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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. PizHOMaHITHI LMPPOBI 3aCTOCYBaHHSA 4YacTO CNMPalTbCA Ha MeToaMu, SiKi A03BONSTb
BM3HA4YUTK rpaHnLo 00'eKTiB Ha 300paskeHHi. paHMLI0 MOXHa BUPa3uTy y BUMMAA po3pvBy rpagadin ciporo
Ha 300pakeHHi, i BOHA MOXe MaTu 3Ha4dHy iHdopmauilo Npo O6'ekTu Ha 300paxeHHi. TakMM 4YMHOM,
BVSIBMIEHHS rPaHu1Lb MOXe OyTn KOPUCHUM ONSA Pi3HOMaHITHMX Uinewn, Takmx Sk obuncneHHs nnowi ob'ekra Ta
po3nisHaBaHHsA hopmMm 06'ekTa B ANCTaHUiMHOMY 3oHAyBaHHi 3emni (033), BigokpemneHHs o6’ekTa Big oHY
Y 3aCTOCYBaHHSIX KOMM'IOTEPHOrO 30pY, BINCbKOBI 3aCTOCYBaHHS, BKMNOYauM po3ni3HaBaHHS Linen Ta aHania
Tpacbika, nporpamm 6e3nekun, BKMOYaOYM LWINGPYBAHHA OaHMX i BogsHi 3Haku. Bce ue Bumarae 3HauvHoI
TOYHOCTI BM3HAYEHHS rpaHuLi, gKka Kopemne 3 BidyanbHUM CMAPUUHATTAM rpaHuui. Lle ctano npuyuHoro
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NpoBeAEeHHS MOPIBHANBHOIO aHarnisy ans pisHUX MeTOAIB BM3HAYeHHs rpaHvub Ans 3o06paxeHb [033. Lle
OOCNIMKEeHHA CKnagaeTbCa 3 OBOX MNiAXO4iB OO0 BUABMEHHA rpaHuub, 30Kpema, MeTOAiB nepulol i apyroi
noxigHoi. OuiHka MeToAiIB BUSABMEHHS IpaHuub, sika Bupaxaetbcad PSNR i SSIM meTpukamu, ski 6€3ymoBHO
€ MNOWMPEHUMM | HaZIHAMK MeTpukamn OAS Uinen OUiHKM SKOCTI NOPIBHAHO 3 BidyanbHO igearnbHO
CMPUINMaHOK TPaHULIEI0 Y KOXXHOMY CYMYTHUKOBOMY 300pakeHHi. BnbpaHi 306paxeHHs 133 matoTb pisHui
CTyniHb AeTanisauii, po3finbHoi 3gaTtHocTi Ta dopmmn ob'ekta. B pesynbrati NOTOYHOrO AOCHIAXKEHHS MU
MOXEeMO KOHCTaTyBaTW, WO 6iHapHi noporn ANS BUSBMEHHS rpaHuub crnig Bubupatyn BignoeigHO A0
KOMMPOMICY MK XMOHUMUN BUSBNEHUMU | HEBUSIBIEHUMM TPAHULSAMU ANs1 KOXHOro metofy. 3okpema, MeToz
OpYyroi NoxiaHOI Ja€e MeHLLe MponyLleHNX rpaHulb, ane Ans Toro X nopora onepatopa PobGepTtca BiH aae
NOMWNKOBI rpaHuui. MeToa nepLuoi NOXiaHOI, Y CBOIO Yepry, € Ginblw rpybum anroputmMom, sSiKMin MPONycKae
rpaHuui, ocobnneo Ha 306paxkeHHsIX BUCOKOI AeTanisadii.

KnioyoBi cnoBa: BUWSIBMEHHS TpaHUUb Ha 300paKeHHi, OeTeKTop rpaHuub Ha 300paxeHHi 3
BMKOPUCTaHHAM onepaTopa KaHHi, geTekTop rpaHuub Ha 300pakeHHi 3 BUKOpPUCTaHHAM onepaTtopa
PobGepTca, oeTekTop rpaHuub Ha 306paxkeHHi 3 BUKOpuUcTaHHAM onepartopa LoG, 133, PSNR 3a curHanom
SICKpaBOCTi 300paxeHHsi, SSIM 3a curHanom sickpaBoCTi 306paXkeHHS.

AHHOTaumA. PasnuuHble uUMdpPOBbIE MNPUMOXEHNS YacTo OMMPaKTCA Ha MeTodbl, KOTopble
NoO3BONSAIOT ONpeaenqTb rpaHnLbl OO LEKTOB Ha n3obpaxeHuun. 'paHnLy MOXHO BblpasuTb B BUAE paspbiBa
rpagaumin ceporo Ha M300pakeHun, U OHa MOXET MMETb 3HauUTenbHyK MHPopMauuio o6 obbekTax Ha
n3obpaxeHmn. Takum o6pa3om, BbiiBNIEHME IPaHNUL, MOXET ObITb MOME3HbIM NS PasnuyHbIX Lenewn, Takmx
Kak BblYMCIeHUs nnowaan obbekta U pacno3HaBaHus opMbl 06bekTa B AUCTAHLMOHHOM 30HAMPOBAHUM
3emnn (O33), oToeneHua obbekta OT oHa B MNPUITOKEHUAX KOMMbIOTEPHOrO 3pPEHMUS, BOEHHbIE
NPUIOXEHWS, BKIOYAas pacrno3HaBaHWUs Lenen M aHanua Tpadwuka, nporpammbl 6e3onacHoCTH, BKMoYast
LWMpoBaHMe OaHHbIX U BoAsaHble 3HakW. Bce aTo TpebyeT 3HAaYMTENbHOM TOYHOCTU OnpeaeneHns rpaHnupl,
KOTOopas KoppenupyeT C BW3yarnbHbIM BOCMPUATUEM [paHuubl. JTO CTano MNPUYMHON NpPOBeAEeHMUs
CpaBHUTEMbHOrO aHanu3a Ans pasnuyHbIX MEeTOAOB onpefeneHvs rpaHuy ansg umsobpaxenHun [O33 B
YaCTHOCTU. OTO MCcregoBaHMe COCTOUT M3 OBYX NOOXOOOB K BbISBIIEHWUIO FPpaHuL, B YaCTHOCTWU, METOAOB
nepeou 1 BTopon npoussogHon. OueHka MeTogoB BbIsIBNEHUS rpaHuny, kKotopas Bolpaxaetcsd PSNR n SSIM
MeTpuKamu, KoTopble 6e3ycnoBHO ABMASKTCA PacnpoOCTPaHEHHbIMU U HAaAEXHbIMY MeTpuKkamu Ans uenew
OLEHKN KayecTBa, MO CPaBHEHUIO C BU3yanbHO WAeanbHO BOCMNPUHMMAEMOW rpaHuULEn B KaKAOM
CMYTHUKOBOM M300paxeHnn. BbiOpaHHble wn3o6paxeHus [O033 umeloT pasHyto cTeneHb AeTanusauuu,
paspelueHnst u opMbl 0ObekTa. B pesynbTate Tekyliero nccneaoBaHus Mbl MOXEM KOHCTATUPOBaTb, YTO
OWHapHble NMoporn ANns BbIABNEHUS rpaHuL, crnefyeT BbiOupaTb B COOTBETCTBUM C KOMMPOMMUCCOM MEXAY
OLWNOOYHBIM OBHapyXeHMEM U HEBbLISIBNEHHbIMU rpaHMuamMu Ans Kaxgoro metoga. B uvactHocTn, metop
BTOPOW NPOM3BOAHON OAEeT MeHbLUE MPONYLLEHHbIX FPaHnL, HO AN TOro e nopora onepaTtopa PobepTca oH
OaeT NoXHble rpaHvubl. MeToa nepBoW NPOWM3BOAHOM, B CBOK o4vepedb, sABnsetrca 6Gonee rpybbim
anropuTMOM, KOTOPbIN NponyckaeT rpaHumLbl, 0COBEHHO C M306paXKeHNsIMM BbICOKOW AeTanusauun.

KnioueBble cnoBa: oOHapyXeHue rpaHuy, Ha M3obpaxeHuu, OeTEeKTOp rpaHuy Ha mM3obpaxeHuu ¢
ncrnonb3oBaHvem onepartopa KaHHW, geTekTop rpaHuy Ha M3obpaxeHun C MCrnornb3oBaHWEM ornepartopa
PobepTca, getektop rpaHuy Ha usobpaxeHun Ha 6ase anroputma LoG, 33, PSNR no curHany sipkoctm
n3obpaxeHus, SSIM no curHany ApKkocT N306paKeHNs.

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.

1) [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-c_)rder Threshold
' kernel > derivative > 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 Threshold
kernel " derivative suppression detection —*

\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| —— 21| | )
MSE

where MSE — is a mean square error (2): | — is a maximum value of an image pixel.

2

MSEzﬁgé(,(,/)' G)ij) | @

Similar structure similarity metrics is described by expression (3):

(prpy + 01)(20Xy + 02)

2 2 2 2 )
(}JX +|Jy +C1)(0X +Oy +Cz)

SSIM x ) = (3)

where M —average of x; M, —average ofy; g, ~ covariance of x and y; O, — variance of x; g,

— variance of y; ¢, = (/(1L)2 and ¢, = (/(ZL)2 are constant values; k1 = 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]

1ISS005-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.

' “,
N . ‘" K > o,
L4 18 B e

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 | 3923 | 0,70 | 39,29 | 0,80 | 39,64 | 0,86 |41,344| 0,93 | 27,82 | 0,97 | 15570 | 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 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.

=
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