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Quality Evaluation of UAV Images Using Resolution Target*
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ABSTRACT

Spatial resolution is still one of the most important parameters for evaluating image
quality. In this study, we propose an approach to evaluate spatial resolution and
MTF (Modulation Transfer Function) using bar target and Siemens star chart as a part of
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quality evaluation for UAV images. To this end, images were taken with a fixed—wing
eBee(Canon IXUS) at the flight height of 130m and 260m, and with a rotary—wing GD—
800(SONY NEX—5N) at flight height of 130m, with a Phantom 4 pro(FC 6310) at flight
height of 90m, respectively. Spatial resolution was measured on orthoimages produced
from this data. Results show that the resolution measured on the Siemens star and bar
target was accurately degraded in proportion to the flight height regardless of the
cameras. In the words, the spatial resolution of images taken at the same altitude of
130m with the eBee(Canon IXUS) and the GD—800(SONY NEX-5N) equipped with
different cameras was the same as 4.lcm, and that of the eBee(Canon IXUS) at 260m
was 8.0cm. In addition, the resolution measured on the Siemens star was about 1~2cm
lower than that of the bar target at every flight height. The general tendency was also
found to be proportional to the flight height in the measurement of the o, from MTF,
which simultaneously represents the resolution and contrast information of the image.
However, at the same altitude of 130m, the o, of the GD—800(SONY NEX-5N) is
0.36 and the eBee(Canon IXUS) is 0.59, which shows that the GD—800(SONY NEX—5N)
has better camera performance. It is expected that study results will contribute to the
analysis of spatial resolution of UAV images and to improve the reliability of quality.

KEYWORDS - Spatial Resolution, Orthoimages, Modulation Transfer Function, Siemens star

sl AATFHAIYS BF, T2
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2

= v =82 S Ao’
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v olth(Linda and George, 2000).

white 1{ Its graylevelis > T,
black if Its graylevelis < T.

2

A Pixel becomes {

sHARE YA Ao wAES TEA
Ui s AAshd old =49 A718 3t
4‘ AL, HHE UHF =A deElskd Y
ARE x3stA Hrh o9 2
Mds 218l HA2 wEAE A9t
WHoR Otsu WS olgsielch
Otsu ‘ﬁO]%‘f Jrre] S| AETMS o] gl
s F Y FWAAR YE  de A
o] THYAE 2= W o R ofge] 4] 33 o]
vekd = ek (Otsu, 1979).

>
mﬁ

Lﬁ&‘

N Hn 4 B e
2}
rlo
E

% Lo

okt

P.=n/N 3)

A7V niz Telel W iF A Bkl
Fola, N & sha Folvl, p 1elo] @
) shesl shgolnh web kv AMe
14 Helg s ofele] 4 49k gol He

I
% e,

o]

m .

k -1
k) = Epi o oplk)= Z p; “4)
i=0

i=k+1

71 L& aelelAAAe Aol T, whet
N L-1& TEolxglelel Adgtelth. 4elel
o8l okelel A 57} AETh

L—1
=Y p =1 (5)

i=0

A71A w(k) % p(k)E Avhekshs 1k 79
oRgh kS TEHE 2 WA okl 2(6)3)
2ol 94 B Aot

L—1

Hr= Z ip; ©)

i=0

ofgle] & 7ol Husleh= kakE Tebd
At (McAndrew, 2004).

2) Bar target o]-&

kel 9 243 el wrgk
el 2t HAel sigehs BA%Ee 54
DN (Digital Number)fli vl =27}
AL o]8= zF A Z=AH tEA]
_’_X]E Zz3luz gAzke FA-] 7140
Qlato] WAYsHA Hrtk(Lee, 2012).

|
(ON)
y
o /
a

FIGURE 2. Concept of modulation value analysis

Object

—— Object Modulation

—— Image Modulation

X (Pixel No.)

olelgh =AHAR A= FAE HaAlw
S ol g3to] HF&3)(fitting) 3hHA 7140 |

o A 83} e AQIEE depil A
y=a+bsinw(z—x,) 8
A71A, ez YFE AWOoE o] AztH

= J_]mq DN%}P— YelY= Al b sin
Sye) A%, = At Ak 1% 2
= ] olty, 18]al we sin¥Y F7E



AR EFILE o3t Rolgtyod kel A L / oMY - gA 107
Asi= A= 942 GSD(Ground Sample , max —lmin at+b—(a—b)
Modulation = = 9
Distance) 573 A4 #=do] ik &3 2= Lo Tloin @ tb+(a—b)
Aol M5 YehllE W&ol z,v sin® :g_b:%
o FEE Akt dustE dosle X ¢
% weroz Ha o]Ew= A2 U= A
Zoc’ ° 0 , MTF k& 2 1002 Jebdss gl
ot} ueba] F9E gL Al Sl 9]
A715 A3 2 84 AxtE AlFES ©] )
- B = lo]shes Modulation,,,,,.
‘g‘O]'O:] =784+ E]')\-’] 3-7] /\]—LUTE— L]'E]' ]\/fTFZW (10)
U 18R W 923 A8 GSD object
= =43 4= Qth(Lee, 2012). ) )
) FEE MTFo, #E&  FFss
o MTF 2Af (Ip/pixel T+ Ip/mm) & 3= FX|3oE ¥d
. . - Ho] ok olgdA Feixl MTFel sl
= W% Sr2== 7R EE = .
MTF, & WHEzdggdre oj_;ﬁo:a]- 37} MATLAB 2 7#oA olgfe] 2] 118 o]&
= = o fe) o A sl odA)o] JF
Sh= ‘*‘Jfﬂ 7122 S j‘oﬂ 3 M 5 Curve Fitting FaEeith o714 MTF
= =] o] =
Arsh BYBLE S0l BAS G E o g wewnal 0,8 sl S48
afr Awdeln gTRsw TR T Y w0 wasg om0 gol 4855 o
98 Modulations S48 4 Sle o] %
“ = el ol 4o Frhe ujolth(Lee, 2012).
Bar target ¥ Siemens starE #FQJ3lo] £
Mg ¢ Qi )
MTF=¢ ™k an
(D’;'r) t 1) Siemens Stars ©]€3F MTF #4
Siemens stars Bar EMIHUT LAl
- MTF A& 0|88 & ve o] Stk
Siemens star E=&olA MTFE AAkel7] Ao
b / 2 A g 3R ALk 31t
FukrE AR 935k Siemens star
e A § SHeRTE ozl 1 (pixel
5 gDl gt FANYE At 449 T4
L max ol dist g (& o]g3ste] Aite g5
Loy J Siemens staro] £Ask= 16712 SWXxlAo]
g > A Uro] FFE S HH, A 122
X (Pixel No.)
Ak
FIGURE 3. DN of image with black and white
linepairs (Neumann, 2003) 161
BT = . (12)

9 32 SO R o]Fozl JAteA F
=% DN(Digital number) & YeER1L gt} o]
12 3Zof| A Modulation #> 4) 9% ERAT

2% 7 X r(Pizel)
GAtoll ] #Fg ¥l Siemens star?] A Frt
o FAe] AAEY, FAYe] SR MTF
9] X7} BA7V5381) Siemens star =3 Q)
A717F AXAY vl EE 3 GSDe 43



108 Quality Evaluation of UAV Images Using Resolution target

FIGURE 4. Design of Bar target

b gastebd o e 3ERulRe] digt
Ar] 7Fee Aotk (Lee, 2012).

2) Bar target® ©]-&3% MTF &4

Bar target®] A¥E 18 48} Zow A
REZ /MY & Bard Z7|= 1X0.2m ©|H,
A)E 1/V2 (@F 129%) 9] AR FolEth
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R 44 ARk o)A Siemens
star9} o] 1%2l0]#] F3slrt. Bat target®] ¥

s ofele] 4 1390 9l ApkEolzik
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R R D ),
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FIGURE 5. DN value of Bar Number

1% 5% Bar targetolld] %% DN X5
Uehfal 9lor, &% DN 9] FHujgkat
H kS olgsto] MTFE #4514 Dt (Lee,
2012).

FIGURE 6. Siemens star and Bar target in study area
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o YA A AR BlE AT Afolz, CCD AlM 9] Alelz, AREEE 71AE &

o4 AN Sl sk o= = FiL, TELEE £ 1o YUY E91%

H s BAE] Slstoltth = 1399 S 130met 260m=z FHJsH o
=, 3139l 130me} 90m=E HF3I3ir

2. 94 FE H AMe Aol A= AgisoftAle] Photoscans Ab

B oo AR Holgms)Ale mAele 6ot AT A<i3 dense image WiE S
senseFlyAle] eBeeRdo|H, 3|dele ()& A GARIAS AZSEAT) olge) E 2= A
P RAe] GD-800 F€3} DJIALS] Phantom 2 O oA ZYFE AtE GAG el
4 pro o]ty MTFS} B7ralss 7)Ao gt A9 Siemens star$} Bar targetS YERIL
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TABLE 1. Specifications of UAVs and the cameras and Flight parameters for UAV image

UAV model SenseFly eBee GD-800 DJI Phantom 4 pro

Appearance
Camera model Canon IXUS 127 HS SONY NEX-5N FC 6310
Focal length 4.3mm 16mm 8.8mm
Pixel size 1.3um 4.9um 2.41um
CCD Sensor size 4,608 X 3,456 pixel 4,912 X 3,264 pixel 5,472 X 3,648 pixel
Flight height 130m 260m 130m 90m
Overlape gnd lap=75% end lap=75% end lap=75% end lap=75%
side lap=65%  side lap=65% side lap=65% side lap=65%
Case by case Case 1 Case 2 Case 3 Case 4

TABLE 2. Siemens star and Bar target appeared in orthoimages

Canon IXUS Canon IXUS SONY NEX-5N FC 6310
(ebee 130m) (ebee 260m) (GD-800) (Phantom 4 pro)
(diameter=2m) (diameter=2m) (diameter=2m)
| 1 r :
A -‘L '_,If (diameter=1m)
L f
Siemens . . "":.." ""'J 1
star = -
]
l m
Bar
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TABLE 3. Analysis of Resolution Using Siemens star

Canon IXUS Canon IXUS SONY NEX-5N FC 6310
(ebee 130m) (ebee 260m) (GD-800) (Phantom 4 pro)
(diameter=2m) (diameter=2m) (diameter=2m)

\r; \{f \ Lf (diameter=1m)
- !
Thresholding \"n -"" \ -"'F /A
processing image l l '- ::; :
S -"fna
TABLE 4. Spatial Resolutions Measured By Different Targets
Theoretical Resolution Resolution
Resolution (Siemens star) (Bar target)
Canon IXUS
(ebee 130m) 3.9cm 6.6cm 41cm
Canon IXUS
(ebee 260m) 7.9%n 9.8cm 8.0cm
SONY NEX-5N
(GD-800) 4.0cn 6.3cm 4.1cm
FC 6310 2.5¢n 4.3cm 3.5cm

(Phantom 4 pro)
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