
MAS836 – Sensor Technologies for Interactive Environments

Lecture 11 – Temperature and Acoustic Sensing
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Temperature Measurements

• Read Fraden, Ch. 11, Ch. 16, Ch. 13 (II Ed.)
• Most materials exhibit a temperature effect

– Mechanical or electrical or radiative
• Contact and noncontact (remote) 

temperature measurements
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Blackbody Radiation

From Planck – sum of oscillators
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Pyroelectricity

C = Thermal Capacitance
= cV (heat capacity * volume)

R = Thermal Resistance
= heat loss to environment

Some piezoelectric materials are pyroelectric
Heat flux deforms crystal & creates charge

9 um PVDF, Lithium Tantalate, etc.
PVDF is pyroelectric in 7-20 um (0-50° C) 

Differential
Sensors
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Fresnel lens collapses lens to planar structure
- Index of refraction steps discretized

Lens is thinner - less absorption of deep IR
- Polystyrine, etc.

Pyroelectric Motion Detectors
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Pyroelectric Motion Detectors
Another is:
442-3 IR-EYE
or:
PYD 1998

(from Petruzelis)
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PIR Lens Configurations

US Patent Application No.: US 2007/0029486A1 Zhevelev et al.

Many ‘sweeps’ across adjacent views
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AFIR Detectors

• Project heat source through thermal lens
• Measure current required to keep 

temperature of heat source stable
• Current will vary with radiation absorption 

of objects in lens field-of-view
• Impervious to extraneous heat sources...
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Pyroelectric Line Array

From:
http://www.robot-electronics.co.uk

http://www.robot-electronics.co.uk
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Pyroelectric Videcons

• Thermal imaging cameras
– Arrays of pyroelectric elements
– Generally shuttered (look at temp. reference, 

then look at scene) and/or periodically 
discharged.

– Previously most were cooled (w. Peltier 
devices) to avoid background

– Limit heat capacity, heat storage in components 
to increase bandwidth and sensitivity
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Bolometer Arrays

• Sensing elements change resistance with 
temperature (phase transition)

• Incident radiation (thermal, RF) heats 
elements
– Read out via bridge

• Uncooled devices are now made
• Imaging arrays not too expensive (e.g., $3K)



Smaller, Hotter, 
Cheaper!

See also FLIR, etc.
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Thermal Imaging

www.x20.org/thermal/

Thermo-Key (U. Tokyo)

http://www.x20.org/thermal/
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Thermo Resistive Sensors
• Resistance Temperature Detectors (RTD’s)

– Measure resistance of metal wire
• Metals have Positive temperature coefficients [PTC]
• Effective over extremes of temperature

– Platinum most common
• Nicely linear from -200°C - 630°C
• R = R0(1.0036 + 36.79•10-4 T)

– Tungsten is used over 600°C
• Linearized around reference point
• Wirewound devices

– Tolerances within ±10 mΩ     ±0.025 °C
– Read with constant current (measure voltage)

Platinum

Tungsten
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Silicon RTD’s

• Much cheaper, more sensitive than Pt
• Bulk silicon has a negative TC (NTC)

– Thermal runaway possible with home heating apps
• Silicon gets hotter, lower resistance, more current, hotter, lower 

resistance…

– Can be doped to have PTC in selected region (e.g., <200°C)
• This can produce a silicon RTD that works between -50°C to 150°C 

that’s stable and delivers 0.7% per °C

– Philips KTY Sensors



• Thermistors are temperature-sensitive resistors
– Compensate thermal effects in analog circuits...

• Metal Oxide Thermistors have NTC
• Much more sensitive than RTD

– Goes from -8% to -2% per °C
– NTC worse for self-heating, runaway problems

• Depends on airflow…

• Can make PTC thermistors
– Polycrystalline ceramic (Barium or Strontium Titanate)
– PTC sensitivity can get to 200% per °C

• Narrower range…

Thermistors

Thermistors can age (chip packaged 
can degrade at +1% per yr, glass 

beads much slower)
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Semiconductor Junctions

• Every transistor is a temperature sensor
• Most thermometer IC’s exploit this
• Many packages available

– LM35Z from National
– AD592 from Analog
– Dallas Digital TMP series

• Often integrated into microcomputers too
– Cygnal (Silicon Labs) devices, AD Microconverters

BE
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Internal vs. External Sensors

CargoNet Tag - Singapore to Taiwan - Malinowski M.Eng.
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Thermocouples

Cu

Constatan

Thermocouple
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Humidity Sensors

http://www.sensorsmag.com/sensors/article/articleDetail.jsp?id=322590

Denes K. Roveti, July 2001

The typical uncertainty of capacitive sensors is 
±2% RH from 5% to 95% RH with two-point 
calibration

Many varieties of capacitive humidity sensors
Exponential resistance-to-RH characteristic 
Often coat board substrate with polymer.
Temperature compensation needed.  
Interdigitated fingers - need AC source

For measuring absolute humidity at high 
temperatures, thermal conductivity sensors are 
often used. They differ in operating principle 
from resistive and capacitive sensors. Absolute 
humidity sensors are left and center; thermistor 
chambers are on the right.

Other types: Chilled Mirror optical humidity sensor, etc.

Capacitive

Resistive

Thermal

http://www.sensorsmag.com/sensors/article/articleDetail.jsp?id=322590
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“Inexpensive” Surface-Mount Humidity Sensor
Sensirion SHT11

• Surface mount - precise temperature & humidity measured
• Digital connection - readings are compensated

2 sensors for relative humidity & temperature
Precise dewpoint calculation possible
Measurement range: 0-100% RH
Absolute RH accuracy: +/- 3% RH
Temp. accuracy: +/- 0.4°C @ 25 °C
Calibrated & digital output (2-wire interface)
Fast response time < 4 sec.
Low power consumption (typ. 30 µW)

In warehouse over 
weekend

In warehouse over 
weekend

5 day test:
-Ship to Pepsi
-Weekend in 
warehouse
- On delivery truck
-Ship back to MIT
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Fiber Optic Temperature Sensors

• Temperature affects index of refraction (hence 
reflected/transmitted signal) across fiber

• Use Time-Domain Reflectometry to get circa 1 
meter T resolution across km’s of optical fiber

water.usgs.gov

www.micronor.com
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Anemometer

• Measures wind speed
– Heat source and temperature sensors exposed to 

airflow (Hot Wire Anemometer)
• ∆Q ® ∆T
• Use Thermistors, Transistors, Tungsten Bulb!

Rotating cups...
Fan blades
On shaft encoder

Can do it all on a silicon chip!

• Ultrasonic Anemometers
– Measure the change in velocity with wind

• Can break into components

• Microphone in tube, bendy sensor, accel. or 
piezo blowing in wind, etc…

Sonic propagation time = distance over (soundspeed ± wind velocity)

t = D/(c ± v)
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Planar Thermal Anemometer

Heat Source

Thermal SensorThermal Sensor

Thermal Sensor Thermal Sensor

Like a MEMSIC accelerometer with the cover off

Airflow
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Paul Dietz’s LED Anemometer

https://youtu.be/TD6A_tvbKT0

https://youtu.be/TD6A_tvbKT0


CONTROL NODE

● Wind speed sensor

● Temperature sensor

● Humidity sensor

● Light sensor

● Motor driver

● Wireless transceiver

● 8MHz microcontroller

● 24Vdc power supply

● Expansion port

Mark Feldmeier PhD Thesis (2009)



WIND SPEED SENSOR
● Noise

● Sensitivity

● Calibration

● Energy 
metrics
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Acoustic Transducers
• Measure dynamic range 

to moving diaphragm
• Carbon mic
• Condensor mic
• Electret mic

– Foil electret mic
– FEP material polarized 

with corona discharge
– Wideband

• 10-3 Hz to hundreds of MHz
– Usually have integrated 

FET

http://www.openmusiclabs.com/learning/sensors/electret-microphones

http://www.openmusiclabs.com/learning/sensors/electret-microphones
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More Acoustic Transducers
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PZT Cellphone Receiver

Just PZT plate After mechanical compensation in receiver

Nortel Measurements
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MEMs Microphones

• Many Manufacturers
– Akustica (direct digital output), Infineon, Panasonic, 

etc.

• Very small - surface-mount chip
• Have integrated amplifier and sometimes ADC
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Where Beamwidth Comes From

Source on edge

Source at angle

Source broadside
Far-field (L >> DX)

L
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Beamwidth as Fourier Transform

(x)

(k) K is the trace wavenumber
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Beamwidth of Rectangular Aperture

Dq3dB = 50° l/Dx 

l <<Dx

Beamwidth and 
aperture width are 
conjugate variables!

DxSidelobes
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Ultrasonic Transceivers
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Sonar

RC exponential threshold



Sonar with Totem-Pole Driver and Diode-Based T/R Switch
As A1 is not biased up, its 
output is half-wave rectified 
(e.g., we only see positive 
cycles) - this can lead to 
full-cycle jumps in timing.

A1

A2
Normal Pin from Processor

Open Collector Pin from Processor

- To drive sonar, the two pins from the processor are driven in opposite polarity 
(complementary)
- To listen to sonar, both pins are held low
- Both pins positive is a forbidden state (prohibited by the diode between the transistors)

Drive with ext. voltage 
(here 9V battery)

10K and diodes 
protect A1 from 
overvoltage

t

Drive signal

Sonar Head

Driver

Driver

Complementary drive gives twice the drive 
voltage vs. driving single-ended to ground
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Sonar Photos...

50 kHz, narrow beamwidth, clicks!
Polaroid electrostatic

Generally 40 kHz, 40°- 80° beam, quiet
Piezoceramic (Murata, Panasonic, APC)
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1997
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More 1997



43

JAP2/04

The SRF08

• Available off robotics sites
• Minimal components – uses dual PZT ‘ducers
• Uses TVG
• Claims Range of 6 meters
• Onboard processor – talks via I2C



LWS Risk Research Lab
Expertise in Seat Development

www.lwslab.com

sonoSens® Monitor
Mobile Motion Analysis

Body movements can be assessed using 
sonometry.

The sonoSens® Monitor captures body motion 
by measuring distance changes between 
sensors attached to the skin (spine, knee, 
shoulder, hip, etc.). Sensor movement is 
caused by the elasticity of the skin – the skin 
over joints stretches and relaxes according to 
joint motion. Data is stored in the main unit of 
the device and transferred to the PC after 
recording. Maximum measurement time is up to 
60 hours.

Application of sensors along the spine.

Sensor movement is caused by the 
elasticity of the skin.

Because of the small sensor size and the 
light weight of the device (150 g), free 
motion is possible. Additionally there are 
no location restrictions; outdoor 
measurements are therefore possible.
Launch ultrasound into skin - measure distributed delay times

Videos:
Seat
Breathing

http://www.lwslab.com/

