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1. QTR-XxRC Sensor Output (Intended for Digital 1/0s)

Each QTR-1RC [http:/Avww.pololu.com/catalogiroduct/959] and
QTR-8RC [http:/iwww.pololu.com/catalogiproduct/961]  reflectance sensor
phototransistooutputis tied to a capacitordischargecircuit as shown
on theright, which allows a digital I/O line on a microcontrollerto take
an analogreflectancereadingby measuringthe dischargetime of the
capacitor Whenyou havea microcontrollerOdigital I/0O connectedo a
sensor output, the typical sequence for reading that sensor is:

Set the 1/O line to an output and drive it high
Allow at least 1Qus for the 1WF capacitor to charge

Make the I/O line an input (high impedance)
Measurethe time for the capacitorto dischargeby waiting for the QTR-1RC reflectance sensor schematic diagram.
I/O line to go low
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The following three oscilloscopescreencapturesbelow demonstratehe resultof this procedure.The sensorwas
positioned1/8" abovea whiteboard-likesurfacewith a 3/4" thick piece of black electricaltape on it. The first
readingwastakenoverthewhite portion of the surface the secondeadingwastakenat the edgeof thetape,andthe
third wastakenwhile fully overthe blacktape.The yellow oscilloscopechannelis the sensoroutputandthe blue
oscilloscopechannelis the outputof a megal68AVR microcontrollerrepresentingts interpretationof the sensor
output. A 5V blue signal indicatesthat the AVR is measuringthe sensoroutput as OhighOa 0V blue signal
indicatesthatthe AVR is measuringhe sensomutputas OlowOln an actualapplication theimportantvalueis the
width of the positiveblue pulse.As you canseefrom the screencapturesthe shorterthe pulse,the morereflective
the surface.Medium-width pulsesoccur from moderatelyreflective surfaces,or as you transitionfrom a white

surface to a black surface (or vice versa).

QTR-1RC output (yellow) when 1/8" above QTR-1RC output (yellow) when 1/8" QTR-1RC output (yellow) when 1/8"
above a white/black interface and mcu above a black line and microcontroller

a white surface and microcontroller timing
timing of that output (blue). timing of that output (blue).

of that output (blue).

Pleasenotethat thesedataare affectedby the specificsof the test. Reflectanceslependon the surfacesand each
microcontrollerwill haveits own trip-low threshold.In our specificexample,you canseethat at a heightof 1/8"
aboveour surface white resultsin a high pulsewidth of 120usandblackresultsin a high pulsewidth of 2.6 ms.As
the pulse width varies between 1i2)and 2.8ns, you can tell that you are approaching or leaving the line.

The screen captures below show the results of the same test conducted at a sensor height of 3/8".
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QTR-1RC output (yellow) when 3/8" above QTR-1RC output (yellow) when 3/8" QTR-1RC output (yellow) when 3/8"
a white surface and microcontroller timing above a white/black interface and mcu above a black line and microcontroller
of that output (blue). timing of that output (blue). timing of that output (blue).

Raisingthe sensordecreasethe overall reflectanceof the surface which in turn lengthensall of the positive pulse
widths. This meanswe needmoretime to measurethe sensoroutputsand hencewe are limited to lower update
rates.At this height,our white surfaceresultsin a high pulsewidth of 780usandour black surfaceresultsin a high
pulse width of 10ms.

Note that at the startof eachyellow pulse,thereis a 10 us period whereour microcontrolleris driving the sensor
output line high.

Lastly, the following screerncaptureshowsan exampleof whatthe sensomutputmightlook like asit sweepsacross
ablackline onawhite surface A motorwasusedto rotatea white paperdisk with a pieceof blackelectricaltapeon

it in front of the sensor.The electricalnoisepresentin the screencaptureis from this motor. If you will be using
thesesensorsn electricallynoisy environmentge.g.aroundmotors),you shouldfilter the signaleitherwith alow-

passfilter circuit or in your microcontrollersoftware.For example whentiming the high (blue) pulse,wait until the

signal stays low for a minimum duration (e.g.U) before accepting the low signal as the end of the pulse.

I \\\\\

Example series oQTR-1RC output signals generated as a black line on a spinning white disk passes in front of the sensor.
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2. QTR-xA Sensor Output (Analog Voltages)

Each QTR-1A [http://www.pololu.com/catalogiproduct/958] and  QTR-8A [http://www.pololu.com/catalogfproduct/960]
reflectancesensoiphototransistopoutputis connectedo a pull-up resistorasshownbelowto form a voltagedivider
that producesan analogvoltage outputthat rangesbetween0 V andthe suppliedvoltage (which is typically 5V).
With a strongreflectancesuchaswhenthe sensolis overa white surfacejts outputvoltagewill tendtowards0 V;
with very weakreflectancesuchaswhenthe sensoiis overa black surfacejts outputvoltagewill tendtowardsthe
supplied voltage.

VIN

4

QTR-1A reflectance sensor schematic diagram.

To demonstratevhatthe QTR-xA sensomutputlookslike asit passedrom areflective surfaceto a non-reflective
surfaceandbackagain,we setup a motor to spin a white papercircle with a pieceof black electricaltapeon it as
shown below.

= £

Experimental setup for QTR-1A and QTR-1RC oscilloscope outputs.

The following three oscilloscopescreencapturesshow the output of the QTR-XA reflectancesensorduring the
periodwheretheblackline passedy the sensorThe oscilloscopés setto 500mV perdivision. Theonly difference
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betweerthe threecapturess the distancefrom the sensorto the disk: ~1/8" in thefirst capture,~1/4" in the second
capture, and ~3/8" in the third capture.

QTR-1A output 1/8" away from a spinning  QTR-1A output 1/4" away from a spinning  QTR-1A output 3/8" away from a spinning
white disk with a black line on it. white disk with a black line on it. white disk with a black line on it.

As thedistancebetweerthe sensorandthe surfaceincreasesthe overall reflectancedecreaseandthetotal rangeof
the sensomutputdecreasedit a distanceof 1/8", the differencebetweerthe white surfaceandthe black surfaceis
around4.5V. At adistanceof 3/8", the differencebetweerthe white surfaceandthe black surfacehasdecreasetb

aroundl1.2V, which makesdistinguishingbetweenthe two surfacesmuch harderand much more proneto error
caused by noise or changes in lighting conditions.

Notethatin thesecaptures/ou canclearly seethe effectof the motorOsoiseon the outputsignal. This underscores
theimportanceof filtering your sensomutputif it will bein a potentiallynoisy environmentgitherby usinga low-
pass filter circuit or by averaging several sensor readings together.
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