MEAM 410/510 Mechatronics

Electronics Lab II
1. Analog Voltage Measurement
Since most physical quantities are analog, it is important for digital microcontrollers to be able to read analog signals. Although some new microcontroller chips have built in A/D capability, the BASIC Stamp is a completely digital device and so cannot read in an analog signal directly. For example, the Stamp would interpret both a 5V and a 30V input as a logic value 1, at least until the device started to emit smoke. As a result, the Stamp needs some external circuitry if it is going to be used in an analog sampling application.  In this section of the lab we are going to be experimenting with the National Semiconductor ADC0831, 8-bit, serial, analog-to-digital converter. Although devices used in industry can have higher resolution (12 and 16 bits are not uncommon), most ADCs function in a manner very similar to the ADC0831.
The ADC0831 works by successive approximation, a quick review is worthwhile. Analog voltages are always computed as a fraction of some reference voltage (typically 2.5V or 5V). Therefore, each bit in the result is a descending power of ½ times the reference voltage.  

To illustrate:

 
b10000000 = 128 gives a value of 128 / 256 or 0.5 * reference


b01000000 = 64 gives a value of 64 / 256 or 2.5 * reference


b00100000 = 32 gives a value of 32 / 256 or 0.125 * reference


and so on

Thus, the measured voltage is represented as a binary number, which for an 8-bit ADC, gives a range of 0 to 255. The actual voltage is then the fraction of that number over the whole range (here, 256) multiplied by the reference voltage. One interesting thing to observe is that it is typically impossible to represent the reference voltage itself, since the “all 1” bit pattern b11111111 corresponding to 0.996 times the reference voltage is the largest number possible in this scheme. Successive approximation is the simplest technique of determining the digital representation of an analog signal. Basically, each bit starting from the most significant (bit 7) to the least significant (bit 0) is “tried” one after the other.  If the resulting voltage is larger that the sampled voltage, the bit is rejected, and the next one is tried. Here’s an example of how the process works, assuming an input of 3.1V and a reference of 5V:

Current bit
Test Voltage (V)
Keep?
Binary representation

7
2.5
Y
b1XXXXXXX

6
3.75
N
b10XXXXXX

5
3.125
N
b100XXXXX

4
2.8125
Y
b1001XXXX

3
2.96875
Y
b10011XXX

2
3.046875
Y
b100111XX

1
3.0859375
Y
b1001111X

0
3.10546875
N
b10011110 = d158

So the resulting representation would be b10011110 or d158 / 256 * 5V = 3.086V. You should notice two interesting points about successive approximation. The first is that because it always underestimates the correct analog signal, it is possible to choose the “wrong” approximation. 3.1054 is a much closer approximation than 3.086, but it is rejected because it is an overestimate. Techniques exist to avoid this problem, but we will not explore them here. The second thing to notice is that individual bits are correct as soon as they are determined. This is why it makes sense to use serial access for an ADC. If we assume that each bit is tried during one sample of a serial clock, then we are able to shift out bit 7 during the second clock cycle, and the complete answer is available after 9 cycles, only 1 cycle more than was required for the conversion itself.
Communication with the ADC0831 is performed using a simple serial interface. Please refer to the timing diagram in Figure 1. The chip select (CS) line begins the transmission with a falling edge. At that point the clock will become available on the falling edge of the second cycle, and each successive bit will be available on a further falling edge. The least significant bit will become available on the falling edge of the 9th clock cycle. After the 10th clock cycle, a new conversion can be initiated by raising and lowering the chip select line.
The clock must have a frequency of at least 10kHz, which precludes “bit banging” (using HIGH and LOW instructions for programming control of the clock line), so you will have to use the Stamp’s SHIFTIN command. You can find the documentation for SHIFTIN in the Stamp’s programmers’ reference. You will have to program SHIFTIN to receive 9 bits of data. Don’t forget in your programs that the first bit entered is garbage and should be ignored.

Now that you know how to use the ADC, you are ready to write programs with it. For this part of the lab, you need to program the BASIC Stamp to be an analog voltmeter, where it will light up to 5 LEDs corresponding to an input voltage of 0 to 5V.

1. Wire up the circuit shown in Figure 2 which will interface the BS2 and the ADC0831. Use the variable power supply as input to the ADC0831.
2. Using the code given below, write a program to send the necessary serial pulses to the ADC and to read in the voltage being measure (using the SHIFTIN command). Display the value on the computer screen. Make sure that the serial port cable is attached to the stamp so that it can send data to the computer. Have your program run in a continuous loop. 
· Record the values returned for various voltages from 0 to 5V. Make a graph of pulse widths versus input voltages and discuss anything interesting that you observed.
3. Modify the program that you’ve already written so that it will interface with 5 LEDs to create a voltmeter. As the analog input is increased, the LEDs on the meter should light up linearly. All LEDs should be off if the input is less than 1V and one LED should light for every 1V increment, until all 5 LEDs are lit at approximately 5V (remember that the all “1” bit pattern corresponds to 0.996 times the reference voltage). 
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Figure 1: ADC0831 Timing Diagram
[image: image1.png]ADC0831 Timing
1 2 3 4 5 6 7 8 9 10 n

CLOCK (CLK) {l{ { { {l{ {l{ 1 {I ll Il

—‘ ‘<—lsswv

CHIP SELECT (CF) l

R —

DATA 0UT (00) .
TRI- TRI-STATE

STATE 76 5 4 3 2 1 0
(MsB) (LSB)



Figure 2: BS2 to ADC0831 Wiring Diagram

Use this code sample to interface the ADC with the Stamp:

‘{STAMP BS2}
Adres var byte    ‘ADC result, one byte

CS    con 0       ‘chip select (CS) - pin 0

Adata con 1       ‘ADC output data -  pin 1

CLK   con 2       ‘clock - pin 2

high CS           ‘set CS high to deselect ADC

again:

  low CS                              ‘set CS low to select ADC

  shiftin Adata,CLK,msbpost,[Adres\9] ‘shift in data and store in Adres

  high CS                             ‘set CS high to deselect ADC

  .

  .

  .

2. Interfacing the Stamp with Various Sensors

In this section, you are to develop an interface with the following sensors:

a. Phototransistor

b. Thermistor

c. Ultrasound Range Finder

In each case you should continue using the LED display from the first section for output display. We will describe each of these elements briefly, though the basic function of each of these should be recalled from class:

Phototransistor: The phototransistor is as its name implies; a light sensitive device. Essentially, we will use it like a potentiometer in almost the exact same way as was done in Lab 1. The only difference is that now instead of turning a knob on the potentiometer, the control input is intensity of light received. The circuit given in Figure 3 mimics the one used for the potentiometer, except that a resistor is added in series with the capacitor to limit the current flowing through the circuit (this probably would have been a good idea with the original circuit as well). There are three leads on the phototransistor: Emitter, Base and Collector – EBC. There is a tab on the actual part that designates the Emitter. From there, the leads go in the order of EBC. Essentially, the phototransistor is turned on (its resistance is reduced) when light is shone on it. When the bulb is covered or in a dark setting, the transistor will have a higher resistance. Use the transistor and the Stamp’s RCTIME command to build a light sensor. 
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Figure 3: Phototransistor Circuit
· What outputs do you get for different lighting conditions?

· How sensitive is the sensor? Would this sensor be practical in robotics applications (e.g. light sensor on an autonomous vehicle, etc.)?

Thermistor: This element acts like a phototransistor, where the variation in resistance is caused by changes in temperature instead of light intensity. Wire up the circuit shown in Figure 4. Notice that this circuit is almost identical to the one you have in the first lab for the potentiometer.
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Figure 4: Thermistor Circuit
Use the calibration from the resistance measurements in Lab 1 to get an approximate range of the resistances offered by the thermistor. (The thermistor is the green element that looks like a capacitor, provided in your kits.)
· How sensitive is this sensor? 

· What applications can you see it being useful for?

Ultrasound Range Finder: The range finder works by transmitting a pulse of sound outside the range of human hearing. This pulse travels at approximately 0.9ft/ms away from the device in a cone shape and the sound reflects back to the range finder from any object in the path of this sonic wave. The ranger pauses for a brief interval after the sound is transmitted and then awaits the reflected sound in the form of an echo. The controller driving the ranger then requests a ping, the ranger creates the sound pulse, and waits for the return echo. If received, the ranger reports this echo to the controller and the controller can then compute the distance to the object based on the elapsed time. 

Refer to Figure 5 for a circuit diagram to interface the range finder with the Stamp.
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Figure 5: Interfacing the SRF04 Ultrasonic Range Finder with the Stamp 
There are a couple of requirements for the input trigger and output pulse generated by the ranger. The input line should be held LOW and then brought HIGH for a minimum of 10μs to initiate the sonic pulse. The pulse is generated on the falling edge of this input trigger (see Figure 6 for a timing diagram). The ranger’s receive circuitry is held in a short blanking interval of 100μs to avoid noise from the initial ping and then it is enabled to listen for the echo. The echo line is LOW until the receive circuitry is enabled. Once the receive circuitry is enabled, the falling edge of the echo line signals either an echo detection or the timeout (when no object echo is detected). 
Your controller will want to begin timing on the falling edge of your trigger input and end timing on the falling edge of the echo line. This duration determines the distance to the first object the echo is received from. If no echo is detected, the echo pulse will timeout and return an echo at approximately 36ms. 
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Figure 6: Timing Diagram for the SRF04 Ultrasonic Range Finder
The following code is a sample program to interface the Stamp with the range finder:

‘{STAMP BS2}

wDist var word

INIT con 0

ECHO con 1

‘ CONVERSION FACTORS

‘

‘ The PULSIN command returns the round-trip echo time in 2μs units

‘ which is equivalent to the one-way trip time in 1μs units

‘

‘ distance = (echo time) / (conversion factor)

‘

‘ use 74 for inches       (73.746μs per 1in)

‘ use 29 for centimeters  (29.033μs per 1cm)

convfac con 29           
‘using centimeters

main:

  gosub sr_sonar

  debug dec wDist, cr

  pause 200

  goto main

sr_sonar:
  pulsout INIT, 5         ‘10μs init pulse

  pulsing ECHO,1,wDist    ‘measure echo time

  wDist = wDist/convfac   ‘convert to centimeters

  pause 10

  return

· Determine the performance envelope for the range finder. How close, how far away can it detect objects? How far off-center can objects be detected?

· What other parameters are important in the performance of a range finder?

· What is the accuracy of the range finder? How is the error affected by distance? Why?
3. Analog Output with PWM

While most BASIC Stamp applications will deal with digital signals, some will require analog output (a variable voltage between zero and some maximum voltage). The BASIC Stamps’ PWM function is designed to generate analog voltages when combine with an R/C filter. The PWM function outputs a series of pulses which have a programmable on-time to off-time ratio (duty cycle). The greater the duty cycle, the greater the voltage output. A duty cycle of 255 will charge the capacitor to 5V.

In the current setup, one half of the LM358 is used to provide a buffered voltage to the LED. The op-amp buffer prevents the capacitor from discharging too quickly under load. The LED gets brighter and dims because the changing voltage through its series resistor changes the current through the LED. Notice that the LED seems to snap on and get brighter, then dim to a level and snap off. This happens when the output of the LM358 crosses the forward voltage threshold (the minimum voltage for the LED to light) of the LED (about 1.8V).
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Figure 7: Analog Output Circuit

Wire the circuit shown in Figure 7, and use the following sample code or this section:

‘{STAMP BS2}

D2Aout con 0


`analog out pin
OnTime con 10


`10 ms
level var Byte


`analog level
Main:

  for level = 0 to 255


`increase voltage to LED
    PWM d2Aout, level, OnTime

  next

  pause 250

  for level = 255 to 0


`decrease voltage to LED
    PWM D2Aout, level, OnTime

  next

  goto Main



· Use the multimeter to monitor Pin 1 of the LM358, and describe the output of this pin.

· Insert a debug command in your program to monitor the pulse width corresponding to the measured voltage.

· Make a plot of output voltage versus pulse width. 
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