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Abstract

In this paper, we propose a measurement technique of indoor location based on markerless applicable to AR. The proposed
technique has the following originality. The first is to extract feature points and use them to generate local patches to enable
faster computation by learning and using only local patches that are more useful than the surroundings without learning the
entire image. Second, learning is performed through deep learning using the convolution neural network structure to improve
accuracy by reducing the error rate. Third, unlike the existing feature point matching technique, it enables indoor location
measurement including left and right movement. Fourth, since the indoor location is newly measured every frame, errors
occurring in the front side during movement are prevented from accumulating. Therefore, it has the advantage that the error
between the final arrival point and the predicted indoor location does not increase even if the moving distance increases. As
a result of the experiment conducted to evaluate the time required and accuracy of the measurement technique of indoor
location based on markerless applicable to AR proposed in this paper, the difference between the actual indoor location and
the measured indoor location is an average of 12.8cm and a maximum of 21.2cm. As measured, the indoor location
measurement accuracy was better than that of the existing IEEE paper. In addition, it was determined that it was possible
to measure the user’s indoor location in real time by displaying the measured result at 20 frames per second.
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Fig. 1. A complete overview of the proposed method in
this paper.
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Fig. 13. Indoor location measurement methods including

left and right movement.

a8 13 =P o158 mae Ay 9% 5

4 eﬁ"
& e}*
&
&

Fig. 14. Measure the new indoor location in each frame.
J% 14, of =foict AfEAH A 2

HEA
o=

<
)
&

0-0

=2 =X
= 5o

@ AA A Ao 24 A 9K Aolel
o7 e 2 159 2ol AEen

@ Predicted position coordinates
@ Actual position coordinates

Y2

error =4/ (xy —x1)* + (0, — 1)?

Y1

Fig. 15. Process for calculating indoor lacation measurement

error.

a8 15 AY fIxl FY 2R Al

nivS|

™



16 j.inst.Korean.electr.electron.eng.Vol.25,No.2,243~251, June 2021

A= 150m°]ft] 5000%2] o]u] A E Alg3lo] 2 o] HAE R ekt 1Y 179 (a) 2P EZE B =
et F 1S 20209 Songxiang Yang € 39 oAl Agke VIper SAHS Hd oAk,

o] IEEE Accessol 4] ¥3%3F “An Improved Vision- (b) ¥ == Songxiang Yang ¢ 398 =&9 H4j
Based Indoor Positioning Method”$] =<toll A & o3 e Zolr) B =R Aots s|He o)
3 7|HEY 8w Hrlsk 292 ey o olq_ o7t AA = oA ZUEMA] U= ARE B
T 101A el vhsh o] B mEol A Al

ootk ) 17 188 E =R A Xﬂo st 7|9
A A AA A f1xeF SAE A 9149 X}O] o ¥
7F B3t 12.8cm, AW 21.2cm® =4 ¥ o] Songxiang okl

O

Yang ¢ 3™o] &¥3 VHERY =2 AT E kA ot
LER AT B3 AAIZES 2 AFERFo] A 9 A 9] 3W o 7IHKEY 3 AU X F4 Ag=
E A8 Aol 7hed 29 20z dew =4 S Yepdidoh =3 23 20z des 4% 4
H A2 Jeh gy 75 YeldolA] AAzte g Algzie] Al 91X
& Z748he Aol Jbsstehn wdE e
Table 1. Experimental results.
¥ 1. A" Zo 1 N
Average Maximum LG ::
Method processing
error(cm) error(cm) -
speed(fps) |
Songxiang 174 cm 703 em - .
Yang 8 04-
= 03-
The Proposed LI [ Propood iehod]
Method 12.8 cm 21.2 cm 20 fps : '/ ﬁﬁgb%‘wirM thod
3 —¥-MIVIL
- . . . 0 10 A 3 40 50 60 I:::\mﬂtﬂm % 100 110 120 130 140 150
Number of executions
The proposed method in this paper Songxiang Yang

(@) (b)

Fig. 17. (@) Maximum error graph of measured by the
proposed method in this paper.
(b) Maximum error graph of Sonxiang Yang and 3
others.
O 17. (a) & =20l mMeotst 7|Hez S35 2o
QX O =
(b) Songxiang Yang 2| 3we| z|of X 2=

Mﬁ»v/‘w%%
Fig. 16. Display Results of Actual and Measured Indoor e
Locations.
% 16 A AU Xt SYE A Ixle] Al Znt
Songxiang Yang ¢ 392 A3 = ol AZA . = =

Number of executions

W 24 At Rojd5rE et FAH AW

o 2 osb wAETh B m=Ro|a goks A Fig. 18. Mean error graph of measured by the proposed
) ) method in this paper.

SIS o vkt A AAE AR SE gpy 4 = =M Aot JMos SHE B 9
oz olf ALzt AolAw A LAt FHH a3 =

1)

(249)



Measurement Technique of Indoor location Based on Markerless applicable to AR

e #

(]

—

=)
)

(

=

=
o

ol
—n

> &

mo M @
ofo

o N
oX
2

&

d
-

o mo g M

A x| 7o) o A7
FE 7HAA H A Aljrel=

A g A7tz f1s) 20201 el Songxiang
Yang ¢ 3Wo| IEEE AccessolA =X3 “An
Improved Vision-Based Indoor positioning Method”
o frAbgh W ow AFANE =St A3
Ad, AA A Aok SHE A X Aol
7F Ha 12.8cm, HU 21.2cmz A EHA 7|E
[EEE =9 Z23uu 553 du 942 54 4

-

s vehideh =3 29 20z 9o 54
d A3E deifold Ao r ARgARe] AU
AAE ZAHsE= Aol 7bssitta AHE

oto g o] AFoE AY x| A oxE: =
°]7] Hﬁ}oﬂ A1 gz e A 7IEe] g AT 9}
o B2 Aol e dolgue] s P53 H A~
of ojgh 3?7} 2 a3},

References

[1] Miyashita, Tsutomu, et al. “An augmented
2008 7th IEEE/ACM
International Symposium on Mixed and Augmented
Reality. IEEE, 2008.

DOI: 10.1109/ISMAR.2008.4637334

[2] M. L. Yuan, S. K. Ong and A. Y. C. Nee,

“Registration using natural features for augmented

. . ”
reality museum guide,

(250)

17

in IEEFE Transactions on
Visualization and Computer Graphics, vol.12,
no.4, pp.569-580, 2006. DOL 10.1109/TVCG.2006.79
[3] X. Yang, Z. Liu, W. Nie, W. He and Q. Pu,
“AP Optimization for Wi-Fi Indoor Positioning—

reality systems,”

Based on RSS Feature Fuzzy Mapping and
in IEEE Access, vol.8, pp.153599-
153609, 2020. DOIL: 10.1109/ACCESS.2020.3018147
[4] Jae-Hyeong Kim, Seung-Ho Lee.

Clustering,”

“Intelligent
face recognition and tracking system to distribute
GPU resources using CUDA,” Journal of IKEEE,
vol.22, no.2, 281-288, 2018.

DOIL: 10.7471/ikeee.2018.22.2.281

[5] Cubuk, Ekin D,, et al. “Autoaugment: Learning
augmentation strategies from data,” Proceedings
of the IEEE conference on computer vision and
pattern recognition. 2019.

DOI: 10.1109/CVPR.2019.00020

[6] Viswanathan, Deepak Geetha. “Features from
accelerated segment test (fast),” Proceedings of
the 10th workshop on Image Analysis for
Multimedia Interactive Services, 2009.

[7] Ioffe, Sergey, and Christian Szegedy. “Batch
normalization: Accelerating deep network training
by reducing internal covariate shift,” arXiv preprint
arXiv:1502.03167 (2015).

DOI: 10.5555/3045118.3045167

[8] LeCun, Yann, Yoshua Bengio, and Geoffrey
nature, Vol.521, pp.436—
444, 2015. DOI: 10.1038/naturel4539.

— BIOGRAPHY ———

Jae-Hyeong Kim (Member)

— —
o o~
e

Hinton. “Deep learning,”

2019 : BS degree in Electronic
Engineering, Hanbat National

University

2021 : MS degree in Electronic
Engineering, Hanbat National
University




18 j.inst.Korean.electr.electron.eng.Vol.25,No.2,243~251, June 2021

Seung-Ho Lee (Member)

1986 : BS degree in Electronic
Engineering, Hanyang University
1989 : MS degree in Electronic
Engineering, Hanyang University
1994 : Ph. D degree in Electronic
Engineering, Hanyang University

1994~ current : Professor, Department
of Electronic Engineering, Hanbat
National University

(251)



