Itsy-Bits: Fabrication and Recognition of 3D-Printed Tangibles
with Small Footprints on Capacitive Touchscreens
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Figure 1: Itsy-Bits recognizes 3D-printed tangibles as small as a fingertip via the capacitive image of an embedded conductive
shape (A). This opens up a variety of tangible user interfaces on the most common form factors of touchscreens, such as
individualized interactive board games (B) or a more tangible learning experience (C).
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Figure 2: Based on the user’s interaction (A), Itsy-Bits iden-
tifies and tracks blobs in the capacitive image (B) and classi-
fies the conductive shape, its size, and its orientation using
machine learning (C).
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Figure 3: The difference in capacitive images between a
touched (A) and untouched (B) conductive shape. The mere
presence of untouched objects remains detectable by analyz-
ing the still active pixels.
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Schmitz et al.

Figure 4: Using a design tool, non-expert users (1) import a 3D-printable model and add (1) grip and (2) shape structures. The
tool then automatically embeds necessary wires (4) and provides an export of 3D models for multi-material printing.
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Figure 5: The set of 10 rotation-variant shapes (named after the shape it originated from) and a sample of a corresponding B1G
(20 X 20 mm), MEDIUM (16 X 16 mm), SMALL (12 X 12 mm), and TINY (8 X 8 mm) capacitive image.
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Figure 6: For the data collection study, we printed test objects
of all conductive shapes and sizes (A) and recorded their po-
sition and rotation on the touchscreen with optical tracking
(B) together with the corresponding capacitive images (C).
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4.6 Results and Post-Processing
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Figure 7: CNN architecture for the model that classifies
shapes and sizes, and estimates rotation.
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Figure 8: Confusion matrices for the classifiers of shapes of a single size only (A-D). Also, confusion matrices for the combined
model (including sMaLL, MEDIUM, and B1G) classifying both shape (E) and size (F).
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Figure 9: (A) The application to record capacitive images
without optical tracking. Also, the confusion matrices for
the cross-device validation of the combined shape (B) and
size (C) classifier.
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Figure 10: Itsy-Bits enhances editing on small devices involving frequent tool changes (A), makes interactive board games
more individualized (B), serves as a mobile mixing console (C), or improves tangible learning experience (D).

6.1 Tangible Editing Experience

» X s MR X Smg PpU T W
spr 4 ng S Sp »sw by ] xS »ows
XS W SW W Ng W WS W rewwm S

us X equr sw m ®S oW w wpusT x «r
wur pr » (wspr [11])mwmaps Frm wng s sp £
Ng wuw NS ZWg mox S ™ WM omW
no8 ng pr o w P Res T ox wp
PR PR W WS 8 & B XS K
) T spr i
X 88 XS R W PsS ® W s wap

z ,
RS W P R NP WRNg ¥ ol ng ms T

sr Ng s s swmn(l) sswm prm s
pr s wmpa w () xs MW Mg WSSt mg

»

6.2 Interactive Board Games

T s wp prsms rgwm w ® xS W
wswg fFrwm s s s P r sux s w s
(s %gar 1 )T firsp ruwss ne r o sar s

sm ™ we e r W s ppRg W ST W

6.3 Mobile Mixing Console

Mg WS SrEMr ® S W S XS XpPr S WpM W I

B org W owwpr w» S r s r w
npe S » Wpr S W W ow fing rpr  m
» neg S SWS XS mWmpPrm  wg S
SW xS P XX S W Mg WS rema W O X

ww » ® g s(wspr [ D Frms m m ng
gn rs p x » n Ssr m ng s s

wwa X ng WSS m (s Sgur 1 ) m wmg
r B X Q¥ W S ne B WS YW WS
T s wp srprsw» X W S mrx s xopr
» s roswm 1w rs(se  sswmrp ms)
X oWmx noRR W s s$s s S ¥ sw »oug
sr »m » wn (g s ww ) s s
nos pr wmfis S us r W x

6.4 Tangible Learning

T ng mr s ffxr p oW r g r n g »
» r [ ] ®™ swus s re ® s
n W s S TWM S WM omu wp W m »
Montreal Cognitive Assessment ( ) s sr mwg
r gm mp rws[4] m s s su S WS X WA W
r WS m rp R X X S St su z WS W
»PrSs » ngwg s wmp (s “gar 1 ) s
us rs W x X r S W ns ms( prs w
T MT R SW S T WA N RN WSK T s
T s P owsr s W mNg s s s rsp
Z WS rer Wps W mnfis ww p wg s i w
swa s( 8 fi sfi » swg 4 smrp W)
O S -4 » oW oz (8 TRRGP X RN W
wpr »us ng PR X Prsw ns X ss m
X S W S Trp P W mrwW PS)



CHI ’21, May 8-13, 2021, Yokohama, Japan

7 DISCUSSION AND LIMITATIONS
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