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Abstract

With the popularity and the advanced graphics hardware technology of mobile devices, various mobile applications that help
children with physical activities have been studied. This paper presents SandUp, a mobile application that guides the play of
building sand castles using artificial intelligence and augmented reality(AR) technology. In the process of building the sandcastle,
children can interactively explore the target virtual sandcastle through the smartphone display using AR technology. In addition,
to help children complete the sandcastle, SandUp informs the sand shape and task required step by step and provides visual and
auditory feedback while recognizing progress in real-time using the phone’s camera and deep learning classification. We proto-
typed our SandUp app using Flutter and TensorFlow Lite. To evaluate the usability and effectiveness of the proposed SandUp,
we conducted a questionnaire survey on 50 adults and a user study on 20 children aged 4~7 years. The survey results showed
that SandUp effectively helps build the sandcastle with proper interactive guidance. Based on the results from the user study
on children and feedback from their parents, we also derived usability issues that can be further improved and suggested future

research directions.
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Figure 1: System overview and flow chart of SandUp
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Figure 2: Screenshots of SandUp application
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£ 2A5Hal Depthwise convolution-& 4295t F, Linear Convo-
lution(Projection layer)-2 £33 thA] Yl =2 AF¢ o =2 chan-
nel 745 Z=0]= inverted residual block tZ =2 T o] th21].
MBConv 2] Squeeze-and-excitation THA o] A= Z+ 2 d o] = Q 5
featureYt 32&5}11 o)A 4=H featureS THA| Z=ZA| A chan-
nel Ato] 9] feature 50| et 58 =5 A2 HH22].

B =24 o] = & EfficientNet-Lite 7] §Fo] Q14 1 &)
&k 54 ol & Aelsh ol welo] YA Stk

-83-



olA e o] @lg o 2= 224x224 RGB o]u] |7} So]7}1 &8
o2t o wolxo] B WA tAAAE BRET AL
2592 sk A0] oz} BAY By mFeR s 519
AR Sh5g 9ol AE Fash FAE B A7A
ol Aok, ol = o] ¥ M 2 B8 R4S chost 2t oA
oF 3,000~5,0008 9] A& &Fsto] S HolEE TR
o} A419] Aote g Fol7] A1) YA, WA, 2540 Folg
A8l Ao WSHE £ 290 Ak 22ete] S
dlolE & Alztsteley. A4 Po] A= w 7)712) st o))
g Ao B S E 224x224 A7) 2 B|Afo] 25} A
st el meo] g este] BAE AAEA k.

)

42 AR RFA X235}

AR 7]%&-& Cross Platform-3 2] 5}+= Flutterlf] AR Z2]1210
2 JJ 9} AR Flutter plugin& ¢tE 20| Eof A= ARCoreZ,
i0So| A= ARKitE 2| ot F L2l 9] 25 Dart= 24 5
2 glo]o] ofe FAAIZITE [23]. ‘KA A7) S oA L EZ
Slche] ‘ARE H 7] HE-2 2™ ARSessionManager”Z} A A &
ol Refd BdlS XA vie-S Q14517 9lo FH-& A5t
7 Fek E]E, AREAFO] B 2] 9 2 A| AR o|HIES | g
K827} HFERS € 2]5hE 1 9]%]9] ARAnchor7} %715 1 an-
chor7} 28735 92| offF ol o] Hef4d R E-& ARNode=
F7Fe 4= 1A "t} ARAnchor?} ARNodex= ZHz ARAnchor-
Manager2} ARObjectManager]] 2]sj #+2] ¥ t}. Anchor manager
= 299E AH|AeL AFE o] Hof Kl(scene)of] 1A AIX] an-
chor AHE 5 AW A7 A3 anchors H2EL 4= Sl
TH23]. 212t & o A= ‘AR 2]9-7]° HIES 52| AR 7%
71431 ThA] Zh| et QIAISH O 2 Fop e ¥ 7| Eof R Rdlo]
A=A E 912 E HEH = anchorgo] A| A H o}

©
=

5. AHAHAd

3 2ol 4 Akske SandUp 4] B7HE 915) AH§AE B
5t o AHESH Sl F A EA 2 QEE, BEL 54
ARSI AR AP A 4Lt frof =

o] [ H ek SandUp o] RO s
102 o259 A|=5te] o] Fo]7|7] th
190 ZEA AT 2 18 B A B
SHAIL, frok 18] 5 4~74] ofol 5]

K
>
=2
e

)

N
N

g,
2l
%
o

5
o
il
lo
rr

N
iy

o

f
H
niel

fio

2

o,

0,

[ M

sl

o

>

R et
=

|
ox
>~
Sl
ae)
i)
2 o
P
i
St
N
Mo
o
f
i)
ox
o
2
i
el
filo
e,
ok
ot
o,
38
ix}

o roL
Jo
(o]
e
[
isil
it
ool
3
S~
offt
Lo
o o
-
ko
ol
o
tl
e
o,
o
N
N
)
ro,
H
I

Figure 5: Images from an adult user study
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