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Using Pyroelectric Infra-Red (PIR) Sensors for Motion Detection 
By (Geethesh N.S., PSoC Consultant, Cypress Semiconductor Corp. and  
      Martin Cornish, Field Applications Engineer, Cypress Semiconductor Corp.)  

 

Executive Summary  

Motion detection of an object can be achieved by using some stimulus and sensing its reflection as in RADAR, or by sensing 
the natural signals generated by an object. This article discusses motion detection of an object by sensing the infrared signal 
radiated from the object. 

Infrared radiation exists in the electromagnetic spectrum at a wavelength that is longer than visible light. Infrared radiation 
cannot be seen but it can be detected. Objects that generate heat also generate infrared radiation and those objects include 
animals and the human body, whose radiation is strongest at a wavelength of 9.4 µm. To detect this signal, a transducer is 
required that converts the infrared signal to a form detectable with conventional circuitry. 

 

Pyroelectric Sensors  

The pyroelectric sensor is made of a crystalline material that generates a surface electric charge when exposed to heat in the 
form of infrared radiation. When the amount of radiation striking the crystal changes, the amount of charge also changes and 
can then be measured with a sensitive FET device built into the sensor as shown in Figure-1. The sensor elements are 
sensitive to radiation over a wide range, so a filter window is added to the TO5 package to limit incoming radiation to the 8 to 
14 µm range that is most sensitive to human body radiation.  

Figure 1 

 

 

 

 

 

 

 

Figure-2 shows how an external resistor “R” connected to a radiation source converts the FET current to a voltage. A well-
filtered power source from 3 to 15 volts should be connected to the FET drain terminal.  

Figure 2 
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The output voltage is a function of the amount of Infrared Radiation (IR) sensed at the input. Unfortunately, the output is also 
affected by vibration, radio interference, and sunlight. To overcome this problem the sensor has two sensing elements, as 
shown in Figure-3, connected in a voltage-bucking configuration. This arrangement cancels signals caused by vibration, 
temperature changes and sunlight. A body passing in front of the sensor will activate first one and then the other element 
whereas other sources will affect both elements simultaneously and be cancelled. The radiation source must pass across the 
sensor in a horizontal direction when sensor pins 1 and 2 are on a horizontal plane so that the elements are sequentially 
exposed to the IR source.  

Figure 3  

 

 

 

 

 

 

 

The distance from the front of the sensing elements to the front of the filter window is around 0.045 inch (1.143 mm), so a lens 
is required for detecting motion any more than a few feet away. Figure-4 shows a Fresnel lens placed in front of the PIR 
detector. A Fresnel lens is a Plano Convex lens that has been collapsed on itself to form a flat lens that retains its optical 
characteristics but is much smaller in thickness, therefore having less absorption losses.  
 

The Fresnel lens is made of an infrared transmitting material that has an IR transmission range of 8 to 14 µm. It is designed to 
have its grooves facing the IR sensing element so that a smooth surface is presented to the subject side of the lens, which is 
usually the outside of an enclosure that houses the sensor.  

Figure 4 

 

 

 

 

 

 

 

Application 

Now after looking at a PIR sensor it is time to learn how to condition the signal from sensor to detect the human motion.  
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Figure-5 shows how the FET source terminal connects through a pull down resistor to ground and feeds into a two-stage 
amplifier having signal-conditioning circuits. The amplifier is typically bandwidth limited to below 10 Hz to reject high frequency 
noise and is followed by a window comparator that responds to both the positive and negative transitions of the sensor output 
signal.  

Figure 5 

 

 

 

 

 

 

 

 

 

To build the above circuit with discrete components we may require four op-amps: two op-amps for the amplification stage and 
two for the comparator stage. We need two op-amps for the comparator stage to respond to both the positive and negative 
transitions of the sensor output signal.  

Let us think about building the above application using a microcontroller. The question that arises is how we can reduce the 
external components, mainly the active ones, if we are using the microcontroller.  

One answer is to use a product that is particularly well suited for this task, such as the PSoC family of mixed signal-arrays 
from Cypress.  

Figure-6 shows application block diagram using a microcontroller. The signal condition circuit is built around using the simple 
R and C. 

Figure 6 
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A 100-kΩ resistor is connected to the source of the PIR detector. A 0.15 µF capacitor is connected in parallel to the resistor. 
This combination of components makes a 10 Hz low-pass filter. A 0.16 Hz high-pass filter is made with a 1µF capacitor and a 
1 MΩ resistor. Amplifier-1 provides a gain of 16 to the signal. It is brought out to buffer and is high-pass coupled into the input 
of Amplifier-2 to provide another gain of 16 for a total gain of 256. The signal is then fed to a 13-bit ADC where the signal is 
digitized at 240 samples per second. The digital values from the ADC are software compared for threshold levels on either 
side, and an indicator is activated to identify the detection of human motion. 

 

Conclusion 

Using PSoC there is no need for external active components to buffer, amplify and detect a moving infrared signal source. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Pyroelectric Infra-Red (PIR) Motion Detector   Page 5 of 5 

Published in Embedded.com (http://www.embedded.com)  May 2007 

References 

 

 Cypress Semiconductor 
198 Champion Court 

San Jose, CA 95134-1709 
Phone: 408-943-2600 

Fax: 408-943-4730 
http://www.cypress.com 

 

© Cypress Semiconductor Corporation, 2007. The information contained herein is subject to change without notice. Cypress Semiconductor Corporation assumes no responsibility for the 
use of any circuitry other than circuitry embodied in a Cypress product. Nor does it convey or imply any license under patent or other rights. Cypress products are not warranted nor intended 
to be used for medical, life support, life saving, critical control or safety applications, unless pursuant to an express written agreement with Cypress. Furthermore, Cypress does not authorize 
its products for use as critical components in life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of 
Cypress products in life-support systems application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all charges.  

PSoC Designer™, Programmable System-on-Chip™, and PSoC Express™ are trademarks and PSoC® is a registered trademark of Cypress Semiconductor Corp. All other trademarks or 
registered trademarks referenced herein are property of the respective corporations.  

This Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by and subject to worldwide patent protection (United States and 
foreign), United States copyright laws and international treaty provisions. Cypress hereby grants to licensee a personal, non-exclusive, non-transferable license to copy, use, modify, create 
derivative works of, and compile the Cypress Source Code and derivative works for the sole purpose of creating custom software and or firmware in support of licensee product to be used 
only in conjunction with a Cypress integrated circuit as specified in the applicable agreement. Any reproduction, modification, translation, compilation, or representation of this Source Code 
except as specified above is prohibited without the express written permission of Cypress.  

Disclaimer: CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described 
herein. Cypress does not assume any liability arising out of the application or use of any product or circuit described herein. Cypress does not authorize its products for use as critical 
components in life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support 
systems application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all charges.  

Use may be limited by and subject to the applicable Cypress software license agreement. 

 

 


