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QTR-1RC reflectance sensor schematic diagram.

1. QTR-xRC Sensor Output (Intended for Digital I/Os)
Each QTR-1RC [http://www.pololu.com/catalog/product/959] and
QTR-8RC [http://www.pololu.com/catalog/product/961] reflectance sensor
phototransistoroutput is tied to a capacitordischargecircuit as shown
on theright, which allowsa digital I/O line on a microcontrollerto take
an analogreflectancereadingby measuringthe dischargetime of the
capacitor.Whenyou havea microcontrollerÕsdigital I/O connectedto a
sensor output, the typical sequence for reading that sensor is:

1. Set the I/O line to an output and drive it high

2. Allow at least 10us for the 10nF capacitor to charge

3. Make the I/O line an input (high impedance)

4. Measurethe time for the capacitorto dischargeby waiting for the
I/O line to go low

The following threeoscilloscopescreencapturesbelow demonstratethe result of this procedure.The sensorwas
positioned1/8" abovea whiteboard-likesurfacewith a 3/4" thick piece of black electrical tape on it. The first
readingwastakenoverthewhite portionof thesurface,thesecondreadingwastakenat theedgeof thetape,andthe
third wastakenwhile fully over the black tape.The yellow oscilloscopechannelis the sensoroutputandthe blue
oscilloscopechannelis the outputof a mega168AVR microcontrollerrepresentingits interpretationof the sensor
output. A 5 V blue signal indicatesthat the AVR is measuringthe sensoroutput as ÒhighÓ;a 0 V blue signal
indicatesthat theAVR is measuringthesensoroutputasÒlowÓ.In anactualapplication,the importantvalueis the
width of thepositivebluepulse.As you canseefrom thescreencaptures,theshorterthepulse,themorereflective
the surface.Medium-width pulsesoccur from moderatelyreflective surfaces,or as you transition from a white
surface to a black surface (or vice versa).

QTR-1RC output (yellow) when 1/8" above

a white surface and microcontroller timing

of that output (blue).

QTR-1RC output (yellow) when 1/8"

above a white/black interface and mcu

timing of that output (blue).

QTR-1RC output (yellow) when 1/8"

above a black line and microcontroller

timing of that output (blue).

Pleasenotethat thesedataareaffectedby the specificsof the test.Reflectancesdependon the surfaces,andeach
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 2.6ms.As
the pulse width varies between 120us and 2.6ms, 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

a white surface and microcontroller timing

of that output (blue).

QTR-1RC output (yellow) when 3/8"

above a white/black interface and mcu

timing of that output (blue).

QTR-1RC output (yellow) when 3/8"

above a black line and microcontroller

timing of that output (blue).

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

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

Lastly, thefollowing screencaptureshowsanexampleof whatthesensoroutputmight look like asit sweepsacross
a blackline on a white 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
thesesensorsin electricallynoisyenvironments(e.g.aroundmotors),you shouldfilter thesignaleitherwith a low-
passfilter circuit or in your microcontrollersoftware.For example,whentiming thehigh (blue)pulse,wait until the
signal stays low for a minimum duration (e.g. 10us) before accepting the low signal as the end of the pulse.

Example series ofQTR-1RC output signals generated as a black line on a spinning white disk passes in front of the sensor.

Pololu QTR Reflectance Sensor Application Note © 2001Ð2009 Pololu Corporation

1. QTR-xRC Sensor Output (Intended for Digital I/Os) Page 3 of 5

http://www.pololu.com/picture/view/0J637
http://www.pololu.com/picture/view/0J637
http://www.pololu.com/picture/view/0J636
http://www.pololu.com/picture/view/0J636
http://www.pololu.com/picture/view/0J635
http://www.pololu.com/picture/view/0J635


2. QTR-xA Sensor Output (Analog Voltages)
Each QTR-1A [http://www.pololu.com/catalog/product/958] and QTR-8A [http://www.pololu.com/catalog/product/960]

reflectancesensorphototransistoroutputis connectedto a pull-up resistorasshownbelowto form a voltagedivider
that producesan analogvoltageoutput that rangesbetween0 V andthe suppliedvoltage(which is typically 5 V).
With a strongreflectance,suchaswhenthesensoris overa white surface,its outputvoltagewill tendtowards0 V;
with very weakreflectance,suchaswhenthesensoris overa blacksurface,its outputvoltagewill tendtowardsthe
supplied voltage.

QTR-1A reflectance sensor schematic diagram.

To demonstratewhat theQTR-xA sensoroutputlooks like asit passesfrom a reflectivesurfaceto a non-reflective
surfaceandbackagain,we setup a motor to spin a white papercircle with a pieceof black electricaltapeon it as
shown below.

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

The following threeoscilloscopescreencapturesshow the output of the QTR-xA reflectancesensorduring the
periodwheretheblackline passesby thesensor.Theoscilloscopeis setto 500mV perdivision.Theonly difference
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betweenthe threecapturesis thedistancefrom thesensorto thedisk: ~1/8" in the first capture,~1/4" in thesecond
capture, and ~3/8" in the third capture.

QTR-1A output 1/8" away from a spinning

white disk with a black line on it.

QTR-1A output 1/4" away from a spinning

white disk with a black line on it.

QTR-1A output 3/8" away from a spinning

white disk with a black line on it.

As thedistancebetweenthesensorandthesurfaceincreases,theoverall reflectancedecreasesandthetotal rangeof
thesensoroutputdecreases.At a distanceof 1/8", thedifferencebetweenthewhite surfaceandtheblacksurfaceis
around4.5V. At a distanceof 3/8", thedifferencebetweenthewhite surfaceandtheblacksurfacehasdecreasedto
around1.2V, which makesdistinguishingbetweenthe two surfacesmuch harderand much more proneto error
caused by noise or changes in lighting conditions.

Notethat in thesecapturesyou canclearlyseetheeffectof themotorÕsnoiseon theoutputsignal.This underscores
the importanceof filtering your sensoroutputif it will be in a potentiallynoisyenvironment,eitherby usinga low-
pass filter circuit or by averaging several sensor readings together.
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