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Abstract Wide FOV(Field-of-View) is required to contain much more visual information in a single image. The wide
FOV imaging system has many industrial applications such as surveillance, security, tele-conference, and mobile
robots. In order to obtain a wide FOV panorama image, an imaging system with hyperbolic cylinder mirror is
proposed in this paper. Because the horizontal FOV is more important than the vertical FOV in general, a hyperbolic
cylinder mirror is designed in this paper, that has a hyperbolic curve in the horizontal surface and is the same as
a planar mirror in the vertical axis. Imaging model of the proposed imaging system is presented by ray tracing method
and the hyperbolic cylinder mirror is implemented. The imaging performance of wide FOV is verified by experiments
in this paper. This imaging system is cost-effective and is possible to acquire a wide panorama image having 210
degree horizontal FOV in real-time without an extra image processing.
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1. M2 71 e AN 9 7] otk 247 9o

®, v4ee] Avet Mg Agahs WL Avete) 5

g go] Gl 7Hsd & o B AAAEE B o] w2 n| 8549 37 A - (view point)o] T 7t 7}

delirle 5L AlOFZHFOV, Field-Of-View)ol 238k dlate] 9ake o]o] Hol=d| o]f2o] 9t} ojetal=

. F Aokl 8 A1 flaiMe 3 e ﬂuﬂ@é 2 ol gale WS Aol IS Bt 4A &
A7 B, vl At S gl e om, vj¢ BEY B9 JuPEe Aew fzw}[g]
&E olo] Zol= 2], oA =E o] &t W3 ] Gz ARS AHESE RES el

i AL U BABANE AU ZVL O o) Aga L& WS AxE Ty GBS D

L3l WH456150] ok g dlo] FHEE 34 A WS catadioptric 3/¢2lol2} g}, Catadioptric 4

B Eed AERdrlEdsta ad e Ados FYPHAS.

"Corresponding Author : Soo-Yeong Yi(Seoul National University of Science and Technology)
Tel: +82-2-970-6407 email: suylee@seoultech.ac.kr

Received October 22, 2014 Revised February 10, 2015

Accepted March 12, 2015 Published March 31, 2015

2117



SHAl ek

S

s

)
=

=glof7}

AN AArzd e o

ot

[<}

=9l YA

&l

d| AF-8-= AEH4L

A7) &5k =8 A A6l A3s, 2015

U WK BT RE PRI o) 3 gaLdpdTELEm LT
VR gy XXy TR N mle VP FETELT 0T
DX g R T BT Ew g & T EE TR REE
R e XM D F e % = p s R o2 TR
O —_ —_ foxc - I]J-,_qu
RE RN o M T R Mg ® ¥ = E:oﬁao%uﬂd% TN o
otmﬂﬁmﬂﬂuiim% Hlﬂﬂmu__ua < 9 w | %ﬁ&mﬂJ%iﬂa <
W P Ao IX g =z TR T NN T Il
T e I A S 7o T Ll eg g7
= K o o T ol = e e I A = 9
MR o o g L T w T 2 ST S
EhpETuevl FEIE or N
A T ST < L o S R =T S
= % = = °© X H o 30 oo R o X TR ® A o
P REX N = T T T & PR T HE =
oy T CR NI S Ju%ﬂoﬂ% T T X MaE T .
B ofEE AT ke BN [ NI o RN T
P oa R B o) 5o a3 ool nn @rﬁ = il hu = g X .
TG - W O R U x o | R oo L, op M
e SO RO = T S o — L ERTdasEed ™ nx
PREHEROg Ny PRI aqA Com TR W gy P g
B A I BT < e 2__ W 2aﬂ1ﬁuwuﬂm%4uiﬁ% p
FERITBTTLHEE LT P S O I i I N M -
S o S = 1 fe 1 TywmIBdasy
T B " 0 oo
Mao_mx.ﬂwM%W%%W%%l sooEs T g g e TRy
m w T w R do X I = = =
T ST D RE W Fww e T ARTTET AT R b E
. o ToeR o N
e R I 8 mmwolmmu
Iy Q] MroRm e R - Wo zo X . B
BR® oo oo o= b 5 S
(N S e O £ g T —
iﬁmﬂ7zo€ioL X g 0 5 o= N
& T o WL _ X =
£3 T o X . o o N —
- O R ] 9K 5
WE o o oy WM - 8 o F W 3 4
iw}momﬂiwrd.a 5 %8 o T oIk Ak A
=& N B X K = £ ES = 5 =
R G MY g SER w9 E N
< Wpoo o omo [ Mo R oo o —
= 5 Wl w o L = EE & o < H g
A < R g SE¢ T M o
LEos LR ER o £ .- e @]
= R=1 = —_ ;(\(J'
FRORE R : i 5T
e AT A A A § s = Wa T P
T < e 53 M o
=0 X gy M X b 358
T ol W %o T Bo N = 3 = g3 Lmo.mhm.mﬂﬂl
Wogo gy Mo W oz B Eg B F - 1>
W om B R T do i, of SE T OoR oz X
wax_‘i.&,%mﬂ B Cs ®E g X
g F g XX Mo —_ o %o
o T Mo = = - T oo do o %
%3 . 0 o o X — o
o oo M s g T - oK % BB
T B e o 5 o o 1]1@05_‘
o m g B AFT oo oo iC D= o w
R T TG =SS v T

2118

=3
q2] o] A ¥t} o]edt G dA e 2ol

A

&=
2 oAbk AMEEH B R AA7F Fgu) o

3
o}k
=

APkl shcetel

il
1_
=



B2 sheslnl GRS P

B Fo oFo A BB T T W F T 5 2
TR =N W T o = X
A N B
R A B S -
Ty T MBS T v
) s ® X e M o) ) gy
o) o aoﬂw > L= ]ﬂﬁoﬁ Aﬂ.rm ~+
G R T o A ) 2
! OE(\ - =) - o = = =
H = ﬂu% aoEAT\)o_em_m__ :m_. &2 BN
o = SN o on o, S =mp B 2 g g
r *HE R s B TRy £ S
= iy i ST I g b
@%Qﬁmﬂvmﬂaﬁ(%mﬂﬂﬂ% o E T L
<0 TRT TE L D T e TR ERT v
80 10%%%71%0_@%%@%?* 3 g H &
; BB p,%m.w)ndﬂmniumwriﬁdr = g F 2
™ T o W EOR W e N o - 8
PR R B W oG g T = X _
CUP S e Mﬁ_ BN alt = T+ ,Wn = Hio DS Wo I
RO R o KW ) G S . =
oo o B W R o T
il I o BN R r
2 nt o 2o i ~ - AN T = ~
HUr NN T o g % N OB AR R
; SELEINERTL
S o) B = oz
5 Jmﬂﬂq\wwm%zﬂ
—_F Lo F N W T A
. @ £ M~oﬂ;z?()ogﬂﬂ
S 2 MPLUT meﬂw\w‘mlﬁi
m a1k HL‘_._WWL,ILJIONJ\_‘UI.O_
2 X ~01H.t,.A|1__/|A 700 IQ‘_ Jares
8 m W% e B B
T° = mo
HAr W ny WK B e b 5
5 o ) (oo NORT
£ g ﬂw&:%% §oop 4 AR
o L Zoaizilificog
x fi= Q#o;omcmﬂr‘mumiwéﬁq,ﬁu
2 P aow XMy
0 8 < © Wﬂm.mu g T %o
- %t 5 o N K - op o Ur B
£ ! uwl_.nol_.itlﬂ
g - B BT o BT
5 ™ . st ,Cl wa s NE ﬂ»! ‘HA_I <° ‘m_”
4 VAR i — ol 00 B° o =y go
g : - N GOl = - R N M
: o FW o my B PE
v L o m S O
TS W AT W o ®e

(2-2)
()

% gk

1

=

w
xel

2

24
a

b2

+ cot’p —

2

b2

AR A 2 3

A=

=
2t

p

L

k<

o]

[

=

2-DelA ¢
Feotp + a \/
—cotpx, + F

Wy o A% (z,,v9,)
oo 4] (13 4 (2-D2NE thest go] 7

Al
A
o 7t
x
Ye

2119

[Fig. 4] Image acquisition using hyperbolic cylinder mirror

[Fig. 3] Hyperbolic cylinder mirror
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[Fig. 6] Imaging model simulation
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[Fig. 7] Horizontal angular resolution of image with
cylinder hyperbolic mirror

[Table 1] Parameters of imaging system
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Optical device Parameter Value (mm)
a 28.095
Mirror
b 23413
Lens A 493
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(a) Image with planar mirror

0°

(a) Experiment setup

(a) Wide FOV panorama image

[Fig. 9] Wide FOV panorama image acquisition
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(b) Image with hyperbolic cylinder mirror

[Fig. 101 FOV comparison

[Table 2] Comparison of Wide FOV image acquisition methods

. Horizontal | Angular
Methods |Real-time FOV (deg.) |resolution Panorama| Cost
Rotati . .
camerarﬁ] X 360 High o High
acna‘;ye[rg o 360 High o High
i;};%f o 180 | Medium | x Low
Omnidirecti
onal o 360 Low X Low
mirror[4]
Cgllil:ifr ¢} 210 Medium ¢} Low




FFAS & =B A6 3B, 2015

(i
Ha
=2
R
%
Ay o o ox 1o b

rlr
o

-

o
o ot
it
tlo
)

O

N
e e B o

X

oflt

iz

>~

>

N

o

2

=

o
23

Qo o9
o

o
ox
1
ofd
2
)
it
=2
o2

g = 8

o

g

8
K
=)

>~

ox [ A
-
_—)‘4_11
2
Ny
4o Moo
o

ﬁErE
I,

N
ofr
o
¢2
o ri
%
Rl
_—)‘4_11
r
ot

N

-

=TT O
&

o

o
JH ger ot
o,
&
pacs
K

oL [0 S 1o oF
—r

o
o
il
rlr
o
2 |d
m
o
oX,
N,
4y o
|d
il
it

o X
ox

rlo

N

__>‘4_1I‘

1o

4

oX,

[Ehs

o

=

L

d

= o o

fru

o

X,
1% do ol

KON
>

o,

=

!

(

o)

O ol o ot 2y (B

ox

T og fir
(g oo X

o

IR

Aol ¢ 717
EEEIBE R
EEEEEEEE

L oo
=

L

References
[11 R. Szeliski and H. Shum, “Creating Full View Panoamic
Image Mosaics and Environment Maps,” Proc. of the
24Mannual conf. on Computer Graphics and Interactive
Techniques (SIGGRAPH'97), pp.251-258, 1997.
J. Foote and D. Kimber, “FlyCam: Practical Panoramic
Video and Autorratic Camera Control”, Proc. of IEEE Intll
Conf. on Multimedia and Expo, vol. 3, 2000, pp. 1419-1422.
DOI http://dx.doi.org/10.1109/ICME.2000.871033
G. Kim and Y. Choi, “Image-processing Based Panoramic
Camera Employing Single Fisheye Lens,” Jour. of
Optical Society of Korea, Vol. 14, no3, pp. 245-259, 2010.
DOL: http://dx.doi.org/10.3807/JOSK.2010.14.3.245
S. Baker and S. Nayar, “A Theory of Single-Viewpoint
Catadioptric Image Formation”, Int'l Jour. of Computer
Vision, vol. 35, no. 2, pp. 175-196, 1999.
DOIL http://dx.doi.org/10.1023/A:1008128724364
V. Nalwa, “A true omnidirectional viewer”, Bell Lab.
Technical Report, 199%.
H. Hua and N. Ahuja, “A High-Resolution Panoramic
Camera,” Proc. of IEEE Conf. on Computer Vision and
Pattern Recognition, vol. 1, pp. I-960 - 1-967, 2001.
DO http://dx.doi.org/10.1109/CVPR.2001.990634
J. Gluckman and S. Nayar, “Rectified catadioptric stereo
sensors,” IEEE Trans. on Pattern Analysis and Machine

(2]

(3]

(4]

(5]

(6]

(7]

2122

Intelligence, vol. 24, no. 2, pp.224-236, 2002.
DOL http://dx.doi.org/10.1109/34.982902
http://www.neovision.cz/

2= Z(Soon-Cheol Kim) 3|y

—

3

[

02014\ 2¢ : AgHsrlEd st
A7 QR Fe} (F3HAL

soghu
A A

[H2lH]

01988 29 : A en HAEEt
7} (FEAD

©1990d 2¢ : KAIST #7]1ZLA=}
T} (FEAAD

01994 8¢ : KAIST #A7] & A
21582} (Al

¢19%5d 3¢ ~ 19999 8¢
KIST Al&gd7-5 ddd+4
01999 9¢ ~ 20074 2€ : MEUEw FAAPGRFEH
Fulg
02007 39 ~ Al ALy suEa A7) QR get)
g
<IlEop>

HY2R, 2PN, o)gRR




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


