
Lecture #3: Introduction to 
Data Acquisition

Mario Bergés

Professor
12-770: Autonomous Sustainable Buildings: Theory to Practice



Some updates…

• Assignment #1 will be out tonight
• Piazza is ready (please register)
• There are 18 brave souls this week
• Lecture notes were updated, let’s review 

them
• Readings for next week will be posted 

tonight



Autonomous Sustainable 
Buildings
• Autonomous

– What do you think this means?

• Sustainable
– What do you think this means?

• Buildings
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SLIGHT DIGRESSION
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Sustainable and 
Equitable

Autonomous 
Systems2020 CoE Moonshot Project 
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Autonomous Sustainable 
Buildings
• Autonomous

– Autonomous != Automatic
– Sense, Plan and Act

• Sustainable
– At each stage of the sense/plan/act

• Buildings
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WHAT SHOULD WE SENSE?
To make a building more autonomous…
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Examples
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Examples
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Side-channels: Visible Light 
Electromagnetic Radiation 

Unpublished…
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Sensors are a commodity
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Sensors are a commodity

• Here are some resources to find yours:
– Raspberry Pi Hardware by Adafruit:

• https://www.adafruit.com/category/105

– Best Raspberry Pi HATs in 2023 by Tom’s 
Hardware:

• https://www.tomshardware.com/best-picks/best-
raspberry-pi-hats

– Raspberry Pi HATs, pHATS & GPIO by Pihut:
• https://thepihut.com/collections/raspberry-pi-hats/

– Rasbperry Pi Pico Hardware by Pimoroni:
• https://shop.pimoroni.com/collections/pico
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Sensors

• Broad definition: “devices that receive and respond to a 
signal or stimulus”
– Human eye
– A trigger in a pistol

• For our scope: “devices that receive a signal or stimulus 
and responds with an electrical signal”
– Where electrical signal means: can be amplified, modified and 

channeled by electronic devices.
– Examples:

• Video camera
• Microphone
• Accelerometer on your iPhone



25

Actuators

• For our purpose:
– They are the inverse of sensors
– They convert an electrical signal into a 

physical stimulus

• Example:
– Sound speakers
– Electric Motors
– Relay
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Transducers

• In broad terms:
– A converter of one type of energy into another.

• For our purposes:
– A term that encompasses both sensors and actuators.

• Examples:
– The sound speaker is a transducer and can be used 

both as an actuator (a speaker) or a sensor (a 
microphone).
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Data Acquisition Systems
• Components:

– Sensors
– Actuators
– Multiplexer (MUX)
– Analog to digital converter 

(A/D Converter)
– Computer



(a) Placement of a 
Kinect sensor on 
ceiling tile.

(b) Kinect sensor

(c) Embedded 
computer: Odroid-
XU4

Example Sensing System



Data Acquisition + Processing



Physics dictate the input/output response
§ Piezoelectric Transducer: Charge is proportional to applied force and 

deformation. Good for a high frequency range. Most commonly used for 
experimental modal analysis.

Piezoelectric Transducer

Piezoceramic Resistance

Seismic Mass

Piezoresistance or Capacitance
Transducer

§ Piezoresistance Transducer: A change in resistance is proportional to imposed 
deformation. This type of accelerometer has excellent low frequency response 
down to DC level.

Piezoceramic Capacitance

§ Capacitance Transducer: The motion of the mass changes the capacitance of the 
capacitor.



Example: Current Transformer
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Example: Current Transformer
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Sensors also have dynamic 
characteristics
• Dynamic  Characteristics: When an input stimulus varies, a sensor 

response generally does not follow exactly. This is because both the 
sensor and the interface circuit have a dynamic characteristic. 

• Many sensors can be often modeled as a single degree-of-freedom 
system. 

• To understand the dynamic characteristics of a sensor, let’s review 
structural dynamics briefly. 

Seismic Mass
Equivalent

Piezoelectric Transducer
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Data Acquisition Systems
• Components:

– Sensors
– Actuators
– Multiplexer (MUX)
– Analog to digital converter 

(A/D Converter)
– Computer



Digitization of Analog Signals

§ Sampling: We need to specify how often the data is sampled in time 
axis.

§ Quantization: The amplitude of the analog sensor reading is digitized by 
A/D converter. 



Determination of Sampling Frequency
§ Sampling frequency (Hz) is the inverse of the sampling interval.

sec)/rad(t2or)Hz(t1f ss Dp=wD=

)t2/(12/ff sh D=<

§ Make sure the sampling frequency is at more than twice the desired 
frequency to be measured.

§ Sample 10 or more digital points during the signal period of interest.



Sampling Parameters

§ Define the desired frequency resolution, then select required number of 
data points.

)tN/(1T/1f D==D )tf/(1t/TN DD=D=



Aliasing

Hz1f)tf2sin()t(y 111 =p=
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Data Acquisition Systems
• Components:

– Sensors
– Actuators
– Multiplexer (MUX)
– Analog to digital converter 

(A/D Converter)
– Computer



Quantization Error

Quantization Error
(0.5 x Resolution)

3 bit A/D converter produces

)FSV(voltagescalefullfor
bins823 =

32/FSVsolutionRe =

Quantization using 3-Bits Analog-to-
Digital Converter



Other Considerations for Resolution
§ Output Voltage Range: Keep the output voltage range small 

enough to prevent sensor signals from clipping (overload).
§ Effective Resolution: When all of the available dynamic range of the 

ADC is not fully used, the effective resolution becomes worse. This 
also causes amplitude and phase distortion of the measured signals 
in both time and frequency domains.
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Keep the maximum signal amplitude close to the dynamic voltage range.



QUESTIONS?
The End

@bergesmario

marioberges.com
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