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Abstract
With the rapid spread of the GIGA School Initiative in Japan, tablet-based learning has
become common even in early childhood education. However, several issues have emerged
alongside this trend, including deteriorating eyesight, decreased attention, and reduced
opportunities for collaboration. The author has personally witnessed cases in which children
developed myopia after engaging in repetitive digital drills on tablets from their kindergarten

years. Such phenomena represent a new social challenge that can be described as the pain of
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digital learning.

To address these problems, this study proposes AIReE (Augmented Interactive Real-time
Rendering for Education), a novel input—output system that integrates bodily actions with
digital operations. AIReE enables users to draw in the air using hand movements, which are
captured by a camera and rendered in real time through augmented reality. By reflecting on
the user’s own body on screen and visualizing its movements as drawings, AIReE provides
embodied feedback that conventional touch or keyboard interfaces cannot offer.

This paper presents the system architecture, performance evaluation, and practical
feedback obtained from educational and exhibition contexts. The results indicate that AIReE
complements the excessive screen dependence of digital learning and serves as an educational
support platform that restores embodiment, interactivity, and creativity, while also suggesting

a new paradigm for rehabilitation and cognitive support.

Keywords: Embodied Learning, Augmented Reality Interface, Educational Support System, Rehabilitation

Support, Digital Well-being
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7Y —v d2cm D~v —H— ddem D= —H — ®8cm D~ —H —
3 =yi) H % 2R H% R H% BR
AR —v
(235 %) 35 px 36 px 261 px 251 px 1021 px 1157 px
BoAx—v
(180 1) 54 px 49 px 271 px 246 px 1137 px 1146 px
Czx—v
28 px 41 px 232 px 237 px 1077 px 1031 px
(57 Ix)

Table.4-1 27') —vD~=—h—%H7BRo, BEIC X 5 v 7w i EHl

B o2cno~—n— | Pdemov—n— | P8emo~—h-—
Pyl Ho% 2R H% BR H % P
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(235 1) 20 px 39px 173 px 251 px 920 px 1132 px
Bo&x—v
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BN Xx—v 0 px 4 px 74 px 133 px 706 px 872 px
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(180 Ix)
Cox—v
(57 Ix)

Table.4-4 LEVD~—A—%HOEED, BEICK 2 7w/ EH

0 px 3 px 10 px 114 px 539 px 781 px

HaRDOBELZFTT, Rt (H/8) W ~—h—-0O (VYV—v/¥vvr,/LEV
S AH—L v ) Zkic, BHERE (¥ 287 px) % OpenCV #HWTHEH L 72,
FRROREEHEMIORL 720 D2 Fig.ll-1 (HER) XU Fig.11-2 (BEER) TH 5,

White Background Markers

58 (a)Marker Size: 2cm 56 (b)Marker Size: 4cm 565 (c)Marker Size: 8cm
Marker Color ./\
2507 —e— Green(#00ff2e) 250 1000
—e— Pink(#ff007f) - -
200 Lemon(#faff00) 200
—e— Scarlet(#ff3f00) 800

150 | 150
600 /\'
100 100
50 '/\. 50 400
—

0 22 10 200
50 100 150 200 50 100 150 200 50 100 150 200

llluminance (Lux) Illuminance (Lux) Illuminance (Lux)

Detected Area(pixel)

Fig.11-1 HER~—7—0 v 7 e LR E
(FEH ®2cm, ©®4dem, ®8cm v~ —H —DFEHFEERTH 3)

Black Background Markers

556 (a)Marker Size: 2cm 5 (b)Marker Size: 4cm 585 (c)Marker Size: 8cm
S m
Marker Color / b
2501 s Green(#00ff2e) 2501 S L o
T —e— Pink(#ff007f)
3 200 Lemon(#faff00) 200
= —e— Scarlet(#ff3f00) 800 ,,,//\
[
< 150 | 150
8 /“\o
600
T 100 100
]
a
T e S S e | 50 400+
AR —_—
i o 10 200
50 100 150 200 50 100 150 200 50 100 150 200
llluminance (Lux) Illuminance (Lux) llluminance (Lux)

Fig.11-2 BEEFR~—1—0 v 7 e R
(e ®2cm, ©®4dcm, ®8cm ~—H —DEHFEERTH 3)

WINDEFICENTY, = —H 4 XD Y 7 e VB R L., 5 »
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BRIE ERE L RIS O A A MEZR I Nz, — /7T, DAL WA K-V (235
x) ICBWT, —EDMESE TR 7 2  VEAE T T30 Ronsz, 2k, ~—7
—DABICX > CTHIABKRE L, ~—Hh —RHE DO 2 HR (Overexposure) 35 Z & T,
Z DA BRI R DRI N0 e FEZHND,

v A—EBILOMHAE LT, 7Y —VIIH - BT NOBERTHREL TR I, &
SHBMESE» o7, BRERCRY Y 7 bRABREOLRERZ/R L, Bl (GF 4.3 5—-(1))
TR L 7BREFHTORTR & —B LT b, —J7 LV IERE P Tt S hed v,
R T o2 i 2, BB OERE CIIMHBZNEIC 25 2 L3 nholz, AN
—L v M FREMICBRBEESNS L FICAEERCTEMA2 S P REOFELZZ TP T v
fg & 7r o7z,

(3) FE : WEBFSFMHFDE LD

LEofER 25, AIReE ¥ 27 A H T 5 ~—h —FHiz, FHE 180 Ix ML EoBREI T
DEEL, v—h—F2emTH > Td 1miifE i3+ 7B E%E R T 2 & AR S Nz,
AWFFE i L 72 THIRDWAVE F-14RP5( 7 v HD, 1920 X 1080 px, 3%~ 310X 175 mm)
DEZX—ZIHHEICHE T2 L, =2 — ECoYHMTERFEERN 4mm iYL, 2h
I X2 483 px YT 5, Fflic, 7V —vBIUNE Y7o ~v—h— 3T RGBS
DEITHR LTHEBRETEREZ M LT ., SHRAEEECORTIESMGFTE 3,

7nd. AGHZERER IC X 2 FBN A FEREE coBRERMch H . £z, €I RAHD
HE ZFIEL 7o~ — A — % R & L 22 BRI ORREEICH £ o 72, EEROEHBREE iz 2
—YFRFr@H LB OB LTS 720, SRIZENEE (v — 7 — OBEEE, AEE,
TAZALIC N 3 2 8FEEEC + T v F v ZREE) R ERICHHE T 2 4803 H 5, FRc, 7
AT7D7L—LL—1t (fps) “CH{RULEE DR IERFE S HEHFR DM O 2> X I EOFEE R E T
20w EICT 2 2 L RS HOBEELFETH 5,

BHEE 2 &0 2 20 ICHRIMRIE 2 M E X2 2 5iEbFE 20N 5 2, FMRE R EIiZHE
RFICUER B O K 2R < . BEBG LRtz &, SHEEROR O LizimK LTy 7
2 A LEERIT O BRICIE, TREEEOM E & MEEUEREOMR] oL —F47
*ERT LMELD B,

Sk, H A FHHRICE 1T %5 ROI (Region of Interest) HENRFEIR -, WELFICIL L 728
IFHEEEHIE, T o IctoBEFIC X 2B 2 S0l v ) 7L — v a VIFHREZHN
LRy EM T 2y 3 v 7 %8 AT %70 & BREEICH 2> D& R HRUIE T v 3 ) X L
DEIFE D HED T FETH 5,

5. MRERE A
AIReE O HMNMEZHE - BR - B0 EERE CHEET 2 72©, 2025 3 A2 LB DY
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[ CHEME - B ETo T, il L7z~ —h — 13RI CRDREL 7Y —v~—7
—TH 5, FHEIF T T, OHMRBIRE + 4R Q2 ) 2RI L 7R, @HATHRSEM
TO—MRGEEZNR L LR, @F =X —KROFEEZWNRE LAHEREZEML T2,

5.1 7 — 2@ : HIRBEIRE + 408 (2 i) 2 M RIC L 723K

FEhERHA © 2025 4 3 H
SN - HRBEIfRE . 2 IR & £ DR
BRNE
o FLULAMEICHES By L RER 2L, WR~DBOLEIRL 7,
o ZEHhoBELEE LoMEA BT LT, REFOHCHTOHE R YR [
DORTITR] ZERMCT I RTF AR LN,
o EEK.:
HREHBHERN 7 4 — FoNy 7L LCHIRFICKR I LS 2 & T, SIRABHEFENICH
B THRENAT AR I N L EZONDL, (ERkOX T Ly FMEIELIZERY,
M SITfi< ] LIRS T E b ICHifif s LA N2 G272 EZ NS,

Fig.12 2RO R =A% CERBTOREZ3 LA Tw I T

5.2 7 —RQ : JURHEEMEE CO—MRGH 2R & L 72 3R

®  EEREH : 2025 45 A (S 72 M HIFE)
SN 0 R~ A O — ks
BERNA
o IREWERESHARCFEEZE S, L, HIHICKST 2 #RERLOEIR ok,
o FRCTED BT 0 D iR LR Al T AR Iz H
FHNCHRDOEPRI 2L X TRERI A RV ERT 2T Ront,
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o Ei:
NILZEFITOEREZ@E U, AIReE AL FEE OB 2 2 TIHA © % 2 Bk % 12
HTEBZZEREINT, T2, TRV X —FHWEREREFICL >T, BF
EEREHCREAREZ ICRY, BHE - T7—F - Vv Vo @ilEe Lol
AP REME 23 fERE & iz,

Fig.13 0 fEU0ARa#Y & —f1c ATREE % [fiffl LT 2 BET-

537 —RQ): Eo X —ROBEEXNRE L 72K

FEREREHA © 2025 4F 8 H (B A4 B 1)
SN NEREE (ERCEAFHY)
FhERL 74 —F "y o
. (REFLo LT NANTED DIEZRF > T A Z
. [Z27Ly b EiTE, K282 L ABLMEICTE 2D L ]
. [HEEIPH T Th iz 2 HE2H %
o EE:
FE» b OERTIX, AIReE 23L& O LR - @EB 223 —r & L CalHf
INTe, GEZEN L s ofthE & HICIRETE 2 50 [@E | ~olsffiz e s
EFEZbND, SR, EEORERHEN COM ZE L 26T - SHEifEIE D
FEBBETD b,

Fig.ld £=%— B A DTN ) % o 72 b (B0 S 72 D () BT
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6. MABRLEY

AIReE (3, HE0B % AN LT#kd AR-IO v X724 L LT, HEH - @tk - 77—+ 7»
EHRBEIC BT S [BEEomE] #BIELZb0TH S, TNFETORELL, ¥R
7 LT EREI R L SR R D L RO E M MO SRR E 2 TH S 0#) 2
EffiEiE LCHRZ | & TR R AR Tz,

—C, RN TV EAAEEO T REDIKELSENLDDH 5, BMESTIE 16 %
LUN o SNS #lH # 2fiEs k3 2 S8t 24T b 37k & RIEH DBE 7 7 2 X URKLE %2 1l
HlT 28 EDBHEATY D, TA Y IEMLIBGEE T D | FEEROMEHAFIRC =R 7 ) — v
2 A LEIROBEAME XN TEY, chEco [ICTHM] BRIEZh>2H 3,

NI LTHATIZ, NEXT-GIGA ##HD b & | ik Er-ehL iR m L ic b2y <o
nNTekh, M5 e ARPEMEL T 2llEAEMRS W5,

AIReE DIREIZ, 29 LzF Y 2AfHo —fibicx L<, ICT S %E» Lo
Btk - @t - AEM A FHEAT 2 H LA IOB W STh b e ELL, FEES TR
2] (83 [ ) #FMICRET 2 2 itk oC. AL EBOHAMEEINE Z &
BRI NG,

EHIC, AIReEE B#HHICL LT LT, fEtk- Ve ) - 7T— AL, Bz HWEE~D
JEBADSAIRE T H B . BB AR TI1Z, Z2rh il %38 U 7= £ b ) o 1) | e Rl E & o (e 3 A1
AN, WA T, BE L RO —BEAAL ZmIRED Y ~ e ) 7—v a VilAl b
L=V 7 ~DIGHBEZ NS, 7— FEETIZ, ERNTOH L W ERNERRZZEL,
FERTEG -2 LR < o L RIBIFEAFERIC S BT % 2,

boldb, KFFRIREZ 70 b x4 TEBEICH Y, R TSN - SEHNEER%
(ERINTWD, Y AT LREROLENE, B —FRIFHEERO F 7 v % v 7fEE, B
R FH R D FRANHY - BRI AR 2 Y, X a3 KL kL kobn 3, SKkize=
K — 0 ML & oI X 2 BOMBHSE & EAEFEBR D BE L CTH 0. XY BRI RYE
B AESHE S 27248 LT AIReE 2B I T FETH 3,

e

AT D EMIC B 7= 0 . BMBAFELARBRIEERIC T3 71 > 72 720 7o MR EE 0 BATRE 0 Bk
EAPRVIEIROMSAETICECEHR L LT3, 72, HARBEFOERICIE AIReE
JERRERICHEERAR—ZALEERRM L2 %, DX VEFLEB L BT 4, Rk

iIC, AIReE ZHERRITHRERL T iz TEbab e, ZD¥ReRAZHIC LT EE o
REZE DT 21T, DX EH L T T
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