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• IDC workshop training 
• laser cutting (finish card until friday) 
• read adaptive learning paper + form

done:



• merge all laser cutting pages into one 
• end of class deadline caused some panic 

• it was pretty packed in EDS  
• (and internet was awful) 

• laser cutting orientation vs. IDC orientation 
• slides too low… can’t see anything

feedback from last friday:



materials



• lecture 
• info for friday (3D printing) & next week 
• 10 min to find a team partner 

today:
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1. brain computer interfaces    
2. muscle computer interfaces  
3. implanted interfaces

the body as an interface::



#1
brain computer interfaces 



interacting directly using “thought”
brain computer interface ::

what does that even mean?



can we sense thoughts?
how would you do it?

<30s brainstorming>



sensing ‘thought’:
• magnetic resonance (fMRI) 
• near-infra-red spectroscopy (fNIRS) 
• electro-encephalography (EEG)



 magnetic resonance (fMRI) 
• blood flows in the brain 
• neural activity increases -> more oxygen is in the blood 
• oxygen rich vs. -poor causes different magnetic properties 
• measure magnetic field changes in the brain 
• pro/con: can measure deep inside brain, but large setup



near infrared-spectroscopy (fNIRS) 
• neural activity increases -> more oxygen is in the blood 
• oxygen-rich vs. -poor causes different optical properties 
• i.e. more or less absorbed light in near-infra-red spectrum 
• pro: small setup, cheap 
• con: mean penetration depth: ca. 23mm  
• con: depends on sensor position on head



electro-encephalography (EEG): 
• electric activity: neurons communicate with electrical impulses 
• measuring neurons firing in the brain to exchange signals 
• electrodes on the head measure the electric field 
• pro: high time resolution 
• con: low spatial resolution



sensing ‘thought’:
• magnetic resonance (fMRI) 
• near-infra-red spectroscopy (fNIRS) 
• electro-encephalography (EEG)

<30s brainstorming>
so are we measuring thoughts or not?



and then match the result with 
a certain task (or ‘thought’) 
(based on known training data)

no, we measure signals 
and extract features from them.



when did BCI research start?



 1924: Hans Berger:  
 first human EEG (but no real time analysis)



 1977: Jaques Vidal  
 ‘Real-time detection of brain events in EEG’ 



current applications 
for brain sensing…



 Samek et al. Stationary Common Spatial Patterns for Brain-
Computer Interfacing, Journal Neural Engineering ’12.

 helping people with disabilities



Evan Peck. Using fNIRS Brain Sensing to Evaluate 
Information Visualization Interfaces, CHI’13

 user interface evaluation:  
 more direct feedback than when interviewing users



 games and entertainment



limitations 
of brain-computer interfaces



so slow? 
what is the problem here?



electrodes = camera of the brain  
one electrode = one pixel

you need a lot of data to find a good signal 
(‘collection over time’)



latest progress in imaging of the brain::



if BCI worked perfectly, 
would we use BCI for all interaction?

<30s brainstorming>



 motionless: nothing wrong with moving



 affordance: gestures are (very) natural 



(king turns everything into gold, 
even his daughter)

 cannot stop thinking! midas touch problem



so we have brain sensing…

how about actuation?



brain-to-brain stimulation::

 2013: Rajesh Rao sent a brain signal to  
 Andrea Stocco



 2013: Rajesh Rao sent a brain signal to  
 Andrea Stocco



sensing ‘thought’:
• magnetic resonance (fMRI) 
• near-infra-red spectroscopy (fNIRS) 
• electro-encephalography (EEG)

actuating ‘thought’:
• transcranial magnetic stimulation (TMS)

uses a coil which induces small currents  
into the brain via electromagnetic induction



 OpenBCI (EEG)



 OpenBCI (EEG)



1. brain computer interfaces    
2. muscle computer interfaces  
3. implanted interfaces

the body as an interface::



#2
muscle computer interfaces





<30s brainstorming>

where could this lead? 

what would you do with the ability  
to move sb else’s muscles?



• current applied to muscle activates ‘muscle neurons’ 
• originated in rehabilitation medicine in the 60’s

electro-muscle stimulation (EMS):



muscles can only contract, i.e. pull not push 
muscle contraction ::



 2011: Jun Rekimoto used EMS for HCI







 2017: Pedro Lopes: EMS for Force Feedback





 2017: Pedro Lopes: EMS for Force Feedback





 2016: Pedro Lopes EMS as output mechanism





 2015: Pedro Lopes:  
 EMS for dynamic affordances





this was actuating muscles… 
but how about sensing a muscles  
current position?



can you make a pose with your hand  
while having your eyes closed? 

<30s brainstorming>

how do you know when to stop  
pulling my muscles?



 proprioception:: 
 sense of relative position of  
 neighboring parts of the body 



proprioception is  
how a humans sense muscle activity! 

but how does a computer do it?



• mechano-myography (MMG) 
• electro-myography (EMG)

sensing muscles:



• a vibration that can be observed 
when a muscle contracts 

• use a microphone or accelerometer 
placed on the skin

mechano-myogram (MMG):



• measure electric potential of muscle  
• at rest vs. used 
• nerves control muscles using electric signals 
• electric signal makes muscle fibers contract 

electro-myogram (EMG)::



 2009: Saponas: always available muscle input



 2009: Saponas: always available muscle input





• mechano-myography (MMG) 
• electro-myography (EMG)

sensing muscles:

• electro-muscle stimulation (EMS)
actuating muscles:



 OpenEMS board
https://github.com/PedroLopes/openEMSstim/blob/master/
hardware/BOM/BOM_Bill_of_Materials_openEMSstim.md



 OpenEMS board
https://github.com/PedroLopes/openEMSstim/blob/master/
hardware/BOM/BOM_Bill_of_Materials_openEMSstim.md



(other body-signals 
as interface)



<30s brainstorming>
any idea how this works?



galvanic vestibular stimulation (GVS):
• liquid level in ear: sense of balance 
• electrodes stimulate liquid in ear



Maeda et al., Shaking the world: galvanic vestibular stimulation 
as a novel sensation interface, SIGGRAPH’05



Maeda et al., Shaking the world: galvanic vestibular stimulation 
as a novel sensation interface, SIGGRAPH’05





pedestrian cruise control [pfeiffer et al.  CHI’15]

(also works with muscle-stimulation)





1. brain computer interfaces    
2. muscle computer interfaces  
3. implanted interfaces

the body as an interface::



#3
implanted interfaces



sensing ‘thought’:
• magnetic resonance (fMRI) 
• near-infra-red spectroscopy (fNIRS) 
• electro-encephalography (EEG)

actuating ‘thought’:
• transcranial magnetic stimulation (TMS)

uses a coil which induces small currents  
into the brain via electromagnetic induction

all non-invasive



• mechano-myography (MMG) 
• electro-myography (EMG)

sensing muscles:

• electro-muscle stimulation (EMS)
actuating muscles:

all non-invasive



is implanting interfaces  
really so far in the future? 

what are  
examples of implanted user interfaces 
already in use today?

<30s brainstorming>



pacemakers… 
drug delivery implants…



 1998: Prof. Kevin Warwick: Project Cyborg



zooming out…



1. brain computer interfaces    
2. muscle computer interfaces  
3. implanted interfaces

the body as an interface::



this friday

some organizational stuff:



this friday: 3D printing (at IDC)
• + tell us your final team partner 
• + bring your business card to class!



next wednesday



next wednesday:
• upload 10 ideas for your group project 
• present the best 3 ideas in class 
• use google slide example template



example for idea presentation
https://docs.google.com/presentation/d/1Ip0CrJLXs-

azD5tsBrnJCEohTy72EPjqbW2IcDQWFFI/edit#slide=id.p

https://docs.google.com/presentation/d/1Ip0CrJLXs-azD5tsBrnJCEohTy72EPjqbW2IcDQWFFI/edit#slide=id.p


class google drive:



project
components: 

 sensors detect
 user performance

 actuators adapt
 the tool

 visualization
 shows progresswhat and how 

you build it is 
up to you



take a materials bag
before you leave



• alligator clips 
• microcontroller 
• breadboard 
• prototyping cables

Lotta hands them out at the back



for pset 
Multitouch-Pad

• camera 
• acrylic sheet  
• USB connector 
• switch 
• LEDs 
• resistors



frustrated total internal reflection (FTIR)



exiting light
= bright blobs

frustrated total internal reflection (FTIR)



for pset 
Multitouch-Pad

• camera 
• acrylic sheet  
• USB connector 
• switch 
• LEDs 
• resistors



pset 1: only laser cutting + bending 
(due Sept. 21) —> you can start now



pset 2: LEDs, USB plug, switch, soldering 
(due Oct. 5) —> please wait until tutorial



pset 3/4: finger tracking + applications 
(due Oct. 19/26) -> please wait until tutorial



 music generator



 scanning documents, voice output, google search



 magnetic field simulator



 drawing and geometry applications



help us with
camera testing:
please do  
quick test  
until friday



always test on a small part!!!

test holes for LEDs 
on a separate piece 
before using the big sheet



always test on a small part!!!

heat bubbles from  
overheating during bending 
— practice with some small strips first



always test on a small part!!!



time to:
get your bag
+ find a team-partner





end.


