













































































































































































































































































































































































































































































Chapter 5: Conclusions & Discussion

This particular advantage of EMS systems becomes more evident when we compare it
with more traditional approaches, such as motorized exoskeletons. While exoskeletons
tend to enclose the human body with mechanical structures (Figure 129a), EMS-based
systems achieve a similar effect without the bulky hardware (Figure 129b). This is the
result of a single central and unique aspect of EMS systems: where mechanical
solutions add mechanical components to the user’s body, EMS-based devices instead
borrow “components” from the user, in particular the “mechanics” already contained in
the human body. This makes EMS systems comparably small and even allows them to
be worn—invisibly—under the user’s clothes.

5.1.2 Next step after wearables: devices becoming more personal

This borrowing of parts of the user’s body not only allows for a small form factor, but
also results in a particularly intimate relationship between user and device, which was
something that we observed in user’s comments. For instance, participants of our user
studies voiced the feeling of a blurred ownership of one’s own hand (in pose-IO), or
attributed external agency to an inanimate spray can that was, in fact, actuated by means
of their own muscles (in affordance++). We believe this ability to alter agency is a
special property of EMS since it actuates the human body from within. However, further
investigation with controlled experiments is needed to arrive at precise conclusions.

Furthermore, recalling the history of interactive computing with which we opened this
dissertation with, we can now wonder whether devices that borrow the user’s body
might in fact be the next significant device paradigm.

rrlllobile wearable

with body
Figure 130: A possible evolution of interactive devices. (Images in CC0 Creative
Commons by JESHOOTScom, Free-Photos and geralt )
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Figure 130 illustrates this by sketching out a possible evolution of interactive device
paradigms. By considering our proposal, devices that overlap with the body, as a natural
consequence of wearable interfaces it is possible to consolidate several lines of research
in which devices literally share the user’s body, such as implanted interfaces [66, 95],
on-body input [143, 56, 134], and interactive systems based on EMS.

5.1.3 Bi-directional communication channel to the user

Traditional interactive devices, including mobile devices, are separated from the user’s
body. Therefore, these devices do not have a continuous communication channel to the
user. Wearable devices, in contrast, tend to be in physical contact with the user’s body.
This allows them to send messages to the user, e.g., by stimulating the user’s skin using
vibrotactile actuators. Implanted devices [66, 95] are located inside the user’s body,
where they are able to continuously read and actuate upon some of the user’s internal
properties—as insulin pumps or pacemakers do—but their ability to talk back to the
user is, unfortunately, limited.

Unlike these three categories (mobile, wearable and implanted) EMS-based devices
effectively overlap with the user’s body and this overlap allows them to maintain a
continuous bidirectional channel (input and output) with the user. The result is a closed
loop of input and output between user and device that users can perform eyes-free—a
quality that gains in relevance as more and more wearable devices, such as smart
watches, compete for the user’s visual attention. While many wearable devices can
notify its user using vibration patterns, EMS is substantially more expressive since a
pair of EMS electrodes can communicate a continuously changing parameter to its user.

5.2 QOutline and open challenges

Now, we sketch an outline for the field of interactive systems based on EMS by listing
open technical and philosophical questions that we left unanswered.

5.2.1 Technical challenges

There are many exciting hardware and software challenges in EMS-based interactive

systems. To overcome these limitations in the future, we, in the research community

need to deal with a wide range of challenges; in particular, current limitations in EMS
precision must be addressed:

1. Increase the robustness of EMS-based systems to variations in body posture and to
muscular fatigue. One approach might be to add additional sensors that track limb
orientation (e.g., accelerometers) and physiological signals (e.g., electromyography
to measure muscle activity and chemical sensors that analyze sweat composition).

2. In order to actuate with higher precision and enable more complex poses, it might be
worth implanting microelectrode arrays [18] into the respective muscles.
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3. To harmonize the control loops with the user’s voluntary muscle contractions, we
may consider creating EMS systems that, simultaneously, sense muscle tension and
thus track users’ voluntary motion.

4. Concurrently with these developments, one would expect to see a series of other
improvements that make EMS research easier and its outcome more applicable, such
as automatic calibration procedures and methods that simplify the placement of the
electrodes, embed them into textiles, and so on. Furthermore, recently, we have
started to see some early examples of automatic calibration of EMS devices [84, 44,
127, 79].

5.2.2 Conceptual, philosophical & societal challenges

Resource conflicts. The idea that a device can “borrow” the user’s limbs poses a number
of interesting design challenges, such as the potential “resource conflict” that arises
when user and device try to actuate the same limb at the same time. Our EMS-based
systems solved this issue by having the EMS actuation configured to be weak enough to
allow users to simply overpower the actuation. Another approach is to sense the user’s
voluntary motion and to abort any device action whenever the user is trying to act (e.g.,
as in pose-10).

Shift in agency. Another challenge present in using any form of automated system, be it
EMS-driven or motor-based, is a shift in agency. While the naive assumption might be
that any system that automatically actuates a user decreases the perceived agency,
during our experiments, we observed users’ comments during that suggested blurred
forms of agency—hinting that the notion of loss vs. gain of agency might not be strictly
binary, but rather affords “sharing agency” with a device.

We believe the question of agency is the fundamental piece for hybrid human-machine
systems and the nature of EMS simply takes this question to the spotlight. We believe
further investigation is required to understand how exactly is the sense of agency
affected by such systems and, also, does EMS affect agency in any particular way?

This question unfolds into a series of subsequent questions, such as: do we feel like we
made a choice when we find our bodies act out such a choice? Does it make a difference
whether we find our body actuated by mechanical contraption, or by a more “internal”
EMS device? Answering these questions could potentially revolutionize a wide range of
applications designed to teach us physical skills, such as haptic tutorial systems.
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Ethical repercussions of a shared agency. The consequence of systems with shared
models of agency is that they disrupt the fabric of societal norms. One example at the
contemporary spotlight is the moral and liability paradoxes in self-driving cars, e.g.,
who is liable, and morally responsible, in the event of an accident while the car drives
itself? Similarly, when using an exoskeleton or interactive system based on EMS, we
can ask an enormous amount of variations to this question. Because of the wide
implications of these questions and its societal repercussions we believe these should be
investigated thoroughly and openly, with as much public interaction as possible.

One powerful way to extend this discussion to the general public is to expose them to
this paradox and incite critical thinking over the philosophical implications of hybrid
technology that disrupts the traditional model of users controlling devices.

As an outcome of this philosophical side of our work, we created a device that reverses
the traditional “the user controls the device” paradigm and, instead, controls the user.
Our creation, depicted in Figure 131, is a technological parasite that lives off human
energy: the device harvests kinetic energy by electrically stimulating participants’
wrists. This causes their wrists to involuntarily turn a crank, which then powers the
device ad infinitum.

Figure 131: Ad Infinitum, a parasitical machine that lives off human‘henergy.

This device, which we call Ad Infinitum, was crafted to provoke users to consider the
implications of this philosophical debate. This act of building a device to “ask a
question”, rather than to “answer one”, made it more suitable for an artistic outlet. We
have exhibited this device at prestigious venues, such as Ars Electronica (Linz, 2017)
and Science Gallery (Dublin, 2017).

While the systems presented above are all prototypes and not commercial deployments,
one cannot overlook the ethical landscape around these novel interfaces. In particular,
we expect our projects to spark more discussion on the subject of ensuring that EMS
interfaces are used in a safe, responsible and secure manner.
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5.3 Community outreach

To allow other researchers to build on our work we have taken three steps.
1. Open-source software. We made the code of the following prototypes open-source:

1. Affordance++: https://github.com/PedroLopes/affordance

2. Muscle-plotter: https://github.com/PedroLopes/openEMSstim

3. MR: https://github.com/PedroLopes/HoloLens-ElectricalMuscleStimulation

2. Open-source hardware. To enable researchers to get started on the—typically more
time-consuming—hardware side of EMS, we created the openEMSstim, which is an
open-source hardware module that programmatically adjusts the intensity of an off-the-
shelf EMS/TENS stimulator. Our hardware design is derived from [124], which was
one of the results of two workshops that we jointly conducted with Pfeiffer et al. at
IEEE WorldHaptics 2015 and ACM CHI 2016 conferences. The openEMSstim’s
schematics, firmware code, documentation and step-by-step tutorials are available at:
https://github.com/PedroLopes/openEMSstim

3. Community outreach. Finally, to make these ideas available to the youngest
generation of our research community, we utilized our openEMSstim as the hardware
platform for all 18 student teams of the ACM UIST 2016 Student Innovation Contest.

5.4 Final thoughts

Our eight projects were designed to spark the idea of interactive systems based on EMS,
while simultaneously, to some deeper extent, working out the conceptual framework of
a larger theme: devices that overlap with the user’s body might be the natural successors
to wearable computing.

We foresee that this theme, on the subject of biological integration of devices & human
senses, will unfold as the centerpiece of Human Computer Interaction, leading to a
significant fusion with the Neurosciences.

157



Interactive Systems Based on Electrical Muscle Stimulation

6 REFERENCES

10.

11.

12.

158

Gad Alon (2013) Functional Electrical Stimulation (FES): Transforming Clinical
Trials to Neuro-Rehabilitation Clinical Practice- A Forward Perspective. J Nov
Physiother 3:176. doi:10.4172/2165-7025.1000176

Brian Amento, Will Hill, and Loren Terveen. 2002. The sound of one hand: a wrist-
mounted bio-acoustic fingertip gesture interface. In CHI '02 Extended Abstracts on
Human Factors in Computing Systems (CHI EA '02). ACM, New York, NY, USA,
724-725. DOI=http://dx.doi.org/10.1145/506443.506566

Hideyuki Ando, Takeshi Miki, Masahiko Inami, and Taro Maeda. 2002. The nail-
mounted tactile display for the behavior modeling. In Proceedings of ACM
SIGGRAPH 2002 conference abstracts and applications, 264-264.
DOI=http://dx.doi.org/10.1145/1242073.1242277

Hideyuki Ando, Eisuke Kusachi, and Junji Watanabe. 2007. Nail-mounted tactile
display for boundary/texture augmentation. In Proceedings of the international

conference on Advances in computer entertainment technology, 292-293.
DOI=http://dx.doi.org/10.1145/1255047.1255131

Georg Apitz and Frangois Guimbretiére. 2004. CrossY: a crossing-based drawing
application. In Proceedings of the 17th annual ACM symposium on User interface
software and technology (UIST '04). ACM, New York, NY, USA, 3-12. DOI:
https://doi.org/10.1145/1029632.1029635

Myo Armband, https://www.myo.com/, last accessed on 2018/02/02.

Daniel Ashbrook, Enabling Mobile Microinteractions. Ph.D. Dissertation. Georgia
Tech, Atlanta, GA, USA.

Serial-Library Axivity, http://axivity.com/downloads, last accessed on 13/03/2015.

N. Baker. Prism Nightlight, http://nicholas-baker.com/post/70963455726/prism-
nightlight-the-goal-of-this, last accessed in 9/9/2014.

Amit Barde, Matt Ward, William Helton, and Mark Billinghurst (2016). A Bone
Conduction Based Spatial Auditory Display as Part of a Wearable Hybrid Interface.
In Proceedings of ICAD'16, International Conference on Auditory Display (ICAD).,
DOI:http://hdl.handle.net/1853/56563

Patrick Baudisch, Henning Pohl, Stefanie Reinicke, Emilia Wittmers, Patrick
Lithne, Marius Knaust, Sven Kohler, Patrick Schmidt, and Christian Holz. 2013.
Imaginary reality gaming: ball games without a ball. In Proceedings of the 26th
annual ACM symposium on User interface software and technology (UIST '13).
ACM, New York, NY, USA, 405-410. DOI:
https://doi.org/10.1145/2501988.2502012

Mohamed Benali-Khoudja, Moustapha Hafez, Jean-Marc Alexandre, and A.
Kheddar. Tactile interfaces: a state-of-the-art survey, In Proceedings of International
Symposium on Robotics (ISR'04).




13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chapter 6: References

. A. Berenguer, J. Goncalves, S. Hosio, D. Ferreira, T. Anagnostopoulos, and V.
Kostakos. (2017). Are Smartphones Ubiquitous?: An in-depth survey of smartphone
adoption by seniors. IEEE Consumer Electronics Magazine, 6(1), 104-110.

Massimo Bergamasco, “The GLAD-IN-ART Project”; In Proceedings of Imagina
‘92 (Edited by Le Centre National de la Cinematographie (CNC); Monte Carlo,
France; January, 1992; pp. II-7 to II-14.

Matteo Bianchi, Edoardo Battaglia, Mattia Poggiani, Simone Ciotti, and Antonio
Bicchi. 2016. A Wearable Fabric-based display for haptic multi-cue delivery. In
Proceedings of Haptics Symposium (HAPTICS 2016), 277-283. DOI:
10.1109/HAPTICS.2016.7463190

James Biggs and Mandayam A. Srinivasan. 2002. Tangential Versus Normal
Displacements of Skin: Relative Effectiveness for Producing Tactile Sensations. In
Proceedings of the 10th Symposium on Haptic Interfaces for Virtual Environment
and Teleoperator Systems (HAPTICS 2002), 121-128. DOI:
10.1109/HAPTIC.2002.998949

Mark Billinghurst, and Thad Starner, (1999). Wearable devices: new ways to
manage information. Computer, 32(1), 57-64.

K. Boven, M. Fejtl, A. Moeller, W. Nisch, and A. Stett. On Micro-Electrode Array
Revival. In: Advances in Network Electrophysiology Using Multi-Electrode Arrays,
2006: 24-37.

V. Boxtel, Skin resistance during square-wave electrical pulses of 1 to 10 mA.
Medical and Biological Engineering and Computing 15.6 (1977): 679-687.

Grigore Burdea. Haptic Issues in Virtual Environments. In Proceedings of Computer
Graphics International (GCI *00), 2000. https://doi.org/10.1109/CGI1.2000.852345

Rehastim by Hasomed, https://www.hasomed.de/en/products.html, last accessed on
2018/02/02.

Baptiste Caramiaux, Marco Donnarumma, and Atau Tanaka. 2015. Understanding
Gesture Expressivity through Muscle Sensing. ACM Trans. Comput.-Hum. Interact.
21, 6, Article 31 (January 2015), 26 pages. DOLI: https://doi.org/10.1145/2687922

J. Chae, F. Bethoux, T. Bohinc, L. Dobos, T. Davis, A. Friedl. Neuromuscular
stimulation for upper extremity motor and functional recovery in acute hemiplegia.
Stroke. 1998;29(5): 975-9.

Liwei Chan, Chi-Hao Hsieh, Yi-Ling Chen, Shuo Yang, Da-Yuan Huang, Rong-
Hao Liang, and Bing-Yu Chen. 2015. Cyclops: Wearable and Single-Piece Full-
Body Gesture Input Devices. In Proceedings of the 33rd Annual ACM Conference
on Human Factors in Computing Systems (CHI '15). ACM, New York, NY, USA,
3001-3009. DOI: https://doi.org/10.1145/2702123.2702464

E. Chao, K. An, W. Cooney, and R. Linscheid. Biomechanics of the Hand. World
Scientific Publishing, 1989.

Daniel Chen, lain Anderson, Cameron Walker and Thor Besier. 2016. Lower
Extremity Lateral Skin Stretch Perception for Haptic Feedback. Haptics IEEE
Transactions, 9, 62-68, 2016. DOI: 10.1109/TOH.2016.2516012

A. Coleman (1969). Effect of unilateral isometric and isotonic contractions on the
strength of the contralateral limb. Research quarterly. 40. 490-5.
10.1080/10671188.1969.10614867.

159



Interactive Systems Based on Electrical Muscle Stimulation

28. Heather Culbertson, Juan Jose Lopez Delgado, Katherine J. Kuchenbecker. One
hundred data-driven haptic texture models and open-source methods for rendering

on 3d objects. In  Proc. IEEE  Haptics Symposium, 2014.
https://doi.org/10.1109/HAPTICS.2014.6775475

29.S. Daniel, S. Gallagher, (Eds.), Handbook of Phenomenology and Cognitive
Science, Springer; 2010 edition, ISBN-10: 9048126452

30. T. Djajadiningrat, B. Matthews, and M. Stienstra. Easy doesn't do it: skill and
expression in tangible aesthetics. Personal Ubiquitous Comput. 11, 8, 2007, 657-
676.

31. Ayaka Ebisu, Satoshi Hashizume, Kenta Suzuki, Akira Ishii, Mose Sakashita, and
Yoichi Ochiai. 2016. Stimulated percussions: techniques for controlling human as

percussive musical instrument by wusing electrical muscle stimulation. In
SIGGRAPH ASIA 2016 Posters (SA '16), Article 37.

32. Arthur Elsenaar and Remko Scha, Electric Body Manipulation as Performance Art:
A Historical Perspective, in Leonardo Music Journal, December 2002, Vol. 12,
Pages: 17-28.

33. Douglas Engelbart and William English. 1968. A research center for augmenting
human intellect. In Proceedings of the December 9-11, 1968, fall joint computer
conference, part I (AFIPS '68 (Fall, part I)). ACM, New York, NY, USA, 395-410.
DOI=http://dx.doi.org/10.1145/1476589.1476645

34. Farzam Farbiz, Zhou Hao Yu, Corey Manders, and Waqas Ahmad. An electrical
muscle stimulation haptic feedback for mixed reality tennis game. In ACM
SIGGRAPH 2007 posters (SIGGRAPH '07), Article 140.
https://doi.org/10.1145/1280720.1280873

35. Steven Feiner. 2002. Augmented reality: A new way of seeing. Scientific American,
286(4), 2002, 34-41.

36. Torsten Felzer and Rainer Nordmann. 2008. Using intentional muscle contractions
as input signals for various hands-free control applications. In Proceedings of the

2nd International Convention on Rehabilitation Engineering & Assistive
Technology (iCREATe '08), 87-91.

37. James Foley. Interfaces for advanced computing. Sci. Am. 257, 4, 126-135, 1987.
http://dx.doi.org/10.1038/scientificamerican1087-126

38. Ryohei Fushimi, Eisuke Fujinawa, Takuji Narumi, Tomohiro Tanikawa, and
Michitaka Hirose. 2017. Vibrat-o-matic: producing vocal vibrato using EMS. In
Proceedings of the 8th Augmented Human International Conference (AH 'l7).
ACM, New York, NY, USA, Article 24, 5 pages. DOL
https://doi.org/10.1145/3041164.3041193

39. S. Gandevia, J. Smith, M. Crawford, U., Proske, and J. Taylor, Motor commands
contribute to human position sense. Journal of Physiology, 2006, 571(3) 703-710.

40. E. Gardner and J. Martin. Coding of Sensory Information, Principles of Neural
Science. McGraw-Hill, fourth edition, 2000.

41. Michael Gazzaniga, and G.R. Mangun (editors) Cognitive Neuroscience V. MIT
Press.

42. James Gibson, The Ecological Approach to Visual Perception, Psychology Press,
1979, Chapter 8.

160



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

Chapter 6: References

Ray Goertz, ANL Model E1, Master-Slave Manipulator, 1948, U.S. Atomic Energy
Commission, Patent: US2632574 A, Granted in Mar 24, 1953.

Takashi Goto, Benjamin Tag, Kai Kunze, and Tilman Dingler. 2018. Towards
Enhancing Emotional Responses to Media using Auto-Calibrating Electric Muscle
Stimulation (EMS). In Proceedings of the 9th Augmented Human International
Conference (AH '18). ACM, New York, NY, USA, Article 29, 2 pages. DOI:
https://doi.org/10.1145/3174910.3174939

Erik Gronvall, Jonas Fritsch, and Anna Vallgarda. 2016. FeltRadio: Sensing and
Making Sense of Wireless Traffic. In Proceedings of the 2016 ACM Conference on
Designing Interactive Systems (DIS '16). ACM, New York, NY, USA, 829-840.
DOI: https://doi.org/10.1145/2901790.2901818

P. Gruenbaum, W. McNeely, H. Sowizral, T. Overman, and B. Knutson,
Implementation of dynamic robotic graphics for a virtual control panel, Proc.
Presence'97, 118-126.

Xiaochi Gu, Yifei Zhang, Weize Sun, Yuanzhe Bian, Dao Zhou, and Per Ola
Kristensson. Dexmo: An Inexpensive and Lightweight Mechanical Exoskeleton for
Motion Capture and Force Feedback in VR. In Proceedings of the 2016 CHI
Conference on Human Factors in Computing Systems (CHI '16), 1991-1995.
https://doi.org/10.1145/2858036.2858487

Sean Gustafson, Daniel Bierwirth, and Patrick Baudisch. 2010. Imaginary
interfaces: spatial interaction with empty hands and without visual feedback. In
Proceedings of the 23nd annual ACM symposium on User interface software and
technology (UIST '10). ACM, New York, NY, USA, 3-12. DOL
https://doi.org/10.1145/1866029.1866033

Sean Gustafson, Bernhard Rabe, and Patrick Baudisch. 2013. Understanding palm-
based imaginary interfaces: the role of visual and tactile cues when browsing. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(CHI  '13). ACM, New York, NY, USA, 889-898. DOLIL
https://doi.org/10.1145/2470654.2466114

Sean Gustafson, Christian Holz, and Patrick Baudisch. 2011. Imaginary phone:
learning imaginary interfaces by transferring spatial memory from a familiar device.
In Proceedings of the 24th annual ACM symposium on User interface software and
technology (UIST 'l11). ACM, New York, NY, USA, 283-292. DOL:
https://doi.org/10.1145/2047196.2047233

Shin Hanagata and Yasuaki Kakehi. 2018. Paralogue: A Remote Conversation
System Using a Hand Avatar which Postures are Controlled with Electrical Muscle
Stimulation. In Proceedings of the 9th Augmented Human International Conference
(AH '18). ACM, New York, NY, USA, Article 35, 3 pages. DOI:
https://doi.org/10.1145/3174910.3174951

Red Hands, http://en.wikipedia.org/wiki/Red hands, last accessed on 2018/06/06.

Blake Hannaford and Allison M. Okamura, Haptics (chapter), Handbook of
Robotics, 2008, Oussama Khat-ib, Bruno Siciliano(eds.), Springer, pp 719-739.

Chris Harrison, Desney Tan, and Dan Morris. 2010. Skinput: appropriating the body
as an input surface. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (CHI '10). ACM, New York, NY, USA, 453-462. DOI:
https://doi.org/10.1145/1753326.1753394

161



Interactive Systems Based on Electrical Muscle Stimulation

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

162

Chris Harrison, Hrvoje Benko, and Andrew D. Wilson. 2011. OmniTouch: wearable
multitouch interaction everywhere. In Proceedings of the 24th annual ACM
symposium on User interface software and technology (UIST '11). ACM, New
York, NY, USA, 441-450. DOI: https://doi.org/10.1145/2047196.2047255

Chris Harrison, Shilpa Ramamurthy, and Scott E. Hudson. 2012. On-body
interaction: armed and dangerous. In Proceedings of the Sixth International
Conference on Tangible, Embedded and Embodied Interaction (TEI '12), Stephen N.
Spencer (Ed.)). ACM, New York, NY, USA, 69-76. DOI:
https://doi.org/10.1145/2148131.2148148

Shoichi Hasegawa, Ishikawa Toshiaki, Naoki Hashimoto, Marc Salvati, Hironori
Mitake, Yasuharu Koike, and Makoto Sato. 2006. Human-scale haptic interaction
with a reactive virtual human in a real-time physics simulator. Comput. Entertain. 4,
3, Article 9 (July 2006). DOI=http://dx.doi.org/10.1145/1146816.1146831

Mahmoud Hassan, Florian Daiber, Frederik Wiehr, Felix Kosmalla, and Antonio
Kriiger. 2017. FootStriker: An EMS-based Foot Strike Assistant for Running. Proc.
ACM Interact. Mob. Wearable Ubiquitous Technol. 1, 1, Article 2 (March 2017), 18
pages. DOI: https://doi.org/10.1145/3053332

Mariam Hassib, Max Pfeiffer, Stefan Schneegass, Michael Rohs, and Florian Alt.
2017. Emotion  Actuator: Embodied Emotional Feedback  through
Electroencephalography and Electrical Muscle Stimulation. In Proceedings of the
2017 CHI Conference on Human Factors in Computing Systems (CHI '17). ACM,
New York, NY, USA, 6133-6146. DOI: https://doi.org/10.1145/3025453.3025953

August Heidland, Gholamreza Fazeli, André Klassen, Katarina Sebekova, Hans
Hennemann, Udo Bahner, and Biagio Di lorio. 2013. Neuromuscular
electrostimulation techniques: historical aspects and current possibilities in
treatment of pain and muscle waisting. Clinical Nephrology 79 Suppl 1: S12-23.

Steven Henderson and Steven Feiner. 2009. Evaluating the benefits of augmented
reality for task localization in maintenance of an armored personnel carrier turret. In
Proceedings of the 2009 8th IEEE International Symposium on Mixed and
Augmented Reality (ISMAR '09), 135-144. DOI: 10.1109/ISMAR.2009.5336486

Anuruddha Hettiarachchi and Daniel Wigdor. 2016. Annexing Reality: Enabling
Opportunistic Use of Everyday Objects as Tangible Proxies in Augmented Reality.
In Proceedings of the 2016 CHI Conference on Human Factors in Computing
Systems (CHI '16). ACM, New York, NY, USA, 1957-1967. DOI:
https://doi.org/10.1145/2858036.2858134

Ken Hinckley, Patrick Baudisch, Gonzalo Ramos, and Francois Guimbretiere. 2005.
Design and analysis of delimiters for selection-action pen gesture phrases in
scriboli. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (CHI  '05). ACM, New York, NY, USA, 451-460.
DOI=http://dx.doi.org/10.1145/1054972.1055035

John Hollerbach and Stephen Jacobsen. Haptic Interfaces for Teleoperation and
Virtual Environments. In Proc. Workshop on Simulation and Interaction in Virtual
Environments'95, 13-15.
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.52.978

Microsoft HoloLens, https://www.microsoft.com/microsoft-hololens/en-
us/developers, last accessed on 2017/09/09.




66.

67.

68.

69.
70.
71.
72.

73.

74.

75.

76.

77.

78.

Chapter 6: References

Christian Holz, Tovi Grossman, George Fitzmaurice, and Anne Agur. 2012.
Implanted user interfaces. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (CHI '12). ACM, New York, NY, USA, 503-512.
DOI: http://dx.doi.org/10.1145/2207676.2207745

Jonathan Hook, Thomas Nappey, Steve Hodges, Peter Wright, and Patrick Olivier.
2014. Making 3D printed objects interactive using wireless accelerometers. In CHI
'14 Extended Abstracts on Human Factors in Computing Systems (CHI EA '14).
ACM, New York, NY, USA, 1435-1440. DOI:
https://doi.org/10.1145/2559206.2581137

T. Hoshi, M. Takashami, T. Iwamoto, and H. Shinoda, Noncontact tactile display
based on radiation pressure of Airborne Ultrasound. In IEEE Trans. Haptics. 3,
2010, 155-165.

GearVR, http://samsung.com/global/microsite/gearvr/, last accessed on 11/04/2015.
HASOMED, http://www.hasomed.de, last accessed in 2018/05/16.
Vuforia, https://developer.vuforia.com, last accessed on 2018/02/02.

Hiroshi Ishii and Brygg Ullmer. 1997. Tangible bits: towards seamless interfaces
between people, bits and atoms. In Proceedings of the ACM SIGCHI Conference on
Human factors in computing systems (CHI '97). ACM, New York, NY, USA, 234-
241. DOI=http://dx.doi.org/10.1145/258549.258715

K. Ito, S. Takahiro, and K. Toshiyuki. Lower-limb Joint Torque and Position
Controls by Functional Electrical Stimulation (FES). Complex Medical
Engineering. Springer Japan, 2007. 239-249.

Patricia Ivette Cornelio Martinez, Silvana De Pirro, Chi Thanh Vi, and Sriram
Subramanian. 2017. Agency in Mid-air Interfaces. In Proceedings of the 2017 CHI
Conference on Human Factors in Computing Systems (CHI '17). ACM, New York,
NY, USA, 2426-2439. DOI: https://doi.org/10.1145/3025453.3025457

Seungzoo Jeong, Naoki Hashimoto, and Sato Makoto. 2004. A novel interaction
system with force feedback between real - and virtual human: an entertainment
system: "virtual catch ball". In Proceedings of the 2004 ACM SIGCHI International
Conference on Advances in computer entertainment technology (ACE '04). ACM,
New York, NY, USA, 61-66. DOI=http://dx.doi.org/10.1145/1067343.1067350

M. Johnson (2007). Transcutancous Electrical Nerve Stimulation: Mechanisms,
Clinical Application and Evidence. Reviews in Pain, 1(1), 7-11.
http://doi.org/10.1177/204946370700100103

Thorsten Karrer, Moritz Wittenhagen, Leonhard Lichtschlag, Florian Heller, and Jan
Borchers. 2011. Pinstripe: eyes-free continuous input on interactive clothing. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(CHI '11). ACM, New York, NY, USA, 1313-1322. DOL
https://doi.org/10.1145/1978942.1979137

Idin Karuei, Karon E. MacLean, Zoltan Foley-Fisher, Russell MacKenzie, Sebastian
Koch, and Mohamed El-Zohairy. 2011. Detecting vibrations across the body in
mobile contexts. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (CHI '11). ACM, New York, NY, USA, 3267-3276. DOI:
https://doi.org/10.1145/1978942.1979426

163



Interactive Systems Based on Electrical Muscle Stimulation

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

&9.

164

Manami Katoh, Narihiro Nishimura, Maki Yokoyama, Taku Hachisu, Michi Sato,
Shogo Fukushima, and Hiroyuki Kajimoto. 2013. Optimal selection of electrodes
for muscle electrical stimulation using twitching motion measurement. In
Proceedings of the 4th Augmented Human International Conference (AH 'l3).
ACM, New York, NY, USA, 237-238.
DOI=http://dx.doi.org/10.1145/2459236.2459279

Hwan Kim, Minhwan Kim, and Woohun Lee. 2016. HapThimble: A Wearable
Haptic Device towards Usable Virtual Touch Screen. In Proceedings of the 2016
CHI Conference on Human Factors in Computing Systems (CHI '16). ACM, New
York, NY, USA, 3694-3705. DOL: https://doi.org/10.1145/2858036.2858196

David Kim, Otmar Hilliges, Shahram Izadi, Alex D. Butler, Jiawen Chen, Iason
Oikonomidis, and Patrick Olivier. 2012. Digits: freechand 3D interactions anywhere
using a wrist-worn gloveless sensor. In Proceedings of the 25th annual ACM
symposium on User interface software and technology (UIST '12). ACM, New
York, NY, USA, 167-176. DOL: https://doi.org/10.1145/2380116.2380139

J. Kim, W. Lee, ..., J. Kim, J. (2016). Differences in strength-duration curves of
electrical diagnosis by physiotherapists between DJ-1 homozygous knockout and

wild-type mice: a randomized controlled pilot trial. Journal of Physical Therapy
Science, 28(5), 1595—-1598. http://doi.org/10.1589/jpts.28.1595

Majken Kirkegaard Rasmussen, Erik Gronvall, Sofie Kinch, and Marianne Graves
Petersen. 2013. "It's alive, it's magic, it's in love with you": opportunities, challenges
and open questions for actuated interfaces. In Proceedings of the 25th Australian
Computer-Human Interaction Conference: Augmentation, Application, Innovation,
Collaboration (OzCHI '13), ACM, New York, NY, USA, 63-72. DOI:
http://dx.doi.org/10.1145/2541016.2541033

Jarrod Knibbe, Paul Strohmeier, Sebastian Boring, and Kasper Hornbak. 2017.
Automatic Calibration of High Density Electric Muscle Stimulation. Proc. ACM
Interact. Mob. Wearable Ubiquitous Technol. 1, 3, Article 68 (September 2017), 17
pages. DOI: https://doi.org/10.1145/3130933

Benjamin Knoerlein, Gabor Székely, and Matthias Harders. 2007. Visuo-haptic
collaborative augmented reality ping-pong. In Proceedings of the international

conference on Advances in computer entertainment technology (ACE '07). ACM,
New York, NY, USA, 91-94. DOI=http://dx.doi.org/10.1145/1255047.1255065

James Kramer. Force feedback and Texture Simulating Interface device, U.S. Patent
5,184, 319.

Alexander Kron, and Guenther Schmidt. Multi-fingered Tactile Feedback from
Virtual and Remote Environments. In Proc. HAPTICS'03, 16-23.
https://doi.org/10.1109/HAPTIC.2003.1191219

Ernst Kruijff, Dieter Schmalstieg, and Steffi Beckhaus. 2006. Using neuromuscular
electrical stimulation for pseudo-haptic feedback. In Proceedings of the ACM
symposium on Virtual reality software and technology (VRST '06). ACM, New
York, NY, USA, 316-319. http://dx.doi.org/10.1145/1180495.1180558

Shinobu Kuroki, Hiroyuki Kajimoto, Hideaki Nii, Naoki Kawakami, and Susumu
Tachi. (2007). Proposal for tactile sense presentation that combines electrical and
mechanical stimulus. 121 - 126. http://doi.org/10.1109/WHC.2007.92.




Chapter 6: References

90. Anthony Kurtz. Tactile feel apparatus for use with robotic operations, U.S. Patent
650, 643, filed January 8, 2007, issued July 10, 2008.

91. Bruno Latour. Where are the missing masses? The sociology of a few mundane
artifacts. In Shaping technology/building society, 1992, 225-58.

92. Thin lens simulation with Python. http://www.frantzmartinache.com/blog/?p=84,
last accessed 2017/09/09.

93. P. Letier, M. Avraam, Samuel Veillerette, Mihaita Horodinca, M. de Bartolomesi, A.
Schiele, and A. Preumont (2008). SAM : A 7-DOF portable arm exoskeleton with
local joint control. 2008 IEEE/RSJ International Conference on Intelligent Robots
and Systems, IROS. 3501 - 3506. 10.1109/IROS.2008.4650889.

94. Kevin Li, Designing easily learnable eyes-free interaction, Ph.D. Thesis. UC San
Diego, 2009.

95. Cheng-Yuan Li, Yen-Chang Chen, Wei-Ju Chen, Polly Huang, and Hao-hua Chu.
2013. Sensor-embedded teeth for oral activity recognition. In Proceedings of the
2013 International Symposium on Wearable Computers (ISWC '13). ACM, New
York, NY, USA, 41-44. DOI: https://doi.org/10.1145/2493988.2494352

96. Chunyuan Liao, Francois Guimbretiére, and Ken Hinckley. 2005. PapierCraft: a
command system for interactive paper. In Proceedings of the 18th annual ACM
symposium on User interface software and technology (UIST '05). ACM, New
York, NY, USA, 241-244. DOI=http://dx.doi.org/10.1145/1095034.1095074

97.Yi-Chi Liao, Shun-Yao Yang, Rong-Hao Liang, Liwei Chan, and Bing-Yu Chen.
2015. ThirdHand: wearing a robotic arm to experience rich force feedback. In
SIGGRAPH Asia 2015 Emerging Technologies (SA '15). ACM, New York, NY,
USA, Article 24, 1 pages. DOI: https://doi.org/10.1145/2818466.2818487

98. Joshua Lifton and Joseph A. Paradiso, Dual Reality: Merging the Real and Virtual,
International Conference on Facets of Virtual Environments FaVE 2009: pp. 12-28.
DOI:10.1007/978-3-642-11743-5 2

99. Robert Lindeman, Yasuyuki Yanagida, Haruo Noma, and Kenichi Hosaka.
Wearable vibrotactile systems for virtual contact and information display. In Virtual
Reality 9, 2, 203-213, 2006. http://dx.doi.org/10.1007/s10055-005-0010-6

100. Therese Lloyd, Giovanni de Domenico, Geoffrey Strauss, and Kevin Singer, A
Review of the Use of Electro-Motor Stimulation in Human Muscles, Australian
Journal of Physiotherapy, Volume 32, Issue 1, 1986, Pages 18-30, ISSN 0004-9514,
https://doi.org/10.1016/S0004-9514(14)60640-1.

101. Daito Manabe, Face Visualizer, 2008, http://www.daito.ws/en/work/smiles.html,
last accessed in 2018/02/01.

102.  Paul Marshall. (2007, February). Do tangible interfaces enhance learning?. In
Proceedings of the 1st international conference on Tangible and embedded
interaction (pp. 163-170). DOI=http://dx.doi.org/10.1145/1226969.1227004

103. William McNeely. Robotic graphics: a new approach to force feedback for
virtual reality. In Proceedings of the Annual IEEE International Symposium on
Virtual Reality, 336-341, 1999. https://doi.org/10.1109/VRAIS.1993.380761

104. Paul Milgram and Fumio Kishino. 1994. A Taxonomy of mixed reality Visual
Displays. IEICE Transactions on Information and Systems E77-D,1321-1329.

165



Interactive Systems Based on Electrical Muscle Stimulation

105. Paul Milgram, Haruo Takemura, Akira Utsumi, and Fumio Kishino. 1995.
Augmented reality: A class of displays on the reality-virtuality continuum. In

Proceedings of SPIE 2351, Telemanipulator and Telepresence Technologies, 282-
292.

106. Neil Mizen, Powered exoskeletal apparatus for amplifying human strength in
response to normal body movements, Patent US3449769 A, Granted 17 Jun 1969.

107. Jun Murayama, Laroussi Bougrila, Yanlinluo Katsuhito Akahane, Shoichi
Hasegawa, Béat Hirsbrunner and Makoto Sato. SPIDAR G&G: a two-handed haptic
interface for bimanual VR interaction. In Proc. EuroHaptics'04, 138—146.

108. Kazuki Nagai, Soma Tanoue, Katsuhito Akahane, and Makoto Sato. Wearable
6-DoF wrist haptic device "SPIDAR-W". In SIGGRAPH Asia 2015 Haptic Media
And Contents Design (SA '15), Article 19.
http://dx.doi.org/10.1145/2818384.2818403

109. Tao Ni and Patrick Baudisch. 2009. Disappearing mobile devices. In
Proceedings of the 22nd annual ACM symposium on User interface software and
technology (UIST '09). ACM, New York, NY, USA, 101-110. DOI:
https://doi.org/10.1145/1622176.1622197

110. Arinobu Niijima, Takashi Isezaki, Ryosuke Aoki, Tomoki Watanabe, and
Tomohiro Yamada. 2018. Controlling Maximal Voluntary Contraction of the Upper
Limb Muscles by Facial Electrical Stimulation. In Proceedings of the 2018 CHI
Conference on Human Factors in Computing Systems (CHI '18). ACM, New York,
NY, USA, Paper 394, 7 pages. DOI: https://doi.org/10.1145/3173574.3173968

111.  Arinobu Niijima, and Takefumi Ogawa. (2016). A proposal of virtual food
texture by electric muscle stimulation. 1-6. 10.1109/ICMEW.2016.7574698.

112.  Jun Nishida and Kenji Suzuki. 2017. bioSync: A Paired Wearable Device for
Blending Kinesthetic Experience. In Proceedings of the 2017 CHI Conference on
Human Factors in Computing Systems (CHI '17). ACM, New York, NY, USA,
3316-3327. DOI: https://doi.org/10.1145/3025453.3025829

113.  Geoff Norman. 2010. Likert scales, levels of measurement, and the “laws” of
statistics. In Advances in Health Sciences Education 15, 5, 625-632, 2010.
https://dx.doi.org/10.1007/s10459-010-9222-y

114. Donald Norman. The Design of Everyday Things: Revised and Expanded
Edition. Basic Books, 2013.

115. Tesseract OCR. http://github.com/tesseract-ocr, last accessed 2018/05/06.

116. Ohan Oda and Steven Feiner. 2010. Rolling and shooting: two augmented reality
games. In CHI '10 Extended Abstracts on Human Factors in Computing Systems
(CHI EA '10). ACM, New York, NY, USA, 3041-3044. DOL
https://doi.org/10.1145/1753846.1753914

117. Ohan Oda, Carmine Elvezio, Mengu Sukan, Steven Feiner, and Barbara
Tversky. 2015. Virtual Replicas for Remote Assistance in Virtual and Augmented
Reality. In Proceedings of the 28th Annual ACM Symposium on User Interface
Software & Technology (UIST '15). ACM, New York, NY, USA, 405-415. DOI:
https://doi.org/10.1145/2807442.2807497

118. Kirista Overvlieta, Jeroen Smeetsa, and E. Brennera. The use of proprioception
and tactile information in haptic search. In Acta Psychologica 129, 1, 83-90, 2008.
https://doi.org/10.1016/j.actpsy.2008.04.011

166



Chapter 6: References

119. Jerome Pasquero, Scott J. Stobbe, and Noel Stonehouse. 2011. A haptic
wristwatch for eyes-free interactions. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI '11). ACM, New York, NY, USA,
3257-3266. DOI: https://doi.org/10.1145/1978942.1979425

120. Mark Paterson, The Senses of Touch: Haptics, Affects and Technologies,
Bloomsbury Academic, 978-1845204792

121.  Hunter Peckham, Jayme S. Knutson (2005). Functional Electrical Stimulation
for Neuromuscular Applications, Annual Review of Biomedical Engineering, 2015,
7:1, 327-360.

122. Max Pfeiffer, Stefan Schneegass, Florian Alt, and Michael Rohs. 2014. Let me
grab this: a comparison of EMS and vibration for haptic feedback in free-hand
interaction. In Proceedings of the 5th Augmented Human International Conference
(AH '14). ACM, New York, NY, USA, Article 48, 8 pages.
DOI=http://dx.doi.org/10.1145/2582051.2582099

123. Max Pfeiffer, Tim Diinte, Stefan Schneegass, Florian Alt, and Michael Rohs.
2015. Cruise Control for Pedestrians: Controlling Walking Direction using
Electrical Muscle Stimulation. In Proceedings of the 33rd Annual ACM Conference
on Human Factors in Computing Systems (CHI '15). ACM, New York, NY, USA,
2505-2514. http://doi.acm.org/10.1145/2702123.2702190

124. Max Pfeiffer, Tim Duente, and Michael Rohs. 2016. Let your body move: a
prototyping toolkit for wearable force feedback with electrical muscle stimulation.
In Proceedings of the 18th International Conference on Human-Computer
Interaction with Mobile Devices and Services (MobileHCI '16). ACM, New York,
NY, USA, 418-427. DOI: http://dx.doi.org/10.1145/2935334.2935348

125. Senseable Phantom Haptic Arm. http://www.sensable.com, last accessed on
10/09/2012.

126. Claudio Pinhanez. 2001. The Everywhere Displays Projector: A Device to
Create Ubiquitous Graphical Interfaces. In Proceedings of the 3rd international
conference on Ubiquitous Computing (UbiComp '01), 315-331.

127. Henning Pohl, Kasper Hornbak, and Jarrod Knibbe. 2018. Wanding Through
Space: Interactive Calibration for Electric Muscle Stimulation. In Proceedings of the
9th Augmented Human International Conference (AH '18). ACM, New York, NY,
USA, Article 19, 5 pages. DOI: https://doi.org/10.1145/3174910.3174948

128.  U. Proske, and S. Gandevia, The Proprioceptive Senses: Their Roles in
Signaling Body Shape, Body Position and Movement, and Muscle Force, In
Physiological Reviews 2012, Vol. 92 no. 4,1651-1697

129. Raf Ramakers, Fraser Anderson, Tovi Grossman, and George Fitzmaurice.
2016. RetroFab: A Design Tool for Retrofitting Physical Interfaces using Actuators,
Sensors and 3D Printing. In Proceedings of the 2016 CHI Conference on Human
Factors in Computing Systems (CHI '16). ACM, New York, NY, USA, 409-419.
DOI: https://doi.org/10.1145/2858036.2858485

130. M. Rank, Z. Shi, H. Miiller, and S. Hirche, (2010) Perception of Delay in Haptic
Telepresence Systems, In Presence, 19(5), 389—-399.

131. J. Rosen, J. C. Perry, N. Manning, S. Burns, B. Hannaford, The Human Arm
Kinematics and Dynamics During Daily Activities — Toward a 7 DOF Upper Limb
Powered Exoskeleton, - ICAR 2005 — Seattle WA, July 2005.

167



Interactive Systems Based on Electrical Muscle Stimulation

132. Anne Roudaut, Andreas Rau, Christoph Sterz, Max Plauth, Pedro Lopes, and
Patrick Baudisch. 2013. Gesture output: eyes-free output using a force feedback
touch surface. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (CHI '13). ACM, New York, NY, USA, 2547-2556. DOI:
https://doi.org/10.1145/2470654.2481352

133. David Ruis, Russell Polhemus, Wayne Book, Robotic exercise machine and
method, Patent US4235437 A, Granted 25 Nov 1980.

134.  Scott Saponas, Desney Tan, Dan Morris, Ravin Balakrishnan, Jim Turner, and
James A. Landay. 2009. Enabling always-available input with muscle-computer
interfaces. In Proceedings of the 22nd annual ACM symposium on User interface
software and technology (UIST '09). ACM, New York, NY, USA, 167-176. DOI:
https://doi.org/10.1145/1622176.1622208

135.  Nitin Sawhney, and Chris Schmandt. (1998). Speaking and Listening on the
Run:  Design  for  Wearable Audio  Computing. 108 - 115.
10.1109/ISWC.1998.729536.

136. T. Shannon, Tactile communication attachment, Patent US3780225 A, Granted
Dec 18, 1973.19

137.  William Sherman and Alan Craig. Understanding Virtual Reality: Interface,
Application, and Design. ed. Morgan Kaufmann, Series in Computer Graphics.

138.  Timothy Simon, Ross Smith, and Bruce Thomas. Wearable jamming mitten for
virtual environment haptics. In Proceedings of the 2014 ACM International
Symposium on Wearable Computers (ISWC '14), 67-70.
http://dx.doi.org/10.1145/2634317.2634342

139. Lattice-Boltzmann Simulation of a 2D Fluid.
http://physics.weber.edu/schroeder/fluids, last accessed 2017/09/09.

140. A. Skulmowski, S. Pradel, T. Kiihnert, G. Brunnett, and G. Rey, (2016).
Embodied learning using a tangible user interface: the effects of haptic perception
and selective pointing on a spatial learning task. Computers & Education, 92, 64-75.

141. Rajinder Sodhi, Ivan Poupyrev, Matthew Glisson, and Ali Israr. 2013. AIREAL:
interactive tactile experiences in free air. ACM Trans. Graph. 32, 4, Article 134
(July 2013), 10 pages. DOI: https://doi.org/10.1145/2461912.2462007

142.  Open Source OCR packages. http://www.mathstat.dal.ca/~selinger/ocr-test, last
accessed in 2017/09/09.

143.  Jurgen Steimle. (2016). Skin--The Next User Interface. Computer. 49. 83-87.
10.1109/MC.2016.93.

144. Maria Stokes, Max Blythe (2001). Muscle Sounds in physiology, sports science
and clinical investigation. Oxford: Medintel. ISBN 0-9540572-0-1.

145.  P. Strojnik, A. Kralj, and I. Ursic. Programmed six-channel electrical stimulator
for complex stimulation of leg muscles during walking. In IEEE Trans. Biomed.
Eng. 26, 112. https://doi.org/10.1109/TBME.1979.326520

146. Hong Z. Tan and Alex Pentland. 2005. Tactual displays for sensory substitution
and wearable computers. In ACM SIGGRAPH 2005 Courses (SIGGRAPH '05),
John Fujii (Ed.). ACM, New York, NY, USA, Article 105 . DOI:
https://doi.org/10.1145/1198555.1198611

168



Chapter 6: References

147. Emi Tamaki, Takashi Miyaki, and Jun Rekimoto. 2011. PossessedHand:
techniques for controlling human hands using electrical muscles stimuli. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(CHI "11). ACM, New York, NY, USA, 543-552.
http://dx.doi.org/10.1145/1978942.1979018

148. M. Tarata (2003). Mechanomyography versus Electromyography, in monitoring
the  muscular  fatigue. = BioMedical = Engineering = OnLine, 2, 3.
http://doi.org/10.1186/1475-925X-2-3

149. Sho Tatsuno, Tomohiko Hayakawa, and Masatoshi Ishikawa: Supportive
Training System for Sports Skill Acquisition Based on Electrical Stimulation, 2017
IEEE World Haptics Conference (WHC) (Munich, 2017.6.8) /Proceedings of the
2017 IEEE World Haptics Conference (WHC), pp.466-471, DOI:
10.1109/SMC.2016.7844413

150.  Anoto Technology, http://www.anoto.com, last accessed in 2017/01/02

151. Jonas Togler, Fabian Hemmert, and Reto Wettach. 2009. Living interfaces: the
thrifty faucet. In Proceedings of the 3rd International Conference on Tangible and
Embedded Interaction (TEI '09). ACM, New York, NY, USA, 43-44. DOI:
https://doi.org/10.1145/1517664.1517680

152. Dzmitry Tsetserukou, Katsunari Sato, and Susumu Tachi. Exolnterfaces: novel
exosceleton haptic interfaces for virtual reality, augmented sport and rehabilitation.
In Proceedings of the 1st Augmented Human International Conference (AH '10),
article 1. http://dx.doi.org/10.1145/1785455.1785456

153. Peter-Paul Verbeek. Materializing Morality. Design Ethics and Technological
Mediation, In Science, Technology and Human Values 31, 2006, (3):361-380.

154. L. Walsh, J. Smith, S. Gandevia, and J. Taylor, The combined effect of muscle
contraction history and motor commands on human position sense. Journal of
Experimental Brain Research, 2009; 195(4): 603-10.

155. Saiwen Wang, Jie Song, Jaime Lien, Ivan Poupyrev, and Otmar Hilliges. 2016.
Interacting with Soli: Exploring Fine-Grained Dynamic Gesture Recognition in the
Radio-Frequency Spectrum. In Proceedings of the 29th Annual Symposium on User
Interface Software and Technology (UIST '16). ACM, New York, NY, USA, 851-
860. DOI: https://doi.org/10.1145/2984511.2984565

156. Sean White and Steven Feiner. 2009. SiteLens: situated visualization techniques
for urban site visits. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (CHI '09). ACM, New York, NY, USA, 1117-1120. DOI:
https://doi.org/10.1145/1518701.1518871

157. E. Whittaker (1951), A history of the theories of aether and electricity. Vol 1,
DOI: https://archive.org/details/historyoftheorie00Owhitrich

158.  Yasuyoshi Yokokohji, Ralph L. Hollis, and Takeo Kanade. 1996. What you can
see is what you can feel-development of a visual/haptic interface to virtual
environment." In Proceedings of the IEEE 1996 Virtual Reality Annual International
Symposium, 46-53.

169



