection from point A to point B.  The best way to check to see if a wire is damaged is to take one end and plug it into the 5v line.  Take the other end, and plug it into the LED pin.  If the LED lights up, then the wire is working just fine!

3) If you think that the board is not accepting power for some reason, disconnect the adapter, and connect the “EN” pins together with a jumper.  If you then plug the AC adapter back in, and the 7-segment display lights up, then all is well.  If it does not light up, then something is very wrong.  If this is the case, unplug the AC adapter immediately and look on the solder side of the board for shorts.
4) Use the LED pin as often as you can.  It is your visual indicator.  It will be your savior!
5) Watch the videos!  Do not use the text as a guide.  The project videos offer insight, block diagrams, schematics, and step by step progression through each project.  The videos are the most important part of the learning board.  
6) Take notes when you watch the tutorial videos.  Work along with them with me.  This is how you learn how each electronic block is working.  If you do not take the time to absorb this information, you’ll be puttering around in the dark.

7) If all else fails, contact me through engineeringshock@hotmail.com!
Congratulations & Thanks!
I offer you my sincere congratulations for making it this far!  I sincerely hope that you have learned a lot on this adventure with me.  Your patronage is very much appreciated, and the proceeds will be used for future endeavors!  I plan on making learning boards for advanced students in the future, so I hope that you will stay tuned.  I also wanted to offer my sincere thanks!  I am filled with sincere gratitude that this kickstarter campaign has gone so well.  I hope that you enjoyed working with it, and that perhaps you’ll consider letting other hungry minds borrow it when you are done with it.  Electronics is a huge passion of mine, and I love seeing other people getting into it.  Please be sure to bookmark us at engineeringshock.com, electroniclessons.com, and paintballprops.com.  Thank you again, everyone!  Take care, and happy learning!
_1455293641

_1455349766/Active Low.txt
/*

  Alarm

 

 Beeps a buzzer three times when a high signal is sent from the multi-sensor electronic learning board.

 

 The circuit:

 A 5v piezo buzzer is to be connected to pin#13 - Alternately, an active piezo unit can be connected with 5v connected to the supply pin, 

 GND connected to the ground pin on the active piezo, and the signal pin can be connected to pin#13 on the arduino UNO.

 

The signal line from the multi-sensor electronics learning board should be connected to pin#2

This code took about five minutes to write, and was based off of the "Button" sketch under "Examples"

 */



// constants won't change. They're used here to 

// set pin numbers:

const int buttonPin = 2;     // the number of the INPUT signal from the learning board

const int ledPin =  12;      // the number of the LED pin



// variables will change:

int buttonState = 0;         // variable for reading the pushbutton status



void setup() {

  // initialize the LED pin as an output:

  pinMode(ledPin, OUTPUT);      

  // initialize the pushbutton pin as an input:

  pinMode(buttonPin, INPUT);     

}



void loop(){

  // READ THE STATE OF THE SENSOR BOARD OUTPUT

  buttonState = digitalRead(buttonPin);

  // CHECK TO SEE IF THE OUTPUT IS 5V

  // IF IT IS, THEN THE BUTTONSTATE IS HIGH

  if (buttonState == LOW) {     

    // IGNORE

    digitalWrite(ledPin, HIGH);

    // THE ACTIVE BUZZER THAT I AM USING IS ACTIVE LOW, WHICH MEANS THAT IT ACTIVTATES IF THE SIGNAL LINE IS CONNECTED TO A LOW (0V SIGNAL)

    // A HIGH (5V) SIGNAL WILL NOT ACTIVATE IT  

  } 

  else {

    // IF THE SIGNAL COMING FROM THE LEARNING BOARD IS HIGH (5V), THEN THE PIN THAT CONTROLS THE BUZZER WILL TOGGLE LOW (ACTIVE), AND LOOP OFF AND ON THREE TIMES. 

  digitalWrite(ledPin, LOW);   // turn the LED on (HIGH is the voltage level)

  delay(1000);               // wait for a second

  digitalWrite(ledPin, HIGH);    // turn the LED off by making the voltage LOW

  delay(1000);               // wait for a second

  digitalWrite(ledPin, LOW);   // turn the LED on (HIGH is the voltage level)

  delay(1000);               // wait for a second

  digitalWrite(ledPin, HIGH);    // turn the LED off by making the voltage LOW

  delay(1000);               // wait for a second

  digitalWrite(ledPin, LOW);   // turn the LED on (HIGH is the voltage level)

  delay(1000);               // wait for a second

  digitalWrite(ledPin, HIGH);    // turn the LED off by making the voltage LOW

  delay(1000);               // wait for a second

  }

}


_1455349786/Active High.txt
/*

  Alarm

 

 Beeps a buzzer three times when a high signal is sent from the multi-sensor electronic learning board.

 

 The circuit:

 A 5v piezo buzzer is to be connected to pin#13 - Alternately, an active piezo unit can be connected with 5v connected to the supply pin, 

 GND connected to the ground pin on the active piezo, and the signal pin can be connected to pin#13 on the arduino UNO.

 

The signal line from the multi-sensor electronics learning board should be connected to pin#2

This code took about five minutes to write, and was based off of the "Button" sketch under "Examples"

 */



// constants won't change. They're used here to 

// set pin numbers:

const int buttonPin = 2;     // the number of the INPUT signal from the learning board

const int ledPin =  12;      // the number of the LED pin



// variables will change:

int buttonState = 0;         // variable for reading the pushbutton status



void setup() {

  // initialize the LED pin as an output:

  pinMode(ledPin, OUTPUT);      

  // initialize the pushbutton pin as an input:

  pinMode(buttonPin, INPUT);     

}



void loop(){

  // READ THE STATE OF THE SENSOR BOARD OUTPUT

  buttonState = digitalRead(buttonPin);

  // CHECK TO SEE IF THE OUTPUT IS 5V

  // IF IT IS, THEN THE BUTTONSTATE IS HIGH

  if (buttonState == LOW) {     

    // IGNORE

    digitalWrite(ledPin, LOW);

    // THE ACTIVE BUZZER THAT I AM USING IS ACTIVE LOW, WHICH MEANS THAT IT ACTIVTATES IF THE SIGNAL LINE IS CONNECTED TO A LOW (0V SIGNAL)

    // A HIGH (5V) SIGNAL WILL NOT ACTIVATE IT  

  } 

  else {

    // IF THE SIGNAL COMING FROM THE LEARNING BOARD IS HIGH (5V), THEN THE PIN THAT CONTROLS THE BUZZER WILL TOGGLE LOW (ACTIVE), AND LOOP OFF AND ON THREE TIMES. 

  digitalWrite(ledPin, HIGH);   // turn the LED on (HIGH is the voltage level)

  delay(1000);               // wait for a second

  digitalWrite(ledPin, LOW);    // turn the LED off by making the voltage LOW

  delay(1000);               // wait for a second

  digitalWrite(ledPin, HIGH);   // turn the LED on (HIGH is the voltage level)

  delay(1000);               // wait for a second

  digitalWrite(ledPin, LOW);    // turn the LED off by making the voltage LOW

  delay(1000);               // wait for a second

  digitalWrite(ledPin, HIGH);   // turn the LED on (HIGH is the voltage level)

  delay(1000);               // wait for a second

  digitalWrite(ledPin, LOW);    // turn the LED off by making the voltage LOW

  delay(1000);               // wait for a second

  }

}


_1455350507/Toggle Code Edited.txt
/* switch

 * 

 * Each time the input pin goes from LOW to HIGH (e.g. because of a push-button

 * press), the output pin is toggled from LOW to HIGH or HIGH to LOW.  There's

 * a minimum delay between toggles to debounce the circuit (i.e. to ignore

 * noise).  

 *

 * David A. Mellis

 * 21 November 2006

 */



int inPin = 2;         // the number of the input pin

int outPin = 13;       // the number of the output pin



int state = HIGH;      // the current state of the output pin

int reading;           // the current reading from the input pin

int previous = LOW;    // the previous reading from the input pin



// the follow variables are long's because the time, measured in miliseconds,

// will quickly become a bigger number than can be stored in an int.

long time = 0;         // the last time the output pin was toggled

long debounce = 200;   // the debounce time, increase if the output flickers



void setup()

{

  pinMode(inPin, INPUT);

  pinMode(outPin, OUTPUT);

}



void loop()

{

  delay(200);

  reading = digitalRead(inPin);



  // if the input just went from LOW and HIGH and we've waited long enough

  // to ignore any noise on the circuit, toggle the output pin and remember

  // the time

  if (reading == HIGH && previous == LOW && millis() - time > debounce) {

    if (state == HIGH)

      state = LOW;

    else

      state = HIGH;



    time = millis(); 

 delay(50);   

  }



  digitalWrite(outPin, state);



  previous = reading;

}


_1455293910.pdf
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