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ABSTRACT

Title
HCl-based UHD Panorama Technology Development

Objective and importance of the research

A. Objective of the research

This project is to develop core technology for HCI-based high quality panorama media
to provide users with immersive, realistic and user-friendly media consumption

environment.

B. Importance of the research
1. Media service paradigm shift
After HD Media, media technology has been rapidly moving towards 3D, UHD and
Multi-channel audio with which higher quality media service in a larger display to
provide users realistic and user-friendly media consumption environment can be

rendered.

2. Secure of core technology on HCI-based panorama service

Introduction of lager TVs and 3D service lead user to experience realistic media in
broadcasting and telecommunications environment and increase user’s desire for more
realistic and higher quality of media. The characteristics of panorama, such as wider
angle and higher quality of media, provide different interest and sense of reality from
3D and UHD; that is, rendering immersive viewing. This will satisfy the user’s demand
and result in boom in the media market. Therefore, securing core technology on

panorama in advance of invigoration on the market is required.



3. UX technology

The realistic media such as 3D, panorama and hologram has been partially applied in
specially designed event such as exhibition, theater, etc. However, this partially applied
realistic media can easily be popularized by adopting UX technology that provides user
easy and intuitive usage of media with which it increases the sense of reality. Therefore,
integration of UX technology with realistic media such as panorama will possibly

initiate expansion of IT market.

I11. Contents and scope of the research
To accomplish the objective of this project, we have performed R&D on panorama

core technologies, and detailed R&D scope is as follows:

o HCI-based panorama applied service platform implementation
- Design enhancement of applied service technology from field test
o High quality panorama applied technology development
- High quality panorama acquisition development
B Panorama video acquisition technology (resolution: 6Kx2K, FOV: 160°)
B Layered panorama stitching technology for ROI support
- Layered/Screen adaptive high quality panorama rendering development
B Layered-based screen adaptive panorama rendering technology
- Panorama Scene description research
B Panorama scene description technology to support ROI based on
seamless high quality panorama rendering
B Panorama scene description and file format technology to support UX

such as eye-tracking/gesture

Vi



1. Results of the research

The project results are as follows:

o High quality (UHD) panorama acquisition and monitoring system
- Multi HD camera based panorama acquisition system
- Monitoring system to analyze and calibrate videos from multiple cameras
o High quality (UHD) panorama generation system
- Panorama video stitching system
o Layered/screen adaptive high quality panorama rendering system
- screen adaptive rendering to render seamless panorama video with ROI support

- Panorama scene description and file format technology

V. Expected achievements and suggestions

A. Technological effects

High quality panorama acquisition, generation and rendering are the core
technologies to develop HCI-based UHD panorama service platform. R&Ds on these core
technologies result in competitiveness in panorama related technologies and the world

market.

B. Economical/Industrial effects
It is expected that Korean industry exports total of 17,600,000,000 WON during
approximately 6 years until year 2020 from 2015 in panorama AV acquisition camera
market and about 10,000,000,000,000 WON in panorama TV market.
- It is expected that Korean industry produce camera as many as camera market demand,
however, since panorama TV production bases are in oversea the impact in domestic

market will be limited. Nevertheless, the impact on overall economy such as production

vii



inducement, value added inducement and employment inducement will be considerably

huge.
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Table 1. Specification of Bar-type Rig
Number Title Remarks
1 37]: Size (WxDxH) (975x414x154 )mm
2 A Weight (kg) 18kg
3 7t2 &9l Stroke(X) + 20mm
4 ke &2l Stroke(Y) + 20mm
5 7}2 3]A: Rotation Angle 360° /=x3°
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Table 2. Component Description of Alignment unit

Number Name function
1 Camera sliding plate 7t g} F28 ZHolE
2 Camera sliding plate lock knob It A =L ZgolE 1A
3 Camera Y axis control knob 7hiet Y & AgxA
4 Camera rotate control knob i et 3zt =4
5 Camera rotate lock knob b T s T
6 Camera Z axis control knob Zhelet 7 5 A =73
7 Camera rolling control knob FHd g} roll 4= %A
8 Camera Pitch control knob 72t Pitch 2= %73
9 Camera Z+ Pitch lock knob Zhd 2} Z+ Pitch 317
10 Camera Y axis scale 7hel et Y 5 =5
11 Camera Z axis scale 7helet 25 ==

Lt ol2]-Ete FHH2t 7= 25 (5 HA)

B g E2A e Z1d ARk BAsr] ffsko] ghvlele] Feh 9

HOE WMEE ALL AFH FRA WHoITh B A9 1hdme e

tlo
e



5tlo] Fhdlete Bghol 18059 AokE Husls] Aste] 559 AL e

2 AskaL, 2 Al AE W 4% R uletrol A 3

A3 Alof B FH A FPs =T AT

W

a9 7. 1 Y-EY FE2A lE s

Figure 7. Conceptual diagram of Mirror-type rig

g 5 QES @k Aot B4 £ a7 35 oYe A5 S YED

el FRAE % 83 E 3% gol 5ol AeE e webni

FHz 14D 5 =S At o= AAl FEAL A FAHe #F

o

al
ot Aol QA7 A e SAS Im WSAA G498 S Q7 AFoln

16



A sel olFol Tbs FUAL womy

nele 348 F4

L |
=SnElb s o=
(W05 VEN {1
L]
a4 8 mY-EY A e
Figure 8. Structure of Mirror-type rig
£ 3 vE-ay 271 2 A
Table 3. Weight and Size of Mirror-type rig
Number Title Remarks
1 =171 Size (WxDxH) (1061x505x1016 )mm
2 A Weight (kg) 40kg
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Table 4. Weight and Size of Mirror-type rig with 7 mirror

Number Title Remarks
1 7] Size (WxDxH) (1178x575x824 )mm
2 A (Kg) 45Kg
3 Stroke(Y) +- 18mm
4 7 axix +- 5mm
5 Rolling +- 3
6 Pitching +-3
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Figure 13. Location of Bar-type rig in a soccer stadium
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Figure 22 Taking a shot a soccer stadium
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Figure 23. Acquiring high-quality layered panoramic video
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Figure 27. Stitching process for panorama image
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Transform)®l| tfsliA] ztefslA AGelstes sttt

7h Harris 214 HE7I[1]
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R=21,22 - 0.04(A1+12) (3-8)
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Figure 28. Area characteristics or R value
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Figure 29. Corner extraction process using Harris corner detection
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(c) DOF 7%
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Figure 30. DOF extraction process

Lx,y,0) = G(xy,0) *I(x,y), G(xy,0)= ey (3-9)

I(x,y): A oA, G(x,y, 0): 7+ A1 HEE] L(x,y, 0): —Eﬁ FE F=olvA

w2l DOFE ol#le] 4413} o] el

D(xy,0) = L(x,y,ko) — L(x,y,0) (3-10)
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A Zapglol obd mluwg A oA HAugtow A7) witelth F, vt

Yol F GontE vWPH SHPE BEtel, £ 3159 AFE T3

w
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-k (trial): T8zt sl AlZ 34,

w (probability of selected sample w.o. tolerance): 7 -4 o2 2l 3] gof %

e ol A AU o
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T dem olF &5 bet Frh
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= b(1+2a+3a*+-+ia"t+- (3-21)
L _1
(1-a)2 b

e f-2ls A7) VIdge 2R Bad oy s Wl 9% FE,
e doly Ae wiE B A% ARIss A4 5 ok ofd ¢ %57
= olol WiEk clAlolrt. vtde Bt wlolE o] 50% ol w AR B
o] 0.50]m, o]H g g ME S B E AFdhH Hol® 163 o]t
gaof sl VHAE 2tk F, ARAYAE o EW, Foj¥ BE 543
=ol ZvtEd v A& FEe] 50%eta BE u, st TR
sb7] 9F Ao SAA s SntEA o] A E A 16 Aks]

F7h Basth olUd SuE 534 A O4E Wh Bag dhE 7 ARS

60



E 5 SUE 54Y 4 A% BB} AR5 Fea)

Table 5. Relationship between number of trial and its probability

v V=1 2 3 4
0.9 1.1 1.2 14 15
0.8 1.3 1.6 2.0 2.4
0.7 1.4 2.0 2.9 4.2
0.6 2.0 2.8 4.6 7.7
0.5 2.5 4.0 8.0 16
0.4 3.3 6.3 16 39
0.3 5.0 11 37 123
hdel Al=3]4E AT dHTHA e &2 AAsta A, olo] gk

BANE o3 B BEekel 7T F vk
(1 —b)¥ < ¢ (after k times trial, the probability of contaminated set by outliers is
g) : kRtEo SR S duxk @ u, 7] L83 Holy Ao ¥ g

#o] & olatz Aotariy,

k= [reah (3-22)

B71 A B-22)S SR AR o diatd, HA e SAHE

Fol SnlEA vgE FEE 50%AH, 49 ente 5FFE AL 127 9

3 o]FFELS b= (w)*=05*=0.0625 °|H, o]HF 47019 HE ML 109

SHtEA AdEstr] fleiA S8 ole] gHEe] e =0.001 °l2} s, &ukE Al 10
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5) olo|x] EEE 98t EZF ¥ (Interpolation)
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Figure 40. Nearest Neighbor interpolation
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Figure 41. . Bilinear interpolation
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Table 6. Comparision of image interpolation technige
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Figure 42. Example of transformation of image cordination

1) HE|MHE E-Y (Multi-band Blending)

7 ge] AFgE = BUY Ve "HEMIE SdY o2 19819 Burto] <]

67



+ Downsampling

_ ~“Upsampling
a9 43.3709) MEE Zbe= I = 24 A

Figure 43. Analysis process of blending with 3 bands
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Figure 46. Determination of image boundary by CDM
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Figure 47. Color correction process
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Figure 49. Reference frame selection process for color correction
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Table 7. Performance analysis of Color correction by reference image

Xion GSSIM ASage Panorama
q lbrahi
Image STDs
m et.al D
5 etal
[21] Re
[8] Ih 2 Is ls Is (PR Is | 1s
f R G B
15.47 09 | 09 | 09 | 08 - 119 | 101
I 1 0 Iy 1 0 .0 A1 1. 9.89
9 9 2 7 .05 9 7
5 1 6
16.35 0.9 09 | 09 | 09 ] o2 - 126 | 104
I 0.86 9.03 I 1 0 1 1. 9.80
9 8 8 6 3 3.7 8 3
1 5
23.01 09 | 09 09 | 08 128 | 103
I3 111 5.32 I3 1 0 .0 0 A1 1. 9.63
9 9 5 7 0 9
5 1 5
23.26 107.1 09 | 09 | 09 0.9 2. | 14 109 | 113 | 138
la 0.98 ls 1 1.2 0 1.
5 5 6 6 7 4 5 9 8 4
5
25.88 140.7 08 | 09 [ 08 [ 09 04 | 1. | 19 | 6. 101 | 109 | 132
Is 0.78 Is 1 0
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Figure 50. Illustration of color correction result according to the selection of reference image
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1% 58. Geometric LUT A4 4
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Figure 58. An example of geometric LUT generation

LUT stores the transformed X, y coordinates of Quadrilaterals from an input
image domain to a panorama domain.
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1% 59. Color LUT 3
Figure 59. Color LUT structure
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Figure 60. Stitching tool
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Figure 61. Illustration of Stitching result planar with cylindrical
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Figure 62. Geometric correction process
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Figure 63. Geometric correction result
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Figure 64. Bezier transform process
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Figure 65. Image before geometric correction and after stadium
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Figure 66. Multi-projector configuration
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Step: 4 same homography Is msmwwh

Step: 3 homography is computed applied to transform first calculated which relates
between projected and original projected image Into original original pattern lmage to scaled
Pt scaled image. projected image.

(s.1)

-
-

Step: 6 Homography 2 is then
applied to original image and is
transformed to align
geometrically.

a9 67, We ZeAd Jjeket ng Axl

Figure 67. Multi-projector geometric correction process
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19 68, HE ZEAM 738t BA H(a)et F(b)
Figure 68. Image before multi-projection geometric correction (a) and after (b)
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X = Focal Length - ( - ) (4-3)

Focal Length) (cos(y/Focal Length)

Y = Focal Length - tan(y/Focal Length)
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= ZhlEte] 2HATE vEdTh

a9 69, AYy W3k Ay

Figure 69. Cylinder transformation result
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Figure 70. An example of adjustment result for projected area of the screen
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a9 71, 7]

a) Before applying geometric correction

b) After adjustment for pixel alignment errors

¢) Panorama image projected on the screen after adjustment for pixel alignment

errors

Figure 71. An example of illustrate for improved geometric correction (pixel alignment error

correction)
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Figure 74. An example of ROI video display
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a) Panorama video rendering
b) Panorama video rendering including HD ROI service

Figure 75. An example of ROI video rendering
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a7 76, 9% =8 FH 2A onA

Figure 76. Reference shape of output image

(@ A9 24 A

(b) 2y vy &

a9 77 A9y 1y GAk

Figure 77. Cylindrical correction result
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Figure 78. Pattern Image for Geometric correction
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Figure 79. Blending Mask image
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19 81. Intra Intensity correction 2 3}

Figure 81. Intra intensity correction result
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Figure 82. ITF function display image
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Figure 84. Illustration of parallel rendering system configuration
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Figure 85. Illustration of panorama video rendering
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Figure 86. Single client based rendering system
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Figure 87. An example of user interface for single client based rendering system

. D& ml-2iop A|AE HAEHE 75

3R e 15 sheetoh ge] a7k Siigel we 4719, A9
webeh Bl YL AQekn skl Aulse) Bystl solstug m3ba

wEhop Al AE HAEHES FEESIY  HAEMESE 13m x Tm =719

AAS F3HEta 9o, 39mx 15.2m 7] dx=n A3 3 9tfe] HD
AHE A3 s 29 v AR gAEHE mua) sk

124



¢

[.j_J

v RS uHR

»C) ‘

a2 88, 1134 mw-gul A]2E HAEWE &

Figure 88. Design of high quality panorama system test-bed
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Figure 89. An example of high quality panorama screen and multi projector
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Figure 90. An example of high quality panorama video rendering test
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