
Data driven design
Topic 0: Overview of the course

Instructor: Jay Dhariwal, 
Assistant Professor, 

Department of Design
IIT DelhiDate: 2nd January 2024



My motivation: Health & Wellness

• Health is a state of complete physical, mental and social well-being and it's not just merely the absence 
of disease or infirmity. (WHO)

Global Wellness Institute Maslow's hierarchy of needs

https://www.who.int/about/who-we-are/frequently-asked-questions
https://globalwellnessinstitute.org/what-is-wellness/
https://www.simplypsychology.org/maslow.html#:~:text=Maslow's%20hierarchy%20of%20needs%20is,hierarchical%20levels%20within%20a%20pyramid.&text=From%20the%20bottom%20of%20the,esteem%2C%20and%20self%2Dactualization.


Introductions

• Myself

• TAs: QuEST Lab 
(Prasannaa, Bavath, 
Saran, Gulshan, 
Harshit)

• Yourself (google 
form to know your 
expectations from 
the course)

http://web.iitd.ac.in/~jay/index.html
https://docs.google.com/forms/d/1MDuYcyVCv2EKDQ9iJxNnLEQ6Z6yy968hRFKr5j1ovdg/edit


Let's decode 
this topic: Data 
Driven Design

• What and Why of Design?

• What and Why of Data 
Science?

• Data Driven Design?

Source of decode 
image: https://www.daskeyboard.com/blog/dec
ode-our-das-keyboard-holiday-message-and-
win/

https://www.daskeyboard.com/blog/decode-our-das-keyboard-holiday-message-and-win/
https://www.daskeyboard.com/blog/decode-our-das-keyboard-holiday-message-and-win/
https://www.daskeyboard.com/blog/decode-our-das-keyboard-holiday-message-and-win/


What is Design?

• Sciences of the Artificial: Herbert Simon (Nobel Laureate, 
Economist, Father of AI)

• Breaking silos and working together
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Image source

Image source

Image source

https://thinkdesignconvert.com/design-thinking-process/
https://witekio.com/blog/design-thinking-key-winning-iot-space/
https://rework.withgoogle.com/blog/new-re-work-guides-on-innovation/
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https://www.youtube.com/watch?v=U-hzefHdAMk&feature=youtu.be
https://www.openideo.com/
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Image source

Image source

https://www.ibm.com/us-en/marketplace/ibm-design-thinking/purchase
https://www.youtube.com/watch?v=ir3E-TEUk48


A Vision for Design

To apply design thinking to solve 

the wicked problems in the 

society, taking inputs from the 

sciences and technology, social 

sciences, management and arts 

domain as the need may be.

Design

Science and

Technology

Social

Sciences

Management Arts



Let's decode 
this topic: Data 
Driven Design

• What and Why of Design?

• What and Why of Data 
Science?

• Data Driven Design?

Source of decode 
image: https://www.daskeyboard.com/blog/dec
ode-our-das-keyboard-holiday-message-and-
win/

https://www.daskeyboard.com/blog/decode-our-das-keyboard-holiday-message-and-win/
https://www.daskeyboard.com/blog/decode-our-das-keyboard-holiday-message-and-win/
https://www.daskeyboard.com/blog/decode-our-das-keyboard-holiday-message-and-win/


Have you 
used ML 
before?

• Siri, Google 
Assistant, Alexa.

• Amazon 
suggestions to buy 
stuff, Film 
suggestions on 
Netflix



Why should 
you care 

about ML?

• Google's AI AlphaGo Is 
Beating Humanity At Its 
Own Games

• Eric Schimdt: Former 
Chairman, Alphabet (parent 
company of Google): Self 
Driving Cars are the future, 
AI assisted health care.

• Vinod Khosla about 
Generative Design 
(CAD+AI). Bike example

https://www.youtube.com/watch?v=8dMFJpEGNLQ
https://www.youtube.com/watch?v=8dMFJpEGNLQ
https://www.youtube.com/watch?v=8dMFJpEGNLQ
https://www.youtube.com/watch?v=TsaES--OTzM
https://www.youtube.com/watch?v=TsaES--OTzM
https://www.youtube.com/watch?v=H0etieBDxeY
https://www.facebook.com/watch/?v=1156414991069792


Data science workflow

• Source: http://datascience.la/data-science-toolbox-survey-results-surprise-r-and-python-win/



Data Science: understand and analyze actual phenomena with data



Data Science is 
multi-disciplinary

• Source: https://www.
simplilearn.com/data-
science-vs-data-
analytics-vs-machine-
learning-article

https://www.simplilearn.com/data-science-vs-data-analytics-vs-machine-learning-article


Human activity recognition

MATLAB video tutorial

Data sourcedoi:10.3390/s150102059

https://in.mathworks.com/videos/machine-learning-with-matlab-100694.html?elqsid=1591685309134&potential_use=Student
https://in.mathworks.com/matlabcentral/fileexchange/50232-machine-learning-made-easy


Wearables 
for health 
monitoring

• Ha, Minjeong, 
Seongdong Lim, and 
Hyunhyub Ko. 2018. 
“Wearable and Flexible 
Sensors for 

• User-Interactive 
Health-Monitoring 
Devices.” Journal of 
Materials Chemistry B 6 
(24): 4043–64. 

• https://doi.org/10.10
39/c8tb01063c.



Let's decode 
this topic: Data 
Driven Design

• What and Why of 
Design?

• What and Why of 
Data Science?

• Data Driven Design



How to improve our and our planet’s health?
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https://www.amazon.in/How-Avoid-Climate-Disaster-
Breakthroughs/dp/0241448301



PIs: Prof. Seshan Srirangarajan & Prof. Jay Dhariwal, IIT Delhi

Network of low-cost sensors
and network calibration

Pollution data analytics and 
dashboard

Data cloud

Sensor calibration

Calibration and Network Deployment of 
Low Cost Pollution Sensors
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Collocated Study Site: Gramodaya Parisar (IIT Delhi)

(November 2021- March 2022)



Collocated Study Site: Jodhpur

Dec 2022- May 2023

Investigation area: Effect of Low Humidity

https://www.edx.org/micromasters/curtinx-internet-of-things-iot

https://www.edx.org/micromasters/curtinx-internet-of-things-iot


Low cost PM sensors vs. BAM

S004 vs. BAM: R2=76%, RMSE = 53
S005 vs. BAM: R2=66%, RMSE = 56
S006 vs. BAM: R2=75%, RMSE = 51

Low cost PM2.5 sensors 100 times cheaper than the reference BAM



Improving air 
quality in 

classrooms

Joint Project with Prof Narsing Jha from Dept. of Applied Mechcanics and 
Prof Seshan Srirangarajan from Dept. of Electrical Engg., IIT Delhi 

Research gaps: Understanding 
invisible air flows to optimize 
ventilation for health and climate 
change

CO2 levels in the space



Other case studies of Data driven design

• Spatio-temporal 
clusters for early 
epidemic detection

• Marta González -
Mobile Data for Urban 
Transformation

• Big Data analysis from 
MIT North Court study

• Examples of Data 
Driven Design?

Understanding congested travel in urban areas Serdar Çolak, Antonio Lima & Marta C. González
Nature Communications volume 7, Article number: 10793 (2016)

Moore G.E., Ward M.P., Dhariwal J., Wu C.C., Glickman N.W., Lewis H.B., Glickman L.T., 
‘Development of a national companion animal syndromic surveillance system for bioterrorism’,
2nd International Conference on the Applications of GIS and Spatial Analysis to Veterinary Science 
(GISVET 04), Univ. Guelph, Ontario, Canada, Durr, P. A. and Martin, S. W., Jun 2004.

https://habricentral.org/resources/26513
https://habricentral.org/resources/26513
https://habricentral.org/resources/26513
https://www.youtube.com/watch?v=PG55vPOh64U
https://www.youtube.com/watch?v=PG55vPOh64U
https://www.youtube.com/watch?v=PG55vPOh64U
https://www.nature.com/articles/ncomms10793#auth-1
https://www.nature.com/articles/ncomms10793#auth-2
https://www.nature.com/articles/ncomms10793#auth-3
https://www.nature.com/ncomms








400 times more longitudinal subjects than any study in the past





❑

❑

❑

❑



FAB23 Bhutan Challenge Awards

https://www.youtube.com/playlist?list=PLFPMlpXzrL_xkzQF-ik5xiKJonQXcF0w2
https://www.youtube.com/watch?v=UJoOzvGZ9uE


Data Driven 
Design for testing 

prototypes

• Let's take an example of making an assistive 
chair for the elderly – Prankur Kataria.

• Image source
https://www.yankodesign.com/2022/0
4/14/chair-with-extended-arms-to-
help-elderly-sit-and-stand-without-
assistance/

http://web.iitd.ac.in/~jay/dsl810/dsl810_2019/studentpages/Prankur%20Kataria/_jds186009/assignment2.html
https://thinkdesignconvert.com/design-thinking-process/


What will we do in 
this course?

• To begin with, we will learn to
build a datalogger using a sensor
of choice and then use the
datalogger(s) to perform
experiments and make sense from
the data obtained for a real world
problem. In this process, you
would gain the introduction about
how to build any hands-on
electronics based project and also,
how to approach a real world
problem involving data.



Course pedagogy
• Design pedagogy of studio based 

learning, hands-on experiential 
learning

• Design thinking – solving the right 
problem vs. solving the problem 
right?

• From “What to learn to make?” 
To “How to learn to make?”

• Peer to peer learning (helping 
each other, each one with different 
strengths, very diverse class)

• Course website, curriculum and 
grading scheme, moodle, 
WhatsApp

• Instructables, DIY sites for making
• How to Make Almost Anything

https://web.iitd.ac.in/~jay/teaching.html
http://fab.cba.mit.edu/classes/863.21/index.html


Low cost sensors for PM2.5 
monitoring 

https://github.com/vyomaniitd/PM2.5---PMS7003
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Invited talk at CERCA, IIT Delhi: A breath of fresh air

https://github.com/vyomaniitd/PM2.5---PMS7003
https://www.youtube.com/watch?v=oKRyEhDh-Mg


Topic 1: µC programming 

• Basics of programming, 
algorithm, flowcharts.

• Arduino hardware, IDE, 
libraries

• Arduino kit with examples
• LEDs, RGB LEDs.
• Push buttons, Buzzers.
• Electrical safety and handling 
• LED name
• Basic musical instrument
• Tinkercad Simulations – Cdr 

Venkat Aditya
• AVR series uCs
(Atmega 328p, ATtiny44)

https://web.iitd.ac.in/~jay/dsl810/dsl810_2019/studentpages/Prakhar%20Verma/_jds186014/Assignment4.html
https://www.youtube.com/watch?v=q7ThwnvwlBc&feature=youtu.be
https://web.iitd.ac.in/~ddz198405/Assignments-Projects/Asst3.html
https://web.iitd.ac.in/~ddz198405/Assignments-Projects/Asst3.html
https://www.instructables.com/id/Program-an-ATtiny44458485-with-Arduino/


Topic 2: 
Input 

devices

• Sensor features, 
datasheet

• T+RH sensor, 
proximity sensor, 
keypad module with 
µC

• Sensors in your 
smart phone?

https://web.iitd.ac.in/~jay/dsl810/dsl810_2019/studentpages/Iman%20Baidya/_jds186018/dsl810/template/project/project_final.html
https://web.iitd.ac.in/~jay/dsl732/studentpages/dds196006/private_html/George%20Geo/Projects.html#IL


Topic 3: 
Output 
devices

• RGB LEDs, Displays, 
Speakers, 
Servo/Stepper Motors, 
Relays, Dataloggers

• High power 
electronics

• Ultrasonic + LED 
display

• Pressure sensor + 
speakers

• All terrain robot

https://www.youtube.com/watch?time_continue=11&v=n_k0bot9mzQ&feature=emb_logo
https://www.youtube.com/watch?time_continue=11&v=n_k0bot9mzQ&feature=emb_logo
https://web.iitd.ac.in/~jay/dsl732/studentpages/dds196001/private_html/projectfinal.html
https://web.iitd.ac.in/~jay/dsl732/studentpages/dds196001/private_html/projectfinal.html
https://www.youtube.com/watch?time_continue=61&v=Qjsm8n-ZLlQ&feature=emb_logo


• AVR, ESP

• Soldering

• Protoboard

Topic 4: Building a datalogger



Networking and communications

• Wired - SPI, I2C

• Wireless – Bluetooth, WiFi



Topic 5: Experimentation and data analysis
Heat Index profile for my room

NodeMCU + DHT11 + ThingSpeak 

Observations

1. 48500 data points

2. T, Rh every 18 sec

for 10 days

3. Cyclical pattern

4. Daily temperature 

increase

5. In the context of

COVID-19, this 

analysis helps to know 

what Temp, Rh to avoid 

which is conducive for 

the virus

6. Thermal comfort in the hostels



Introduction to Data 
Science

• Big Data from MIT 
North Court study

• SAS data 
warehouse 
inventory 
management

• Handling data from 
sensors in 
MATLAB, Python, R  



Extreme Making

https://web.iitd.ac.in/~jay/makerspace/practical_electronics_workshop.html
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https://home.iitd.ac.in/show.php?id=203&in_sections=News


Examples of One Science: SOLVE water

Water filter – plant xylem

Biology, Chemical engineering, Mechanical engineering, Nano-technology, Social science

Waste-water treatment

https://phys.org/news/2015-07-company-recycling-highly-contaminated-oilfield.html
https://tatacenter.mit.edu/2016/08/31/karnik-develops-plant-based-water-filter-for-rural-indian-communities/


Science for impact

https://www.ted.com/talks/pranav_mistry_the_thrilling_potential_of_sixthsense_technology?language=en
https://www.ted.com/talks/manu_prakash_a_50_cent_microscope_that_folds_like_origami?language=en
https://www.media.mit.edu/videos/ceb-2016-05-06/


Project 
ideas?

1. Does the temperature in an earth 
air tunnel stay constant all throughout 
the year? How can this help?

2. How hot/cold does it get in a hostel 
room? What are the factors that affect 
thermal comfort? Does it change from 
floor to floor?

3. What are the lighting levels in a 
space? What are the noise levels in a 
space? Does it meet the NBC 
guidelines? 

4. How sustainable are we in terms of 
our energy consumption? Does an 
appliance consume the same amount 
of energy or does it fluctuate?



More project 
ideas
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