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Table 1: Some user responses to the question "The ad-
vantages of performing gestures using a smartwatch?"

Forearm and Wrist » rs g m o rs*
rs

Shape » rsew r x

Finger Pwm  fing r ps

Wrist rotations X

Table 2: Median preference scores for different gesture
categories (7: high preference, 1: low preference).
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—— Visual training
Verbal training

(a) (b) (c) (d)

Figure 1: Gyroscope data of flick gesture for two sighted
users (a), (b) who were shown the gesture visually, and
two blind users (c) and (d). There is a larger variation in
how gestures are performed by blind users compared
to sighted users.
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Table 3: Variety of gesture mappings chosen for per-
forming screen reader actions across 9 blind users.

Sensors NoT | NoP | M
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[ ] G X v X
AccessWear G v v v

Table 4: Previous works in gesture recognition using
IMU. A: accelerometer, G: gyroscope, M: magnetometer.
No T: No training, No P: No personalization, and M:
Runs on mobile
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—— accelerometer

(a) (b) ()

(d) (e) )
Figure 2: Accelerometer and gyroscope data for the
flick gesture across 3 different users. Visually, the ac-
celerometer data is considerably different across users
compared to the gyroscope data.

—— gyroscope significant axis
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Figure 3: The significant axis of gyroscope data when
the flick wrist gesture is performed by 5 different users.
The nucleus looks similar (marked in red), but Pre-
stroke and Post-stroke look visually dissimilar.
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Gesture
Templates

1
1
NUCLEUS WRIST/FOREARM
GATING FUNCTION X DETECTION QESTURE RECOGNITION Gesture

<—Smart Watch Smart Phone—————>

Figure 4: AccessWear gesture recognition pipeline.
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Figure 5: Nucleus boundaries detected based on the
change in the RMS energy. Red lines show the change
points.
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Figure 6: (a) Nucleus of a forearm gesture, (b) nucleus
of a wrist gesture that shows jitters, (c) frequency re-
sponse of a forearm gesture that shows the lack of a
high energy component, (d) frequency response of a
wrist gesture that shows a high energy component.
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Figure 7: (a) The VirtualSensorService layer generates
virtual touch events as though generated by a user

locally, (b) Record-and-Replay mechanism to record
and replay touch gestures.

Replay Swipe

ss rsupp rswm rzr ffrgsur xp
R WS wNg ¥ nans (1) wa pr gr masp 6
» sp fis swa gsur s w ¥
» wWosSr mMmWo¥ now saaxrp wm ()
¥ or ™ orp m rr S®m W Sr m
gsur W SR Ir® WM SKr W ruw » () ™ wpu
re Z W »oan S ol [~ x
oW m  gswr s wmfi » swa
SS X WS S MO ogr W W swa x
e s ur W Sr mm or » Ss x
nrpp s W SKr WmwW ¥ n oW sarp w
uSWEr r W xm S w W X
»p s susu T »p R TURS S "e
W Sr Wmwm or » Sgwmrx us r m
»r xWas ®ossr ® ORI SP WS mox »

5.1 Metaprogram specification
Ss S X MS  xp
wr S pRgrg W sr m by
» swa x T sm mwa ms w S wma  pr
&r m S rs PP Ne M Swa x
» ®™ gswurs “gar  ()s s m P su
¥ T oer wa Ssaw w S w9 NES
¥ WS x W WS X W WS Wz PP NES

sw T m w progr masp fi mosr

sgn swmp G S X ng & S wr
PP RSS S WS X mTgar ()

5.2 Record-and-replay
Ss res S x X W xm » g m
x W ST WMgswurs ru T »w ®» x
s nuwa W sr mgswurs r fim »
R r we Ssuwa
MR ¥ ST WgSWS W i LI V-4
oS g swur wm nrom

rum W Sgur ()s s ror w

S X X x



ACM MobiCom ’23, October 2-6, 2023, Madrid, Spain

»au »ws g mr
SSs pwe X sr ng
r s wm swm suffi w wus r
Lt r (sxmwmzx ) mwmsTrp
s m x ®S R Om S sp 1 »
sp fi M w ss x Tes T
Sws xS« s b TR T .1

gswurs/m r ORI

»

S W »n

5.3 Input Virtualization
s ®PX WSS WS ¥ Sgm  su

r rt swsrxs( w sx W )e 1 wg
S WS Xs ¥ s|p s S WS ¥ Swm »

ws r U S 1 W S WS rsr s pr s
Bowr ®ow r  owwm x s » g
TR WS TR X » S rowp MWS ruw
S WS XS K m KX PS SWS K Sp rm s
mswm T sx x » S
» mox npu mS r SS rs rw
S WS x S ug o » Sg mx »
w X s s i) wg  InputDispatcher
S r® S's
Tgur ()s s s gm

6 Implementation

SS W Omx S'1 =
»ox X osmrx S X m ®r W
S S WS s s S S® x x wr
r w X sgn m S Ss X »or

nopp »S ne »r

P W W

6.1 Run-time Implementation
T ss wm wsss » ss i 2

» swa ®oow ss rs
i IR I T Lt Ygur s
x ss wmT ss X 2 » s
grs » 1 Z ™ SWS S »

(

Khanna et al.

AccessWear App
8 Phone Service M
Watch Proxy
Mapping Meta- Touch
Program Replayed
[ Gyroscope sensor | |
Smart Watch

Touch Screen
Hardware

Smart Phone
Figure 8: Run-time system implementation.
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6.2 Metaprogram Implementation
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Figure 9: Gesture Mappings options. (a) Example XML
file used to represent the metaprogram. (b) and (c) User
interface used to record touchscreen inputs and change
gesture mappings.
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(a) (b) (c) (d) (e)

Figure 10: Gestures for Accesswear evaluation with
blind users. (a) Forearm upwards, (b) Forearm right, (c)
Flick wrist, (d) Forearm left, (¢) Forearm downwards.
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touchscreen gestures provided by AccessWear. Users
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Figure 11: Average latency be-
tween the smartwatch gesture to
application reaction.
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Figure 12: Confusion matrix for
AccessWear gesture recognition
across 8 blind users.

Figure 13: Accuracy comparison
for different gesture recognition
systems across 8 blind users.
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Table 6: Mode of Likert scale score across 8 blind users.
The score ranges from 1 to 7 where 1 indicates strongly
disagree and 7 indicates strongly agree. The table also
shows the IQR or Interquartile Range. Lower IQR sug-
gests less variance in user responses.
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(a) Total energy consumed by Access-
Wear on the phone and watch. Dotted
lines show the energy consumed by In-
stagram (on phone) and heart monitor

(on watch) for comparison. times an hour.
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(b) The number of false positive ges-
tures recorded in a 5-hour trace for 5 dif-
ferent users. In all but three cases, the
number of false positives is less than 3

Time elapsed (sec)

(c) Energy consumed when the system
is locked for 30 seconds, and then un-
locked for 1 minute. AccessWear only
consumed 0.014 mAh energy (phone)
and 0.0012 mAh (watch) when locked.

Figure 14: Evaluating technical capabilities of AccessWear.
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Figure 15: Nucleus for different gestures. x,y, and z are
the axes of gyroscope data.

8.3 Extending AccessWear to more gestures
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Figure 16: Confusion matrix for gesture recognition ac-
curacy across 5 sighted users and 3 additional gestures.
The result shows that AccessWear’s gesture recogni-
tion can be extended beyond arm and wrist gestures.

8.4 Interacting with unmodified

applications
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Appendix

Appendix 1: Demographics of the
participants in the user study

ID | Gender Stud.ie.s Commonly used
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Table 7: User study participants demographics. P: par-
ticipated in pilot study, E: participated in the evalua-
tion study.
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Appendix 2: Nucleus threshold for gesture
recognition pipeline
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Figure 17: AccessWear gesture recognition accuracy at

different nucleus thresholds.

Appendix 3: SUS survey responses after
using the AccessWear system.
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Table 8: Results of a SUS survey to quantify the usabil-
ity of AccessWear. The table shows the mode of the
Likert scale score as provided by the 8 participants for
each question. The score ranges from 1 to 5, where 5
represents strongly agree and 1 represents strongly dis-
agree.
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