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Wide FOV Panorama Image Acquisition Method
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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



SHAl ek

S

s

2

=glof7}

AN AArzd e o

ot

[<}

=9l YA

&l

d| AF-8-= AEH4L

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

TU NN B FTRT P RPT i 3 gaLdpdTELEm LT
DEHER g PERE gy TER i mle D TELTEE
XX BT ET o = T R L Er e Pl
TR e XM S %o = I SIS S
Mom%ﬁoﬂ}ﬂr‘moiﬂ ® Hoop B K0 w% E:.INAHUWTM_WEJWMWU%
"o 1o Inx e
+TTqEeudR LEBRE X o SN EE R
Moz oo Y X g R WX o T T N G- CI B
THETAEGEN DL hhtx w R T R R
CORR K ~ = L. I J o ) O -
LT L mR oy R T e T B R R &
= _zfﬁr.ﬂﬂoﬂwwﬂ.ﬂ m,re% B X Ar m#m e N ﬂroﬁanuumm N joduﬂmM o
~ 0 — T . - T e
R 0w N0 T Aoy %0 L I W R TR NI
o ® KX L o B ) s o PPN S EW R
o B = < E 3 {4 = = o ) ) ) ESEIES lwml N = o7 W oF oju NR
B ofEE AT ke BN [ NI o RN T
L R R - Bo o Bo q ].VI r m @rﬁ — _.EE ! = EM F N N
oy B P T E W - W o) o ldrl o [H] %0 o | Bog oo i k, i
e SO RO = T S o — L ERTdasEed ™ nx
PREHEROg Ny PRI aqA Com TR W gy P g
Tap o ©X T o B U T oa ! O e G N M g
TREIB TG My T P o 8l = A mﬂmo%mr%_ﬂir%l
AP e ey PEE Yo = | e I TERISLTIL
mﬂi%ﬁ.&uwoc,_ﬂ. Vg oo w SUCE Wdr__zﬁﬂimﬂ%mﬂﬂuﬂl
B w TN T w W m o SN e
om oH M o W Hrow o TN K o= T ™ =
. =} [~ I~ v
LRI o g LR
Iy w MroRm e R . g o X . B
BR® oo oo o= b 5 BER T
B A o o H_A.L M ,mlL 5 o) oF W o—
iﬁm.L7zo€EoL X g ﬂAroqmz.u,|7
2o HF R ™oL _ LS = o
F3 T oo X ~ o go N —
g B g < TN g TR 5
Lt_,uruobnv1_.ola_,t bo .cﬂ g ocmu_.ﬂ_latd_lau
FLH}Womlelﬂldlﬁ 5 &5 IR e
=% N B T o= E EL oo o
e R g FE R w0 W N
< e TR M TE D oo =
= 5 Ul g [ | £ e U < 5
T o B (S £ S E = = M oo
TN A M g ECE Wi iHn
TR o % ox W £ £33z =222
&o,l,.rn%oz‘q T g m..lam X Hfﬂo
ulA_lo71_o H:%ﬂOHLAx_,mDH_AI nm Omm H‘_mmuHT‘Ammm
lﬂumﬂoLE_.i}ML P a5 £ Moz%i%
Tl W oo T Mo N OE L C TET foowm o A&
Wogo gy Mo W oz B EE PE S oD
(2 R T do s o SE FoxX =mX
Boar oo B o 08 WE g4 X
oy F g X X M @ —_ do O %o
o T <) R = & ol o %
53 —_— 0 25 T X — o
= ,LCEOM%'AV = T KK BB
N R ) 2] M = %y
o T oo G i T o) W
ol T T W E D =

=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

[Fig. 4] Image acquisition using hyperbolic cylinder mirror

[Fig. 3] Hyperbolic cylinder mirror
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(b) Image by computer simulation
[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

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

(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
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