Which is a long title but means that you can control your Arduino via the USB port from your computer. To do this, you need a programming solution for your computer and fortunately those nice chaps at Microsoft have given us Visual Studio which includes Visual Basic Express and that's what we'll use. The latest version is VB 2010 and you can get it from the link on the left.

Now, there is a utility out there called Firmata which does what we are going to do here without putting us through a steep learning curve or spending our weekends and afternoons developing a serial communications protocol. If you like it, use it, but for my money it's a bit clunky, complex and it doesn't always do what I want it to. The link is on the left if you want to have a look.

For my money it doesn't cut it because it's hard to re-work the interface and expects certain kinds of boards to be plugged in. The library is very heavy on the Arduino and I want something that leaves minimal processing to the Arduino and does the bulk of the work on the PC. The Arduino is capable of receiving serial communication and VB is capable of throwing it out. There's a happy coincidence. Now all we need is some way of making them work together. 

Now, to do this we need to invent some sort of communications protocol. The best way to think of a communications protocol is as a set of commonly agreed instructions between the two devices, and in that respect it's no different from a language. If an Englishman, a Frenchman and a German were standing together at a party, not knowing each others' languages, then neither of them would be able to tell any other that their trousers had fallen down, which would be somewhat embarassing all round. Similarly, we need to send out an instruction from the computer to the Arduino to say what we want it to do, though of course the Arduino's trousers won't have fallen down as it doesn't wear any, unless of course you've made it a little pair of Ardu-britches. I know I haven't. I'm not about to either.

Anyway, where were we? Oh yes, a communications protocol. First things first. In Visual Basic 2010 we need to make a form consisting of two buttons and a trackbar. Mine looks like this:

The buttons and the trackbar are known as objects and they each have names and properties. It doesn't matter what you name them, as long as you refer to them subsequently by that name, but I've named the button that says "Blinky" as blinky and the other one is just  Button 1.

The trackbar I've named tracker. I haven't changed the properties of the buttons other than the texts, but the trackbar properties you need to change to make this work the way it does here are:

Maximum  9   and Minimum  0.      What this does is changes the parameters of the track; at the left its value will be zero and at the right nine.

The fourth thing you'll need to add to the project is a component, a Serial Port.  This is dragged out of the toolbox and put at a tray at the bottom. Again it doesn't matter what name you give it as long as you refer to it by that name throughout. I've called mine comport, and it's the bit that's going to talk to the Arduino. You'll need to change the following properties on this: Baud rate 300; DTRenable False (if it isn't already); Portname to whatever COM your Arduino is on (mine is COM8, yours may well not be) and RTSenable True. For those of you with an enquiring mindset, DTR looks for a modem and sends a signal to it. If your Arduino gets that signal, it resets. RTS is request to send.

What we are going to do here is to use one pin of the Arduino to experiment with, Pin 6. We are going to attach an LED to pin 6, and make it switch off and on when we click button 1, blink when we click Blinky, and get brighter or dimmer when we move the tracker.  Here's how we wire:

It's a pretty simple construct, and shouldn't take a minute.

But it's no good having our hardware and interfaces made up if there's no code to back it up. So first let's look at the VB code. In Visual Basic, the program is event driven rather than line-driven. Now, whenever I say this, the following conversation usually happens.

Other Person:  "Event Driven?"

Me: "Yes".

OP:  "Is it? "

Me "Yes it is".

OP: "Is it really?" 

Me:  "It is really". 

OP: "Oh good". 

Me: "Yes".

OP: "Yes".

Me: "You don't know what I'm talking about do you?"

OP: "Didn't like to say, but no, I haven't the foggiest notion, Old Boy. I thought you were a Bulgarian or something and didn't want to appear rude".

So, event driven means it doesn't do anything until the user does something with the GUI, and that's not Bulgarian either, it's the Graphical User Interface which is the form with the buttons and tracker bar as we made above.

We put the code attached to the objects, so that in the case of the buttons it executes whenever we click on one of them, and in the case of the tracker, whenever we move the slider. Button 1 Has the following code behind it:

Private Sub Button1_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles Button1.Click

        On Error Resume Next

        tracker.Value = 0

        Dim onstate, outstring

        onstate = 0

        If Button1.Text = "Pin 6 on" Then

            Button1.Text = "Pin 6 off"

            onstate = 1

            outstring = "!"

        End If

        If Button1.Text = "Pin 6 off" And onstate = 0 Then

            Button1.Text = "Pin 6 on"

            outstring = "$"

        End If

        If comport.IsOpen() = True Then

            comport.Close()

        End If

        comport.Open()

        comport.Write(outstring)

comport.Close()

    End Sub

The top and bottom lines are already in there by default. Blinky (the other button) has this code:

 Private Sub blinky_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles blinky.Click

        tracker.Value = 0

        Button1.Text = "Pin 6 off"

        Dim outstring

        outstring = "%"

        If comport.IsOpen() = True Then

            comport.Close()

        End If

        comport.Open()

        comport.Write(outstring)

        comport.Close()

    End Sub

and tracker (the trackbar):

 Private Sub TrackBar1_Scroll(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles tracker.Scroll

        On Error Resume Next

        Button1.Text = "Pin 6 off"

        Dim outstring

        outstring = tracker.Value

        If tracker.Value > 0 Then

            Button1.Text = "Pin 6 off"

        Else

            Button1.Text = "Pin 6 on"

        End If

        If comport.IsOpen() = True Then

            comport.Close()

        End If

        comport.Open()

        comport.Write(outstring)

        comport.Close()

    End Sub

All of this code is three independent modules dedicated to SENDING data. The Arduino is coded up to RECEIVE the data via the USB port like so:

char lastincoming;

void setup(){

  Serial.begin(300);

  pinMode(6,OUTPUT);

}

void loop(){

  char incoming=Serial.read();

  if (incoming>-1){

    lastincoming=incoming;}

if (lastincoming==33){

digitalWrite(6,1);} 

if (lastincoming==36){

digitalWrite(6,0);}  

if (lastincoming==37){

digitalWrite(6,0);delay(100);digitalWrite(6,1);delay(100);}

for (int t=48;t<59;t++){

  if (lastincoming==t){

    int n=0;

  n=t-48;n=n*25;analogWrite(6,n);}}

    

}

So as you can see more processing goes on at the VB end than does at the Arduino. You can also see the difference between an event-driven program (the GUI does nothing until it's told to) and line-driven (the Arduino goes around the loop all the time regardless of whether it's told to or not). You can't really convert event-driven to line-driven or vice versa but you can lock out bits of code or bring in such so that it has the same effect. Which is handy, because that's what we're going to do.

Over the page then, we'll start looking at the Arduino receiving code and how it's affected by the serial communications from the computer.

The receiving code uploaded to the Arduino begins thus:

char lastincoming;

void setup(){

  Serial.begin(300);

  pinMode(6,OUTPUT);

}

The variable lastincoming is of a type char. This is done in order that the Arduino can work with ASCII codes. For those of you who don't know what an ASCII code is, a small article appears on the left. Next, we enter setup, and here we merely tell the Arduino to expect serial communication to happen at a baud rate of 300, and set pin 6 to output mode.

The loop begins:

void loop(){

  char incoming=Serial.read();

  if (incoming>-1){

    lastincoming=incoming;}

The variable incoming is given the value of whatever comes in from the computer via the serial port (at the end of the USB cable). If there's nothing coming through the serial port, the Arduino sees that as -1, and so we assign the variable lastincoming the value of whatever comes through the serial port only if something is there by the conditional:

  if (incoming>-1){

    lastincoming=incoming;}

and so of course lastincoming can't be changed if nothing is received. All the following conditionals are instructions on what to do based on the value of lastincoming. The first two are:

if (lastincoming==33){

digitalWrite(6,1);} 

if (lastincoming==36){

digitalWrite(6,0);}  

These are the two lines that switch pin 6 either fully on or fully off and keep it that way, and they are the lines that we want to activate when Button 1 on the interface we created is clicked.  It is dependent on ASCII code 33 for on and 36 for off. Therefore we need to code up button 1 to send by serial communication the character represented by ASCII 33 which is !  when the pin is low, and that of ASCII 36 which is $ when low, and we need to record the state when we've done it. So let's look at the Visual Basic code attached to button 1. It begins:

        On Error Resume Next

        tracker.Value = 0

        Dim onstate, outstring

        onstate = 0

None of this actually works the serial communication. The first line advises that in the event of a run-time error no reporting and stopping of the program should take place. The second resets the value of the trackbar to 0, the third declares two variables outstring and onstate, and the fourth sets the variable onstate to a value of 0; this last variable is going to act as a lock. The code continues:

 If Button1.Text = "Pin 6 on" Then

            Button1.Text = "Pin 6 off"

            onstate = 1

            outstring = "!"

        End If

So, first it checks to see what button 1 says on it. If it says "Pin 6 on" , the code is executed. First the text is altered to "Pin 6 off", then onstate is set to 1. You'll see why shortly. A character is assigned to outstring, and that character is ! which, as we know, is ASCII 33. The second conditional runs:

 If Button1.Text = "Pin 6 off" And onstate = 0 Then

            Button1.Text = "Pin 6 on"

            outstring = "$"

        End If

The boolean (And onstate = 0 ) is there because having gone through the first conditional the text of the button would be "Pin 6 off" and so the second conditional would be executed when we did not want it to be. The variable onstate can only be zero if the first conditional has executed, and the first conditional can only execute if the text of button 1 is "Pin 6 on" and so the two are mutually exclusive- in other words, either one can be executed or the other, but not both on the same pass; and since a pass only happens when we click the button it means that we click it once for on and again for off. 

Do not run away with the impression that the button does this. It does nothing but alter its text and assign a value to the variable outstring. The value can be "!" or "$" according to the current condition of the button. The next part of the code is the part that communicates with te Arduino:

        If comport.IsOpen() = True Then

            comport.Close()

        End If

        comport.Open()

        comport.Write(outstring)

comport.Close()

    End Sub

The conditional here ensures that the serial port is closed, and is something of a safeguard which is not strictly necessary but ought to be there. Next, we re-open the port, and send the variable outstring to the Arduino. It can be  "!" or "$" and back in the loop of the sketch of the Arduino we saw:

if (lastincoming==33){

digitalWrite(6,1);} 

if (lastincoming==36){

digitalWrite(6,0);}  

! is ASCII 33  so pin 6 goes high and the LED lights, $ is ASCII 36 so the pin goes low and the LED goes out. 

So much for on and off then, how do we make it blink? The Visual basic code behind blinky is:

tracker.Value = 0

        Button1.Text = "Pin 6 off"

        Dim outstring

        outstring = "%"

        If comport.IsOpen() = True Then

            comport.Close()

        End If

        comport.Open()

        comport.Write(outstring)

        comport.Close()

    End Sub

The first line of the subroutine sets the trackbar value back to zero, and the second  button 1 to be ready to switch the pin off.

The sending of serial data works in exactly the same way as above except that the value sent to the Arduino is "%" which will be received as ASCII 37. In the loop of the Arduino sketch:

if (lastincoming==37){

digitalWrite(6,0);delay(100);digitalWrite(6,1);delay(100);}

Now, remember that the variable lastincoming will not change if the serial port receives nothing. That means every time the loop cycles, lastincoming will be equal to 37, the conditional will be satisfied and the pin will go high and low taking the LED with it.  The first line of the subroutine sets the trackbar value back to zero, and the second  button 1 to be ready to switch the pin off.

And that just leaves us with the trackbar that brightens or dims the LED depending on which way we slide it. The nuts and bolts behind this are a little more complicated, but not greatly so. The trackbar has been set to a maximum of 9 and a minimum of 0. It's value is step 1 as an integer: it can therefore be any one (depending on how far right or left it is) of the following: 0,1,2,3,4,5,6,7,8,9

The VB code is:

On Error Resume Next

        Dim outstring

        outstring = tracker.Value

        If tracker.Value > 0 Then

            Button1.Text = "Pin 6 off"

        Else

            Button1.Text = "Pin 6 on"

        End If

        If comport.IsOpen() = True Then

            comport.Close()

        End If

        comport.Open()

        comport.Write(outstring)

        comport.Close()

and cantering through, we declare the variable outstring, assign the current value of tracker to it and depending on the value of tracker reset the text  of button 1. Then we send the value of tracker via outstring to the serial port.

At the Arduino end the sketch runs:

for (int t=48;t<59;t++){

  if (lastincoming==t){

    int n=0;

  n=t-48;n=n*25;analogWrite(6,n);}

ASCII 48 is in fact the character 0, 49 the character 1 and so on. The for next loop is in fact going from 0-9 and checking if the character sent by serial port matches any of the digits. If it does, a variable called n is set to zero, then reset to t-48. This gives the true numeric value from the ASCII code. For instance, if the character sent were 2 (ASCII 50) on the second cycle of t a match would be found and n would set to 50 minus 48, which is 2. Finally, as there are ten divisions, n is multiplied by 25 and pin 6 is analogWritten to the value of n. The LED sees a voltage between 0 and 4.5 V and lights or dims accordingly.

And that's it. What we've done here is invented a simple but effective protocol to control the output behaviour of your Arduino board according to what you do on a GUI on your computer. Just like the meerkat said. 

You can do the digital switching on any pin just by changing the characters you transmit through the serial port, and thus 12 devices can be controlled in this way. This makes your Arduino a very powerful remote tool. 

Over the page, we put the principle to a practical use by turning it into a computer-activated alarm.

Ian Lang Dec 2011

So, let's make an alarm that can be armed and disarmed by your computer. 

Have you heard of a silent alarm? It activates a visual indicator which a licensed thug (aka a security guard) is watching. This means that the intruder does not know he has tripped an alarm, and thus gives a group of licensed thugs the opportunity to sneak up and surprise the intruder. So let's help the thugs out and make an alarm that can be armed or disarmed with one click from the computer, so that even a security guard can work it. Here's how we wire the Arduino:

Experimentation suggests that the best resistor to use between A0 and GND is in fact 560 ohms but for some reason Fritzing won't do it. We are using the SHARP GP2Y0A21YK infrared sensor as the input and a superbright LED as the output. We need to make an interface in Visual Basic consisting of just one button and mine looks like the one below:
If all  goes well when you've wired and coded, when you click the button the text  should change to read disarm and if you wave your hand over the sensor the LED will start flashing. If you click the button again, the LED will stop and the text will revert to ARM.

So let's code up that button for transmitting and the Arduino for receiving.

The button code is:

 Private Sub ADB_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles ADB.Click

        Dim outstring, skipper : skipper = 0

        If comport.IsOpen() = True Then

            comport.Close()

        End If

        If ADB.Text = "ARM" Then

            ADB.Text = "DISARM"

            skipper = 1

            outstring = "A"

        End If

        If ADB.Text = "DISARM" And skipper = 0 Then

            ADB.Text = "ARM"

            outstring = "B"

        End If

        comport.Open()

        comport.Write(outstring)

        comport.Close()

    End Sub

This is exactly the same as we saw before. The only difference is that the two possible outputs are "A" and "B" and I've named the button ADB.

A is ASCII 65 and B is ASCII 66. So if we code the Arduino like so:

char lastincoming;

boolean goflag=false;

void setup(){

  Serial.begin(300);

  pinMode(6,OUTPUT);

}

void loop(){

 int incoming=Serial.read();

  if (incoming > -1){

    lastincoming=incoming;}

  if (analogRead(A0)>100 && lastincoming==65){

    goflag=true;}

    if (goflag==true){

    digitalWrite(6,1);delay(50);digitalWrite(6,0);delay(50);}

    if (lastincoming==66){

digitalWrite(6,0);goflag=false;}

}

Got it working? Then let's have a canter. This time we set up two variables:

char lastincoming;

boolean goflag=false;

goflag is going to do a switcher's job here, it's a boolean because it needs to be in a state of true or false and it starts off as false. In the setup we merely open for serial communication and set pin 6 as an output. The loop starts:

 int incoming=Serial.read();

  if (incoming > -1){

    lastincoming=incoming;}

This reads for input at the serial port, and if there is something there, it assigns that value to lastincoming. If not, lastincoming keeps the value it had. Next we see if the alarm is armed, and if it is if the sensor's detecting anything:

  if (analogRead(A0)>100 && lastincoming==65){

and only if both conditions are true does the following happen:

    goflag=true;}

and similarly if goflag is true, the LED goes blinky.

If the serial port comes up with a B, the following is seen:

    if (lastincoming==66){

digitalWrite(6,0);goflag=false;}

The LED goes out and stays out because goflag can't go true until it's armed and sensing again.

In theory if you provide an indepent power supply for the sensors and route them all through the analog inputs, you could cover quite a wide area. Certainly with just two you can cover a hallway or corridor of some six feet in width. With a third built in the floor in the centre, I doubt anyone could get by without tripping the alarm. One will detect the opening of a door if you put it at the side opposite the hinges in the direction of the movement and theoretically you could cover five doors with one Arduino UNO.

My, those thugs are going to be busy!

Ian Lang, Dec 2011
