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Introduction

The BrainPad circuit board is designed as a powerful educational tool that can be used
to teach everyone from kids, toollege students and professionals. Kids will start to
learn programming using Visual Studio, one of the most widely used professional tools.
College students and professionals that already know programming can use the
BrainPad circuit board to learn abodigital electronics and the connection between
computing and the physical world.

Overview

Students will learfnow Analog Inputs workn a digital design

Guidelines

1 PrerequisitesEL101

1 Ages 12 and up

f PC setup with Visual Studio, .NET Micro Framework BridL 9f SOUNR Y
software.

1 Supplies: BrainPad
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Analog to Digital Converter

An ADC (Analog to Digital Converter) is an electronic circuit that converts an analog
voltage to a digital binary number. For this circuit to work, it neadeference voltage

that would be the max voltage. In most cases, this reference voltage is the same as the
source voltageOn the BrainPad, thisltage is the same as the power source,\8.3

The ADC also has a conversion result field that holds thee vihat represens the
voltage The size of this field can vary fraystem tosystem. The larger the fieldhge
more bits it hay the more accurate the ADC can be. ForatADC, there are 16 steps,
2 to the power of 4 is 16. This ADC can only prot&idistinct results, O to 15.

Tablel ¢ These are the outputs ithe input voltage is 3.3 {each step is 3.3/ 16 = 0.21).

STEPS VOLTAGE
0 0
1 0.21
2 0.42
3 0.63
4 0.84
5 1.05
6 1.26
7 1.47
8 1.68
9 1.89
10 2.10
11 2.31
12 2.52
13 2.73
14 2.94
15 3.15
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Any voltage from 1.26 to 1.47 will give us the same result, which is 6. This may be okay
for some applications but 16 steps is not enough for most. Imagine there is a color
sensor connected to the analog input that measures the color red intensity. Thé res
can only be one of 16 colors! The minimal size usually found on microcontrollebstis 8

to 12-bit ADCs. The BrainPad microcontroller hadil ADC. 2 to thgpower of 12is

4,096. Overfour thousands steps will surely be a lot more accurate thanstéps found

in the previous example!

Exercise

What would the ADC result be on the BrainPad if\1i§ applied to it?
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Analog Pins

Digital designseedto read the analog voltage on more than one pin. However, the ADC
circuit is somewhat complex. The ncO2 y i NR f £ SN#E A &Y 0\ dzR Iy O GideNSS
cost by using only one ADC that is multiplexed to multiple analog inputs.

The multiplexer is a set of switches, where only one switch can be on at any time. These
switches select which of the analog pins Ww#l connected to the ADC. This works well

for most applicationglike the BrainPajl For example, at any given time the BrainPad
can measure the light sensor or the temperature sensor. A moment later, it can
measure the other sensor.

The light sensor is coected to pinPB1, which is ADC channe®shown in Figure 1.

Light Sensor

UCC

R11
PHOTORESISTOR-(TH>

R1©
AW
18K

GND
Figurel ¢ The light sensor connects to PB1 and ADC channel 9.

CALY LGQA AYLERNIFYOd G2 NBYSYOSNI GKFG GKS T
different thingson the same pin.
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b 9 ¢

(0p))
=

[ SG6Qa RA3I Ayildz2z G§KS O2RS® {GFNIL | vy
Application and add these References:

M Microsoft.SPOT.Hardware
1 GHI.Pins

[ S6Q&a NBIR GKS tA3IKG aSyazN) & akKz2gy Ay 9E

using System.Threading;
using Microsof t.SPOT;
using Microsoft.SPOT.Hardware;

public class Program

{
public static void Main()
{
Analoglnput light= new Analoginput (( Cpu AnalogChannel )9);
while (true )
{
DebugPrint(  "Light level: " + light.ReadRaw());
Thread .Sleep(200);
}
}
}

Examplel ¢ This code continually prints the light level in the Output Window.

After running Example 1 your Output Window should look something like Figure 2.

Show output from: Debug v
Light lewel: 3695
Light lewel: 3696
Light lewel: 3694
Light lewel: 3688
Light lewel: 3675
Light lewel: 3657
Light lewel: 3635
Light lewel: 3635
Light lewel: 3647
Light lewel: 3655
Light lewel: 3689
Light lewel: 3677

Figure2 ¢ Here we see thalifferent light levelsin the Output Window.
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¢2 YI1S dzaaAy3d LAya SIaASNE &SQO&jedNBIARSR
BrainPad . Expansion and BrainPad . Peripherals  0bjects. To add gedccess to these objects, in

the Solution Explorer Window rigi@f A O7 . N} Ayt Ryt N22SOGx &St
and locate the BrainPad.cs file and click Add.

ThesrainPad . Expansion Object can be used to easily access the labeled pins (E1 through

E16) m the expansion headers. The:inPad . Peripherals  Object also makes identifying

pins related to such things as the traffic light faster. These both help reduce the need to
f221 G GKS aO0OKSYIFGAOd C2NJ SEF YLX Saseds S 02 ¢
on the schematic usingzaPwmoutputPA1 Or wWe could USesrainPad . PeripheralsTrafficLighiRed

which is more descriptive and easier to remember.

Going forward all examples will use th®ainPad . Expansion and BrainPad . Peripherals
objects when referrig to pins.

Value Scaling

bo9tcacCcQa ! yIf23 L yfdadirigby conemidg the ravd ikpvthiilue o/ S &
double that is scaled tone by default. In other words, zero is the nmmum and oneis

the maxmum. If the BrainPad referenceoltageis 3.3V, then the reading of 0.5 on the
ADC will mean that the voltage on the pirhaf or1.56V. A good scalis 3.3 since our
reference is 3.3/ as shown in Example 4

using System.Threading;

using Microsoft.SPOT;

using Microsoft.SPOT.Hardware;
public class Program

{

public static void Main()

{
Analoglnput  lightSensor = new Analoglnput (BrainPad . Peripherals .LightSensor,
3.3,0, 12);

while (true )
DebugPrint(  "Light Voltage: " + lightSensor.Read(). ToString( "F2"));

Thread.Sleep(200);

}
Example2¢l SNBE 6S NBIR (GKS fA3IKIG aSyazNna tA3IKaG €S
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TheTostring) method is used with the F2 argument to limit the fractionstwm digits
(Figure 3)

Show output from:  Debug -

Light Voltage: 2.97
Light Voltage: 2.98
Light Voltage: 2.98
Light Voltage: 2.86
Light Voltage: 2.82
Light Voltage: 2.93
Light Voltage: 2.94
Light Voltage: 2.95
Light Voltage: 1.99
Light Voltage: 1.97
Light Voltage: 2.81
Light Woltage: 2.83

Figure3 ¢ Here we see the light level is limed to fractionswith two digits.
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Digital Filters

Digital filters are pieces of code thaske in analog values and modifidtsem. The
Digital Filters topic can be very complex $0S Qf f ah/thedsurfacOR starers,
the temperature sensor will be used. Checking the datasheet of the temperature sensor
used, we learned that the temperature = (voltage in milli@#50) /19.5. The 3.3/ is
3,300 millivolt.2 S i§ef3300 in our scalinin the constructoras shown in Example 5

using System.Threading;

using Microsoft.SPOT;

using Microsoft.SPOT.Hardware;
public class Program

{

public static void Main()

{
Analoglnput  temp = new Analoglnput (BrainPad . Peripherals .TemperatureSensor
3300, 0, 12);

while (true )

double tempC = (temp.Read() - 450)/19.5;
DebugPrint( "Temperature: " + tempC.ToString(  "F2"));

Thread.Sleep(200);

}

Example3 ¢ This code reads the temperature sensor and converts it to Celsius.

A

2SS Oly y28 NBIR (GKS NhEastugFiguredd A Sy i

Show output from: | Debug -
Temperature: 22.88
Temperature: 22.96
Temperature: 22.88
Temperature: 22.92
Temperature: 22.92
Temperature: 22.88
Temperature: 22.92
Temperature: 22.88
Temperature: 22.92
Temperature: 22.96
Temperature: 22.84
Temperature: 22.92

Figure4 ¢ Here we see the ambient room temperature in Celsius.
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2 KATS GKS GSYLISNI §dzNB Kl ayQid OKIy3ISR:I GKS
found in electronic circuits. There are all kind of things that can be done on the
hardware to make for less noisy analog readings. One of the simplest ways is to average
readings in software as shown in Example 6.

using System.Threading;
using Microsoft.SPOT;
using Microsoft.SPOT.Hardware;

public class Program

{

public static void Main()
{
Analoglnput  temp = new Analoglnput (BrainPad . Peripherals .TemperatureSensor
3300, 0, 12);
double average =0;

while (true )

{
average = 0;
for (int i=0;i<10;i++)
average += temp.Read();
average = average / 10;
double tempC = (average - 450)/19.5;
DebugPrint( "Temperature: " + tempC.ToString( "F2"));
Thread.Sleep(200);
}
}
}
Exampled
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Since the noise is small, averaging did not give us good resultkndie that the
temperature is not going to change quickly. We can slow down the change by only
taking in fractios of the difference in every loofExample 7)

using System.Threading;
using Microsoft.SPOT;
using Microsoft.SPOT.Hardware;

public class Program

{

public static void Main()

{
Analoglnput  temp = new Analoglnput (BrainPad . Peripherals .TemperatureSensor
3300, 0, 12);
double tempC = (temp.Read() - 450)/19.5;
double lastTempC =tempC;

while (true )

{
double d = (temp.Read() - 450)/19.5;

tempC +=(d - lastTempC)/ 10;
lastTempC = tempC;

DebugPrint( "Temperature: " +tempC.ToString( "F2")+ " - Raw Temperature:
" +d.ToString( "F2"));

Thread .S leep(200);

Example5 ¢ Outputs the average temperature in Celsius by only taking in fractions of the
difference.

Exercise

Measure the voltage on an Analog Input pin on the expansion port. Connect a wire to
the same analog input pin then record the values shown when the pin is connected to
ground, and when it is connected to 3/3Get a standard 1.¥ battery (AA or AAA) and
connect it between the analog pin and the ground. Make sure the (+) side of the battery
Is connected to the analog input and thg 6ide is connected to the ground.
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hKYQa [ | @

There is a very close relationship between voltages, currents and resi€tbm's law
states that the current through a conductor between two points is directly propoal
to the potential difference across the two points.

I=V/R or V=1xR
Wherel is the current{measured in amps)/ is the voltage andRis the resistance.

When using LEDs, we added a current limitiSgarA 8 § 2 N ¢ KA & @g2NJ a o
U ¢ o [ssuedha LED is powered from 3\8and itsinternal voltage drop is 1.9.

This leaves us witB V to go across the 33K (ohm)resistor. According to MQ daw |

the current is2 V/ 330 K, resulting in 0.006 Aamps) or6 mA (milliamps) Typical
microcontrollerscansupply that mub current on theirpins directly. If the current was

too high, a larger resistor can be useddecrease the current. For example, if we use a

470K resistor then the current will be 4 @A.

Voltage Dividers

If two resistors are connected in series from power to ground then the current flowing
through themwill be the voltage divided by both resistors. Assuming the resistors are
101 Kkiloohm) eachthen the total is 200 KIf the voltage running across them3ssV
thenthe current is3.3V/ 20,000 K=0.000165A or0.165mA

What happens when we measure the voltage acrose of the resistorsAccordingto

h KY@&VIxRa 2 O0000aS P ™ /F3B5Vif wadhave 1.65/ across each
resistor, together they equaB.3 V. The ratio between the resistors equals the ratio of
the voltage divided between them. Two 10Kesistors is 1Q K201 ¥ Y. So the ratio
is half on eaclof the resistors. A 1Q Konnected to a 3Q Kuvill give ¥ the voltagero
the first resistor and % the voltage on the second resistor.
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This relationship ibeneficial in creatingoltage dividers to scale voltages down. How do
we measure a & battery using the BrainPad%e know that the BrainPadnalog hputs

are limited b 3.3V max. Wiring 6/ directly will damage the microcontrollerhis is
where wecan use a voltage divider with ¥z ratio to get only half the battery voltage.
Since 3V is the maximum we will ever see from th&/@attery, we are safe to connect

it to the BrainPadHere we can use thecaling feature to our advantage. Since we know
g SQNB 2 yliaktheNaBualRdltggd, we can double the scale value from the actual
voltage Instead ofusing3.3,we use 6.6as shown in Example 8

using System.Threading;

using Microsoft.SPOT;

using Microsoft.SPOT.Hardware;
using GHI.Pins;

public class Program

{

public static void Main()

{
0, 12);

Analoglnput  Ain = new Analoglnput (BrainPad . Peripherals .TemperatureSensor , 6.6,

while (true )

{
DebugPrint( "The 6 V battery is at: " + Ain.Read().ToString( "F2" ) +
V)

Thread .Sleep(200);

}

Example6c¢ KA & SEFYLX S LINAyida GKS ol GGdSNEQa @2f G 3
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Another use for voltage dividers is to measure a resistor. If we know the value of one of
the resistors andls voltage and the resistance on the first resistor, we can calculate the
current across the first resistor. We know the same amount of currefibvang inside

the second resistor of unknown value. We also know the voltage across it since the
voltage across it will be the total voltage minus the voltage across the first resistor.
Finally, we now have the voltage and the current on the secondtoesssd we can
easily calculate its resistanes shown in Figure 5.

Light Sensor

VCC

W
N R11
PHOTORESISTOR=CTH)

g

GND

R18
18K

Figure5 ¢ The light sensor uses photo-resistor, a resistor that changes its value according to
the light.

Tip:Connecting the photaesistor toa 10K resistois simply a voltage divider.

Exercise

Write a program that shows the resistance of the light sensor.
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