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ABSTRACT

In this paper, we propose an augmented reality(AR) memo system using a smartphone, in which the system
can write a memo with a smartphone, virtually attach it to a designated location, and display it. The proposed
system stores the memo written with a smartphone together with an image information of the subject of the
location where the memo will be attached, in the memory of the smartphone. When the user wants to
check(read) the memo, the attached memo and the subject image are displayed as an overlay on the screen
when the camera of the smartphone is pointed close to the subject at the corresponding location. The proposed
system has been developed with a mobile stand-alone version. Through various tests of the development
system it was confirmed that the system worked well and the performance was excellent, and thus it can be

used in not only homes and offices, but also industrial facilities, animal, and plant breeding management sites.
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view memos with just a
smartphone, as well as delete
or move attached memos

® Feasible use with a
smartphone without any
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Y Y assistances of additional

devices
- ® Means for private and
Versatility . P
multi-users
High accuracy, ® Fast and accurate viewing of
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2.2 AAE A

At RTARYE Teisle] B ield] Alkehs

7484w A 2E)(Look-it)} & AAIFIATE 53], &~

FME** o]-g8to] wX(memo)E 2HFIL o5 <

sk Azl HabAlel Ao yAst, wA o
&l

e} J%Pxﬂ«l ARSI A AR
g 8- AvkEES] el AR 5 gl

W&l Look-it¥} 3% Look-it o2& ZFz} AAskeick
2.2.1 7H218 Look-it
2.2.1.1 7314 Look-it®] Alzdl 4

j_a] 1< xﬂo}g]._ Z7]—27:]73 uﬂux]/kv,ﬂ% _?,]i‘l- 7H

1130

Camera

Caption unit
Contral

Mermne expression ‘

a3l 1. Alksk= W14 Look-ite] AA| A%
Fig. 1. Configuration of the proposed personal Look-it

1€ Look-it®] A4 745 vehdict. 2l vule]
ke g 7%= 7HQlE Look-itellA], wlw FH54
=l 2t A SAoleloln] e S imago
o]]/\i E_ﬂx—] 74 7]3—1 S o].Q_g}oq uﬂUE‘ Hzl—a]— _,4
o) AablE 54k, 1 54 Ak Anst 2
AE v 2E v me]d *Asc) w3l v A3} =F
A g shabalel] sbo 2 sk 71wk
o Tuje] o] °H€El?ﬂol*4( W& St et

Wy BERe wes sples wag wapE
AL ek ol el AR o, 47
Z3E71% (feature matcher)S £-3l AXME 3w 1)y
W3l B49 o] 8ale] wslkwe] AAlEl Qo] wn

= IabA dA3 3 sbell F3H(overlay) FAI3F
ﬂr. A71A, Zrawe)= & e o AWl F
BAHE ) ARk W WAE ek, oleldt
WS el Sroels) dhe B4 sl

EAR,

2.2.12 Look-it®] w|m = =k 2 2%}

7% 29} 7o) AFEARE A|RKSHE Look-ite] o2
B3t wRE AAeE F vRE FAEE A2($1F)
o] IS Hedgic) o]F 2HAEl W U, IA)

A 34D B AR el 22 5

A AR 28 vz AAsiu], FAJA GJARS o]
w|x] Y 3le] Il ARE A ARz

2.2.1.3 Look-itel|4] -2t w|me] g

a3 32 Aokl 7HelE Look-ito 2 H-23) v
25 g¥sh] S1gk Uﬂ“ﬁl/‘E«l 73T S R
ol AP B4 A6l AR wes Eelg 4
UEE v AES Al webd vresE
A& 13 AR Akt she Al S 9
shg, W melol] A% e U85 v R eHa
WAl Olge] o)) i W ® 2]~ES AYAlste] A

www.dbpia.co.kr



Taking notes

Shocting the subject to which
the memo will be attached

v

The mema acquisition unit stares
memos, subject images, feature
points, writing date, etc. in
memory

Storing image captioning
information in memory
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Fig. 2. The process of entering and storing notes for the
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Components Details

Android phone

Mobils i
obile device (Exynos 10 Series)

858 MHz GPU

Device specifications 256 GB memory

12M pixel camera

Database SQLite

Feature point detection SIFT, KAZE, AKAZE,

schemes ORB, BRISK
Feature point matching BF, FLANN
schemes

Morpheme analysis KoNLPy

Memo search and Search engine

selection implementation
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Table 3. Average operation time for each detector with BF

el Al 7B A%(25%, 50%, 75%)$t 22 3%
F 1070 355 47 aEisldck 7|4 cHEA)
g -2 vl E A A gl oJAa) wE El A
s Hﬂ"‘«l °§*&°1 AR S orlgt) &

ol A3 gl 7;% o

o]2 B, 2([BF9} FL ANN)«] EAA A3

U5 639) 544 A7 ceecon 2219] 24
diated 30543 Aaold 77 107 )] A

F3le] 3 3 2 3 49} 2 3k AibAZKaverage
operation time)¥} (2] 1) o]&3l] £ 5 ¥ % 63

732 A3HAF-E(match rate)S 27t A9

2

L

Xa]%ﬂ]‘/\é ';r 2 _ (A/[]V;O)
Q

o, M2 A3 (number of good matches), O
+ oA 8 (number of RANSAC outliers), N 7]
%W 1% S(number of detected features), Q= ™|
2R 3] Z)A d2HQuery), Ny 37 7
}\01—01]/1«] 74 =3} 15_2124 e 71—71— L]_]:,].pﬂr/]‘
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AHA) @
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4.2.1 " AMAZE (average operation time)

BF 7]¥3} FLANN 7198 z}7 4831 A&7
W i AL 3 2 E 49k o, APHT
Fe £ 52 E 6% R

BF?} FLANN 7|Hg A3 745
ORB(IK)%} ORB(SK)9] gt A4k
WK 3, F 4). 28| Wl A A
o3t Wl el A Fhellel zZH|qle] 3k Zlell
o] A8 Y= 5= Aelshd, di-te] A=V
4] 180% 347}, 10em A=, 25% 7FH9] 7} 4
2] Wikl u 7P 2 ARATES ol (5,
£ 6). =g shEke] s A ARETES

il
f (B o2 X o
off it X

2

3]

&7 SIFT KAZE AKAZE ORB(1K) ORB(5K) BRISK
QAAkA| 7 1843.50 2415.73 753.67 73.40 181.50 1174.50
E 4. FLANN 7|94 A43 544 AE74Y g+ 447 Kmsec)
Table 4. Average operation time for each detector with FLANN
A7) SIFT KAZE AKAZE ORB(1K) ORB(5K) BRISK
QAARAZE 909.90 2099.93 1259.67 114.73 315.13 2097.56
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E 5. A Azeld BF 7|4HS A-43 Az HE ARATE
Table 5. Match rates for each detector with BF in 3 places

[ARAFFAD]
HZ=74 SIFT KAZE AKAZE ORB(1K) ORB(5K) BRISK
APETE M - O)No | M - O)/Nog | M - O)JNg | (M - O)/Ng | M - O)/Ng | M - O)/Ng
W S 0.336879 0.597902 0.693182 0.285141 0.200724 0.283105
45° 0.269504 0.328671 0.539773 0.087014 0.125678 0.164384
k| 90° 0.276596 0.374126 0.482955 0.016064 0.095840 0.251142
180° 0.287234 0.524476 0.585227 0.186078 0.166365 0.200913
10cm 0.166667 0.171329 0.250000 0.032128 0.061482 0.127854
72 20cm 0.085106 0.097902 0.187500 0.000000 0.014466 0.059360
30cm 0.000000 0.045454 0.056818 0.000000 0.000000 0.000000
25% 0.177305 0.388112 0.590909 0.199465 0.154611 0.178082
7= 50% 0.113475 0.206294 0.346591 0.116466 0.091320 0.146119
75% 0.042553 0.024475 0.051136 0.048192 0.037070 0.000000
[2rd 7 1eAD)]
%74 SIFT KAZE AKAZE ORB(1K) ORB(5K) BRISK
AT M - O)No | M - O)No | M - O)No | M - O)No | M - O)Ng | M - O)/Ng
HE ol 0.571907 0.820166 0.798555 0.383000 0.381400 0.438965
45° 0.387608 0.611645 0.585436 0.241000 0.234000 0.216442
314 90° 0.503743 0.700734 0.602223 0.224000 0.251600 0.321146
180° 0.527876 0.777321 0.754086 0.321000 0.300400 0.337632
10cm 0.317868 0.305211 0.269928 0.143000 0.120400 0.175703
712 20cm 0.168444 0.080346 0.138077 0.052000 0.046400 0.101480
30cm 0.047675 0.015824 0.028571 0.016000 0.016800 0.028061
25% 0.374804 0.556916 0.573763 0.340000 0.370000 0.315358
71 50% 0.229807 0.278720 0.306837 0.285000 0.196600 0.166032
75% 0.111308 0.095121 0.111117 0.098000 0.080800 0.061181
(WA W
A% SIFT KAZE AKAZE ORB(1K) ORB(5K) BRISK
AP E M - O)No | M - O)No | M - O)No | M - O)No | M - O)No | M - O)/Ng
W S 0.350693 0.755491 0.755954 0.449000 0.406200 0.310371
45° 0.225409 0.499879 0.519023 0.274000 0.214800 0.217335
k| 90° 0.287741 0.564084 0.510980 0.357000 0.281000 0.277706
180° 0.282978 0.705769 0.705846 0.363000 0.317400 0.271669
10cm 0.060364 0.207579 0.203217 0.110000 0.121600 0.081285
72 20cm 0.060157 0.104031 0.152799 0.129000 0.103200 0.067593
30cm 0.030441 0.070480 0.049798 0.072000 0.058600 0.038564
25% 0.224166 0.393676 0.425611 0.172000 0.270400 0.165589
71 50% 0.122386 0.212406 0.238788 0.067000 0.125400 0.094329
75% 0.057568 0.071928 0.100526 0.023000 0.053200 0.052393

AKAZE-BF %33 AKAZE-FLANN Z3lo| 79

78 B4 gl
X 59 % 69 AETES A HAdk F 2FE

A
A3, A5k D Ak 1449 @

3
Z2REE-S Fsle] 23 113} 220] Box-ploto 2 %

Asitek

ARATES

A2 AKAZE-BF Z3H(1#

ORB(SK)-FLANN 3ol 4343-82] Hgist
25gke] Aols} 3 ARES] gt 1ARES] gl AR}

7V e

7 oldek

% ORB(5K)¢] #Hd A& vE & 4]
7]E0l| nlsle] Lkx|uk ORB(5K) 718le] 71wzt 9]
2] W3} 84 9 uiztksle] g oletal B gl
T2 Hukd o2 BF 7|%e] FLANN 7|9&c} &

=

11(a))°] AKAZE-FLANN Z3K(1% 11(b)) ¥r} o}
% =4 Jehdo)l. zEls ORBGK)-BF x313)

AR U S-S Helw, AKAZES}H
ORB(5K) 7H&71e] 93 A5 HojEe) vz}
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E 6. Al Aol FLANN 7198 443
Table 6. Match rates for each detector with FLANN in 3 places

A7 ATE

[ARAFFAD]
HZ=74 SIFT KAZE AKAZE ORB(1K) ORB(5K) BRISK
APETE M - O)No | M - O)/Nog | M - O)JNg | (M - O)/Ng | M - O)/Ng | M - O)/Ng
W S 0.347518 0.618881 0.681818 0.271754 0.193490 0.228310
45° 0.230496 0.328671 0.539773 0.077643 0.133816 0.196347
k| 90° 0.301418 0.437063 0.494318 0.017402 0.071428 0.251142
180° 0.297872 0.503497 0.562500 0.208835 0.158228 0.223744
10cm 0.166667 0.181818 0.284091 0.044176 0.068716 0.141553
72 20cm 0.085106 0.101399 0.187500 0.006693 0.015370 0.068493
30cm 0.000000 0.038461 0.062500 0.000000 0.000000 0.000000
25% 0.184397 0.468531 0.528409 0.179384 0.132007 0.178082
7= 50% 0.127660 0.241259 0.386364 0.111111 0.099457 0.141553
75% 0.042553 0.020979 0.051136 0.048192 0.036166 0.000000
[2rd 7 1eAD)]
%74 SIFT KAZE AKAZE ORB(1K) ORB(5K) BRISK
AT M - O)No | M - O)No | M - O)No | M - O)No | M - O)Ng | M - O)/Ng
HE ol 0.347518 0.618881 0.681818 0.271754 0.193490 0.228310
45° 0.230496 0.328671 0.539773 0.077643 0.133816 0.196347
314 90° 0.301418 0.437063 0.494318 0.017402 0.071428 0.251142
180° 0.297872 0.503497 0.562500 0.208835 0.158228 0.223744
10cm 0.166667 0.181818 0.284091 0.044176 0.068716 0.141553
712 20cm 0.085106 0.101399 0.187500 0.006693 0.015370 0.068493
30cm 0.000000 0.038461 0.062500 0.000000 0.000000 0.000000
25% 0.184397 0.468531 0.528409 0.179384 0.132007 0.178082
71 50% 0.127660 0.241259 0.386364 0.111111 0.099457 0.141553
75% 0.042553 0.020979 0.051136 0.048192 0.036166 0.000000
(WA W
A% SIFT KAZE AKAZE ORB(1K) ORB(5K) BRISK
AP E M - O)No | M - O)No | M - O)No | M - O)No | M - O)No | M - O)/Ng
W S 0.347483 0.759836 0.757501 0.469000 0.448000 0.306598
45° 0.225927 0.496742 0.448809 0.299000 0.202600 0.225636
k| 90° 0.284531 0.538499 0.523662 0.337000 0.304600 0.279646
180° 0.271899 0.709871 0.707083 0.419000 0.384800 0.292906
10cm 0.064713 0.241612 0.210950 0.124000 0.098800 0.089154
72 20cm 0.059846 0.109582 0.150634 0.146000 0.094600 0.069534
30cm 0.029819 0.068066 0.056294 0.085000 0.063400 0.038702
25% 0.215365 0.400676 0.427467 0.205000 0.212200 0.181759
714 50% 0.118555 0.206855 0.226724 0.069000 0.133800 0.097887
75% 0.055912 0.094376 0.100526 0.026000 0.055800 0.051746

+] AKAZE-BF %&%} ORB(5K)-BF %&-% Look-it
o] FALA AT Wk 7 AAsle] AFA S

‘g ke A gsioleh

& #sks] 2 o] Folurt Faskck weby 2

2} = wmaks- ok

a2 2 u

e

48k (match accuracy)E 371813tk

4.2.2 ¥™EE (match accuracy)

AlE 54 wiape) e 3 2] BaE s
w2 El(dsh Al 7hHlet ZHsle] ks Aw A
3 AR FdsielElE, Look-ite] s £
Ir A ellA] ek wlmrt obd 2haia} sl w|mat
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50708 Zedsle] 17 129} 2] @9} T.7F A= 1:1
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matchers
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A zie ol ATHEo| 5 3| AlwjHglrh

1% 13(a)= AKAZE-BF 233 .83 ¢ xjs=d
2 a3 129} 2 @2t Tl wiste] SR AgH]
1) A3gk AAE RefFErh ™ol dizha(5071)

38 12, Wl ¥ A S Q)

21l A S PH D)) 2

Fig. 12. Subject images when attaching((),) and reading(Z;) a memo respectively
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(a) AKAZE-BF (I}, = 0.015824)

(b) ORB(5K)- BF( 0 700039)
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Fig. 13. Confusion matrix applied with feature detector
and feature matcher
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