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Decision on the Optimal Photographing Angle and Overapping Ratio
of Non-metric Cameras for Development of Automatic Image Stitching
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Abstract
This study focuses on the determination of optimal photographing angle and overlapping ratio for automatic image
stitching system using a non-metric camera module with motorized head. Photographing overlap was calculated
considering the angle of view on different kinds of lenses and moving angle of motorized head per each option, and
optimal photographing angle and overlapping ratio could be determined through the experimental result using the
operating time, data volume and performance of image stitching. Through this experiment, we could find that it was
effective to take a picture with 36° of interval(33.82% of overlap) in vertical direction and 24° or 30° of
interval(36.51% or 20.63% of overlap) in horizontal direction using 35mm lens for automatic image stitching system.
Keywords : Non-metric Camera, Image Stitching, Photographing Overlap, Indoor Three-Dimensional Spatial
Information
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2 HEIAQ2012)0A4 AZEH EX- BIM(Building
Information Modeling) X, SLAM (Simultaneous
Localization And Mapping), %7+ @4l(augmented
reality) 7], thg 22Hl =W, AW 34 AR =T 5
2 olgstol A 33U FUHRE TE}ES AT
skl ek

20128 FAGAC w2, A= ASFEEFASS
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o2 BHuEN gk ol A9 33 SR F 1
29 Aol sig s Aold, AA 33k TR
T=o] Zagk Ay Jiee E4 o wokAlA =k
Q17ke] A AT 5 oF 80% oJ4to] Aol A o]Fo]
Atk S 7oksl wj(U.S. Environmental Protection
Agency, 1989), AW 324l o] 52 FF F
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2002; Oh and Lee, 2011; Oh and Lee, 2012).
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Figure 1, Motorized Head

Figure 2, Non-metric Camera Module with Motorized
Head
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Table 1. View Angle of Each Lens

EF 35mm
H=54.4°, V=37.8°

EF 14mm
H=104.3°, V=81.2°

EF 85mm
H=23.9°, V=16.1°

EF 50mm

H=39.6°, V=27°
H : View Angle of Horizontal Direction
V : View Angle of Vertical Direction
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Fig. 32 = szt g=o] S48 olgzhs g
FTEE AR WS dshA #9d stk oE
o], 14mm #=0] s}zto] 81.2° 0|11, HRFO] 7}
SEVL 8Y A9 FHE ol 45° 7} FHUR Eq.
(1)o] 285}, 44.58%9] FEE7} AXFETHEQ. (2).
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Plane of Photo

® : Moving Angle of Head per Each Option
6 : Angle of View

T : Photographing Overlap

Figure 3. Example of Calculation Considering the
Angle of View and Head Option

FEE AN} 23 7} BT} Pol s SRR &
olx|w, $=HHsko] A AMEE 4~ Q= JleEV W
A ot B FD 23l 9lol Alofe] mES Bl
At Table 29} 304 HahA] AIE FE2 =
%3t 71t 3 W AHSRo] JEeEE AdEt

—= 1

b

740]1—,} FFEARAL] AL, TRHEO (0%, IRES
30%S 71208 sla Qlong, 23 7Msg FFeEL
20% Aw0 oydg— Lao}oq 10%~80% Hlo| &
oo % gsteict shAh Adele w

£ AL ]:H—SH }_‘Eﬂ—& Z"_fsgﬁ‘} Ao /Ufgg oFo| UJ—O]—
2 Zol AHE 2ustath 2a0 A8E 4 Uz
d 7heEs ofiot Zom, F 2571A)(= 14mm 9714
+ 35mm 97}A] + 50mm 67}4] + 85mm 17}A)E =
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Table 3. Photographing Overlap with Moving Angle of
Head per Each Option(Horizental Direction)

count Moving | 14mm | 35mm | 50mm | 85mm
Angle | (%) (%) (%) (%)

3 120° 0.00 0.00 0.00 0.00

4 90° 0.00 0.00 0.00 0.00

6 60° 26.11 0.00 0.00 0.00

8 45° 44.58 0.00 0.00 0.00

10 36° 55.67 4.76 0.00 0.00

12 30° 63.05 20.63 0.00 0.00

15 24° 70.44 36.51 11.11 0.00

18 20° 75.37 47.09 25.93 0.00

- 14mm #*: H-8, 12, 18 / V-3, 5, 7

- 35mm = H-12, 15, 18 / V-5, 9, 13

- 50mm #*: H-15, 18 / V-7, 11, 15)

- 85mm #=: H-18 / V-19

2.3 M3 AR Y 2N

A F4& Asixl A=, dold &, #9 Al
PN AT 5 Teid Ao W= 23 AL F
B, 71 mashu) qlrk 360° 29 o] 7}
dEhE GASTL SHY BYS LS YL A5
& T G ZRORS B USSRk &
N Age At

Table 4, 5, 62 7} = /A RFo 2 23k
oy B3l mHE AVE Y ol HHe] &
o 23S AAs] gt ATl 7|2e vleslr)

° Aok Fol 2% 48
2ol welalgitt. wel A vol Ak theel
A g1k Bsorshs A 2Q1S 1stol
FAtol 1082 WA =S sk B9E dloly

Table 4, Experimental Result(14mm Lens)

oto] Mde stk -
v 8 12 18
Table 2. Photographing Overlap with Moving Angle of Overlap, V | 42.47% 42.47% 42.47%
Head per Each Option(Vertical Direction) Ratig H 44"58% 63‘95% 75‘.37%
3 Time ~3minutes | ~3minutes | ~4minutes
count Moving | 14mm | 35mm | 50mm | 85mm No. Image ] 11 15
Angle (%) (%) (%) (%) Storage 434MB | 62.2MB 83.1MB
1 0.00° 0.00 0.00 0.00 0.00 Overlap. V | 65.48% 65.48% 65.48%
3 60.00° | 42.47 0.00 0.00 0.00 Ratio | H | 44.58% 63.05% 75.37%
5 | 36.00° | 6548 | 33.82 9.09 0.00 5 Time ~Sminutes | ~Sminutes | ~7minutes
7 25.71° | 7535 52.73 35.06 0.00 No. Image 26 38 53
9 20.00° | 80.82 63.24 49.49 16.32 Storage 140MB 204MB 286MB
11 16.36° | 84.31 69.92 58.68 31.53 Overlap V 75.35% 75.35% 75.35%
13 | 13.85° | 86.72 74.55 65.03 42.07 Ratio | H | 44.58% 63.05% 75.37%
15 12.00° 88.49 77.94 69.70 49.79 7 Time ~Sminutes | ~7minutes | ~9minutes
17 | 10.59° | 89.85 80.54 73.26 55.70 No. Image 38 36 2
19 9.47° 90.92 82.59 76.08 60.36 Storage 204MB 305MB 451MB

A21H A2 20134 6Y
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Table 5. Experimental Result(35mm Lens)

H
v 12 15 18
Overlap V 33.82% 33.82% 33.82%
Ratio | H 20.63% 36.51% 7.09%
5 Time ~5minutes | ~6minutes | ~7minutes
No. Image 38 44 53
Storage 197MB 232MB 273MB
Overlap V 63.24% 63.24% 63.24%
Ratio | H 20.63% 36.51% 47.09%
9 Time ~10minutes | ~1 Iminutes|~12minutes
No. Image 72 91 108
Storage 373MB 468MB 551MB
Overlap V 75.55% 75.55% 75.55%
Ratio | H 20.63% 36.51% 47.09%
13 Time ~14minutes| ~16minutes|~I8minutes
No. Image 108 131 156
Storage 551MB 663MB 774MB

Table 6. Experimental Result(50mm and 85mm Lens)

H
v 15 18 18
Overlap V 35.06% 35.06% 60.36%
Ratio | H 11.11% 25.93% 0.00%
7 Time ~9minutes |~10minutes|~30minutes
No. Image 69 82 231uj
Storage 309MB 434MB 980MB
Overlap V 58.68% 58.68%
Ratio | H 11.11% 25.93%
11 Time | ~13minutes|~I4minutes| 1 1€ count
No. Image 111 134 | of HI8 in
Storage 494MB 602MB  |85mm Lens
Overlap V | 75.55% 75.55% was
Ratio | H 11.11% 25.93% matched
15 Time | ~18minutes|~20minutes| with V19.
No. Image 151 180
Storage 671MB 802MB
SFo] 9 43 SMB~980MB W lolH o] B 2

= FRlIstom, HeAxk efste] &Y 300MB
(ZFuls= oF 507 W9 ol 85k ARk ok
2P A Lstact
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14mm, 2} 35mm HZE o]-&3}od, 55 2] A7k
200MB dlo]e] 87 30-407) A% HAH Alo]
Aol AEet 2AUS AT 4= ATk A A
79 YgAaoM = A8 Al ek 3074 o)
o] #9& 5= AL &I th(flashpanoramas
webpage). ©] 27& TESH= AIO] 2FOE 14mm
#=x9] V5-H12, V7-H8I} 35mm @X9] V5-HI2,
V5-HI5E Al=stsich
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U2 Fig. 59} 62 Aol 2 Ex] ke HeEs =
fa1 gleh Fig. S& F8E7} u% ol Aol %
A o2 Afolh AN B4 A% A2

WAl & o|FolA e A BT 4 Glek. T

Figure 4. Good Case of Image Stitching(35mm Lens,
V5(33.82%), H12(20.63%))
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Figure 5. Bad Case of Image Stitching I(35mm Lens,
V13(75.55%), H18(47.09%))

Figure 6. Bad Case of Image Stitching II(50mm Lens,
V7(35.06%), H15(11.11%))
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Figure 7. Result of Test-bed for Indoor 3D Spatial

Information
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