Autonomous ATV report
Status as of 12/22/2007

By Shane Gidley


I have done most of the work on the eATV project up until now, and now I am gone, so I am documenting as best as I can so that others may pick up on the work.

eATV electronics status:  fried.


We decided early on to use the electronics box that came with the ATV in order to control the drive motor for the rear wheels.  Unfortunately, if something happens to that module it is impossible to debug as a) we don’t know the schematic, b), it is filled with goo, I guess to keep it waterproof or something.  Presently this box appears to be fried so Dr. J is going to order another one.

Below is a drawing of the connections and how they were, as well as how we plan to modify them.  Following the diagram, some further explanations will be given on the notes in the diagram (circled numbers)
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Note 1:  It seems like this label is not correct.  I’m not sure what the speaker is for anyway

Note 2:  RRR is the color code on the resistor we used while testing.  The test setup was to connect the resistor as shown, and use our programmable power supply to apply a voltage to the blue wire.  The ATV started to move around 1.4 V, and was at full speed at 4 V.  The Digital to Analog controller will be the source for this voltage.  The digital inputs will come from the Galil motion controller.  More explanation later.  

Note 3:  SPST – Single Pole Single Throw – an IC (integrated circuit) on the breadboard will be used to take the place of the manual switch.  It will be controlled by a digital output from the Galil Motion controller.

Note 4:  The brake acts as a kill switch.  The drive motor shuts off when it is applied.  I have not done anything with this, but you can choose to either use the switch for youre own purposes, or either permanently short or leave open (not sure which kills it.)

Note 5:  You could probably use another switch IC for this if you wanted to.  It goes slower in one mode than the other.  Possibly will give you more resolution for your speed control if you’re in slow mode, but I’m not sure.
BreadBoard
The breadboard (presently) has some voltage regulators, a D/A converter, and an op-amp.  There will eventually need to be a voltage inverter IC, and 1 or 2 SPST switch ICs.  

Below is a drawing of the pinouts of the components currently on the breadboard.  The resistors involved with the variable voltage regulators are not included, just a generalization of the Voltage regulators are included.  
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The pot is to adjust the 5V level.  Beware if you choose to adjust this, it is very sensitive.  

Every ground signal drawn is connected to the negative terminal of the 36 V battery.  

The Galil outputs are connected to the “middle” inputs of the D/A.  This is because if I connected them to the Most Significant Bits inputs (A1-A6), the voltage max out at a value higher than I could use.  By lowering them to A2-A7, I could take advantage of more resolution, and the voltage still maxes out a little anyway.  If you want to lower them to A3-A8, you would get more resolution still at the lower voltages, but you probably would not get up to 4 volts, so you could not achieve full speed.  This may be desirable though if you want more resolution between voltage steps and you will always want the voltage to be somewhere in the lower ranges anyway.  You could get the best of both worlds by connecting an additional input to the D/A (additional Galil Digital output).  I have kept one unused just in case another use comes up for it.
The output analog signal is at pin 6 of the Op/Amp.  This is what gets connected to the blue wire of the hall sensor of the eATV.  Use any precautions you can think of.  Try running it through a resistor first and see if it still works.  I diode may be a good idea… I have been able to get a negative voltage out of this when I work the steering motor (noise).  
There is a negative voltage required for the Op-amp and the D/A.  For a while, I was using an icl232 that you can get in IEEE to get this.  You have to use external capacitors as well.  I recommend buying a voltage inverter.  You can search for either “inverter” or “Charge pump”.  I would imagine you can get one, invert the 5V signal, and hopefully you would get a good -5V signal, so you would be good to go.  It seems that a 10 mA source should be enough, but if possible to find one that gives more output current that would be better, just to be on the safe side.
For the negative voltage, I have done most of the testing with a 9V battery, so I had a -9V signal, but testing later with -5V seems to work the same.  To test the setup as it is now (with an inverter IC) you can use our programmable power supply.  Set it to 5 volts.  Connect the positive (red) terminal to the ground bus of the breadboard.  Connected the negative (black) terminal to either pin 4 of the Op amp or pin 3 of the D/A.  This will get you -5 V at those pins.  

I have some IC switches in the Digi-Key box on the ATV shelf that can be used for forward/reverse functionality.  I had all of this (speed control and forward/reverse) working before, but something went awry and I actually blew apart the switch IC and also fried the A/D.  I don’t know what caused what though, but after the switch explosion, the ATV box didn’t work anymore.  Again, use any precaution you can think of.  I didn’t think any current was going through the switch, but maybe double check that just in case there is a lot and that is why it blew up.  Anyway, be careful and good luck.

To power on the breadboard, hook up the negative voltage as explained in the preceeding paragraph, and then flip the switch that I installed right behind the ATV electric module.  
NOTE:  it is much safer to only have this turned on while the batter charger is NOT plugged in.  If it is plugged in, the voltage might be too high for the voltage regulators to handle.  (I think they are already stretched pretty near the capacity as it is, regulating 36-40 V signals down to 2V and 5V)
ANOTHER NOTE:  this breadboard is connected to the same battery as the motion controller, with several motors.  This is a very noise environment.  You may see things like the hummer slowing down or speeding up while the wheels are turning, or things to that nature.  If ever possible or necessary, you may want to hook the breadboard components up to a different battery.  Another option you could look into is that Galil provides a 5V output on its auxiliary port, but you would have to see if it has sufficient power and all that… and you would have to come up with a different way, or maybe just use different resistors, to get the 2V signal.
Galil Motion Controller

Useful Documents (in eATV folder):

Commandreference.pdf – vital.  Gives a description of all the commands you can enter

Man21x2.pdf  -  Lots of useful stuff, like how to set up motors, write scripts on the motion controller, etc.

21x3_accessories.pdf (Chapter 9) – Mostly used for pinouts and wiring.

There should be others more specific to programming with C and stuff, check galil’s website.  www.galilmc.com
Establishing connection: 

Flip the switch which applies power to the motion controller.  (The one I made - and it needs some real connectors at the terminals instead of just wire wrapped in there like I did – they tend to fall out).  With the Ethernet cable hooked up to the toughbook, open the WSDK program on the toughbook’s desktop.  It should establish connection automatically, look at the status bar on the bottom of the program window.  Once connected, click the Terminal window item.  This opens the terminal window, and you can now type in commands to the motion controller.
Motor installation

I did all this and left it in working order when I left here.  I will give you a quick overview of how I did it, because you will likely need to set up the other motor for the brake, something I didn’t have time to even start looking at.

The power wires (the 3 phases) were pretty much a guess at first.  I set up the encoder wires as I outlined in the file “power and enoder.xls”.  I did not connect anything permanently at first, just rested them on the pins, because they will need to be changed around.  The research on this mostly comes from the 21x3_accessories.pdf file, and page 22 of the AKM manual.pdf file.

I used the BS command (read about it it the 21x3_accessories.pdf file) to check the wiring.  It had me change things a few times until it said it was happy.  The motor still ran away though (spins really fast because polarity of encoder needs to be inverted) so I used the CE 2 command to fix that.  I tuned the motor best I could following the steps outlined in the man21x2 file.  I burned these parameters onto the controller.  That is necessary so the motor is tuned and doesn’t run away every time you start up the motion controller.  I also lowered the torque limit to 2.  The maximum is 9.98 or something silly like that.  So in the terminal window, what I did, would look like this (typing these commands in)  (Of course, you can and should look up each of these in the command reference to get familiar!)

CE 2

KD 250

KP 71

KI 24

TL 2  

BN 

Note that I was doing everything on the X axis.  To configure things for the Y axis, you would use a comma, so youre commands will probably need to repeat my numbers and then enter yours.  For example:

CE 2, 4

KD 250, 125

KP 71, 40

I was just making up numbers for y axis of course, I have no idea what they will be.  

Turning the wheels

As its set up the way I left it, the TL may be too low to turn the wheels while the atv is on the ground.  You can either prop up the front wheels or raise the torque limit (TL 5).  I recommend the first, as you will inevitable cause the wheels to go too far on accident and possibly cause damage to the ATV.
Again, read up on these commands, but these steps will at least get the wheels to turn…

1. Before powering on the motion controller, make the wheels line up straight.

2. Power on the Motion Controller.

3. Open WSDK

4. Click on Terminal

5. In upper left window, enter command:  PR 5000

6. enter command:  BG X

7. enter command:  PR -10000

8. enter command:  BG X

If you don’t want to hear the annoying high pitched whine, type MO.  To turn it back on (the motor) type SH.

Digital Outputs (D/A and switches)

Use either the SB (set bit) or OP (output port) command.
Bits 1-6 go to the A/D, and I left bit 7 just plugged into the breadboard doing nothing.  

To make every bit of the A/D go high, you could use OP $3F.  To make them all go low you could use OP $00.  The problem with using OP is that if you have bit 7 or 8 set of something, then OP $3F for example, would clear those bits.  You might have to make a routine that does the appropriate bit arithmetic, either on the motion controller’s code or in your own I guess.  I remember seeing discussion on this somewhere in the Galil literature.
Notes on Programming

Usually you will want to make subroutines and burn them onto the controller.  You can call these subroutines by using the XQ command.  Of course you don’t have to.  You can use libraries that galil provides to execute any command to the motion controller (Either XQ to command a subroutine to begin, or just issue all the commands individually).  I have done this before using their .NET interface.  I have not tried using the C++ library.  I don’t know if they have anything else.  
I will include in the ATV folder the code we used for our senior project.  It will just give you an idea of the structure of the subroutines and stuff.  It may be messy, but maybe it will help.  
