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MASSACHVSETTS INSTITVTE OF TECHNOLOCGY
Department of Electrical Engineering and Computer Sciencoe
6.01  Introduction to EECS 1
Spring Semester, 2008

Desipn Lab and Homework 10, Issued Thursday, April 17

This handout contains design lab 10 as well as homework problems that are to be
written up amd handed in, tosether with guestions from software lab 10, in your
desipn lab on Thursday or Friday, April 24 or 25.

Please write up amd band in answers to the following questions: 7, 11, 12, 13, 14 and
15 from the design lab. Also, write up and hand in answers to homework questions
17 and 19.

Design Lab: Computer-based control

Do athron 6§.01 wpdate and you will fimd the relevant files in the 1ab10 directory.

This lab requires a laptop, & NIDACG) box, your head from last week, a power supply, and the usual
circuit-bulding and testing stuff.

Warnang: As vou've seen in previous labe, some of the chip leads are bad. Make sure to test the
OTES VMl are using. You can just set your meter to the “sound” setting, and touch both ends of
the clip-lead with the leads from the meter; the meter will beep if 18's goad.

Python to NIDAQ Input/Output

In this lab, and then mn the inal-project labs, we will be usmg the NIDAQ box for both input and

output, between a Python prosram and a creait. The NIDACQ box has the following ports that
will be of interest to us:

e AIGND: analog mput ground

« AID  AIY: analop inputs ) through 7
s ACMGND: analoe output growamnd

o ACHY: analog output ()

The NIDAQ box can resad voltage differences between AIGND and AIO, between AIGND and AlL,

ete. It can actually set a voltape difference between AOD and AOQGNID. It can actually resd and
set voltages between 10V and | 10V, but we will only use voltages in the range 0V to | 10V.

You might wonder why, if the NIDACQ box can penerate voltape differences, we need to use the
power supply. The answer 15 that the NIDACQ box can only generate relatively small corrents,
but ot necessarly larpe enough ones to droove our motor.  Lockily, we know a way to convert a
voltagre sustainexd by a low-current source to that same voltage, but with more current: an op-amp
connected to a voltage source that can supply more current. So, we'll use the OV and | 12V from
the power supply as the supply rails for op-amps 1o our cireuit.
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Staying Grounded

Things can pet very confused here, very easily, becanse we have three wires labeled “pround”:

NIDAQ AIGND, NIDAC) AOQGND, and OV from the power supply. You cannot necessanly depend

on them all being at the same voltage level (unless all of the devices are plugged into the the
wall with a three-pronged plug). To keep all your “grounds™ equal, you should start by connecting

MNIDAGQ AIGND, NIDACQ AQGND, and power supply 0 together on the bottom board of your bead.
And you maght as well connect the black lead of your meter to this value, while you're at it

Read and writing

In lab 7, we read voltages from the NIDAQ box o a Python program. Now we’ll see bow we can
use Python to command voltages to outputs on the NIDAGY box.

1. Connect a wire to the AN port of your NIDACG) box

2. Start the NIDACQ) server by opening a new terminal window amd typing

* SHIDAQeerver --output

Mow, wait a somewhat uncomfortably long time, and mombers should start streaming out.
Just leave that window alone.

If vou see & “fatal error™” messape before the numbers start streaming, qust 1gnore 1.

A, MNow, from IDLE, open the file test. py, and mn it to load its definition. Type writeTest ()
at IDLEs shell prompt.

Here i the text of part of the test . py file. The writeNIDAQ procedure takes a voltage value amd
“writes” it out on the port ACK of the NIDAQ box

# Wrife valuwes from O up toe 2.5 wvoliz Lo NIDAQ ADD
# o wn afteps of 0.5, every 2 seconds

def writeTesgt ():

v = 0.0
while True:
print w

writeNIDAQ (v)
time.egleep(2.0)

v =vwv + 0.5

it v > 9.5: v = 0.0

You should see the voltage on the meter increment from 0V, o (L.5-Volt steps, every 2 seconds, until
it reaches 9.5V, and then wraps around. You may notice that ocecasionally one of the commands s
missedd; this s a known problem, which won't affect subsequent parts of this lab, when we will be
sending commands very frequently.

Python phototaxis

Mow, let’s see if we can rephcate what we did 1o lab 9, having the head turn to follow the hght, but
with a Python program i control. It will be useful to put the photo-sensors in a resistor-divider
confipuration, hke this:
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Question 7:  Design a circuit that will let yon read the two values from the two photo-sensors
on your head assembly, so they can be read m Python via the NIDAQ box. Remember that
they need to be in the range OV to | 10V, You don't nesd more than the thres wires that
we have going up to the head; if yon have a problem seeing how to do this, talk to an LA,

Checkpoint

Show your circuit design to your LA

It will simplify the process of doing this lab if you unwire the circoits that you have
currently built on the bottom board of your head and start fresh. (You should leave
the op-amp chips where they are; we'll be using those).

Question 8 Build your cirenit on the bottom board of your head. Connect the AID and All
ports to the photo-sensor ciremt outputs.

Question 91 The code below (included in test.py) repeatedly reads a list of 8 numbers from

the NilDAC) boce and prints the Amst two, which are the voltages between AID and ATIGNID
and between ALl and AIGND.

def readTest({):
while True:
valoesg = readNIDAQC)

print wvalues[0], wvaluee[1]
time.aleep(l1.0)

Itun the program and try it. Observe how the output voltages change, and how they are
affected when you shine a light on the head.

Checkpoint

Demonstrate reading the lipht sensors to your LA

Mow that vou can read the photo-sensors, it's time to turn to the task of drving the motor so that
you can create feedback loop. Your program will read the sensors and nse NIDAG box to prodoce
a voltage for the motor.

DBut there's a complication: The NIDACQ box can penerate outputs in the range 0 | 10V and the
motor needs to tum in both directions. So, you'll nesd to generate a “virtual ground” again, this
time, at | 5V, amd connect that to one side of the motor. Recalling tutor problem PS.10.1.5, yon
can e & 15K resistor and a T0KL) resiestor to get the appropriate mtio in your divider.



