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ABSTRACT

Hybrid Tracking Using Infrared Markers

in Augmented Reality Environments

Ho-Kyun Jung
Advisor: Prof. Hyungjun Park, Ph.D.
Department of Industrial Engineering

Graduate School of Chosun University

Recently, computer vision-based augmented reality (AR) has been widely used in
various academic and industrial fields such as advertisement, education, medical treatment,
and product development. Object tracking, which has been studied since more than the last
two decades, is a core technology of AR because it significantly affects the interaction
performance and immersion level of most AR applications. In general object tracking, the
method of tracking markers or image feature points in RGB images is mainly used. However,
it cannot provide robust and accurate tracking performance since RGB image-based tracking
reacts sensitively to image noise and lighting conditions. In order to solve this problem,
many studies have been conducted on hybrid tracking using various sensors. In particular,
infrared (IR) images obtained from IR sensors are widely used for hybrid tracking since they
have fewer noises and are less sensitive to lighting changes than RGB images.

In this paper, we propose a novel approach to object tracking that is robust and accurate
for ambient lighting changes and marker occlusion by using invisible markers utilizing IR
sensor technology in AR environments. The proposed approach uses IR markers composed
of IR LEDs and a stereo camera consisting of an RGB camera and an IR camera. It makes
good use of two essential methods for feature point detection and for IR marker recognition

from an IR image.

- vii —
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We propose a method of feature point detection based on multi-layer thresholding, which
finds the center points of the IR LEDs by using the image contours obtained at multiple
thresholds in an IR image. This method converts an IR image into a contoured image,
classifies each contour region into simple region, expanded region and complex region, finds
the center points of simple regions, and uses these as the candidate feature points of the IR
LED:s.

We also propose two methods of recognizing IR markers by utilizing the geometric
property that feature points are invariant on projection and affine transformation. First, we
propose an IR marker tracking method using the geometric property of a planar shape
composed of two simple planar polygons. The IR marker consists of IR LED dots
corresponding to the vertices of the planar shape. This method finds the correspondence
between the candidate feature points and the vertices of the planar shape and determines the
feature points corresponding to the IR marker by using the geometric property that the area
ratio of two triangles is invariant on affine transformation. Second, we propose an IR marker
tracking method using an enhanced locally likely arrangement hashing (LLAH) descriptor.
The IR marker consists of IR LED dots corresponding to the points that are randomly placed
on a plane. In case of using the original LLAH descriptor, many (more than 40) feature
points are required because erroneous recognition frequently occurs due to feature noise. In
this study, we investigate how to improve recognition performance by making good use of
the LLAH descriptor with fewer feature points even when feature noise occurs.

We implemented the proposed approach and confirmed its usefulness by conducting a
comparative performance evaluation between the proposed approach and the conventional
image-based tracking approach. We highly expect that the proposed approach for hybrid
tracking can be usefully utilized for various fields in which the image-based tracking

approach does not work well due to image noise and lighting conditions.
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RGB image acquisition | IR image acquisition |
from RGB camera from IR camera

-
I Multi-layer thresholding ﬂ

Detection of centers of LED dots

Selection of the best one Recognition of
using affine invariance IR markers

Computation of homography |

] I
L

Transform from IR Camera to RGB Camera | [
Overlay virtual objects on the RGB image ! Overlay virtual objects on the IR image !
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Ol &gt Bt=x 4 641 321 161 81 41 21
H 50 JE 222 AdE MEFEN OE 29 =Y Ty de 58 ZUHE LIEHHE
AlE 21 YHE ZEH AMSETDsE AdE MA OifIF SOIEW 2 =2 =y
=G SItgE #=olgd = QUJpD, €H =FZ(ETY 60 ZHHU Z=EotHA
JHE SO 0ld|8t 2de 2 LIEGCH [Metd AAI2E dat2 DHgE M, O 0l8S
Ha= EA 5025052 £ OlM0A 898 AaE +3ole 240 HEE Aoz
A= & CF
H 5 AHE A0 2 MHotE gaE 2o =Y T Y(FEPS) =8 21
1 thread 2 thread 3 thread 4 thread
Test 1
6.002 11.387 15.164 19.171
(50/250/1)
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11.995 20.412 29.982 34.755
(50/250/2)
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16.430 30.049 41.739 50.184
(50/250/3)
Test 4
12. 20.4 . 4.42
(50/250/4) 005 0.437 30.030 3 3
Test 5
22.054 47.301 .064 972
(501250/5) 05 7.30 60.06 59.97
Test 6
47. . . .
(50/250/10) 7.898 59.963 60.338 60.357
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1: for each p = {All feature points in a database image} do
2: P, — The nearest n points of p (clockwise)
3: foreach P, { All combinations of m points from P, } do
4: for each Py = { All combinations of f points from P,.} do
5: Ty — Thc invariant calculated with Py
6: end for
7: H;naex — The hash index calculated by Eq. (5.6).
S: chi‘;\cf the item \du\.uﬁ‘lcﬂa D, p\'}li“ D, v (0)s" " s (mC ‘r—1) j uSinE. 1"1"1ch
9:  end for
10: end for
[O8 30]LLAHS M=K M4 L S5 L12S [41]
o
o
a P
- (0]
© o
n = 6 nearest points of P
o ° ° ° °
° o ° ° ° °
% P % P % %
° . ° . ° o ° . . . (o) .
o o o o o o ® o O e o o
D D D D D D
1m=5.(0) ]m=5_(l) 1m 5,(2) [m=54(3) ]m—S 4) 1111—5,(5)
[ 31] SEE POl et o1 EZES2 L& WAl (n=6, m=5)

[M=At Z M)

NeXt 242 o8 SEE J20 st A=l 480 SEE M= 219 HlnE
S8t EZFE oAl HAH=Z U g4 SHE F2B0 e A=l 442 2AM
2DOHEE AMsXt M40 s2otH, dolH HlolAd MEEH U= EEFFA Ashit
22 HWE 8ol SLet A=t 2 SHE2=z 2AGte HE=S st
Of &S Sol & EZES0 st UES2AHI RPHIMH, s2040 HES
HA&SHAH DAL RIXI/KANE FEECH 8 322 A=At 24 210c2|E5= LIEHHCH
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1: for each p < {All feature points in a query image} do
2: P, — The nearest n points of p (clockwise)
3:  for each P,, € { All combinations of m points from P, } do

4: for each P, < { Cyclic permutations of P,, } do

S: for each Py € { All combinations of f points from P,, } do
6: r(;y — The invariant calculated with P

g end for

8: Hindex < The hash index calculated by Eq. (5.6).

9: Look up the hash table using Hindex and obtain the list.
10: for each Item of the list do

11: if Conditions 1 to 3 are satisfied then

12: Vote for the document ID in the voting table.

13: end if

14: end for

15: end for

16:  end for
17: end for
18: Return the document image with the maximum votes.

[O2 32]LLAHS M&Xt 24 2025 [41]

53.2 J|Z& LLAH N=Xt9 &
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Feature points on Image

Neighbor Region of P on image
(Number of neighbor points = 8)

Feature points on Marker

Neighbor Region of P on marker
(Number of neighbor points = 5)
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SAES2 M=At d80 et SHteEsS 2 = UCHL E 70 H 82 2212 30012
ST ZPE 2= OB JIFESE N2X S= ¢ A4 BHUM M2 02 N2X
S MAHGIES M, 24 WA ZMel=E Hln dMEsS BEEEC Ak M4
SN e HAE HZW, DIHL & S8 A=XE S2LotH d-80t= JIE
LLAH A=X 2980 dlof Hluw H&E 201 HEE JHS &olg = UCH otX8*
M=X 240 A= A22AI2H01 =31 BI| 20 AXH =8 A2l st ds
stAa=Z JIUGH)] @ ez At=E 0
H 7. =X M4 2HA O A& Hlw (m=5)
oA SHEY MEX MA k/m(,C,)
5/5(1) | 6/5(6) | 7521 | 8/5(56) | 9/5(126) | 10/5(252)
el 5/5 (1) 900 5400 | 18,900 | 50,400 | 113,400 | 226,800
SXFO|  6/5(6) 32,400 | 113,400 | 302,400 | 680,400 | 1,360,800
NEXF | 75 21) 396,900 | 1,058,400 | 2,381,400 | 4,762,800
44 8/5 (56) 2,822,400 | 6,350,400 | 12,700,800
nim | g5 (126) 14,288,400| 28,576,800
GCD | 105 252) 57,153,600
o8 NM=A M4 - OE AME HlW (m=6)
o SEE MEX M k/m(,C,)
si5(1) | 6/5(6) | 7521 | 8/5(56) | 9/5(126) | 10/5 (252)
WE! 5/5 (1) 900 6300 | 25200 | 75,600 | 189,000 | 415,800
SHFHOI| 6/5(6) 44,100 | 176,400 | 529200 | 1,323,000 2,910,600
NEXF | 7521 705,600 | 2,116,800 | 5,292,000 | 11,642,400
dd 8/5 (56) 6,350,400 | 15,876,000| 34,927,200
nim 9/5 (126) 39,690,000| 87,318,000
GG oss 252) 192,099,600
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H 9 Mz=i dd Itetllel 280 TE OtAH AAME (%)

Yuo| SHH NH&(SY TS W)
k " 50(0) 55(5) 60(10) 65(15) 70(20) 75(25)
6 6 100.0 85.8 67.6 51.0 38.8 28.1
; 6 100.0 96.0 87.6 75.1 62.3 50.0
7 98.0 95.7 88.6 76.3 63.4 51.7
6 100.0 99.3 95.4 89.6 80.5 69.5
8 7 100.0 98.3 95.0 87.1 79.1 68.4
8 100.0 99.3 93.6 86.4 74.2 63.2
6 100.0 99.6 97.9 94.7 89.6 823
9 7 100.0 99.5 97.5 94.0 87.8 79.1
8 100.0 99.9 98.5 93.2 84.5 74.3
9 100.0 99.2 97.2 923 83.5 72.2
6 100.0 99.7 98.9 96.6 93.9 88.4
7 100.0 99.9 99.5 97.5 93.5 87.7
10 8 100.0 100.0 99.6 97.4 93.1 86.2
9 100.0 99.5 99.0 97.3 92.2 84.2
10 96.0 98.4 98.3 96.0 91.4 83.0
100% -
90% -
80% -
> 70% | k(6)-n(6)
S 6% —o—K(7)-n(6)
< so% | ——K(8)-n(6)
40% - .\ —#=k(9)-n(6)
30% ——k(10)-n(6)
20%
50(0) 55(5) 60(10) 65(15) 70(20) 75(25)
Feature point on image
[18 36] & SEZS eIfet S8 + k2 Bt HE OtAH Mg =
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N=Xt 44 Met0leHE 2 &0t

(a) Stereo camera (L-RGB, R-IR) (b) Environment for testbed
[18 37] AHHX Jthicet &€ AIAE 28 23

(a) Marker of Polygon_IrMk with ARToolKit (b) Marker of LLAH_IrMk with SURF
[0 38] MeteEl IR Ot =& 2otS0l et IR OFH M2
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BStAIH BrALZ S

Z S LIEHHCEH

(a) Hardware sep for testing object tracking with various light iobsitions.

(b) Experimental setup for object tracking with various light positions.
[OE 40] =& 2244 Hw 28S ?e 48 &3 ¢ A48 Y
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Yaw 30° 0° 300
Pitch Avg Std. Dev Avg Std. Dev Avg Std. Dev
30° 1.605 0.383 1.510 0.276 1.608 0.286
ARToolKit 0° 1.499 0.520 1.083 0.259 1.294 0.610
-30° 1.063 0.324 0.919 0.412 1.029 0.192
30° 0.139 0.111 0.224 0.164 0.261 0.141
0° 0.313 0.129 0.183 0.079 0.353 0.053
-30° 0.219 0.090 0.258 0.127 0.214 0.079
30° 4.054 4.165 8.175 4.370 9.011 23.090
SURF 0° 1.216 1.056 8.953 1.350 7.794 3.160
-30° 6.243 14.612 4.032 3.375 9.018 17.479
30° 0.000 0.000 0.094 1.635 0.000 0.000
0° 0.000 0.000 0.000 0.000 0.000 0.000
-30° 0.098 1.692 0.147 2.549 0.147 1.799

Polygon
IrMk

LLAH
IrMk

Atz &g Zuol st 0t =5 - =2 X0 SHHLZ RESXE

Z2UE 200, 2= 3JJt 1000122 Sa=sFel0l 2ol Ends =01
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H 12. ARToolKitd} Polygon IrMk2| £ HET0f st +-2d Zu
Yaw 30° 0° -30°
Pitch T-value p-value T-value p-value T-value p-value
30° 63.632 0.000 69.482 0.000 73.292 0.000
0° 38.319 0.000 57.564 0.000 26.629 0.000
-30° 43517 0.000 26.558 0.000 67.966 0.000
i 13. SURFI} LLAH IrMke| §& Z&T0 et -2 E 2t
Yaw 30° 0° -30°
Pitch T-value p-value T-value p-value T-value p-value
30° 16.859 0.000 29.997 0.000 6.760 0.000
0° 19.952 0.000 114.838 0.000 42.714 0.000
-30° 7.236 0.000 15.907 0.000 8.744 0.000
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Yaw 30° 0° 300
Pitch Avg Std. Dev Avg Std. Dev Avg Std. Dev
30° 0.241 0.145 0.310 0.164 0.287 0.166
ARToolKit 0° 0.205 0.130 0.177 0.116 0.287 0.180
-30° 0.366 0.195 0.290 0.161 0.224 0.154
30° 0.046 0.272 0.067 0.044 0.033 0.017
0° 0.052 0.045 0.023 0.016 0.071 0.038
-30° 0.035 0.022 0.068 0.043 0.055 0.028
30° 1.816 1.970 2.389 2.217 5.057 22.946
SURF 0° 0.572 0.480 0.620 0.663 1.050 1.133
-30° 4.375 14.708 0.995 0.676 4.339 17.089
30° 0.059 0.054 0.031 0.258 0.069 0.042
0° 0.037 0.024 0.111 0.101 0.166 0.210
-30° 0.031 0.037 0.039 0.045 0.359 0.280

Polygon
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o

H 15. ARToolKitll Polygon IrMk2| E& HE 0l CH

-2 & 21t

Yaw 30° 0° -30°
Pitch T-value p-value T-value p-value T-value p-value
30° 22.794 0.000 24.795 0.000 26.216 0.000
0° 19.210 0.000 22.953 0.000 20.304 0.000
-30° 29.099 0.000 23.026 0.000 18.724 0.000
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p-value
0.000
0.000
0.000
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|

T-value
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(b) IR image

(é) Augmented view in RGB image (d) Augmented view in IR image
[0 44] 24 S &0 CHE HIQHE
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(a) RGB image

(c) Augmented view of the image (a)

(f) RGB image with occlusion

(g) Augmented view of the image (e) (h) Augmented view of the image (f)
[ 45] ObA JtE &0 e =8 2
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in

a) Environment for AR-based virtual protot

(c) Tangible objects with IR markers

ANAg 2

(b) Tangible objects with ARToolkit markers
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(b) Augmented view of the image (a)

(c) Real image in a high intensity lighting (d) Augmented view of the image (c)

oSS

(e) Real image with partial occlusion of (f) Augmented view of the image (¢)

markers
[C1& 49] ARToolkit=2 & E8t ME S8 Z U [54]
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[
4

(b) Augmented view of the image (a)

(a) Real image

(c) Real image in a low intensity lighting
situation

¢) Real image with értial occlusion of
g p
markers
[ 50] HIStE BH0IE2E =& Yot2 &Zst HE 88 210
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