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Abstract. Different digital applications often rely on methods which allow the definition of the edge of
the objects in an image. The edge is expressed as a discontinuity of grayscale in the image and can have
significant information about the objects in the image. Thus, edge detection can be useful for a wide variety
of purposes such as object square calculation and object shape recognition in Earth-remote sensing (ERS),
separating an object from the background in computer vision applications, military applications including
target recognition and traffic analysis, and security applications including data encryption and watermarks.
All of this requires significant edge detection accuracy, which is correlated with visual edge appearance. That
was the reason to perform the comparative analysis for the different edge detection techniques for ERS
images in particular. This study consists of two approaches for edge detection, specifically, the first and
second derivative technique. Assessment of the edge detection methods is performed in terms of PSNR and
SSIM metrics, which definitely are the widespread and reliable metrics for quality assessments purposes, in
comparison with visually ideal appeared edge in each of the satellite image. Selected ERS images have
different degrees of detailing, resolution and object shape. As a result, of the current study we can state that
binary thresholds for edge detection should be chosen in accordance with a compromise between false
detection and miss detections for every method. In particular, the second derivative method gives fewer
missing edges, but for the same Roberts threshold it gives false edges. The first derivative method in turn is
a more rough algorithm, which misses edges, especially with images of high detailing.

Key words: image edge detection, Canny Image Edge Detector, Roberts Image Edge Detector, LoG
Image Edge Detector, Earth-remote sensing, PSNR for image luminance signal, SSIM for image luminance
signal.

AHoTauif. PisHOMaHITHI UMdpOoBi 3aCTOCYBaHHA 4YacTo CNMPalTbCA Ha METoAM, siKi J03BOMSOTb
BM3HAYUTU rpaHuLto 00'eKTiB Ha 300pakeHHi. paHuL0 MOXHa BUpa3uTW y BUrMAAi po3puBY rpagauin ciporo
Ha 300paeHHi, i BOHA MOXe MaTu 3HaudHy iHjopmauito nNpo o06'eKTM Ha 300paKeHHi. TakuMm 4YMHOM,
BUSIBINIEHHSA rpaHnLb MOXe OyTW KOPUCHUM OIS Pi3HOMAHITHUX Linewn, Takmx sik od4mncneHHs nnowi ob'ekta Ta
po3nizHaBaHHs dopmMm 0b'ekTa B AncTaHUiiHOMy 3oHAyBaHHI 3emni (O33), BigokpemneHHs ob’ekTa Big doHy
Y 3aCTOCYBaHHAX KOMM'IOTEPHOrO 30pY, BINCbKOBI 3aCTOCYBaHHS, BKNOYauM po3mni3HaBaHHS Linen Ta aHani3
Tpacpika, nporpamm 6e3nekun, BkMOYaluM WNPYBaHHA OaHWX | BOASAHI 3Haku. Bce ue BMMarae 3HayHoOI
TOYHOCTI BM3HAYEHHSI rpaHuLi, ska Kopemntoe 3 BidyanbHUM CNpUAHATTAM rpaHuui. Lle ctano npuudnHoro
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NPOBEAEHHSA MOPIBHANBHOIO aHanidy Ans pisHMX MeTOAIB BM3HA4YeHHs rpaHuub Ans 3obpaxers [O33. Lle
OOCMiMKEeHHSA CKNnagaeTbcsl 3 ABOX NIAXOAIB A0 BUSIBMEHHSA rpaHuLlb, 30Kpema, MeToAiB nepLuol i gpyroi
noxigHoi. OuiHKa MeToAIB BUSBMEHHS rpaHuub, sika Bupaxaetbcst PSNR i SSIM meTpukamu, siki 6e3yMoBHO
€ MOLUPEHNMU | HaZiMHUMKM MeTpuKamMu AN Uinerd OUiHKM SKOCTI MOpPIBHAHO 3 BidyarnbHO ideanbHO
CNPUAMaHOI0 TPaHULEID Y KOXXHOMY CYMNyTHMKOBOMY 300paxkeHHi. BubpaHi 306paxeHHs 033 matoTb pisHui
CTyniHb AeTanisauii, po3gineHoi 3gaTHocTi Ta dopmn ob'ekTa. B pesynbTaTi NOTOYHOrO AOCNIMKEHHST MU
MOXEMO KOHCTaTyBaTW, WO OiHapHi moporM Ons BUSIBMIEHHS rpaHuub chnig BubupaTtn BigNOBIGHO [0
KOMMPOMICY MiXK XMOHUMW BUSBNEHUMU | HEBUSIBNEHUMW TPAHULIAMUN ANt KOXKHOrO MeToay. 3okpema, MeToq
OpYroi NoxiagHOT Ja€e MeHLle MpOonyLEeHNX rpaHuLpb, ane ans TOoro X nopora onepatopa PobGeptca BiH Aae
NMOMWIKOBI rpaHuui. MeToa nepLuoi NoXigHOI, y CBOK 4Yepry, € BinbLl rpybrm anroputmMomMm, KM Nponyckae
rpaHuLi, ocobrMBO Ha 300paXkeHHSAX BUCOKOI AeTanisauii.

KnioyoBi crnoBa: BUSBMEHHA rpaHUUb Ha 300pakeHHi, OEeTeKTOop rpaHuub Ha 300pakeHHi 3
BMKOPUCTAHHSIM onepaTopa KaHHi, OeTekTop rpaHuub Ha 300pakeHHi 3 BUKOPUCTaHHAM onepaTtopa
PobGepTca, oeTekTtop rpaHnub Ha 306paxkeHHi 3 BUKopucTaHHaM onepatopa LoG, 133, PSNR 3a curHanom
ACKPaBOCTi 300paxkeHHs, SSIM 3a curHanom AckpaBOCTi 300paKEHHS.

AHHOTaumA. PasnuuHble UM@POBLIE MNPUMIOXKEHUS 4YacTO OMNUPAKTCA Ha MEeTOoAbl, KOTopble
MO3BOMSAIOT ONpedennTb rpaHnLbl 06 BbEKTOB Ha n300paxeHun. paHnLy MOXHO BblpasvTb B BMAE pa3spbiBa
rpagauuin ceporo Ha M300paXeHUW, N OHA MOXET UMETb 3HaYUTEmNbHYH WHopmaumio 06 obbekTax Ha
n3obpaxxeHun. Taknm oOpas3om, BbISIBNIEHWE FPaHUL, MOXET OblTb MOME3HbIM AN Pa3NNYHbIX LIENen, Takux
KaK BblYMCNEHMS Nnowagn obbekTa n pacno3HaBaHus opMbl 06bekTa B ANCTAHLMOHHOM 30HOUPOBAHMM
3emnn (O33), oToeneHus obbekta OT OHA B MNPUMOXKEHUSX KOMMBIOTEPHOTO 3PEHUsl, BOEHHbIE
MPUIOXEHWs, BKMOYasi pacno3HaBaHUs Lenen n aHanu3 Tpadmka, nporpammbl 6€30MacHOCTU, BKOYas
WwndbpoBaHMe OaHHbIX U BogsiHble 3Haku. Bce aTo TpebyeT 3HaUMTENBHOW TOYHOCTM ONpPeAEeneHUs rpaHnLbl,
KOTopasi KoppenupyeTr C BW3yamnbHbIM BOCMIPUATUEM T[paHuubl. OTO CTano MNPWYUHOM NpPOBEenEeHUs
CPaBHMTENBLHOIO aHanmM3a Ans pasfnuMyHbIX METOAOB onpedenieHus rpaHuy, ons usobpaxedun 033 B
YacTHOCTU. OTO UccrefoBaHUE COCTOUT U3 ABYX MOAXOLOB K BbISIBMEHUIO FPaHML, B YAaCTHOCTM, METOOO0B
nepBow 1 BTOpor npounssogHoi. OLeHKa METOLOB BhISIBIIEHWS rpaHuL, koTopas BbipaxaeTtcsa PSNR 1 SSIM
MeTpuKaMu, KOTOpble BE3yCroBHO SIBMSOTCS pacnpoOCTPaHEHHbIMU U HAOEXHLIMU METPUKaMM O11S Lenen
OLEHKM KadecTBa, MO CPaBHEHUIO C BU3yanbHO WAeanbHO BOCMPUHUMAEMON T[PaHULEN B KaXXOOM
CMYTHUKOBOM M300paxeHnn. BbibpaHHble wusobpaxenus [033 vMeloT pasHylo cTeneHb getanvaauuu,
paspelueHnst 1 opMbl 0bbekTa. B pesynbTate Tekylero nccnefoBaHuMs Mbl MOXXEM KOHCTaTMpOBaTh, YTO
OVHapHble Noporu Ans BbISIBNEHWSA TpaHWUL, cnegyeTt BblOMpaTb B COOTBETCTBUM C KOMMPOMMUCCOM MEXAY
OWMOOYHLIM OBHApPY)KEHMEM U HEBLIABIEHHLIMU TPaHMLAMU ONs Kaxgoro metoga. B yactHoctu, meton
BTOPOW NPOM3BOAHON JAET MeHbLUE NPONYLLEHHbLIX FPpaHuL, HO AN TOro e nopora onepaTtopa PoGepTca oH
OaeT noxHble rpaHuubl. MeTon nepBon MNpPOM3BOAHOW, B CBOK o4vependpb, sBRsetrca Gonee rpyobiv
anropMTMOM, KOTOPbIN NPOMNYCKaeT rpaHuLbl, 0COBEHHO C N300paXKeHSIMU BbICOKOW AeTanv3aunm.

KnioueBble croBa: oOHapyXeHue rpaHul Ha M300pakeHun, OeTEeKTOp rpaHuL Ha M3obpaxeHun c
ncnonb3oBaHneM onepatopa KaHHW, OeTekTop rpaHuy Ha M300pakeHuM ¢ UCMONb30BaHMEM ornepaTtopa
PobepTca, geTekTop rpaHuy Ha nsobpaxeHun Ha Gase anroputma LoG, 33, PSNR no curHany spkocTtu
n3obpaxerus, SSIM no curHany spkocTn N306paxeHus.

Different digital applications often rely on methods which allow the definition of the edge of
the objects in an image. The edge is expressed as a discontinuity of grayscale in the image and can
have significant information about the objects in the image. Thus, edge detection can be useful for a
wide variety of purposes as object square calculation and object shape recognition in Earth-remote
sensing (ERS), separating an object from the background in computer vision applications, military
applications including target recognition and traffic analysis, security applications including data
encryption and watermarks. All of this requires significant edge detection accuracy which is
correlated with visual edge appearance.

Previous studies [1] have shown that the most suitable methods in context of object
extraction are Sobel, Canny, Prewitt, Roberts, Laplacian and Zero Crossing, but the assessment
criteria that were used are not clear. The values of the threshold are given by itself and no objective
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metrics evaluation was performed. On the other hand, [2] gives a quantitative comparison of
detected edge, but the database used is one of artificial simple images of geometrical forms or
simple nature forms, which are quite different from satellite images. There was a proposed method
of edge detection and morphological operations of edge extraction from high resolution
multispectral satellite imagery in [3], but no quantitative data were provided. References analysis
shown that for improving efficiency of Remote Sensing systems based on Computer Vision /
Automotive Image Recognition Systems, it is important to estimate the efficiency of the image edge
detection algorithms based on Canny, LoG and Roberts operators with usage of objective image
quality estimation metrics that are highly correlated with human vision. This is a main aim of this
article.

There are several fundamental methods for extracting edge features from an image. One
method uses first-order derivative gradients (for instance Roberts operator), which involves

generation of gradients in two orthogonal directions or the diagonal edge gradients in an image (Fig.

D [1].

Luminance edge Threshold
—> gradient generator detection ’

Figure 1 — Generalized block-scheme for first-order edge detection algorithm
The second one method uses second-order derivation method or Laplacian kernel (LoG) for

marking the edge (Fig. 2) [1].

Gaussian Secopd-grder Threshold
—> > derivative > . —
kernel ) detection
(Laplacian kernel)

Figure 2 — Generalized block-scheme for second-order edge detection algorithm
There is also a multistage algorithm for detecting edges, which uses a Gaussian kernel
combined with gradient for orthogonal and diagonal directions, which is known as Canny operator

[Advances in Computer Vision and Information Technology].

Gaussian | First-order Non-maximal Threshpld
kernel | derivative suppression detection >

A\ 4

Figure 3 — Generalized block-scheme for multistage edge detection algorithm
The convolutional masks and theoretical details for Roberts and Laplacian kernel can be
found in [1] and Canny convolutional masks are given in [2].
As seen from Fig. 1...3 despite convolutional masks, which implements filters with

derivative features of first or second order, thereis a threshold detector which influences the quality
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of the edge. Thus, there should be an optimal threshold value when a compromise between missing
edges and false edges are complied. In this work, we choose two types of metrics, PSNR and SSIM,
which are widespread objective video and image quality assessment metrics. It is possible to use
them for assessment the optimal threshold for different edge detection algorithms. PSNR metrics

can be described by formula (1):

max(/)2

PSNR =10log| ——_
MSE

: (1)

where MSE — is a mean square error (2): I — is a maximum value of an image pixel.
2
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Similar structure similarity metrics is described by expression (3):

(prpy + 01)(20Xy + 02)

2 2 2 2
(px +1, +c1)(ox +0° +02)

SSIM x,y)= : (3)

where M, —average of x; U , —average ofy, O " covariance of x and y; O, — variance of x; O y

— variance of y; c = (k1L)2 and C, = (kzL)2 are constant values; k; = 0,01; k2= 0,03; L — dynamic

range of pixels.

For the purposes of this work four satellite ERS images and one astronaut image with
different details and resolution were chosen. Image data with the reference for image are pooled in
Table 1.

Table 1 — Test image for edge detection efficiency study

Ne Name Camera/Satellite Resolution Source
1 | Airplane Graveyard .
Pleiades-1A 0,5m [3]
Tucson, AZ

2 Tokyo

Kodak DCS760c¢ 3032x2064 [4]

ISS005-E-9844
3 Circles WorldView-2 0,5m [5]
4 River Iconos 0,82 m [5]
5 Landscape GeoEye-1 0,6 m [5]
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Evaluation models for edge detection and edge detection accuracy by previously discussed
metrics were performed in Matlab 2017 in a form of a script. Roberts operator [1], Canny operator
[2] and LoG [1] were applied on image with different threshold values and then PSNR and SSIM
were calculated while visually best appearance edges was adopted as ideal edge model. Figures 4
and 5 has an example of Roberts operator of Image 4 with missing edges (threshold value 0,2) and
false edges (threshold 0,01).

An example of PSNR and SSIM values for 3-edge detection methods in dependence with
threshold values are given in Table 2. Edge detection accuracy expressed in PSNR and SSIM are
given in Fig. 6...8.

As a result of comparative study, it can be seen that PSNR of more than 38 dB, that
corresponds to an accepted edge accuracy is achieved by threshold values 0,08 for Roberts and

Canny operators and 0,005 for LoG operator.

' ¢ e,
I Y e R

Figure 4 — Roberts operator of image 4 with missing edges (threshold value 0,2)
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Figure 5 — Roberts operator of image 4 with false edges (threshold value 0,01)

Thus, LoG operator gives better sensitivity in edge detection in comparison with other
operators. What is more, it can be seen, that PSNR metrics are not sensible to the scene and details
of an image. This leads to higher probability of missing edges on image so in most cases searched
objects on image will be missed. In turn, SSIM metrics value on itself gives better differentiation of
image details, so with SSIM values more than 0,85 we can get an accepted edge accuracy by

threshold values 0,08 for Roberts and Canny operator and 0,005 for LoG operator.
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Table 2 — PSNR and SSIM threshold dependency for image Ne 1

Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold
0,01 0,03 0,05 0,07 0,08 0,09 0,1 0,2
Roberts
PSNR PSNR PSNR PSNR PSNR PSNR PSNR PSNR
operator SSIM SSIM SSIM SSIM SSIM SSIM SSIM SSIM
dB dB dB dB dB dB dB dB
39,54 0,58 | 39,40 | 0,63 | 39,23 | 0,70 | 39,29 | 0,80 | 39,64 | 0,86 | 41,344 | 0,93 | 27,82 | 0,97 | 15,570 | 0,725
Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold
0,03 0,05 0,08 0,1 0,13 0,15 0,18 0,2
Canny
PSNR PSNR PSNR PSNR PSNR PSNR PSNR PSNR
operator SSIM SSIM SSIM SSIM SSIM SSIM SSIM SSIM
dB dB dB dB dB dB dB dB
40,258 | 0,828 | 41,183 | 0,862 | 43,798 | 0,933 | 19,740 | 0,933 19,021 0,920 | 15,107 | 0,818 | 17,159 | 0,882 | 14,254 | 0,783
Threshold Threshold Threshold Threshold Threshold Threshold Threshold Threshold
0,001 0,003 0,005 0,006 0,007 0,008 0,01 0,03
LoG
PSNR PSNR PSNR PSNR PSNR PSNR PSNR PSNR
operator SSIM SSIM SSIM SSIM SSIM SSIM SSIM SSIM
dB dB dB dB dB dB dB dB
40,022 | 0,662 | 40,026 | 0,714 | 40,088 | 0,81 | 40,819 | 0,885 | 41,467 | 0,903 | 22,52 | 0,903 | 18,536 | 0,809 | 15,358 | 0,699
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Figure 7 — SSIM and PSNR for Canny edges
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Figure 8 — SSIM and PSNR for LoG edges
It can be explained that SSIM metrics are more sensitive to image structure and luminance
changing. In this case SSIM is more suitable to usage in object detection based on edge analysis. As
the corollary of this, we can state, that Laplacian kernel with addition of Gaussian kernel (LoG) will

produce more accurate edges, in terms of missing and false edges, with smaller threshold value.
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Estimations and proposed approach to object detection based on image edge analysis for

remote satellite sensing (Earth-remote sensing) is obtained originally. Such information can be used

for improving performance of ERS systems for space and military application.

—_

N =

REFERENCES:
Pratt, William K. Digital Image Processing. John Wiley & Sons, 2016: 762 p.
Kale, K. V., et al. Advances in Computer Vision and Information Technology. |.K. International Pub.
House, 2008: 1680 p.
Satellite Image Corporation. “Pleiades-1-Airplane-Graveyard.” Www.satimagingcorp.com/, Satellite
Imaging Corporation, www.satimagingcorp.com/gallery/pleiades-1/pleiades-1-airplane-graveyard/.
NASA. “ISS005-E-9844.” Https://Eol jsc.nasa.gov/, NASA, 15 Aug. 2002,
eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=ISS005&rollI=E&frame=9844.
Digital Globe Platform. “DigitalGlobe Basic.” Hitps:/Platform.digitalglobe.com/Gbdx/Data-
Sets/t#tgeoeye1, Digital Globe Platform, 2018, platform.digitalglobe.com/gbdx/data-sets/#geoeye1.

JITEPATYPA:

. Pratt, William K. Digital Image Processing/ William K. Pratt// John Wiley & Sons. — 2016. — 762 c.
. Kale, K. V. Advances in Computer Vision and Information Technology/ K. V. Kale.// |.K. International

Pub. House. - 2008. - 1680 c.

Satellite Image Corporation. “Pleiades-1-Airplane-Graveyard.” [EnekTtpoHHuii pecypc])/ Satellite
Imaging Corporation. — Pexum poctyny: www.satimagingcorp.com/gallery/pleiades-1/pleiades-1-
airplane-graveyard/.

NASA  “ISS005-E-9844."/ NASA. - 15 Aug. 2002. - Pexum AocTyny:
www.eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=1SS005&rollI=E&frame=9844.

Digital Globe Platform. “DigitalGlobe Basic.”// Digital Globe Platform. — 2018. — Pexwum gocTtyny:
www.platform.digitalglobe.com/gbdx/data-sets/#geoeye1.

DOI 10.33243/2518-7139-2019-1-1-150-158

158

Baliar V.B., Malashkin R.M, Mazurkiewicz O.F.
Comparative estimation of edge detection algorithms on earth satellite images



