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Executive Summary 

Temperature can have a large effect on circuitry, whether that be altering the gain on 
transistors or, in this case, changing the operation of a sensor. The effects of temperature on 
sensors will be investigated for ultrasonic, infrared, and passive infrared sensors. 
Temperature has different effects on the different types of sensors. For infrared and passive 
infrared, the temperature of the body and of the ambient surroundings can cause shifts in 
detectable wavelengths. For ultrasonic sensors, changes in temperature change the speed of 
sound in air. 



Keywords: 

Ultrasonic – Refers to sound waves outside the human audible range. This range falls 
between 20KHz – 10MHz. This is a typical range, higher frequency sound waves can be 
generated but there is no serious use because of high attenuation. 

Infrared – Refers to electromagnetic waves with wavelength longer than that of visible light 
but shorter than microwaves. (700nm to 300µm) 

Introduction: 

Ultrasonic sensors measure distances by sending out an ultrasonic pulse wave then wait for it 
to bounce back. If a wave returns then there is an object in front of the sensor and the time 
it takes to return can be used to calculate the distance of the object from the sensor. This 
time delay is translated into a pulse width or voltage level that can be calibrated to give the 
distance. Temperature becomes an issue because the speed of sound in air is dependent on 
the temperature. For most purposes an approximate value is used, but if a sensor is to be 
used in an environment with large temperature changes, the change in the speed of sound 
must be taken into account. 

Passive infrared sensors (PIR) sense objects by picking up changes in ambient infrared heat. 
No infrared light is emitted by the sensor, only absorbed. Infrared heat is given off at 
wavelength dependent on the temperature of the object. Therefore, the ambient temperature 
and object temperature are critical in the selection of the sensor since it must be sensitive to 
the desired wavelength range. Most sensors are designed to work around the temperature of 
the human body and for a broad range of temperatures around that; however, the 
wavelength sensitivity must be taken into account for extreme cold or hot. 

Active infrared sensors, or infrared sensors (IR) for simplicity, sense objects by emitting an 
infrared pulse from a transducer and absorbing the energy that is reflected in a separate 
receiver. If no infrared radiation is absorbed back then there is not an object in front of the 
sensor. Temperature affects IR sensors because the wavelengths emitted by the transducer 
will shift according to ambient temperature. The receiver may also be affected as well. IR 
sensors are designed to work in a specified temperature range. The desired sensor must be 
selected not only for a distance range but also for a functional temperature range. 

Guide: 

Ultrasonic 

There is a simple equation that takes into account the temperature dependence of the speed 
of sound in air. 

€ 

csound −air = 331.45m /s+ (.607m /s) × (T°C) 

where c is the speed of sound in air and T is temperature in degrees Celsius. What this 
equation means is that at 0°C sound travels at 331.45m/s and for every degree over that 
sound travels .607m/s faster. This is because the faster moving particles allow for the pulse 
to travel faster. An example that illustrates this concept is if the temperature was near 
absolute zero the particles in the air would be barely moving (pretending that air would be a 



gas at absolute zero), it would take more time for them to collide with one another to 
transmit the sound wave, this would cause the sound wave to move very slowly.  

The speed of sound in air problem can be avoided for most applications. The output of an 
ultrasonic sensor, whether it be the length of a pulse width or a voltage level, is calibrated by 
placing objects at known distances in front of the sensor and observing the output. From the 
outputs of known distances, other distances can be determined. However, if a sensor is to be 
used both indoors and outdoors, or anywhere with a large temperature variation, the 
temperature change will affect the accuracy of the sensor. For this, a temperature sensor is 
also integrated into the design. 

This implementation leaves a lot of freedom to the programming of the microcontroller that 
is processing the output of the ultrasonic and temperature sensor. The process is simple: 

1. Calibrate the output. Pick a base operating temperature and use the speed of sound at this 
temperature and calibrate the sensor using known distances and time delays. 

 

2. Using the temperature sensor, program the output to add or subtract .607m/s for each 
degree above or below the base operating temperature, respectively. 

3. Test to make sure the output is accurate for extreme temperature differences. 

 

This design takes into account changes in the speed of sound due to temperature; however, 
it does not include changes in the speed of sound in air due to humidity, elevation, or other 
factors. These types of sensors are not as cheaply integrated into a system as a thermometer.  

 

Passive Infrared Sensors (PIR) 

Most PIRs are designed to sense changes in heat from humans; however, for a PIR to detect 
other objects, temperature considerations must be examined. The PIR sensor major function 
is absorption of certain wavelengths of electromagnetic radiation. Therefore the design or 
selection of the sensor is dependent of what wavelength of electromagnetic radiation is 
desirable to sense. A property of black-body radiation called Wien’s Displacement Law states 
that the temperature of an object facilitates the maximum emitted wavelength. The 
maximum wavelength referred to is not the maximum wavelength beyond which the sensor 
will not sense an object, but rather the wavelength at which maximum radiation intensity is 
found. 

€ 

λmax =
b
T

 

Where T is the temperature in Kelvin and b is Wien’s displacement constant, equal to 
2.89777x106 nm⋅K.  



For a human at room temperature (300K), λmax = 9600nm. Most PIR sensors are designed to 
work in the 7000nm to 14000nm region, giving ample range for human sensing. However, 
sensing extreme hot or extreme cold requires calculation in order to know what wavelength 
one is looking for on a datasheet. To sense very hot objects, for example 1000K, Wien’s 
Displacement Law must be used to identify that a sensor that senses within the range of 
2900nm. This simple one step process calculation shows why the PIR sensors are designed 
to work at certain wavelength ranges for certain temperatures. 

 

Infrared Sensors: 

Infrared sensors are designed to send out an infrared pulse from an infrared LED and 
receive the pulse with a photodetector if an object is present. When selecting the LED to use 
as the transducer in the IR sensor design, temperature must be taken into account. This is 
because the emitted spectrum of the LED will change as a function of temperature. If the 
operating temperature falls out of the range it was designed for, the emitted pulse will not 
travel as far and will not be concentrated at the desired emission wavelength. In order to 
identify which LED to use, one must know the bandgap energy, change in bandgap energy 
per unit temperature change, and bandgap wavelength of the semiconductor that the LED is 
composed of. This can be acquired by looking at data sheets of possible LEDs and noting 
the compound in the LED then looking up the data in a table. The necessary data is not 
hard to find for most common LED compounds; two widely used electronic references that 
are frequency updated are the Office of Naval Research Semiconductor Roadmap website 
(www.onr.navy.mil/ncsr ) and the Ioffe Physico-Technical Institute website 
(http://www.ioffe.ru/SVA/NSM/). Therefore to identify an LED while taking temperature 
into account: 

1. Make sure the bandgap wavelength is in the infrared spectrum. 
2. Evaluate the right hand side of the formula below which gives the differential shift in 

emitted wavelength away from the bandgap wavelength. The shift should be as small 
as possible to prevent large deviations from the wavelength that the photodetector is 
trying to sense. 
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3. Since the change in bandgap energy per unit temperature change is always negative, 
an increase in temperature will always shift the emitted wavelengths to higher 
wavelengths. 

€ 

dEg

dT
< 0 

4. The relative change in emitted wavelengths can be calculated using: 

€ 

Δλ =
dλ
dT

× ΔT  



5. Next, figure out how wide the emitted spectrum will become due to temperature, 
and consequently how much the peak output intensity will drop. This is given by the 
formula below, where Δλ½ is the full width at half maximum (FWHM) of the 
wavelength range. 

€ 

Δλ1/ 2 ≈ λ
2 3kBT
hc

 

6. Using this process, for a given LED the following curves can be created to show the 
affects of temperature on the emitted spectra. Below is an example for an AlGaAs 
infrared LED. This can be repeated for different types of infrared LEDs to 
determine the best option. Figure from Ref[2]. 

 

 

 

 

 

 

 

With this process the proper photodetector can be chosen to fit a particular LED or a LED 
can be chosen to best fit a given photodetector, while taking temperature effects into 
account. 

 

Conclusion: 

For most applications IR and PIR sensors have already been designed to function in 
common temperature settings. It is only for extreme temperatures that extra precaution and 
design must be taken. For ultrasonic sensing, whether the temperature is high or low is not 
important if the sensor is calibrated to that temperature. The problem for ultrasonic sensors 
is using the sensors in a situation that includes a wide range of temperatures.  

Using the above outlined processes and theory, temperature can be compensated for, or 
designed into, these three types of sensors. 
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