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Figure 1: On the left, a man is wearing augmented reality glasses while looking at a small clock, which is augmented with a
simplified and enlarged clock-face. This supports users with visual impairment in overcoming challenges in everyday life. On
the right, a woman wears a head-mounted display for virtual reality.

ABSTRACT

People with visual impairment face multiple challenges in their
everyday life. They must regularly visit doctors to examine the
progress of their impairment and advisory offices or local sup-
port groups to learn strategies to overcome challenges in everyday
life. However, traveling to appropriate facilities itself often poses
challenges to the patients. We propose IDeA, a system based on
augmented and virtual reality technology for people with visual
impairments. IDeA can lower the cost and improve access to medi-
cal care, support digitalization in treating visual impairments, and
provide support in the everyday lives of people with visual impair-
ments. IDeA is a three-fold system supporting: 1) the simulation
of symptoms of visual impairments to raise awareness in persons
without visual impairment, 2) showcasing early detection of symp-
toms and providing visual augmentations of the real world to sup-
port patients in overcoming challenges, and 3) supporting doctors
through telemedical consultation, medical eye examinations, and
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the training of visual strategies. We outline the benefit for all stake-
holders and how IDeA can improve the lives of people with visual
impairment.
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1 INTRODUCTION

According to the World Health Organization, over 195 million per-
sons worldwide have a visual impairment, i.e., their visual acu-
ity cannot be fully restored using prescription glasses or contact
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lenses [13]. The needs of individuals with visual impairments dif-
fer greatly. Even with the same diagnosis and visual acuity, the
subjective perception will not be similar [5]. Therefore, diagnos-
ing and helping people with visual impairment depends on highly
individual examination and guidance. For such medical care, pa-
tients currently have to visit various different specific locations,
i.e., hospitals or doctors’ offices with special equipment and cen-
tralized advisory offices. However, one of the biggest challenges
for people with visual impairment is traveling and navigation [10].
IDeA showcases a Virtual Reality (VR) environment for patients,
doctors, and relatives of patients. It further demonstrates the ca-
pabilities of Augmented Reality (AR) glasses to assist people with
visual impairments in their everyday life.

AR glasses can solve two different problems. First, for users
without visual impairment, who use such AR glasses in their ev-
eryday life, the integrated eye-tracking could provide insights into
the state of the eye and detect early stages of slowly progressing
eye diseases [11]. Early detection will result in early treatment,
thus, slowing down vision loss or even increasing visual acuity.
Second, it provides the opportunity for displaying individual visual
feedback tailored to the residual vision of a person with visual
impairment [4]. This can be used to support people with visual
impairment to overcome various challenges in their everyday life,
like stairs [14], touchscreens [3], or shopping [15].

While current VR technology does have some limitations re-
garding the precision of the eye-tracking and the available field of
view [7, 9], it can be used for measurements of the central visual
field [7], measuring the deviation between the eyes in patients with
Strabismus [6], or training visual strategies to increase the effective
visual acuity of a person [8].

With this demonstration, we specifically look at age-related
macular degeneration (AMD)—the leading cause of blindness in
developed countries [1]. AMD leads to a progressing loss of the
central visual field resulting in reduced visual acuity. The incidence
of AMD increases with age [2], and given that the average lifes-
pan of humans is ever increasing, the number of people affected
by this progressive disease is rising as well [12]. To raise aware-
ness of this impairment in relatives or friends of people with AMD,
IDeA explains AMD and provides a simplified simulation of the
symptoms—central field loss. To demonstrate a possible early de-
tection system, we show a warning to visit a doctor during such
a simulation. We also simulated AR using VR to display assistive
visualizations in different situations, which the simulation proved
to be challenging before. Additionally, the user can conduct two
eye examinations—Amsler grid and perimetry. The system syn-
chronizes with the patients’ digital files for discussion and possible
diagnosis with a doctor, who can access all information and choose
what to show the patient in VR. Subsequently, the user can train
peripheral fixation in a gamified training session playing the widely
known game Pong.

IDeA can help people with AMD and those around them to take
care of their daily tasks more easily and assist them in everyday
life. Patients and doctors can benefit from easy and accessible eye
examinations and telemedical presence.
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2 THE IDeA DEMONSTRATOR

The VR system IDeA consists of multiple parts that demonstrate the
previously mentioned use cases. A sketch of the different parts and
their connection can be found in Figure 2. We show the benefit and
function of each part in four different use cases, following Martha,
a 60-year-old woman.

Early Diagnosis. Martha is an early adopter of modern technol-
ogy and uses AR glasses daily. She wears prescription glasses but
has not noticed a decreased vision lately. However, the AR glasses
notify Martha about irregularities in her eye movements, which
were detected using the integrated eye-tracking (see Figure 3a).
Martha now visits a doctor and is diagnosed with early-stage age-
related macular degeneration. Since she started treatment before
she would have typically noticed the central field loss, symptoms
are minimal and progress is slowed down early.

The Couch as a Doctor’s Office. A few years in the future, Martha’s
central field loss grew larger. She regularly sees a doctor for treat-
ment and examinations to monitor the progress of her disease.
Additionally, she visits a local support group to keep informed
about assistive technology and learn visual strategies to utilize her
remaining vision better. However, these trips have become chal-
lenging and a burden for Martha. Her doctor prescribes her a virtual
reality headset. Here, Martha can visit a virtual doctor’s office, see
Figure 3f, and consult with the doctor via voice chat and webcam.
Martha can now start eye examinations like an Amsler grid test
where she has to modify a grid until she perceives it as straight
lines Figure 3d, with or without a doctor’s supervision. The results
are transferred to a digital patient file and can be accessed by the
doctor via a web front-end or viewed by Martha in VR, see Figure 3g.
Now, Martha can grant access to her medical data to an advisor
of the local support group who can use this data to customize a
gamified training session for Martha using a version of the game
Pong, see Figure 3h. Using her VR headset from her couch Martha
now regularly monitors her eye condition and conducts training
sessions. An evaluation of these training sessions shows positive
effects [8].

The Unaware Child. As Martha’s central field loss is progressively
growing and she needs more assistance, her son Ben is unaware
of the challenges she faces daily. He cannot understand why she
can walk around easily but requires help reading or why she did
not recognize him when he walked past her on the street. Martha
hands Ben her VR headset and starts the simulation. Ben is placed
in the entry scene, see Figure 3c. Here, we display 3D models of
the eye’s anatomy, which Ben can zoom and rotate while detailed
explanations about the cause and symptoms of AMD are given.
Additionally, interviews with persons with visual impairments can
be played on a big screen in the scene to highlight the challenges
they face in everyday life.

In the next scene, Ben finds himself in a virtual living room. A
simulated scotoma—a black spot in the visual field—is displayed and
follows Ben’s eye movements to block the central part of his vision,
see Figure 3b. Ben has to perceive information using his peripheral
field of view, which has a lower visual acuity compared to the center.
Ben is asked to read the time from a clock mounted on the wall,
switch on the TV, change it to a specific channel, and determine the
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Figure 2: Here, we see a sketch of the different parts of the IDeA demonstrator. The whole demonstrator is implemented using
Unity 3D and a Vive Pro Eye. The green parts are functional prototypes, which the user can experience. The two blue parts are
being developed for augmented reality glasses and are only showcased in the demonstrator. The arrows represent the flow of
the application and the possible flow of information between individual scenes.
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Figure 3: Here, we show the eight different scenes implemented in the demonstrator.

facial expression of the news reporter. Ben experiences firsthand 3 CONCLUSION

that such tasks are .challenging with AMD and understands the With IDeA, we demonstrate multiple facets that can increase the
challenges people with AMD face regularly and can better support accessibility of medical care for people with visual impairment.
his mother. We allow remote medical examinations, support the training of

visual strategies, and enable discussions with their doctor in an
unsupervised or remotely supervised fashion, all while reducing

The Everyday Assistance. Martha still uses her AR glasses reg- the need to travel. We showcase the use of AR glasses as an early
ularly, which monitor her central field loss and notify her about detection device for the onset of visual impairments and as an
changes. Further, Martha has customized her AR glasses to support assistive device after a diagnosed visual impairment. Lastly, our
her in navigating, recognizing faces, reading, and other everyday demonstrator already serves as a tool to explain and demonstrate
tasks by reshaping the visual information so Martha can perceive it. the effects of AMD and raise awareness among friends and family
In IDeA, we simulate such AR assistance in the living room scene of patients.
from Section 2 by augmenting the clock with a larger and visually In the future, such systems can improve the everyday life of
simplified clock-face and the face of the news reporter with a simpli- people with visual impairment and support independent living. Our
fied emoticon. These augmentations are visually simple, customized demonstrator raises awareness in the research community about
to the user. An evaluation in AR [3, 4] shows that augmentations people with visual impairments and gives insights into current or
can be perceived in the user’s peripheral view, assisting them in future technological possibilities.

their daily challenges and leading to a more self-independent life.

613



MuC °22, September 4-7, 2022, Darmstadt, Germany

ACKNOWLEDGMENTS

IDeA is funded by the BMBF (grant no. 16SV8102) and the work
of many involved project partners. Blickshift GmbH supported
the evaluation of eye movements and developed the visualization
of examination results in VR together with NMY Mixed-Reality
Communication GmbH. NMY also created the VR environments
and combined the different parts. Talkingeyes&More GmbH imple-
mented the digital patient file and the eye examinations, From the
University of Tiibingen the IZEW supported in ethical considera-
tions and the Institute for Ophthalmic Research developed training
sessions. The authors of this paper mainly worked on the early
detection and the AR assistance.

REFERENCES

[1] Neil M. Bressler. 2004. Age-Related Macular Degeneration Is the Leading Cause
of Blindness . .. JAMA 291 (4 2004), 1900-1901. Issue 15. https://doi.org/10.1001/
JAMA.291.15.1900

[2] J Evans, Astrid Fletcher, R Wormald, S Stirling, L Smeeth, Elizabeth Breeze,

Christopher Bulpitt, Maria Nunes, D Jones, and A Tulloch. 2002. Prevalence of

visual impairment in people aged 75 years and older in Britain: Results from the

MRC trial of assessment and management of older people in the community. The

British journal of ophthalmology 86 (07 2002), 795-800. https://doi.org/10.1136/

bjo.86.7.795

Florian Lang and Tonja Machulla. 2021. Pressing a Button You Cannot See:

Evaluating Visual Designs to Assist Persons with Low Vision through Augmented

Reality. In Proceedings of the 27th ACM Symposium on Virtual Reality Software and

Technology (Osaka, Japan) (VRST °21). Association for Computing Machinery, New

York, NY, USA, Article 39, 10 pages. https://doi.org/10.1145/3489849.3489873

Florian Lang, Albrecht Schmidt, and Tonja Machulla. 2020. Augmented reality

for people with low vision: Symbolic and alphanumeric representation of infor-

mation. Lecture Notes in Computer Science (including subseries Lecture Notes in

Artificial Intelligence and Lecture Notes in Bioinformatics) 12376 LNCS, 146—-156.

https://doi.org/10.1007/978-3-030-58796-3_19/FIGURES/6

[5] Florian Lang, Albrecht Schmidt, and Tonja Machulla. 2022. Mixed Reality as
Assistive Technology: Guidelines Based on an Assessment of Residual Functional
Vision in Persons with Low Vision. Springer, Cham, 484-493. https://doi.org/10.
1007/978-3-031-08645-8_57

[6] Wolfgang Mehringer, Markus Wirth, Franka Risch, Daniel Roth, Georg Michelson,

and Bjoern Eskofier. 2021. Hess Screen Revised: How Eye Tracking and Virtual

Reality change Strabismus Assessment. Annual International Conference of the

IEEE Engineering in Medicine and Biology Society. IEEE Engineering in Medicine

and Biology Society. Annual International Conference 2021, 2058-2062. https:

//doi.org/10.1109/EMBC46164.2021.9631002

Yannick Sauer, Alexandra Sipatchin, Siegfried Wahl, and Miguel Garcia Garcia.

2022. Assessment of consumer VR-headsets’ objective and subjective field of

view (FoV) and its feasibility for visual field testing. Virtual Reality 1 (1 2022),

1-13. https://doi.org/10.1007/S10055-021-00619-X/TABLES/4

[8] Alexandra Sipatchin, Miguel Garcia Garcia, and Siegfried Wahl. 2021. Target
Maintenance in Gaming via Saliency Augmentation: An Early-Stage Scotoma
Simulation Study Using Virtual Reality (VR). Applied Sciences 2021, Vol. 11, Page
7164 11 (8 2021), 7164. Issue 15. https://doi.org/10.3390/APP11157164

[9] Alexandra Sipatchin, Siegfried Wahl, and Katharina Rifai. 2021. Eye-Tracking

for Clinical Ophthalmology with Virtual Reality (VR): A Case Study of the HTC

Vive Pro Eye’s Usability. Healthcare (Basel, Switzerland) 9. Issue 2. https://doi.

org/10.3390/HEALTHCARE9020180

Deanna J. Taylor, Angharad E. Hobby, Alison M. Binns, and David P. Crabb. 2016.

How does age-related macular degeneration affect real-world visual ability and

quality of life? A systematic review. BMJ open 6 (12 2016). Issue 12. https:

//doi.org/10.1136/BMJOPEN-2016-011504

Preeti Verghese, Cécile Vullings, and Natela Shanidze. 2021. Eye Movements

in Macular Degeneration. Annual Review of Vision Science 7 (2021), 773-791.

https://doi.org/10.1146/annurev-vision-100119-125555

Wan Ling Wong, Xinyi Su, Xiang Li, Chui Ming G Cheung, Ronald Klein, Ching-

Yu Cheng, and Tien Yin Wong. 2014. Global prevalence of age-related macular

degeneration and disease burden projection for 2020 and 2040: a systematic

review and meta-analysis. The Lancet Global Health 2, 2 (2014), e106—e116.

https://doi.org/10.1016/S2214-109X(13)70145- 1

World Health Organization. 2019. World Report on Vision: Executive Summary.

World Health Organization (2019). https://www.who.int/news/item/08-10-2019-

who-launches-first-world-report-on-vision Last accessed on 2021-01-10.

Yuhang Zhao, Elizabeth Kupferstein, Brenda Veronica Castro, Steven Feiner, and

Shiri Azenkot. 2019. Designing AR Visualizations to Facilitate Stair Navigation

E

=

[4

=

[7

[

[10

[11

[12]

[13]

[14

614

[15

Lang et al.

for People with Low Vision. In Proceedings of the 32nd Annual ACM Symposium
on User Interface Software and Technology (New Orleans, LA, USA) (UIST ’19).
Association for Computing Machinery, New York, NY, USA, 387-402. https:
//doi.org/10.1145/3332165.3347906

Yuhang Zhao, Sarit Szpiro, Jonathan Knighten, and Shiri Azenkot. 2016. CueSee:
exploring visual cues for people with low vision to facilitate a visual search task.
73-84. https://doi.org/10.1145/2971648.2971730


https://doi.org/10.1001/JAMA.291.15.1900
https://doi.org/10.1001/JAMA.291.15.1900
https://doi.org/10.1136/bjo.86.7.795
https://doi.org/10.1136/bjo.86.7.795
https://doi.org/10.1145/3489849.3489873
https://doi.org/10.1007/978-3-030-58796-3_19/FIGURES/6
https://doi.org/10.1007/978-3-031-08645-8_57
https://doi.org/10.1007/978-3-031-08645-8_57
https://doi.org/10.1109/EMBC46164.2021.9631002
https://doi.org/10.1109/EMBC46164.2021.9631002
https://doi.org/10.1007/S10055-021-00619-X/TABLES/4
https://doi.org/10.3390/APP11157164
https://doi.org/10.3390/HEALTHCARE9020180
https://doi.org/10.3390/HEALTHCARE9020180
https://doi.org/10.1136/BMJOPEN-2016-011504
https://doi.org/10.1136/BMJOPEN-2016-011504
https://doi.org/10.1146/annurev-vision-100119-125555
https://doi.org/10.1016/S2214-109X(13)70145-1
https://www.who.int/news/item/08-10-2019-who-launches-first-world-report-on-vision
https://www.who.int/news/item/08-10-2019-who-launches-first-world-report-on-vision
https://doi.org/10.1145/3332165.3347906
https://doi.org/10.1145/3332165.3347906
https://doi.org/10.1145/2971648.2971730

	Abstract
	1 Introduction
	2 The IDeA Demonstrator
	3 Conclusion
	Acknowledgments
	References

