
Introduction to Sharp Sensors 
 
Over the years, Sharp has introduced a family 
of infra-red detectors.  These detectors boast a 
small package, very little current 
consumption, and a variety of output options.  
This article offers an overview of the various 
types, information on interfacing them, and 
hints and tips.  

If you're simply looking for a comparison of 
the Sharp IR sensors, you can skip below to 
the section 'Which Detector to Use.' 

A Little History 

In the past, the Sharp metal-can IR receiver was used along with a driving circuit and one or 
more IR LED's; this approach offered boolean input for each LED fired based on the availability 
of a reflection at the receiver.  This is a hack that works well but is limited in range, susceptible 
to ambient light interference, and requires a drive circuit, LEDs and the receiver.  This approach 
was successfully used, for instance, in the Rug Warrior Pro kits.  

Theory of Operation 

With the introduction of the GP2DXX line of Sharp detectors, a new approach was developed 
that not only gives object detection at a longer range than the previous method, but also offers 
range information, in the case of the GP2D12, GP2D120, and GP2DY0A ('0A') detectors.  These 
new rangers offer much better immunity to ambient lighting conditions because of the new 
method of ranging.  

These new rangers all use triangulation and a small linear CCD array to compute the distance 
and/or presence of objects in the field of view.  The basic idea is this: a pulse of IR light is 
emitted by the emitter.  This light travels out in the field of view and either hits an object or just 
keeps on going.  In the case of no object, the light is never reflected and the reading shows no 
object.  If the light reflects off an object, it returns to the detector and creates a triangle between 
the point of reflection, the emitter, and the detector.  

 
Different Angles with Different Distances 



The angles in this triangle vary based on the distance to the object.  The receiver portion of these 
new detectors is actually a precision lens that transmits the reflected light onto various portions 
of the enclosed linear CCD array based on the angle of the triangle described above.  The CCD 
array can then determine what angle the reflected light came back at and therefore, it can 
calculate the distance to the object.  

This new method of ranging is almost immune to interference from ambient light and offers 
amazing indifference to the color of object being detected.  Detecting a black wall in full sunlight 
is now possible.  

Which Detector to Use? 

The GP2XX detectors come in several derivatives.  The table below helps to characterize each 
type by minimum and maximum ranges, as well as whether the sensor returns a varying distance 
value or a boolean detection signal: 

 
 

 
 

 

 

 

 

The following detectors are discontinued, and are included here for historical reference: 

 

 

 

As you can see, the seven sensors vary in several respects.  The GP2D12, GP2D120, GP2Y0A02 
('0A02'), GP2Y0A21 ('0A21'), and GP2Y0A700 ('0A700') sensors offer true ranging information 
in the form of an analog output.  The GP2D15 and GP2DY0D02 ('0D'), by contrast, offer a 
single digital value based on whether an object is present or not.  None of the detectors require 
an external clock or signal.  Instead, they fire continuously, requiring around 25mA of 
continuous current.  

The 0A700 is a special case in that it is much larger than the other Sharp sensors, as seen below.  
The increase in size is to accommodate larger lenses and circuitry required for its maximum 
range of 5.5 meters.  



 
A size comparison of the the 0A700 (largest, left) with a GP2Y0A02/0D02 (right) and 
GP2D12/15/120 (bottom) 

The choice of which detector to use truly depends on the situation, capabilities of the controller 
(whether it has an A/D channel to spare), etc.  Study of the above chart should help you make the 
right choice depending on your situation.  

Non-Linear Output 

Because of some basic trigonometry within the triangle from the emitter to reflection spot to 
receiver, the output of these new detectors is non-linear with respect to the distance being 
measured.  

 
GP2D12 Output Voltage to Distance Curve 

The above graph shows typical output from these detectors.  There are two things interesting in 
this graph.  First, the output of the detectors within the stated range (10 cm - 80 cm) is not linear 
but rather somewhat logarithmic.  This curve will vary slightly from detector to detector so it is a 
good idea to "normalize" the output with a lookup table or parameterized function.  In this way, 
you calibrate each detector and end up with linear data that is consistent from detector to 
detector.  An article is available describing how to linearize the data using integer math; type 
'linearize' into the find box to find this article.  



The second thing to notice in the above graph is that once you fall inside of the stated distance 
range (less than 10cm), the output drops rapidly and starts to look like a longer range reading.  
This can be disastrous if your robot is slowing down as it approaches a solid object, gets below 
the minimum range, and then misinterprets the apparently long range reading driving full-speed 
into the object.  The easiest way to avoid this is to cross-fire the detectors across the width or 
length of the robot.  

 
Example of cross-firing detectors to avoid range errors. 

Beam Pattern 

The beam pattern for these detectors is pretty consistent between types.  The range is typically 
somewhere between 10-80 cm and the beam is roughly football shaped with the widest portion in 
the middle being about 16 cm wide.  This is a reasonably narrow beam pattern which makes for 
great ranging data when coupled with a servo to "sweep" the detector while taking readings.  

When using the Sharp detectors as a solid-state bumper, you typically want the widest beam 
pattern possible to provide coverage for a large area such as the entire front of the robot.  This 
can easily be accomplished using two detectors that cross over each other in front of the robot.  
The most common detector to use in this arrangement would be the GP2D15.  

 
Example of wider beam angle using two crossing detectors. 

Depending on the type of detector used, the output from these two detectors could actually be 
combined to help your microprocessor I/O budget.  



Interfacing The Sensors 

Except for the GP2Y0A700, these detectors are quite small and all use a tiny connector called 
the Japan Solderless Terminal (JST) connector.  These connectors have three wires: ground, vcc, 
and the output.  Because the sensors fire continuously and don't need any clocking to initiate a 
reading, they are easier to interface but use more power and can potentially interfere with one 
another when multiple detectors are used on a single robot.  Interference can be avoided by 
keeping in mind the theory of operation of the sensors, discussed above, when placing them on 
the robot.  

The larger GP2Y0A700 is a special case, and has a 5-pin JST connector with two ground and 
two power lines.  However, these lines can be soldered together provided the attached power 
supply is capable of delivering roughly 400 mA of peak current (roughly 30-50 mA continuous 
current).  Like the other sensors, the GP2Y0A700 fires continuously.  

The discontinued GP2D02 and GP2D05 both use a Japan Solderless Terminal (JST) connector 
with 4 wires.  The wires include ground, Vcc, clock input, and data output.  Since the internal 
logic of these detectors runs at ~3 volts, it is necessary to protect the clock input from being 
driven above this voltage.  This can be done with a resistor network to divide the voltage but the 
desired method is to use a small signal diode such as the 1N4148 high speed switching diode.  
This diode is connected in such a way as to only allow current to flow with a low logic level 
input.  The internal circuitry of these detectors pulls the input high otherwise.  

 
Block Diagram Showing Diode Orientation. 

Conclusion 

These detectors are a great addition to the suite of detectors available for robotics.  They are 
quite inexpensive, use very little power, fit in small spaces, and have a unique range that is 
ideally suited to small robots in human spaces such as hallways, rooms, and the occasional 
maze.  

While these don't give absolute range accuracy, they offer rich information for a robot that 
typically deals with noisy information in the first place.  Often, knowing whether a robot is close 
to a wall or far away is enough to make choices about what to do next.  


