JlaboparopHast pabora Nel
I'ucrorpamMmbl, mpodnin u IIPOEeKINN

Ilenap paboTbi

OcBoeHne OCHOBHBIX SIPKOCTHBIX U T€OMETPUIECKUX XaPAKTEPUCTUK
M300pakeHnit M UX WCIOJH30BAHUE /I aHAJIN3a N300parKeHHil.

Meronnieckue pekKoMeHaalum

o nagasia paboTHl CTYIEHTHI JTOJIXKHBI O3HAKOMUTHCS ¢ OCHOBHBIMA
dyuknusivu cpeabl MATLAB win 6ubauoreku OpenCV 1o pabore ¢
rucrorpaMMaMi, IpouIsMU U IPOeKIUIMU u300pazkenuii. Jlabopa-
TOpHas paboTa pacCUuTaHa Ha D YacoB.

TeOpeTI/I‘leCKI/Ie cBeeHusd

[Tukcens mudpoBoro m300parkeHnsi XapaKTePU3yeTcs TPeMs mapa-
merpamu: (z,y,]), rue napa IeJOYrCIeHHbIX 3HaYeHuil (Z,y) OInuchBa-
€T MeOMETPUYECKOE TIOJIOXKEHUE MMUKCE/IA B IJIOCKOCTH M300parkKeHus, a
3Havenne | XapaKTepusyeT ero ApKOCTh (MHTEHCUBHOCTD) B TOYKE I1JI0C-
kocru. Takum 06pa3oM, B n300PaKEHUU MOYKHO BBIJIEIUTD IPKOCTHYIO
7 TreOMETPUIECKYIO COCTABJIAIONMue. B 00meM ciiydae JaHHBIE COCTAB-
JIIONINE He CBA3AHBI MKy €000l (HanpuMep, n3MeHEeHNe B OCBEIeH-
HOCTH CIIEHbI He M3MEHHT IeOMETPUIECKHUX MapaMeTPOB OOBEKTOB Ha
criene). V3-3a 9TOro mpoIle UCCIENOBATh OTIAEIBHO SIPKOCTHBIE CBOM-
cTBa U300pasKeHusl U OTIEJIbHO — reoMerpudeckue. Takoil moaxos mo-
HUZKAET TIOPAZO0K UCCIIELyeMOr0 M300pasKeHUsT B CJIydae TeOMETPHIe-
ckux cBoiictB ¢ n = 3 (z,y,]) o n = 2 (z,y), a B cily4ae IPKOCTHBIX
coiictB — 1m0 n = 1 (I). fpkocTHas cocraBisiomas M306parKeHust
XapaKTEPU3yeTCsl OMHOMEPHBIM MACCUBOM THCTOTPAMMEBI, U3 KOTOPOI'O
MOXKHO BBIUUC/IATH KOHTPACT.

Tucmoezpamma — 3TO PaCIPEEICHIE YACTOTHI BCTPEIAEMOCTH TTHK-
cejieil OIMHAKOBOM sIDKOCTH HA N300PAKEHUH.

Sprocms — 31O cpejiHee 3HAYEHNE WHTEHCUBHOCTH CUTHAJIA.

Konwmpacm — 310 nHTEpBAJ 3HAYEHUN MEXK 1y MUHUMAJIBHON 1 MaK-
CUMAJIBHON SAPKOCTAME U300parKEHUS.



st cBeIéHMST TEOMETPUIECKUX COCTABIIAIONIINX N300PAXKEHUsT K O/
HOMEPHOMY MACCHUBY JAHHBIX 1 = 1 HCHOJB3YIOTCS TAKUE XapaKTepu-
CTHUKHU, KK <«NPoPuius U «NPoeKyuUy N300parKeHusl.

Ipodusv Booab auHUN — 9T0 DYHKIMS THTEHCUBHOCTH N300paKe-
HUsl, PACIIPEEJICHHOIO BIOJIb JaHHOM JIMHUN (NpopesKu,).

IIpoexyus HA OCH — ITO CyMMa WHTEHCHUBHOCTEH MUKceseit n3odpa-
JKEHUsI B3ATas B HAIPABJICHUH MEPIIEHIUKYIAPHOM JAHHONR OCH.

T'ucrorpamma nsobparkeHust

1t 8-6UTHOTO TIOJIYyTOHOBOTO M300PaKEHUsI TUCTOIPAMMa, SIPKOCTH
IpeICTaBIIsIeT CODOM OTHOMEPHBIH TiesouncIennbit Maccus Hist m3 256
aemenToB [0 ... 255]. Duaementom rucrorpammvel Hist[i] sBasieTcs cym-
Ma, THKceseil n300pazkeHusi ¢ spKocThbio i. 1lo BudyasbHOMY OTOOpAa-
JKEHUIO TECTOIPAMMBI MOYKHO OIIEHUTH HEOOXOJIUMOCTb U3MEHEHUS Sp-
KOCTH U KOHTPACTHOCTH M300paXKEHWsl, OIEHUTH ILIOMAIb, 3aHUMae-
MYIO CBETJIBIMU U TEMHBIMHA 3JIEMEHTAMIE, OIIPEIEIUTH MECTOIOJIOXKEHNE
Ha IJIOCKOCTH M300parKeHusi OTIEIbHBIX 00BHEKTOB, COOTBETCTBYIONINX
HEKOTOPBIM JnanaszonaMm spkoctu. s msernoro RGB-uzobpazkenus
HEOOXO/IMMO TIOCTPOUTH TPHU FUCTOTPAMMBI TI0 KaXKJIOMY IBETY.

JIncrunr 2.1. ITocrpoenne rucrorpamm n3obpaxkenus 8 MATLAB.

1 [numRows numCols Layers] = size(I);
2 imhist(I(:,:,1)); Jred

3 imhist(I(:,:,2)); Jgreen

4 imhist(I(:,:,3)); /blue

Listing 2.2. [TocTtpoenne rucrorpamm n300pakeHus ¢ UCIOJIb30Ba~
auem OpenCV u s3bika nporpamvupoBanust C++

1 // I 4s an RGB-image

2 // Number of histogram bins

3 int histSize = 256;

4 // Histogram range

5 // The upper boundary is exclusive

6 float rangel[]l] = { 0, 256 };

7 const float* histRange[] = { range };
8 // Split an image into color layers

9 // OpenCV stores RGB image as BGR

10 vector<Mat> I_BGR;



11
12
13
14
15
16
17
18
19

split (I, I_BGR);

// Calculate a histogram for each layer

Mat bHist, gHist, rHist;

calcHist (&I_BGR[0], 1, 0, Mat(), bHist, 1,
&histSize, histRange);

calcHist (&I_BGR[1], 1, O, Mat(), gHist, 1,
&histSize, histRange);

calcHist (&I_BGR[2], 1, O, Mat(), rHist, 1,
&histSize, histRange);

Listing 2.3. ITocTpoenune rucTorpamm n300pazkeHns ¢ UCIIOIb30Ba~
nueM OpenCV u s3bika mporpaMmmupoBanust Python

1 # I 75 an RGB-image

2 # Number of histogram bins

3 histSize = 256

4 # Histogram range

5 # The upper boundary is exclusive
6 histRange = (0, 256)

7 # Split an image into color layers
8 # OpenCV stores RGB image as BGR

9 I_BGR = cv2.split(I)

10 # Calculate a histogram for each layer

11 bHist = cv2.calcHist(I_BGR, [0], None,

12 [histSize], histRange)
13 gHist = cv2.calcHist(I_BGR, [1], None,

14 [histSize], histRange)
15 rHist = cv2.calcHist(I_BGR, [2], None,

16 [histSize], histRange)

Ecin rucrorpamMma HepaBHOMEpHA, TO JjIsl YJIydIlIeHUs] U300pake-
HHUS MOXKHO €€ BBIPDOBHATH, IPUYEM BbIDABHUBAHUE I'ICTOI'DAMMBI B 3a-
BHCHMOCTH OT PEIAaeMOl 331291 MOXKHO BBIIIOJIHATD PA3IUIHBIM 00pa-
30M.

Apudmerudeckue orneparuu

[Ipocreiimmu criocobaMu BBIDABHUBAHUST THCTOTPAMMBI  SIBJISTIOT-
cs apugmemuneckue onepayuy ¢ m3obpaxkenusmu. Hampumep, B ciy-
qae, ecJid OOJIBIMMHCTBO 3HAYEHUN TUCTOTPAMMBI HAXOJISITCS CJIEBa, TO
n300pakKeHue sBJsieTCs TeMHBIM. JJIs yBeImdIeHns: NeTaIn3aIun TeM-



HBIX 00j1acTeil MOKHO CIABMHYTH THCTOIPAMMYy I[pasee, B 6ojiee cBeT-
JIyto 00J1acTh, HapuMep, Ha 50 rpaJarmii Jyist KaxKIoro 1seTa. B cpese
MATLAB nporpamMMuasi peajiu3aiiusi UMeeT BUJI:

Inew(i,j) = I(i,j) + 50 / 255;

I'mcrorpamma  mcxoaHOro m300parkeHUs CABUTAETCS B CPETHION0
9acTh JIMAla30Ha, KOTOpasl SIBJISETCS 0ojiee IPUEeMJIEMOit ¢ TOUYKN 3pe-
HUsI BU3YaJIbHOTO BocupusiTusi. JIaHHBIN 1101X0/1 06J1a12€T CJIe 1y OIUIM
HEJIOCTATKOM: IOBBIINIEHNe WHTEHCUBHOCTEl TEMHBIX 0bJiacTeil mpuBo-
IUT K CIABUIY CBETJIBIX K MAKCHMYyMYy, UITO MOXKET IIPUBECTU K IOTEpe
nHMOPMAIINN B CBETJIBIX 00IACTSIX.

PacrsakeHnne fuHaAMHUYECKOro JUANA30HA

Eciin narencuBHOCTH NTHKCeIel 00J1aCTE NHTEPECA HAXOMATCS B y3-
KOM JIMHAMHUYECKOM J[Malla30He, TO MOXKHO PACTAHYTb 3TOT JHalla30H.
[Toro6ubIe TTpe0Opa30BaHMsT BBIIOTHSIIOTCS COTJIACHO CJIEYIONIEMY BbI-
PaXKeHUIO:

I o I— Imin “ 21
new Imaw - Imin ’ ( . )

rie [ u I, — MACCUBBI 3HAYMEHWIT MHTEHCUBHOCTEH UCXOIHOTO U HO-
BOI'O M300paKeHUil COOTBETCTBEHHO; Lnin U I, — MUHEMAJBHOE U
MaKCHMAaJIbHOE 3HAYEHNSI MHTEHCUBHOCTEN NCXOIHOTO N300parKeHMs CO-
OTBETCTBEHHO; (@ — KO DUINEHT HEJTMHEHHOCTH.

Jammnoe BbIpakKeHHUe SIBJISETCA HEJMMHEHHBIM 1M3-3a KOodhduimenTa
a. B cuyuae, ecim o = 1, upumenenne dopmysnst (2.1) K ucxogHoMy
n300parKEeHUIO He JIacT YKeJjaaeMoro 3 @eKTa, IMOCKOJIbKY IICTOIPaMMBbI
[IBETOBBIX KOMIIOHEHT M300pa’KeHUs 3aHUMAIOT BECh BO3MOXKHBIN A~
ma30H. HenuHeitHble Tpeobpa30BaHust MPOBOIATCS I KaXKIOH 1BETO-
BOIt COCTaBJIAIONIEN.

JIuctuHr 2.4. Henwneitnoe pacTsikeHne JUHAMIIECKOTO JTAAIA30-
na npu o = 0,5 8 MATLAB.

1 [numRows numCols Layers] = size(I);
2 for k=1:1:Layers;

3 Imin = min(min(I(:, :, k)));

4 Imax = max(max(I(:, :, k)));

5 for i=1:1:numRows;
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for j=1:1:numCols;
Inew(i,j,k) = ...
(((1(¢i,j,k) - Imin) /

o 3

9 (Imax - Imin)))~0.5;
10 if Inew(i,j,k) > 1;

11 Inew(i,j,k) = 1;

12 end

13 if Inew(i,j,k) < 0;

14 Inew(i,j,k) = 0;

15 end

16 end

17 end

18 end

Bubsmoreka OpenCV He mpom3BOIUT aBTOMATHIECKOE IIPeodpa3o-
BaHU€ TUIOB IIPU BBIMOJIHEHUN JIEJIEHUs, [IOITOMY IIPH JEJEHUH JIBYX
TEJIBIX THUCesI, HAXOAAmuXcsd B quamna3one ot 0 mo 255, Oymer mosyde-
Ho Tak:xke 1esoe yuciao 0 mwim 1. [lostomy mpu obpaboTke m3obparke-
Huii ¢ ucnob3oBanueM 6ubsmoreku OpenCV ciiesryer mpeaBapuTesib-
HO KOHBEPTUPOBATH M300pa’KEHUE B BEIECTBEHHBIE UUCJIA C TOMOIIBIO
dyuknun convertTo. [Tocse 3aBeprienns 00pabOTKM M300PAKEHNUST €r0
cJelyeT CKOHBEPTUPOBATH K M3HAYAJILHON TIyOUHE I[BETA.

Listing 2.5. Hesiuneiinoe pacrszkeHne IMHAMAYECKOI'O JUAIIA30HA
npu « = 0,5 ¢ ucnosibzoBaruem OpenCV u s3bIKa TPOrpaMMUPOBAHUST
C++.

1 alfa = 0.5;

2 Mat Inew;

3 // Convert to floating points

4 if (I.depth() == CV_8U)

5 I.convertTo(Inew, CV_32F, 1.0 / 255);
6 else

7 Inew = I;

8 // We meed to process layers separately
9 vector<Mat> I_BGR;

10 cv::split (Inew, I_BGR);

11 for (int k¥ = 0; k < I_BGR.size(); k++)
12 {

13 // Create a new timage with same size and

11



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

// one floating point layer
Inew = Mat(I_BGRI[k].rows, I_BGR[k].cols,
I_BGR[k].type ());
// Calculate min and maz wvalues
double Imin, Imax;
minMaxLoc (I_BGRI[k], &Imin, &Imax);
// Change intensity of each image pizel
for (int i = 0; i < I_BGRI[k].rows; i++)
{
for (int j = 0; j < I_BGR[k].cols; j++)
Inew.at<float>(i, j) =
float (pow ((I_BGR[k].at<uchar>(i, j)
- Imin) / (Imax - Imin), alfa));
}
I_BGR[k] = Inew;
}
// Merge back
cv::merge(I_BGR, Inew) ;
// Convert back to uint if needed
if (I.depth() == CV_8U)
Inew.convertTo(Inew, CV_8U, 255);

Listing 2.5. Hesiuneiinoe pacrszkeHne TMHAMAYECKOI'O JUAIIA30HA

npu « = 0,5 ¢ ucnosibzoBaruem OpenCV 1 s3bIKa TPOrpaMMUPOBAHUST

Python.

1 alfa = 0.5

2 # Convert to floating point

3 if I.dtype == np.uint8:

4 Inew = I.astype(np.float32) / 255
5 else:

6 Inew = I

7 # We need to process layers separately
8 I_BGR = cv2.split(Inew)

9 Inew_BGR = []

10 for layer in I_BGR:

11 Imin = layer.min ()

12 Imax = layer .max ()

13 Inew = np.clip((((layer - Imin) /
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14 (Imax - Imin)) ** alfa), 0, 1)
15 Inew_BGR.append (Inew)

16 # Merge back

17 Inew = cv2.merge (Inew_BGR)

18 # Convert back to wuint if needed

19 if (I.dtype == np.uint8):
20 Inew = (255 * Inew).clip (0, 255). \
21 astype(np.uint8)

PaBHoMepHOe mpeobpa3oBaHue
OcymectBisiercs 1o ciemyromeii popmysie:

Inew = (Imax - Imzn) : P(I) + Imin; (22)
rie Imin, Imar — MAHIMAJIbHOE W MaKCUMAaJbHOE 3HAYECHUS WHTEHCUB-
Hocreil ucxopuoro uzobpaxkenus [; P(I) — dyukuus pacupenesenus
BEPOSITHOCTEH HMCXOIHOTO M300PaKeHMsI, KOTOPasi AllIpPOKCUMUPYETCs
KYMYAAMUBHOT 2UCTNO2DAMMOT:

P(I) ~ ) Hist(m). (2.3)
m=0

KyMysnstuBHast rucTrorpaMMa HCXOIHOIO H300parkeHUsl B Cpeje
MATLAB moxkeT ObITh BBIYUC/IEHA C TOMOINBI0 GyHKIMK cumsum():

CH = cumsum(H) ./ (numRows * numCols);

e H — rucrtorpaMmma nCXOHOTO m300pakenus, numRows n numCols —
YHCJIO CTPOK UM CTOJIOIOB UCXOIHOTO M306PAYKEHUs] COOTBETCTBEHHO.

Cornacuo dhopmyse (2.2) MOXKHO BBIYMC/IATH 3HAYEHUS WHTEHCHUB-
HOCTel muKcesell pe3yaprupyromero n3obpaxkenus. B cpene MATLAB
IpOTPaAMMHAsT PeajM3alids UMEET BUJI:

Inew(i,j) = (Imax - Imin) * CH(ceil(I(i,j) + eps)) + ...
Imin / 255.0;

[Tapamerp eps nHeoOxoauM It 3AITUTHI IPOTPAMMBI OT IIPUCBANBA~
HUS UHIEKCAM KYMYJISTUBHON TMCTOTPAMMBI HYJIEBBIX 3HATEHUIA.

IIpu ucnonnzopannn 6udbamoreku OpenCV u g3bIKa IPOrPaMMUAPO-
Banusi C++ BbIUKC/IEHNE KYMYJISATUBHON THCTOIDAMMBI BBITOJTHSETCS
CJIEIYIOIIAM CIIOCOOOM:
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Mat CH = H.clone();

for (int 1 = 1; i < CH.size[0]; i++)
CH.at<float>(i) += CH.at<float>(i - 1);

CH /= numRows * numCols;

Hasee, cornacuo dopmysie (2.2) MOXKHO BBIYUCJIUTL 3HAYECHUS UH-
TEHCUBHOCTE! MMUKCesell Pe3yIbTUPYIONIero n3006parkennsi oOpalieHneM
K COOTBETCTBYIOIIUM 3JIEMEHTAM MAaCCUBA:

Inew<float>(i,j) = (Imax - Imin) *
CH.at<float>(I.at<uchar>(i, j)) + Imin;

ITockombKy B JAHHOM TPUMEpE MCXOTHOE M300paskeHne 3aaH0 I1e-
JIBIMHA YHCJaMU B juanaszone oT 0 g0 255, TO JONOJHUTEHLHAsT KOp-
pekius Ha eps He Tpebyercs. OJHAKO, €CIU MCXOIHOE M300pakeHne
OIIPeIeJIEHO 3HAYEHUSIMU C ILJIABAIONIEN 3AIIATON, KOPPEKIUIO CJIeIyeT
VUIUTHIBATH.

[Ipu ucnosp30Banny si3bIKa porpaMvupoBanus Python moxuo nc-
MOJIb30BATH BCTPOEHHYIO0 (MyHKIMIO cumsum() I BBIYUCIEHUA KyMy-
JIATUBHOM I'UCTOTPAMMBI:

CH = np.cumsum(H) / (numRows * numCols)

SareM, JJisd BBIYUC/IEHAs] 3HAYEHNUS] MHTEHCUBHOCTH MHKCEJei n300-
paKeHusi, MO2KHO ODPATUTHCS K COOTBETCTBYIOIIEMY 3JIEMEHTY STOTO
MacCCHUBa JIJId OJHOI'O ITMKCeJIs:

Inew[i, j] = (Imax - Imin) * CH[I[i, jl] + Imin
W qnsa cinos m300pazkenust:
Inewl:, :, k] = (Imax - Imin) * CH[I[:, :, k]] + Imin
DKCIIOHEHIMAJIbHOE IIpeobpa3zoBaHue
OcymecTBisiercs 1o ciaemayomeil gpopmyiie:
1
Lnew = Imin — o “In(1 — P(I)), (2.4)

rje @ — TOCTOSTHHASI, XapaKTepHU3yolas KPyTU3Hy Ipeodpa3oBaHMUs.
CorutacHo dopmysie (2.4) MOXKHO BBIYHUCJIUTH 3HAYEHUs] UHTEHCHUBHO-
creil mUKcesell pe3ysbTUpyIomero nsodpaxkenus. B cpege MATLAB
IpOrpaMMHasl PeaI3alus UMeeT BUJL:
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Inew(i,j) = double(Imin) -
(1 / alfa) * log(1l - CH(index));

[Ipu ucnosbzoBannu 6ubmorekn OpenCV u s13bIKa TPOrpaMMupo-
Baausg C-+-+ mporpaMMHas peaju3anys IPUMeT BUI:

Inew<float>(i,j) = Imin - 1 / alfa *
log(1l - CH.at<float>(I.at<uchar>(i, j)));

IIpu ucnonbzopannn 6udanorekn OpenCV u s3bIKa TPOrPaMMUAPO-
Banusi Python mporpammHuasi peajiuzanust IpUMET BUIL:

Inew[i, j] = Imin - 1 / alfa * math.log(l - CH[I[i, j11)

IIpeobpaszoBatiie mo 3akony Pajes
OcymectBisieTcs o ciemayromeit popmyiie:

Lnew = Imin + <2a2 In (1_113(1)»1/2, (2.5)

rjie (o — MOCTOSIHHAS, XapaKTePU3YIOIIas ITUCTOIPAMMY PACIIPE/IeIeHUsT
WHTEHCUBHOCTEH 97IEMEHTOB PE3YJIBTUPYIOIIero u3obpaxenust. B cpejie
MATLAB nporpamMMHast peajn3aliust UMeeT BHJI;:

Inew(i,j) = double(Imin) + sqrt(2 * alfa~2 * ...
log(1 / (1 - CH(ceil(I(i,j) + eps)))));

IIpu ucnonbzopannn oudmorekn OpenCV u s3bIKa TPOrpaMMUPO-
Banust C++ mporpaMMHAasi peau3annusa TPUMET BT

Inew<float>(i,j) = Imin + sqrt(2 * alfa * alfa *
log(1 / (1 - CH.at<float>(I.at<uchar>(i, j)))));

[Ipu ucnosbzoBannu 6ubmorerkn OpenCV u g3bIKa TPOrpaMMupo-
Baaus Python nmporpaMmMuast peajm3sarnysi IpuMeT BUJI;:

Inew[i, j] = Imin + sqrt(2 * alfa **x 2 *
math.log(1 / 1 - CH[I[i, j11)))
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IIpeo6pazoBanue o 3akoHy cremneHu 2/3
OcymectBisiercs 1o ciemyiomeii popmyse:

Inew = P(1)%/3. (2.6)

B cpene MATLAB nporpaMvuasi peajm3aiiusi UMeeT BUJL:
Inew(i,j) = (CH(ceil(I(i,j) + eps)))~(2/3);

[Ipu ucnosbzoBannu 6ubsmorekn OpenCV u s13b1Ka TPOrpaMMupo-
Baansi C+-+ mporpaMMHasi peajn3anys IPUMeT BU/T:

Inew<float>(i,j) =
pow(CH.at<float>(I.at<uchar>(i, j)), 2/3);

[Tpu ucnosbzoBarnu 6ubanorekn OpenCV u sizbika IPOrpPaMMUPO-
Banusi Python mporpammmuast peaju3anusi IpUMET BUI:

Inewli, jl = CHII[i, j11 **x (2 / 3)

T'unepbosmyeckoe mpeobpa3oBaHUe
OcymectBisiercs 1o ciemyiomeii popmysie:

Inew = QP(I)v (27)

IJle (@ — IIOCTOsIHHAsI, OTHOCUTEIBHO KOTOPOI OCYIIECTBJISAETCS IPE0d-
pa3oBaHme U, KaK IIPABUJIO, PABHAS MUHUMAJIHLHOMY 3HAYEHUIO WHTEH-
CHUBHOCTH 3JIEMEHTOB UCXOJIHOTO M300paxKeHusi & = L in.

B cpene MATLAB nporpammuast peaau3arus UMeeT BU/I:

alfa = 0.04;
Inew(i,j) = alfa~CH(ceil(I(i,j) + eps));

[Tpu ucnosbzoBarnu 6ubanorekn OpenCV u sizbika MPOrpaMMUPO-
Banust C++ mporpamMMHasi pean3anys IPUMeT BUI:

alfa = 0.04;
Inew<float>(i,j) =
pow(alfa, CH.at<float>(I.at<uchar>(i, j)));

IIpu ucnonbzopannn 6udanorekn OpenCV u sI3bIKa TPOrpaMMUPO-
Banus Python mporpaMvuast peaan3arus IPUMeET BHI:
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alfa = 0.04
Inew[i, j] = alfa ** CH[I[i, jl]

PaccMorpentbie MeTobI IIPeobpa30BaHusl THCTOIPAMM MOLYT IIPH-
MEHSIThCs JIJIsi YCTPAHEeHWs] UCKaXKEeHWii 1Ipu Iiepejiade ypPOBHeE KBaH-
TOBaHUsI, KOTOPBIM OBLIN IOJABEPIHYTHI M300paykeHusi Ha 3Tare (pop-
MHUpPOBaHUsI, Iepeaadn WIn oOpaboTKM JaHHBIX. Kpome Toro, gaHHbBIE
METOJIBI MOTYT IIPUMEHATHCST HE TOJBKO KO BCEMY M300parKeHHIO, HO UC-
[IOJIb30BATHCS JIOKAJIBHO B CKOAL3AWEM OKHE, UTO HO3BOJUT IOBBICUTH
JIeTaJIn3MPOBAHHOCTD OTIEJbHBIX 00JIacTeli.

B cpesne MATLAB peajin3oBaHo HECKOIBKO (DYHKINI, aBTOMATHIE-
CKHU BBIPABHUBAIOIINX TMCTOMPAMMBI ITOJIyTOHOBOIO M300PaXKEHUS:

1. imadjust() — mHOBBIMIAET KOHTPACTHOCTH M300parkeHus, n3Me-
Hsisl JUAIIA30H MHTEHCUBHOCTEH MCXOHOIO U300PasKeHUs;

2. histeq() — sKkBasm3Upyer (BBIPABHUBAET) IMCTOTPAMMY METO-
JIOM DpacIIpeJieJIeHU A 3HAYEHUII MHTEHCUBHOCTEH 3JIEMEHTOB WC-
XOJTHOTO M300PaKEHUS;

3. adapthisteq() — BBINOJIHAET KOHTPACTHO-OIPAHUYIECHHOE aJ[All-
TUBHOE BBIDABHUBAHNE I'MCTOIPAMMBI METOJOM aHAIN3a U IKBa-
JIN3AIUHN FUCTOIPAMM JIOKAJIbHBIX OKPECTHOCTEN M300parkeHus.

Jlj1st 06paboOTKY IBETHOIO N300PasKeHus JTaHHbIe (DYHKIIMA MOXKHO IIPH-
MEHSITh TO0YEPETHO K KaXKIOMY I[BETY.

B o6wubmmoreke OpenCV Takke peam30BaHO HECKOJBKO (DyHK-
nuii JJIsi aBTOMATHYECKOrO0 BbIPABHUBAHUS TMCTOIPAMMBI IOy TOHOBO-
0 M300paKeHus :

1. equalizeHist() — sKBasm3upyer (BBHIPABHUBAET) IUCTOPAMMY
METOJIOM paclpe/ie/ieHusd 3HAYeHU MHTEeHCUBHOCTEH 3J1eMEHTOB
UCXOTHOTO M300PaKEeHUST;

2. createCLAHE() u CLAHE.apply() — BBIIOJIHSET KOHTPACTHO-
OTpaHUYEHHOE aAIITUBHOE BBIDABHUBAHEE I'HCTOTDAMMBI METO-
JIOM aHaJIM3a U 9KBAJH3AINNA THCTOIPAMM JIOKAJILHBIX OKPECTHO-
creil n300paYKeHusl.

Anajiornuno ¢ MATLAB, nannble (pyHKIIUUA MOKHO IIPUMEHSTH TOJIb-
KO K OJHOMY CJIOK0 mu300pakenusi. [losromy misi o6paboTKu 1BETHO-
ro u300pakeHusl JaHHble (PYHKIUH MOYXKHO IMPUMEHATH MOOYEPEJHO K
KazKJIOMy IIBETY.
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TabJsuiia momucka

Tabavwya noucka win LUT (Lookup table) — ynoGHBIf MHCTPYMEHT
JJIst Tpeo0pa30BaHsl MHTEHCUBHOCTEN TOYeK Bcero m3obpaxkenuns. [lo-
CKOJIBKY OOJIBITIHCTBO N300parKeHUit OIPEIeIsIeTCs C UCIOIH30BAHTEM
OrpaHUYIeHHOrO HAbOPa BO3MOXKHBIX IUCKPETHBIX 3HaUeHU IBera (Jda-
111€ BCETO MBET 33aeTCs C UCTIOTHL30BAHUEM TEIBIX TUCET, HAXOIATIINXCS
B quanasone [0, 255]), To MOXKHO 3apaHee BBIUUCINTD [IPeObpasoBaHue
nBeTa JJjis KaXKJI0ro MOTEHINAIbHO-BO3MOXKHOTO 3HAYEHUs I[BETA, CO-
XpaHUTDb UX B TAOJIUIIE TTIONCKA, a 3aTeM IIpeodpPa30BaATh IIBET UCXOIHOIO
M300pakeHnsi, NCIOIb3ys (popMyIy:

Inew = LUT[I14] (2.8)

B 6ubanorexke OpenCV ectb BeTpoeHHast (DYHKIMS ISl TPUMEHE-
HUsl IPeoOPaA30BAHUs, 33JIAHHOTO C UCIOJIH30BAHUEM TabJIUIBI TOUCKA,
K n3obparkenuio. Tabniia moncKa MOXKET OBITH OIpeesIeHa JInbo OIu-
HAKOBOH JIJIsl BCEX CJIOEB M300pakeHwusi, JUbO JIsi KayKJI0TrO CJIOsi OT-
JIEJIbHO, B 3aBHCUMOCTH OT KOJIMYECTBA CJIOEB TabJuIbl. B sa3bIKe mMpo-
rpaMmMupoBanus C-+ mporpaMMHasi peajin3aliisl PACTsIKEeHUsl JTUHA-
MUYECKOTO JUANA30HA C UCIOJIB30BAHIEM TabJIUI MIOMCKA UMEET BU/I:

alfa = 0.5;

Mat lut(1, 256, CV_8U);

uchar *lut_ptr = lut.ptr();
for (dnt i = 0; i < 256; i++)

{
double var = (i - Imin) / (Imax - Imin);
if (var < 0)
lut_ptr[i] = 0;
else
lut_ptr[i] = saturate_cast<uchar>(
255 * pow(var, alfa));
}

LUT(I, lut, Inew);

AnayornIHpIM 00Pa30M PEATTN3YETCs NCHOJIb30BAHIE TAOJIUIT TOWC-
Ka B fA3bIKe IporpaMmmupoBanus Python:

alfa = 0.5
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lut = np.arange(256, dtype = np.uint8)

lut = (Qut - Imin) / (Imax - Imin)
lut = np.where(lut > 0, lut, 0)
lut = np.clip(255 * np.power(lut, alfa), 0, 255)

Inew = cv2.LUT(I, lut)

IIpodunas nzobdbpakeHus

IHpodurem usobpasicerus, BIONb HEKOTOPOH JIMHUKA HA3bIBAETCS
bYHKIIMST THTEHCUBHOCTH M300PaKEHNs, PACIIPEIEIEHHOTO BIIOJIb JIAH-
Hoit siuanu (npopesxu). Ilpocreiimmm ciaydaem npodusisa n300pazkeHust
SIBJISIETCST TIPOUITH CTPOKH:

Profilei(z) = I(x,i), (2.9)

rje i — HOMep CTpOKM m3obpaskenus .
[Ipoduns croabmua m3obparkenust:

Profile j(y) = 1(j,y), (2.10)

e j — HoMep croJsiba n3obpaxkenus 1.

B obmem ciaygae mpoduib MOXKHO paccMaTpUBATH BIOJb JEO0O0M
MPSIMO, JIOMAHON WM KPUBON JIMHWUE, TEPECEKAIONel M300paskeHune.
ITocite dpopmupoBanmsi mMaccuBa TPOdUIsT U300PAIKEHUST TPOBOIUTCS
€ro aHAJIN3 CTAHIAPTHBIME CPEJICTBAME. AHAJIN3 IT03BOJIET aBTOMATH-
9eCKU BBIJIEJISITh 0COObIE TOYKHU (DYHKIIUU IIPOQUIIsi, COOTBETCTBYIOIIE
KOHTYpaM U300parkeHns, mepecekaeMbiM JaHHoi juaueit. Hampuwmep,
Ha puc. 2.1 npezacrasiieHn mpoduiib H300paXKEHUsT MTPUX-KO/IA, B3ATOrO
B10s16 ocu Ox. Jlauubiit Ipoduis ConepKuUT BCIo HeOOX0 UMY 0 HHMOpP-
MAaIUIO JUUIsi CYUTBIBAHUSA INTPHUX-KOJA, HOCKOJIBKY II03BOJISET OIIPE/ie-
JINTH TIOCJIE0BATEIbHOCTD Y€PEOBAHUSI «TOJICTBIX» M «TOHKUX» IITPH-
XOB ¥ 1pobesioB pasyumgHoil mupusbl. B cpeaqe MATLAB npoduin
n300pakeHusi MOXKHO HalTu npu oMoty dyanun improfile().

JIuctunr 2.6. [ouck npoduis mrpux-Kona Baosbs ocu Ox B cpeje
MATLAB.

1 I = imread(‘code.jpg’);

2 [numRows, numCols, Layers] = size(I);
3 x = [1 numCols];

4y = [ceil(numRows/2) ceil (numRows/2)];
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5 figure
6 improfile(I,x,y),grid on;

Jlyisi MHTEpaKTHBHOIO yKa3aHUsl JIMHUHM (JOMAHOI), BJOJb KOTO-
poii ciemyer mocTpouTh TPOMUIL, HEOOXOIUMO HCIOJIb30BATH (DYHK-
nuto improfile 6e3 mapamerpos.

JIuctunr 2.7. UnrepakTtuBHOE 3ajaHue JUHUU POMUIIS B Cpeme
MATLAB.

1 I = imread(‘code.jpg’);
2 imshow (I);
3 improfile

[To cpasrenuto ¢c MATLAB B 6utaunoreke OpenCV Her Takoro ymo6-
HOTO WHCTPYMEHTA [IJIsI BBIYUCIEHUsT TPOMUIsST M300parKeHusT BJIOJb
Ipou3BOJIbHON ocu. OJHAKO MOYKHO IMOJYyYUTh TMOPU3OHTAJbHBIA WM
BePTUKAJIbHBI TPOMUIIb C UCIOJIb30BaHNEM (DYHKIUI OUOIMOTEKN J1JTsT
OBICTPOrO JIOCTYIIA K OTIEJIEHHON CTPOKE WJIU CTOJIOIY M300pasKeHus .

Listing 2.8. ITouck npodwuis mrpux-Koma B1ob ocu OT ¢ UCIOIb-
zoBanuem 6ubsmorekn OpenCV u s3pika mporpammupoBanus C+-+.

1 Mat I = imread("code.jpg", IMREAD_COLOR);
2 Mat profile = I.row(I.rows / 2);

Listing 2.9. ITouck npodwuis mrpux-koma B0k ocu OT ¢ UCIOIb-
zoBanuem 6ubsmorekn OpenCV u si3pika nporpammupoBanust Python.

1 I = cv2.imread("code. jpg", cv2.IMREAD_COLOR)
2 profile = I[round(I.shapel[0] / 2), :]
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IIpoekrius n3obpakeHus

Ipoexyuets uzobpasicernus Ha HEKOTOPYIO OCh HA3BIBAETCS CyMMa
MHTEHCUBHOCTEH NMKCceseil n300parkeHnsl B HallPaBJIEHHUN, IIePIICHIM-
KyJ[apHOM JaHHo# ocu. IIpocreiimmmM cirygaeM IPOEKIUA IBYMEPHOIO
n300parkeHnsl ABJIAIOTCA BePTUKAJbHAsA NpoeKius Ha och Ox, mpel-
cTaBJIsIONas cobOi CyMMy WHTEHCHBHOCTEH THUKCEJIeH mo cmoabuam
M300payKeHUST:

dimY—1
Proj X(y) = Y I(zy), (2.11)
y=0
U FOPU30HTAJIbHAS IIPOEKIH Ha ock Oy, IpecTaBIsdoas co0oil cyM-
My UHTEHCUBHOCTE MUKcesedl no cmpokam n300parkKeHus:

dim X —1
ProjY(z)= > I(zy). (2.12)
=0
Banuirem BbIpazkeHue s TPOEKIMH Ha IIPOU3BOJILHYIO 0Ch. Jlommy-
CTHM, 9TO HAIIPABJICHUE OCH 3aJaHO0 € JUHIIHBIM BEKTOPOM C KOODINHA-
Tamu (eg,ey). Torma mpoexmus nzobpaskenus Ha ocb Oe OIpenesseTcs
CJIEIYIOIINAM BBIPAYKEHUEM:

ProjE(t)= Y I(xy). (2.13)
regtyey,=t

AHajm3 MaccruBa IIPOEKITUH [T03BOJISIET BBIJIE/ISITh XapaKTEPHbIE TOY-
Ky (DYHKIMK [IPOEKITUH, KOTOPhIE COOTBETCTBYIOT KOHTYPaM OObEKTOB
Ha m3o0pakeunnu. Hampumep, eciin Ha nM300pa’KeHUU MMEIOTCS KOH-
TpacTHBIE OOBEKTHI, TO B MPOEKINH Oy/IyT BUIHBI MEPENaIbl U SKC-
TpeMyMbl (QYHKIIUN, COOTBETCTBYIOIINE ITOJIOXKEHUIO KaXKJO0r0 U3 00b-
€KTOB.

Ha puc. 2.2 nokazan mpumep npoekiuu Ha ock Oy MAITHHOYUTAE-
MOr'O JIOKyMeHTa. BUIIHO, 9TO /JBe MAITUHOYATAEMbIE TEKCTOBBIE CTPO-
KI TIOPOXK/IAIOT JBa CYIIECTBEHHBIX IKCTPeMyMa (DYHKIIAUA TPOEKITUH.
[Tomobmubre mpoekinu MOTyT OBITH MCIIOJIH30BAHBI B AJITOPUTMAaX OOHA-
PY?KEeHUSI ¥ CETMEHTAIINN TEKCTOBBIX CTPOK B CUCTEMAX PACIO3HABAHUSA
TEKCTa.

JIuctuar 2.10. Ompenenenne TOJIOXKEHUSI TEKCTa B CpeJie

MATLAB.
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for i=1:1:numRows

Proj(i,1) = (round(sum(I(i,:,1))) +
round (sum(I(i,:,2))) +
round(sum(I(i,:,3)))) / (256 * 3);

end

0
550 600 650 700 750

Puc. 2.2 — CneBa — ¢dparmenT 3arpaHMIHOrO IaCIOPTa,

cripaBa — ero mpoekims Ha ock Oy.

oubsmoreku OpenCV u si3biKa porpaMmvupoBanus C++.

// An array to store projection
Mat Proj(I.rows, 1, CV_32F);

bool bw = (I.channels() == 1);
for (int i = 0; i < I.rows; i++)
{
double sum = 0;
for (int j = 0; j < I.cols; j++)
{
if (bw)
sum += I.at<uchar>(i, j);
else
{
const Vec3b &pix = I.at<Vec3b>(i,
sum += pix[0] + pix[1] + pix[2];
}
}

Proj.at<float>(i) = float(sum);
}
Proj /= 256 * I.channels();
// Calculate min and maz wvalues

22
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21 double ProjMin, ProjMax;

22 minMaxLoc (Proj, &ProjMin, &ProjMax);
23 // Create graph image

24 Mat ProjI (256, img.rows, CV_8UC3,

25 Scalar (255, 255, 255));
26 DrawGraph<float>(ProjI, Proj,
27 Scalar (0, 0, 0), ProjMax);

28 transpose (ProjI, ProjI);

29  flip(ProjI, ProjI, 1);

30 // And display it

31 imshow("Projection, to,0y", ProjI);
32 waitKey () ;

Listing 2.12. Onupenesienne moIoKeHnsT TEKCTa C UCIIOJIb30BAHIEM
6ubsmorekn OpenCV u si3bika nmporpammupoBanus Python.

1 # Calculate projection to 0Oy

2 if I.ndim == 2:

3 ProjI = np.sum(I, 1) / 255

4 else:

5 ProjI = np.sum(I, (1, 2)) / 255 / \
6 I.shape([2]

7 # Create graph image

8 ProjI = np.full((256, Proj.shapel[0], 3),
9 255, dtype = np.uint8)
10 DrawGraph (ProjI, Proj, (0, 0, 0),

11 Proj.max ())

12 ProjI = cv2.transpose(ProjI)

13 ProjI = cv2.flip(ProjI, 1)

14 # And display it

15 cv2.imshow(’Projection, to,0y’, ProjI)
16 cv2.waitKey ()

ITopsinok BeIIOSTHEHUST PAOOTHI

1. T'ucmoepammo,. BbiopaTh mpon3BobHOE CTAO0KOHTPACTHOE N300~
paxXeHue. BBINOJIHUTE BHIpABHUBAHIE TMCTOIPAMMbBI U PaCTsIXKe-
HUE KOHTPACTA, WCIOJIb30BATh PACCMOTPEHHbBIE ITPEObpa30BaHUs
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u Bcrpoennble pyHkiuu rnakera MATLAB. CpaBuurh 1mosryden-
HbIE PE3YJILTATEI.

2. Ilpoexyuu. Buibparh NMpom3BOJILHOE M300paKeHUe, CoJeprKaliee
MOHOTOHHBIE 00JIACTH ¥ BBLIEJSIONecss 00beKThl. [IpomsBecTn
IIOCTPOEHUE MPOEKINI n300pakeHnss HA BEPTUKAJIHHYIO U TOPHU-
30HTAJIBHYIO ocu. ONpenesinTh IPAHUIBI 00/1acTell 00 HEKTOB.

3. Ilpogusru. BeiOpaTh TpOM3BOILHOE H300parKEHUE, COMNEPIKAIIIE
MITPUX-KO/. BBIMOMHUTE TOCTpoeHne TPOPUIsT U300PAKEHUS
BJIOJIb IITPUX-KOJIA.

Co,nepmaHI/Ie oT4dyeTa

1. TurynaeHbI THCT.
2. enb paboThI.

3. Teopernueckoe 060CHOBaHME IIPUMEHSIEMBIX METOJIOB U (DYHKIIHIA
FeOMETPUYECKHUX TPeodbpa30BaHuUii.

4. Xop BBITIOJTHEHUST PADOTHI:
(a) Ucxomable n300pazKeHus;
(b

) JlucTHHIE IPOrpaMMHBIX PeasIn3aliuii;
(¢) Kommenrapumu;

(d) Pesynbrupyromnme n306pazkeHusl.

5. BriBoasl 0 mpojiesanHoil pabore.

Bormpocsl K 3arure jjabopaTopHOii paboThI

1. Yro Takoe KOHTPACTHOCTh M300ParKeHUsI M KaK €6 MOKHO HM3Me-
HUTDL?

2. Yem acddexTuBHO UCIOIb30BaHNE TPOMUIEH U MPOEKIHil n300-
paxkenusi?

3. Kakum 0b6pa3oM MOKHO HaifiTh 00BEKT HA pPaBHOMEpPHOM (one?
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JlaboparopHasi pabora Ne2
I'eomeTpuyeckne npeodbpa3oBaHUs
N300parKeHnit

Iesb paboTbl

OcBoeHne OCHOBHBIX BHUJOB OTOODA’KEHWN W HCIOJb30BAHUE T'e0-
MEeTPHUYECKUX IIPe0OPa30BAHNU JIJIs PEIIeHNs 33129 IIPOCTPAHCTBEHHOI
KOPPEKIINU N300paKeHUit.

Meroaun4deckue peKoMeHaaluu

o magaa pabOThI CTYAEHTHI JOJI2KHBI O3HAKOMUTHCSI C OCHOBHBI-
vu dyukiusayu cpefbl MATLAB unu 6ubaunorekn OpenCV 1o pabore
C TeOMEeTPHYECKUMHE IIpeobpa3oBanusMu n3obpakennii. Jlaboparopuas
pabora paccanTana Ha 5 IacoB.

TeopeTruveckue cBeaeHUs

leomerpudeckne npeobpazoBaHusi H300parKEHUN I10IPA3yMEBAIOT
MIPOCTPAHCTBEHHOE M3MEHEHNE MECTOIIOJIOXKEHUsT MHOXKECTBA, ITUKCe el
C UEJIOYHMCIIEHHBIMU KOOpAUHATAMU (Z,Y) B IPyroe MHOXKECTBO C KOOD-
nuaatamu (z',y’), UpUYeM MHTEHCHBHOCTH IIUKCeJel coxpaHsercs. B
JIBYMEPHBIX IJIOCKUX TeOMETPUYIECKUX MPeOOPA30BAHUSIX, KAK [TPABH-
JI0, UCIIOJIb3YeTCsI eBK/INI0BO IpocTpancTBo P2 ¢ opToHOpMUPOBAHHO
JIEKapTOBOW CHCTEMOU KOOpAUHAT. B 3TOM ciydae mukcero nuzobpake-
HUsI COOTBETCTBYET Mapa JEKAPTOBBIX KOOPJIUHAT, KOTOPbIE WHTEPIIPE-
TUPYIOTCSA B BUJIE JBYMEDHOI'O BEKTOPA, IPEJICTABIEHHOIO OTPE3KOM U3
rouku (0,0) o Touku X; = (z;,y;). JABymepuble npeobpasoBanus Ha
IIJIOCKOCTH MOXKHO TIPEJICTABUTH B BUJIE JIBUKEHUST TOUEK, COOTBETCTBY-
FOIUX MHOYKECTBY MHKCEJIeH.

Jytst 0OITHOCTH C JAJIbHERITUMUY IPe00PA30OBAHUSIME OYIEM UCIIOJIb-
30BaTh 00HOPOOHBIE KOOPAUHAMDL, ODJIATAIONTIHE TEM CBOWCTBOM, UTO
OTIpe/IesIIeMbIil UMU OOBEKT HE MEHSIETCsI TIPU YMHOYKEHUN BCeX KOOP/IU-
HAT Ha OJIHO U TO YKe HeHyseBoe Jucjo. 13-3a 3Toro cBoiicTBa HEOOXO M-
MO€e KOJIMYECTBO KOOPJIMHAT JIJIsl IPEJICTAB/IEHUs] TOYEK BCErIa Ha OJHY
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OoJIbITe, €M pa3MepPHOCTH MpocTpaHcTBa P™, B KOTOPOM 3TH KOOD/IH-
HATBI UCIIOJIB3YI0TCs. Hanpumep, /uist npejcrasienust Touku X = (z,y)
Ha IUTOCKOCTH B JBYMEPHOM IIpocTpaHcTBe P? HeoGXommMo TpH KOOp-
nuaarel X = (x,y,w). IIpousutiocTpupyem 910 CJIeLy oM IPUMEPOM:

/

x x
Yi=wlyl e v w=[x vy 1w, (3.1)
w 1

!/ /

rje w — CKaJIAPHBIA IPOU3BOJIbHBINT MHOXKUTEIIb, L = x—, Yy = y—.
IIpu momomu TpPoek OJHOPOIHBIX KOOPAMHAT U M;{%pnu TE)UeTbeFO
HOPsI/IKA MOXKHO OIIUCATH JI000€e JIMHEHOe 11pe00pPa30BaHKe IIJIOCKOCTH.
Takum obpa3om, reoMeTprdecKre MpeodPa30BAHUS SBJISIIOTCS MaTPUY-
HBIMH IIPE0OpPa30BaHUSIMU, U MHOYKECTBA KOOD/IMHAT ITUKCEJeil Ipeod-
Pa30BaHHOIO U MCXOTHOTO N300PAKEHUIT CBA3aHBI CJIEY FOIIIM MATPUI-
HBIM COOTHOIIeHueM Jiubo B crpounoM suje X' = XT, mubo B cToI6-

nosoM X' = TTX. PacuuIiieM 3T MATPUYIHBIE COOTHOINEHMSI:

[A D G
[« ¢y wl]=[z y w|-|B E H (3.2)
c F I
x’ A B O] [=
S|y | =|D E F|-|ly]|. (3.3)
w’ G H I]| |w
Touka ¢ JEeKApPTOBBIM KOOPJAMHATAMHA (T,Y) B OHOPOIHBIX KOOD/IH-

HaTax sammmercd Kak (z,y,1):

A D
[« ¢y 1=[z y 1]-|B E (3.4)
C F

—_ o O

x’ A B C| [z
s |y | =|D E F|-|yl|. (3.5)
1 0o 0 1] [1

Dopmyiy (3.4) MOXKHO NPEJCTABUTH B BUJE CJIEILYIOIIEH CHCTEMbI
YPaBHEHU:
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x' = Ax + By + C,
y =Dz + Ey+ F.

JIuHeiinbie mpeobpa3oBaHus

KoudopmHoe oTrobpakeHne — 3T0 0TOOpazKeHune, Ipu KOTOPOM
coxpanseTcs popMa OECKOHETHO MAJIBIX (DUTYD U YTUIBI MEKIY KPUBbBI-
MU B TOYKaX ux mepecederusi. OCHOBHBIMU JUHEHHBIMU KOH(DOPMHBIMH
IpeoOpPa30BAHUSMIY SIBJISIIOTCS €BKJINIOBBI IIpeobpa3oBanus. K HuM oT-
HOCSITCsI CIBUT, OTPakKeHne, OIHOPOIHOE MACIITAONPOBAHUE U TIOBOPOT.
Koudopmubie npeobpazoBanust siBIAIOTCS TOIMHO2KECTBOM aDMUHHBIX
peodpPa3oBaHM;IL.

(74, 4)

(z1,91)

Puc. 3.1 — Koudopmuoe orobparkenune: IepreHInKyISPHOCTD JTUHAN
B MeCTaX WX MepeceveHuil COXpaHsIeTcs.

CaBur n3zobpakeHus
Cucrema ypaprenuii (3.6) u MaTpura mpeobpasoBaHns KOOPIMHAT
T B ciyuae cdeuea uzobpaxkenus A = FE =1, B = D = 0 upumyT Bu:

' =x+C,
{y’=y+D 37)
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1 0 0
el vy 1=z y 1JT=T=]0 1 0|, (3.8)
cC F 1
rne C' u F' — casur 1o ocssm Ox u Oy COOTBETCTBEHHO.
JIncrtunar 3.1. Casur mzobpaxkenust B cpege MATLAB na 50 u
100 nwmkceseit mo ocsam Ox u Oy COOTBETCTBEHHO. Pa3mMep MCXOIHOro
pucynka roadSign. jpg 300 x 300 mukceseit.

1 I = imread(‘roadSign.jpg’);

T = [100; 01 0; 50 100 1];

tform = affine2d(T);

I_shift = imwarp(I, tform,
‘Interp’, f‘mnearest’, ...
‘OutputView’, imref2d(size(I),
[1 size(I,2)], [1 size(I,1)1)

)

Oyuknusa affine2d () cozmaer MaTpuIly Mpeodpa3oBaHusi, KOTOPAs
puMeHsieTcs K n300parkenuio I npu nomommu dyskiuy imwarp (). Ho-
[IOJTHUTEJIbHBIE [TAPAMETPBI 33/IAI0T OJUHAKOBbIE KOODIWHATHI JIJIsT WC-
XOJIHOTO 1 TPeodpa30BAHHOIO M300paykKeHNii, a TaK»Ke METOJ HHTEPIIO-
JIATIAN JIJISI HEOIIPEIEIEHHBIX THKCEJIeH.

B ormane or MATLAB, B 6ubsmoreke OpenCV MaTpHUIlbl XpaHIT-
csl B BUJIE CTPOK, TI09TOMY CJIEJIyeT HCII0Jb30BaTh dhopmyiy (3.5) mis
3aJIaHUs] MATPUIIBI TPEOOPA3OBAHUS:

0 J O T Wi

i T 1 0 C
vi=T|yl=T=1|0 1 F|, (3.9)
1 1 0 0 1

Kpome Toro, mocsteuuit psifi MATPUIIBI HE XPAHUTCS, [IOITOMY MaT-
puIia 6yIeT 3a1aBaThCsl CJIELYIONIM 00pa30M:

T:[(l) ? g] (3.10)

JIncrunar 3.2.Casur m306parkeHusi ¢ UCIOJb30BaHHEM OHOJIMOTE-
ku OpenCV u gasbika nporpammupoBanus C+-+ Ha 50 m 100 nukce-
seit mo ocam Ox u Oy COOTBETCTBEHHO. Pa3Mep MCXOIHOrO pUCYHKA
roadSign. jpg 300 x 300 muxceneit.
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Mat I =
imread ("roadSign. jpg", IMREAD_COLOR);
Mat T = (Mat_<double>(2, 3) <<
i, 0, 50 ,
0, 1, 100);
Mat I_shift;
warpAffine (I, I_shift, T,
Size(I.cols, I.rows));

0O Ui Wi

B ciryuae ucnosnbzosanust 6ubmorekn OpenCV u si3pIKa Iporpam-
muposanug C-+-+ Bce Marpuipl (B TOM 4uCIe U MaTPUI U300pake-
HU#) XPAHATCS ¢ UCHOJIb30BAHUEM O00beKTa cv: :Mat, npejcraBisionie-
ro coboift MaTpHUIly TPOU3BOJIBLHOTO pa3mepa. Marpuily mnpeobpazoBa-
HES MOYKHO CO3/IaTh BPYIHYIO C TIOMOIIHIO oneparnn Mat_<double>(2,
3) <<, rme aprymenThl (2, 3) 3aJaf0T pa3Mepbl MATPUIBL (KOJIH-
YEeCTBO CTPOK M KOJHMYECTBO CTOJIONOB MATPHUIBI COOTBETCTBEHHO), a
apryMeHThbl, IepeJaBaeMble IIocjae omeparopa <<, ONPEeIeJIdioT 3Jie-
MEHTBI MATPHUII [TOCTPOYHO, HadnmHas ¢ mepBoit crpoku. DyHkims
cv::warpAffine() mcmosb3yercs /s BBIIOJHEHUS JI000TO BHaa ad-
dunHOTO MpeodpazoBanmst M300paKkeHwus. llepBbIil aprymeHT — 3TO
n300parkeHue JJIs 1peobpa30BaHuUsI, BTOPOI — MECTO JIJIsi COXPAHEHUsI
PE3YIBTUPYIOIIEro N300paKeHnsl, TPETUil — MaTPHUIlA IIPeodPa30BaHNH,
a YeTBEPTHIN — pa3pelienne, KOTopoe OyJIeT UCII0/Ib30BaThCs Ipu (Pop-
MUPOBAHUH PE3YIBTUPYIONIETO M300parKEeHNUSI.

JIncrunar 3.3.Casur m306parkeHusi ¢ UCIOJIb30BaHUHEM OuOJIMOTE-
ku OpenCV u s3wika nporpammupoBanust Python wa 50 u 100 nuk-
cesteit 1o ocsim Ox u Oy coOTBETCTBEHHO. Pa3zmep MCXOHOro pucyHKa
roadSign. jpg 300 x 300 mukcesneit.

1 rows, cols = I.shape[0:2]
2 T = np.float32([[1, O, 50], [0, 1, 100]11)
3 I_shift = cv2.warpAffine(I, T, (cols, rows))

B ciiyuae ucronb3oBanus si3pika nmporpammvmupoBanns Python mat-
putia Ipeodbpa30BaHus IPeICTaBIIsieT cO00i MPOCTO MaccuB 6ubIMOTE-
ku NumPy pazmepamu 3X2, T09TOMY €ro MOKHO CO3/IaTh C TOMOIIHIO
BcTpoenHoM dyHkIinn 6ubinorekn NumPy numpy.float32(). Kak u
B C++, B Python dyukius cv2.warpAffine () ucrosb3yercs st Bbl-
noJtHeHus JiFoOoro Bujga ad@OUHHOrO Mpeodpa30BaHus, OTHAKO, B OT-
smane ot peasusaruu oubmmorekn OpenCV st C++4-, pe3yabrupyro-
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mee n300pakKeHne He SIBISeTCs 00sI3aTeIbHBIM apI'yMEHTOM, a8 MOYKeT
OBITH U BO3BpAaIllaeMbIM 3HaUYeHneM (GyHKIUU. Bee ocrabHbIE apryMeH-
TeI Te ke. B peamusanun 6ubanorekn OpenCV mjs1 si3bIKa IIporpaM-
vupoBanusg Python maccussr NumPy ucnonb3yorcst moBcemectHo f1j1st
XpaHeHUs] N300parKeHWii, MOITOMY BCE METOJIbI, IPUMEHUMbIE K Mac-
cuBaM NumPy, npumennmbl u s n3obpaxkenuii. Ciieyer o6paTuTh
BHUMaHMe, 9TO B mapamerpe GhopMbl n3obpaxkenus I.shape pasperite-
Hre n300parKeHusi XPAHUTCsI B BUJIE KOJTMIECTBA CTPOK UM CTOJIOIOB, & B
dyHKIIMO TPeodbpa30BaHus OHO JIOJI2KHO IEPEIABATHCA B BUIE KOJIAIE-
CTBa CTOJIOIOB U CTPOK. DTO CBI3AHO € TEM, YTO MATPUIIHI TPAIUITMOHHO
3a/1AI0TCsl yKA3aHUEM KOJIMIECTBA CTPOK U CTOJIONOB, a M300parkeHust
— yYKa3aHWeM [IUPUHBI U BBICOTHI.

OTpazkeHue M300pa>keHUs

Cucrema ypaprenuii (3.6) u Marpura npeobpasoBaHns KOOPIMHAT
T B ciiyuae ompaotcenus n3obpaxkenust Baojb ocu Ox mpu A = 1,
E=-1,B=C=D=F =0 upumyr Bum;

I 1 0 0
) =T=10 -1 0f. (3.11)
y=-y 0 0 1

JIuctuar 3.4. Orpaxenme otHOcuTesbHO ocu Oz B cpene
MATLAB.

1 T=[100; 0 -1 0; 00 1]1;
2 tform = affine2d(T);
3 I_reflect = imwarp(I, tform);

B ciyuae ucnosnbzosanust 6udsmorekn OpenCV marpuna npeobpa-
30BaHUsI JIJIsl OTPAKEHUsI N300PAXKEHUsI OIIPEIENSAETCST CIIEIYIOIINAM 00-
paszom:

1 0 0
= 0 -1 Irows—1|’ (3.12)
JloToTHUTEIbHBIN CIBUT M300paKeHnsT HEOOXOINM J1J1s1 YCTPAHEHUST
OTPHUIATETLHBIX KOOPJIUHAT MUKCeell m300parkeHusi, KOTOpble OyIyT
[TOJIyYeHBI TIOCJIe TIPe0OPa30OBAHMS.
JIncrunr 3.5. Orpaxkenue orHOCUTEIBHO ocu QX € UCIIOJIB30BaHU-
em 6ubmorekn OpenCV u s3bika nporpammupoBanust C++-.
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Mat T = (Mat_<double>(2, 3) <<
i, 0, O,
0, -1, I.rows - 1);
Mat I_reflect;
warpAffine(I, I_reflect, T,
Size(I.cols, I.rows));

SO W N

JIncruur 3.6. Orpazxkenne OTHOCUTETHHO ocu O ¢ UCIIOJIB30BAHNU-
em 6ubmorekn OpenCV u s3bika nmporpammupoBanus Python.

1 T = np.float32([[1, 0, 0],
[0, -1, rows - 111)
I_reflect = \
cv.warpAffine(I, T, (cols, rows))

=N

B oubmmoreke OpenCV rtakxke mpucyrcrByer dynrmms £lip(),
npejiHa3HAYEeHHAS JIJTsI BBITOJIHEHUS OTparKeHus n3obpakenust. JlanHast
dbyHKIMI TpedyeT mepeaatn OJHOTO ITapaMeTpa B JOTOJHEHHEe K n300-
paxenuto. 3HadeHne napamerpa 0 O3HAYAET OTPaKEHNE OTHOCUTEJBHO
ocu Ox, 1 — orpaxkenue ornocurebHo ocu Oy, a —1 — oTpakeHue
OTHOCHUTEIHLHO 0benx oceii. Hampumep, orparkenne n300parkeHusi OTHO-
curesibHO ocu O € UCIIOIBb30BAHNIEM S3bIKA ITporpamMmMupoBanns C++
Oy/1eT BBITVISIETD CJIEIYIOMIIM 00Pa30M:

cv::flip(I, I_reflect, 0);
A ¢ ucrnosib30BaHUEM SI3bIKa IIporpamMmupoBanusi Python:
I_reflect = cv2.flip(I, 0)

OamopoaHoe MacIiTabupoBaHe N300parkKeHust

Cucrema ypasraenuit (3.6) u MaTpuia 1peobpa3oBaHus KOOPAUHAT
T B cny4aae macwmabuposarus m3obpaxkenns A =a, E =, B=C =
D = F = 0 upumyT BHI:

0 0

r_ 0 o

vmanezt r—lo 8 o, (3.13)
Yy =pPy,B>0 0 0 1

ecm o < 1 m 8 < 1, o n3obpaxkenue ymenbaercs, ecim o > 1u § > 1
— yBenmmuusaercs. Eciu « # 3, To nponopiuu OyayT HE OIMHAKOBBIMU
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o IupuHe u BbicoTe. B obimeM ciydae jgamnoe orobpaxkenwme OyiaeT
ABIAThCsT ahUHHBIM, 8 He KOHPOPMHBIM.

JIuctuHr 3.7. YBeandeHnne NCXOMHOTO M300paykeHns B IBa pa3a B
cpene MATLAB.

1 T =[200; 02 0; 00 11;
2 tform = affine2d(T);
3 I_scale = imwarp(I, tform);

B ciygae ucnonbzoBanus 6ubsmorekn OpenCV marpuria mpeobpa-
30BaHUS JJIS MACIITAOUPOBAHUST N300DAKEHUST OMPEIEIISIETCsT CIIeITY IO
MM 00Pa30oM:

T {00‘ 2 8} 7 (3.14)

JIuctuHr 3.8. YBeaudueHrne MCXOTHOTO M300parkKeHWsI B JIBa pasa
¢ ucrostb3oBanneM oubmorekn OpenCV u s3bIKa IpOrpaMMIPOBAHUS
C++.

1 Mat T = (Mat_<double>(2, 3) <<

2 2, 0, O,

3 0, 2, 0);

4 Mat I_scale;

5 warpAffine (I, I_scale, T,

6 Size(int(I.cols * 2), int(I.rows * 2)));

JIuctuHr 3.9. YBeaudyeHrne MCXOIHOTO M300parKeHusI B JIBa pas3a
¢ ucrosrb3oBanneM Oubmorekn OpenCV u si3bIKa mpOrpaMMUPOBaHUS
Python.

1 T = np.float32([[scale_x, 0, 0],
[0, scale_y, 011)
I_scale = cv2.warpAffine(I, T,
(int (cols * scale_x),
int (rows * scale_y)))

T W N

Y0661 yUecTh U3MEHEHHUE pa3pelneHns n300pakeHnsT TP MaCIITa-
OupoBaHUU, Pa3Mep Pe3yJIbTUPYIOIIEro N300paskeHus: ObLI BBIYUCIIEH C
yaeTroM Kod(dduimenTa MacmrabupoOBaHus.

B 6ubimoreke OpenCV Takke mpucyrcrByer dyHKIus resize (),
npeHa3HAYEHHAs JIJIsT M3MEHEeHNsT pa3Mepa n3obparkenus. Hampumep,
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yBeJuUIeHne pa3Mepa n300parkKeHus B JIBa pa3a C UCIIOIb30BAHUEM SI3bI-
Ka nporpammupoBanus C++ OyIeT BBITJISIIETh CJIEYOIM 00pa30M:

cv::resize(I, I_scale,
Size(int(I.cols * 2), int(I.rows * 2)));

A ¢ ncnosib3oBaHuEM SI3BIKa IIporpamMMmupoBanust Python:

I_scale = cv2.resize(I, None, fx = 2, fy = 2,
interpolation = cv2.INTER_CUBIC)

IToBopoT M306pakeHUst

Cucrema ypasraenuit (3.6) u MaTpuia 1peobpa3oBaHusd KOOPIAUHAT
T B caydae nogopoma M300pazKeHUsI TIO IACOBOM cTpesike A = cos @,
B =—sing, D =siny, £ = cosy, C' = F =0 npumyTt BUI:

2’ =z cosp — ysinp cosp singp 0
/ . =T = |-sinp cosp 0. (3.15)
Y =xsine + ycosy 0 0 1

Eci ¢ = 90°, 10 cos ¢ = 0 u sin ¢ = 1 u Bbipaxkenue (3.15) npumer
BUT:

o = —y 0 1 0
{/ =T=|-1 0 0f. (3.16)
y== 0 01
JIuctuar 3.10. IloBopor wmzobpazkenusi Ha ¢ = 17° B cpeme
MATLAB.
1 phi = 17*xpi/180;
2 T = [cos(phi) sin(phi) O;
3 -sin(phi) cos(phi) O;
4 0 0 1];
5 tform = affine2d(T);
6 I_rotate = imwarp(I, tform);

B ciayuae ucnosbzoanus 6udsmorekn OpenCV marpunia nmpeobpa-
30BaHUsI JIJIsI TIOBOPOTA N300ParKEHUsI OIPEJIEIISIETCS CIIE Ly FOIIM 00pa-
30M:
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T |se —sie O (3.17)
sinp cosp O
JInctunr 3.11. IToBopor nzobpaxkenns: Ha ¢ = 17° ¢ ucmob30Ba-
nuem 6ubmorekn OpenCV u si3bika mporpammvupoBanust C-+-+.

1 double phi = 17.0 * M_PI / 180;
Mat T = (Mat_<double>(2, 3) <<
cos (phi), -sin(phi), O,
sin(phi), cos(phi), 0);
Mat I_rotate;
warpAffine(I, I_rotate, T,
Size(I.cols, I.rows));

~N O Uk W N

JInctunr 3.12. IToBopor nzobpaxkenns: Ha ¢ = 17° ¢ ucmob30Ba-
nuem 6ubmorekn OpenCV u s3bika nmporpammvupoBanust Python.

1 phi = 17.0 * math.pi / 180
T = np.float32(
[[math.cos(phi), -math.sin(phi), 0],
[math.sin(phi), math.cos(phi), 0]1)
I_rotate = \
cv2.warpAffine(I, T, (cols, rows))

S Ok W N

Tak Kak IpH UCIOJIb30BAHIN MaTPUILL IpeobpasoBanus (3.17) mo-
BOPOT OCYIIECTBJISIETCST BOKPYT BEPXHETO JIEBOTO yTJIa M300parKeHus C
koopaunaramu (0,0), TO HOBOPOT BOKPYI' IIPOU3BOJILHON TOYKU CIIEIy-
€T OIpPeNesATh KAK CABUI M300pPaKeHus TaK, ITOOBI 2KejlaeMasi TOYKa,
BpallleHud Haxo/IjIach B BepXHEM JIeBOM YIJIy, 3aTeM IIOBOPOT Ha 3a-
JIAHHBIN yroJI 1 OOPaTHBIN CABUI. JTO IIPeobpa30BaHNe MOXKHO BBIYUC-
JINTH B MaTPUYHON (bopMe, a 3aTeM BBINOJHUTH KaK OJHO addOUHHOE
npeobpazoBanne. Hanpumep mjist moBopoTa m300pakKeHust BOKPYT €ro
[EHTPA MATPHUIIA [TOBOPOTA OYJET BBIUUCISATHCS CJIELYIONIM 00pa30M:

1 0 —(l.cols—1)/2

T1=10 1 —(I.rows—1)/2]|, (3.18)
0 0 1
cosp —singp 0
T2= [siny cose O], (3.19)
0 0 1

34



0 (l.cols—1)/2
1 (Irows—1)/2], (3.20)
0 0 1

rae marpuna Tl — 3TO IpAMOI CABUT JIJId COBMEIICHUA TOYKU (0,0)
¢ TIeHTpoM m300parkeHusi, T2 — MaTpHUIla TPEOOPA30BAHNS BPAIECHUST
Ha yroma ¢, a T3 — obparuwiit capur. [lomnas marpuna mnpeodbpasosa-
Hust T BBIYUC/ISIETCS IIyTEeM MATPUIHOTO YMHOXKEHUsI ITUX TPEX MATPHIL
Ipeodpa3oBaHUSI.

T=T3-T2-T1 (3.21)

VuaureBas 10, uro B 6ubdsimoreke OpenCV uCHOMB3YIOTCS TOJBKO
TepBbIe JIBE CTPOKM MATPHITHI s adPUHHOrO mpeodbpa30oBaHusI, TPe-
Oyercs yOpaTh IIOCJIEIHIOI0 CTPOKY II0CJIE YMHOXKEHUS IIPOMEXKY TOUHBIX
KBaJIPATHBIX MaTPUI[ IIPe0dbpa30BaHUs.

JIuctuar 3.13. Boruncienne MaTpuilbl TpeoOpa30oBaHusa IS II0-
BOpOTa M300parKeHUsi Ha yroj ¢ = 17° BOKPYT IeHTpa M300parKeHust
¢ ucnoap3oBanreM oubsmorekn OpenCV u s3bIKa TPOrpaMMUDPOBAHUS

C++.

1 double phi = 17.0 * M_PI / 180;

2 Mat T1 = (Mat_<double>(3, 3) <<

3 1, 0, -(I.cols - 1) / 2.0,
4 0, 1, -(I.rows - 1) / 2.0,
5 0, 0, 1);

6 Mat T2 = (Mat_<double>(3, 3) <<

7 cos (phi), -sin(phi), O,

8 sin(phi), cos(phi), O,

9 0, 0, 1);

10 Mat T3 = (Mat_<double>(3, 3) <<

11 1, 0, (img.cols - 1) / 2.0,
12 0, 1, (img.rows - 1) / 2.0,
13 0, 0, 1);

14 Mat T = Mat(T3 * T2 * T1, Rect(0, 0, 3, 2));

JIuctuHr 3.14. Boruncimenne MaTpuilbl TpeoOpa30BaHus Jjis TO-
BopoTa m300parkeHusi Ha yrojl ¢ = 17° BOKPYT HEHTpa n300paKeHust
¢ ucrostb3opanneM 6ubmorekn OpenCV u si3blka MpOrpaMMUPOBaHUS
Python.
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1  phi = 17.0 * math.pi / 180

2 T1 = np.float32(

3 [[1, 0, -(cols - 1) / 2.0],

4 [0, 1, -(rows - 1) / 2.0],

5 [0, 0, 111)

6 T2 = np.float32(

7 [[math.cos(phi), -math.sin(phi), 0],
8 [math.sin(phi), math.cos(phi), 0],
9 [0, O, 111)

10 T3 = np.float32(

11 [[1, 0, (cols - 1) / 2.0],

12 [0, 1, (rows - 1) / 2.0],

13 [0, 0, 111)

14 T = np.matmul (T3, np.matmul (T2, T1))[0:2, :]

B  6ubsmoreke OpenCV  Takke TpuUCyTCTBYyeT  (DYHKIIUS
getRotationMatrix2D(), mpenHasHadeHHAs JJIs  BBIYUCJIEHUS
MaTpHUIIbI Ipeodpa3oBaHus JJIsi IIOBOPOTA U300pasKeHWsl I[IPOTHUB
9aCcoBOIl CTPEJIKU Ha MPOU3BOJIBHBII YOI BOKPYT TPOU3BOJIBHON TOYKHU
M300paskeHnsl OJHOBPEMEHHO C MACIITaOMPOBAHMEM W300PaKEHUSI.
Hanpumep, Bblumcjienne MaTpHIBl TpeoOpa30BaHUs Il [TOBOPOTA
n300paxkeHuss Ha yroa ¢ = 17° BOKpPYyr IeHTpa H300pakKeHus C
UCIIOJIb30BaHNEM s3bIKa TporpammupoBanust C++ OyJeT BBINISIETDH
CJIEIyIOIINM 0OpPa30M:

double phi = 17.0;
T = cv::getRotationMatrix2D(
Point2f (float((I.cols - 1) / 2.0),
float((I.rows - 1) / 2.0)), -phi, 1);

A ¢ ucrnosib30BaHuEM SI3BIKa IIporpaMmupoBanusi Python:

phi = 17.0
T = cv2.getRotationMatrix2D(
((cols - 1) / 2.0, (rows - 1) / 2.0), -phi, 1)

Addbunnoe oTobpaxkeHue — 310 0TOOparKEHHE, ITPU KOTOPOM
apaJuleIbHbIe MPSMbIE [TEPEXOAT B MapaJsulejibHbIe IPsIMbIe, IIepece-
KAIOIIHeCsT B IIEPECEKAIONINECs, CKPENUBAIONINECS] B CKPEIIIBAIOIIIE-
CsT; COXPaHSIIOTCS OTHOINEHUS JJINH OTPE3KOB, JIEZKAIIUX HA OHOU IIpsi-
MO#i (MK Ha HapaJuIe/IbHBIX IPSIMbIX ), U OTHOIIEHUS IO el puryp.
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Puc. 3.2 — Koundopmubie npeobpa3oBanusi, BEPXHUN Psijl CJIEBA,
HAIIPaBO: MCXOIHOE M300parKeHne, CIBUT, OTPAKEHNUE, BPAICHIE;
HIDKHAN PSJT OTHOPOIHOE MACIITAOMPOBAHUE.

BazoebiMu 11peobpasoBaHUsIME sIBJISIOTCS KOH(MOPMHBIE Tpeobpa3oBa-
HUsI, CKOC U HEOJHOPOHOe MacinTtabupoBanue. [IponsBosbaoe addun-
HOEe TPeobpPa30BaHe MOYXKHO MOJIYIUTh [IPU TOMOIIH TTOCJIEI0BATETEHO-
o TIpOM3BeIeHNs MATpHUIll 6a30BBIX MpeobpazoBanuii. B HempepbiBHOIM
reomeTpun Jioboe addrHHOE TPpeobpasoBanne nMmeet odbpaTHoe adPH-
HOE IIpeoOpa30Banme, a IMIPOM3BE/ICHIE IIPIMOr0 U 0OPATHOIO JIAeT €11~
HUYHOE TPeobpa3oBaHmre, KOTOPOe OCTABJISET BCe TOYKHU Ha MecTe. Ad-
dunHBIE TPEOOPA3OBAHUS SIBJIAIOTCH ITOJMHOXKECTBOM ITPOEKITHOHHBIX
IpeodbpPa3oBaHM’IL.

B 6ubsnorexe OpenCV [IPUCY TCTBYET byuxnus
getAffineTransform(), npegHasHaueHHAs JJIs BBIYUCIIEHIS MATPUIIBI
MIPOU3BOJILHOTO  adPUHHOrO IMpeodpa3oBaHus, 3aJaHHOTO0 HAOOPOM
KOODJMHAT UCXOJHBIX TO4YeK wusobpaxenus (r1,Yy1),(T2,y2),(T3,ys3)
M WX KOOpAMHAT mociae mpeobpasosanus (zh,v1), (zh,y5), (x4, y5).
[Iporpammvuasi peaju3ariusi BBIYUCJIEHUST MATPHUIBI TPEOOPA3OBAHUS
JUTsT TTPOU3BOJIBHOTO ahGUHHOrO MpeobpaszoBaHust ¢ MUCIOJIH30BAHIEM
si3bIka,  IporpammupoBanust C-++4  OyleT BBIVISAETH CJIELYONUM
obpazom:

vector <Point2f> pts_src =
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(r3,y3)

(75, )

(), )
(e2,92)  (@y)) n

(T1,91)

Puc. 3.3 — Addunnoe orobparxkenue.

{ {50, 300}, {150, 200}, {50, 50} };
vector <Point2f> pts_dst =
{ {50, 200}, {250, 200}, {50, 10} };
T = cv::getAffineTransform(pts_src, pts_dst);

A ¢ ucrnosib30BaHUEM SI3BIKa IIporpamMmupoBanusi Python:

pts_src = np.float32([[50, 300], [150, 200], [50, 5011)
pts_dst = np.float32([[50, 200], [250, 200], [50, 10011)
T = cv2.getAffineTransform(pts_src, pts_dst)

Jlajtee, BBIYUCTIEHHAST MATPUIA MOYXKET OBITH MPUMEHEHA C UCIIOJIh-
3oBanuneM pyuknuu warpAffine().

Ckoc n300pa>keHust
Cucrema ypasaenuit (3.6) u MaTpuila 1peobpa3oBaHis KOOPAUHAT
T B ciiyuae ckoca n3obpaxenus A =FE =1, B=s, C=D=F =0
NPUMYT BUJL:
/ 1 00
{fz+5% =T=|s 1 0. (3.22)
y=9 00 1

JIuctunr 3.15. Ckoc uzobpakenus B cpeje MATLAB, s = 0.3.
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1 T = [100; 0.310; 00 11;
2 tform = affine2d (T);
3 I_bevel = imwarp(I, tform);

B ciyuae ucnosbzosanust 6ubmorekn OpenCV marpuna npeobpa-
30BaHUsI JJIsi CKOCB N300PaXKEHUsI OIIPEIEIAETCS CIIEYIOIIUM 00pa30M:

T = [é . 8] , (3.23)

JInctunr 3.16. Ckoc m300parkeHust ¢ UCIIOJIb30BAHNEM OUOTNOTEKH
OpenCV u sa3pika nporpammupoBanns C++, s = 0.3.

double s = 0.3;

Mat T = (Mat_<double>(2, 3) <<
1, s, O,
0, 1, 0);

Mat I_bevel;
warpAffine (I, I_bevel, T,
Size(I.cols, I.rows));

~N O U W N

JInctunr 3.17. Ckoc m300parkeHus C UCIIOJIb30BaHNEM OUOINOTEKH
OpenCV u sg3pika nporpammupoBanuns Python, s = 0.3.

1 s = 0.3
2 T np.float32([[1, s, 0], [0, 1, 011)
3 I_bevel = cv.warpAffine(I, T, (cols, rows))

KycouHo-nuHeiinble peobpa3oBaHus
KycouHo-snHeliHOEe oTOGpaXkeHue — 370 0ToOparkeHue, pu Ko-
TOpPOM m300pakeHne pa3dbuBaeTcs Ha YacTH, a 3aTeM K KayKJO! U3 ITUX
qacTeil MPUMEHSAIOTCH PA3JInIHbIe JIMHEHHbIE TPe0OPA30BAHMS.
JIuctuHr 3.18. [Ipumep KyCOIHO-TUHERHOTO OTOOPAYKEHUS B CPEJIE
MATLAB — JieBast m10J10BUHa N300paykKeHUsl OCTAETCsi 0e3 U3MEHEHMUIA,
a mpaBas pacTsruBaercs B J(Ba pas3a BJoJib ocu Ox.

1 imid = round(size(I,2) / 2);

2 I_left = I(:, 1:imid, :);

3 stretch = 2;

4 I_right = I(:, (imid + 1:end), :);
5 T = [stretch 0 0; 0 1 0; 0 O 11;

39



6 tform = affine2d(T);
7 I_scale = imwarp(I_right, tform);
8 I_piecewiselinear = [I_left I_scalel];

[Ipu ucnonpzoBanunu 6udmorekn OpenCV KycodHO-JIMHEHHBIE TIPe-
o0pa3oBaHusl BBIMOJIHAIOTCS C HUCIOJH30BAHUEM CIIEIHAIHLHOTO THUIIA
uzobpazkenuii, HazbiBaeMbix ROI — Region of Interest, koropsie co-
3/IaI0TCS OTpaHUYeHreM O0JIACTU HMCXOJHOIO M300parkeHusi. DTOT THUIL
n300paXkeHuit mMeeT OOIMe JAHHBIE C UCXOMHBIM, HO IIPA 9TOM MOXKET
HCIOJIB30BATHCS AHAJIOTHIHO ¢ OOBIYHBIM u300pakenueM. B C++ ra-
KOl 00BEKT CO3/1aeTCsI ¢ MIOMOIIBIO oreparnuu () u rnepegadn 06JIaCTH B
KadecTBe aprymenTta. Hampumep, njis co3manust pparMeHTa n3odparke-
HUSI TIPSIMOYTOJIBHON (DOPMBI HEOOXOIUMO IIEPeIaTh Pe3yJIbraT PaboThl
dyukmuu cv: :Rect (), Kak MOKa3aHO B CJIEYIOMIEM IIPUMEPE.

JIuctunar 3.19. [Ipumep KyCcOUHO-TMHEHHOTO OTOODPAXKEHUsT C UC-
nosib3oBanneM 6ubsmorekn OpenCV u s3bIKA TPOrPAMMHUPOBAHUS
C++ — JnieBas 10JI0BUHA N300pazkKeHusl 0CcTaeTcst 6e3 n3MeHeHuit, a mpa-
Basl pacTATMBAeTCs B JiBa pa3a BioJb ocu Ox.

1 double stretch = 2;

2 Mat T = (Mat_<double>(2, 3) <<

3 stretch, 0, O,

4 0, 1, 0);

5 Mat I_piecewiselinear = I.clone();

6 Mat I_right = I_piecewiselinear(

7 Rect (int(I.cols / 2), O,

8 I.cols - int(I.cols / 2), I.rows));

9 warpAffine(I_right, I_right, T,

10 Size(I.cols - int(I.cols / 2), I.rows));

[Tpu ucnosb3oBaENy sI3bIKa MporpaMmMupoBanus Python anamormy-
HbIe 0O0BEKTHI CO3JAIOTCS CPEJICTBAMU MHJEKcaun MaccuBoB NumPy.

JIuctuHr 3.20. IIpumep KycOUHO-THHEHHOTO OTOOPArKEHUSI C UC-
nosib3oBanneM 6ubsmorekn OpenCV u s3bIKa TPOrpaMMHUPOBAHUS
Python — sieBasi mosioBuHa n300parkeHusT OCTaeTCs Oe3 M3MEHEHUi, a
rpaBasl pacTATIMBAETCA B JiBa pa3a Bj10Jb ocu Ox.

1 stretch = 2
2 T = np.float32([[stretch, 0, 0], [0, 1, 0]1)
3 I_piecewiselinear = I.copy()
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4 I_piecewiselinear[:, int(cols / 2):, :] =\
5 cv.warpAffine (

6 I_piecewiselinear[:, int(cols / 2):, :1,
7 T, (cols - int(cols / 2), rows))

Puc. 3.4 — CneBa — ckoc, cripaBa — KyCOYHO-JINHEHHOE PACTsI?KEHUE.

Henuxeiinbie mpeobpa3oBaHus

[Ipu paccmoTpeHnE reoMeTpUYecKnX Ipeodpa30BaHuil mpeorara-
eTCsl, 9TO U300PaAKEHUsI IOy Y€HbI TIPU TTOMOTIH HIeAJTHbHOM MO/Ie/Tn Ka-
Mephl. B JeiictBurenbHOCTH (hOpMUPOBaHUE U300PaKEHUIl COITPOBOXK-
JaeTCsd PA3IUIHBIMU HEJIMHEHHBIMUA UCKAXKEHUSAMU, CM. puc. 3.5. g
WX KOPPEKINH UCIOJIB3YIOTCHA PA3JINIHbIE HeJNHEHHbIe (DYyHKINN.

Puc. 3.5 — [Ipumepb! HeTMHEHHBIX UCKAYKEHUIA.

IIpoeknmonHoe mpeodbpa3oBaHue

IIpoekmmoHHoe oTobpakeHme — 310 oTOOparkeHue, Mpu KOTO-
POM TIpsIMbI€ JIMHUU OCTAIOTCS MPSIMBIMU JIMHUSIME, OJJHAKO T'€OMETPUST
durypsl MoXkeT OBITH HAPYIIEHA, T.K. JAHHOE OTOOpaykKeHue B O0IeM
ciIydae He COXpaHsieT mapajuiejibuoctu Juauit. CBOHCTBOM, COXpaHSIIO-
IUMCsI TIPY [IPOEKTUBHOM MTPEOOPAZ0BAHNH, ABJISETCH KOAAUHEAPHOCTD
TOYEK: TPH TOUKH, JIEXKAIIME HA OIHON IPsiMOH (KOJUTMHEAapHBIE ), OCIe
1peobpaz30BaHusI OCTAIOTCA Ha OJHON npsiMoii. [Ipoekimonnoe orobpa-
JKEHHME MOXKET OBITh KaK Napatteivtvim (M3MeHIeTcs MacTad), Tak u
npoexmueHbim (M3MeHsIeTCs reoMeTpus (QUryphbl).
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(73,93)

(w4,94) (z3,73) (T45Y4)

('T27y2)

(1,91) (2, 92) ;o
(z1:91)
Puc. 3.6 — IIpoeknuonHoe IpOeKTUBHOE OTOOparkKeHne: IPsIMbIe
OCTaJINCh IPSAMBIME, HO ITapaJjijleJIbHble OTOOPa3HINCh B
CKPEIIBAIOIINECH.

B ciyyae mpoeKTHBHOIO OTOOpaXkKeHUsI TOUKU TPEXMEPHOM CIeHBI
P? npoenupyioTcs Ha JIByMepHYIO IUIOCKOCTh P2 m3obparkenns. Ta-
Koe mpeobpazosarne P? — P2 orobpaskaeT eBKIIIOBY TOUKY CIICHBI
P = (z,y,z) (B ogaopoaubix koopaunarax (x',y’,2',w)) B TOUKy U306~
paxenuss X = (z,y) (B omHOpommbIX KoopmuuaaTtax (z',y' ,w)). Hmst ma-
XOXKJIEHUsI JIEKAPTOBBIX KOODJAMHAT TOYEK M3 OJHOPOJIHBIX KOOPJIUHAT

m/ y/ Z/
BOCIIOJIB3YEeMCsl CJIEJIYIOIIMME COOTHOIeHusiMu: P = (—, =, —) — Ko-
w w’ w
x/ /

opauHaThl BekTopa P u X = (—, y—) — KoopauHaThl BekTopa X. Iloj-
w

craBisd B (3.2) w = 1, mig Bekropa X IIOJIydduM CUCTEMY yDaBHEHHIA:

Loy =T=|D E F|. (3.24)
Dx+FEy+F
Yy = i y+ G H 1

Gz +Hy+1I’

V3-3a HOpMHpOBaHUST KOOPAMHAT Ha w' B OOIEM CJIydae MPOEKIH-
OHHOE 0TOOparKeHUe SBJISETCH HEJIUHEITHBIM.

JIuctuHr 3.21. Ilpumep TpPOEKTUBHOTO OTOOpaKEHUsI B CpeJie
MATLAB npu A =11, B=035,C=F =0,D =02, E = 1.1,
G = 0.00075, H = 0.0005, I = 1.

1 T = [1.1 0.35 0; 0.2 1.1 0; 0.00075 0.0005 11];
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2 tform = projective2d(T);
3 I_projective = imwarp(I, tform);

JIuctuHr 3.22. [IprMep MpOEKTUBHOTO OTOOPAYKEHUsT C UCIIOIb30-
BanueMm 6ubsmorekn OpenCV u si3bika nporpammupoBanus C+-+ upu
A=11,B=035,C=F=0,D =02 E =11, G = 0.00075,
H =0.0005, I =1.

1 Mat T = (Mat_<double>(3, 3) <<

2 1.1, 0.2, 0.00075,

3 0.35, 1.1, 0.0005,

4 0, 0, 1);

5 Mat I_projective;

6 cv::warpPerspective(I, I_projective, T,
7 Size(I.cols, I.rows));

JIuctunar 3.23. [Ipumep mpoeKTUBHOrO OTOOpPArKEHUsI C UCIIOJIb-
zoBanunem 6ubamorekn OpenCV u si3pika nporpammupoBanus Python
mpu A =11, B=035 C=F=0,D=02, F =11, G =0.00075,
H =0.0005, I =1.

1 T = np.float32(
2 [([1.1, 0.2, 0.00075],
3 [0.35, 1.1, 0.0005],
4 0, 0, 111D
5 I_projective = cv2.warpPerspective(I, T,
6 (cols, rows))
B 6ubImoTEKE OpenCV [IPUCYTCTBYET dyuKIHA
getPerspectiveTransform(), npegHa3sHaYCHHAA JId BBIYHUC-

JIeHHsl MATPHUILI  [TPOU3BOJILHOIO  IIPOEKIMOHHOIO — OTOOparKeHHs,
3aJaHHOr0 HabOpPOM KOODAMHAT WUCXOJHBIX TOYeK M300parKeHus
(x1,91), (x2,9y2), (z3,Y3), (T4,y4) M WX KOOpAMHAT TOCIE TPeobpa3o-
sauust (z),y1), (b, v5), (h,v4), (x4, v4). Ilporpammuasi peasmsanust
BBIYUCJICHAS MATPHUILI IPeoOpa30BaHms IJId IPOM3BOILHOIO IPOEKIIN-
OHHOI'O OTOOpArKEHHUS C HCIIOIb30BAHHEM sI3bIKa IPOTPAMMUPOBAHUST
C-+++ 6yzeT BBINISAETL CJACAYIOIMIUM 00Pa30M:

vector <Point2f> pts_src =
{ {50, 461}, {461, 461}, {461, 50}, {50, 50} };
vector <Point2f> pts_dst =
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{ {50, 461}, {461, 440}, {450, 10}, {100, 50} };
T = cv::getPerspectiveTransform(pts_src, pts_dst);

A ¢ ucnosib30BaHuEM S3BIKa IIporpamMmupoBanust Python:

pts_src = np.float32(

[[50, 461], [461, 461], [461, 50], [50, 50]1)
pts_dst = np.float32(

[[50, 461], [461, 440], [450, 101, [100, 5011)
T = cv2.getPerspectiveTransform(pts_src, pts_dst)

ITonmnHOMMaIBbHOE IIpeobpa3oBaHue

ITonmmHOoMUaNIBHOE OTOOPa>KEeHNEe — 3TO OTOOPAKEHNE UCXOIHO-
ro m300parkeHusi ¢ IMOMOIIBIO TIOJIMHOMOB. B IaHHOM cilyvuae MaTpuiia
peobpazoBanus KoopauHat 1’ OyIeT comepKarTh KO3MPUITMEHTHI [TOJIH-
HOMOB COOTBETCTBYIOIINX IIOPSIIKOB It KoopauHat x u y. Hanpumep, B
CJIydae MOJMHOMHUAIBLHOTO TPeoOPA30BAHUS 6MOP020 NOPAJKA CUCTEMa
ypaBHeHHit 3.6 MpuMeT BUJI:

(3.25)

t' = a1 + agx + azy + as2® + aszy + agy?,
Y = b1 4 bax 4 bsy + bsx® + bsxy + bey?,

IJie T, iy — KOOPAMHATHI TOYEK B OJIHON CHCTEMe KOOpJuHAT; T, y — KO-
OP/IMHATHI ITUX TOYEK B JPYILOil CUCTEME KOODIUHAT; dj - . . Ag, b1 - . . bg
— K03 PUIMEHTHI TPE0OPAZOBAHUSI.

JIuctuHr 3.24. [IpumMep MOJIMHOMHAILHOTO OTOOPaYKEHUS C 3a,1aH-
HOI MaTpurieil ipeodpazoBanusi T’ 1 B KOTOPOM HE MCITOJIb3YOTCS IIPE/I-
onpegenennbie dpyukiun MATLAB. Pesyasrupyiomiee npeodpa3oBan-
HOe n300paykeHue He OyIeT coJep:KaTh MHTEPIOJIUPOBAHHBIX TTUKCEJIEH.

1 [numRows, numCols, Layers] = size(I);
2T = [0 0; 1 0; 0 1; 0.00001 0y
3 0.002 0; 0.001 0];

4 for k=1:1:Layers
for y=1:1:numCols
for x=1:1:numRows
xnew = round (T(1,1)+T(2,1)*x+...
T(3,1)*y+T(4,1)*x"2+...
T(5,1)*xxy+T(6,1)*xy~2);

© 00O Gt
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10 ynew = round (T(1,2)+T(2,2)*x+...
11 T(3,2)*y+T(4,2)*x"2+. ..

12 T(5,2)*x*xy+T(6,2)*xy~2);

13 I_polynomial (xnew,ynew,k) =

14 I(x,y,k);

15 end

16 end

17 end

JIuctunar 3.25. IIpumep moanHOMHAJIBHOIO OTOOpPaKEHUWSA C 3a-
JAHHON MaTpuIiieil mpeobpasoBannsa 1 ¢ UCIOIb30BAHUEM OUOJIMOTEKHN

OpenCV u s3bika nporpavmvupoBanus C—++. Pesyibrupytoriee mpe-

obpazoBaHHOE U300parkeHne He OyJIeT COJepKATh UHTEPIIOJINPOBAHHBIX

TUKCeJIe.

1 const double T[2][6] =

2 {{o0, 1, 0, 0.00001, 0.002, 0.002 1},

3 {0, 0,1, 0,0, 0%} 1}

4 Mat I_polynomial;

5 // Convert to floating points

6 if (I.depth() == CV_8U)

7 I.convertTo(I_polynomial, CV_32F,

8 1.0 / 2565);

9 else

10 I_polynomial = I;

11 // We need to process layers separately

12 vector<Mat> I_BGR;

13 cv::split(I_polynomial, I_BGR);

14 for (int k = 0; k < I_BGR.size(); k++)

15 {

16 I_polynomial =

17 Mat::zeros (I_BGR[k].rows, I_BGR[k].cols,
18 I_BGRI[k].type ());

19 for (int x = 0; x < I_BGR[k].cols; x++)
20 for (int y = 0; y < I_BGR[k].rows; y++)
21 {

22 int xnew = int (round(T[0][0] +

23 x * T[OI[1] + y = T[O][2] +

24 x *x x *x T[0]J[3] + x *x y *x T[0][4] +
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25 y * y *x T[01[51));

26 int ynew = int(round(T[1][0] +

27 x % T[11[1] + y = T[1]1[2] +

28 x x x % T[1]1[3] + x *x y *x T[1][4] +
29 y * y x T[1]1[5]1));

30 if (xnew >= 0 && xnew < I_BGR[k].cols
31 &% ynew >= 0 && ynew < I_BGR[k].rows)
32 I_polynomial.at<float>(ynew, xnew) =
33 I_BGR[k].at<float>(y, x);

34 }

35 I_BGR[k] = I_polynomial;

36

37 // Merge back
38 cv::merge(I_BGR, I_polynomial);
39 // Convert back to uint 4f needed

40  if (I.depth() == CV_8U)
41 I_polynomial.convertTo(I_polynomial,
42 CV_8U, 255);

JIuctunr 3.26. IIpumep moauHOMHAIBHOIO OTOOpaKEHUS C 3a-
IAHHOW MaTpuileil mpeobpasoBanus I ¢ UCIOIb30BAHNEM OMOJIMOTEKN
OpenCV u a3bika nporpammupoBanust Python. Pesynsrupyrormiee mpe-
obpazoBaHHOE N300parkeHNe He OyIeT COJAEePXKATh NHTEPIIOINPOBAHHBIX
IUAKCeJIeH.

1 T = np.array([[0, 0], [1, 0], [0, 1],

2 [0.00001, 0], [0.002, 0], [0.001, 011)
3 I_polynomial = np.zeros(I.shape, I.dtype)
4 X, y = np.meshgrid(np.arange(cols),

5 np.arange (rows))

6 # Calculate all nmnew X and Y coordinates
7 xnew = np.round(T[0, 0] + x * T[1, O] +
8 y * T[2, 0] + x * x x T[3, 0] +

9 x x y *x T[4, 0] +

10 y * y *x T[5, 0]).astype(np.float32)

11 ynew = np.round(T[0, 1] + x * T[1, 1] +
12 y * T[2, 1] + x * x x T[3, 1] +

13 x *x y *x T[4, 1] +

14 y * y * T[5, 1]).astype(np.float32)
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15 # Calculate mask of wvalid indexes
16 mask = np.logical_and/(

17 np.logical_and(xnew >= 0, xnew < cols),
18 np.logical_and(ynew >= 0, ynew < rows))
19 # Apply reindexing

20 if img.ndim == 2:

21 I_polynomial [ynew[mask].astype(int),

22 xnew [mask].astype(int)] = \

23 img [y [mask], x[mask]]

24 else:

25 I_polynomial [ynew[mask].astype(int),

26 xnew [mask].astype(int), :]1 = \

27 img [y [mask], x[mask], :]

Cremyer OTMETUTH, 9TO MIPU UCIIOJIb30BAHUN SI3bIKA ITPOTPAMMUPO-
panms Python mommkcenbHas paboTa ¢ m300paKeHneM Kpaiine mHedd-
dexruBHa. BmecTo 3T0r0 HEOOXOIUMO BBIYUCIUTH HOBBIE KOOD/IMHATHI
JIJIST KaKJIOTO MUKCeJIsT MCXOJHOIO U300parkeHrsl U IPUMEHUTD UX C UC-
nosib3oBanreM uHjekcanuu NumPy. st HadaapHOrO hopMuUpOBaHUsT
MAaCCHBOB TIEPENHIEKCAIINN UCIOJIb3yeTCs CHEeIUAIbHBI KOHCTPYKTOD
numpy .meshgrid(). On co3maer nBa maccuBa koopauuar X u Y s
KayKJIOr0 MUKCeJIsi N300parkKeHusi. 3aTeM 3TH KOOPJUHATHI Ipeobpasy-
I0TCA 1 UCITOJIB3YIOTCH JIJIgl COIIOCTAaBJIEHU A KOOPANHAT HOBBIX nKceJsieit
n300paxkeHusi co crapbiMu. MaTpuiia mask UCIOIb3YeTCsI JIJIsT HCKITFOUe-
HUS TIMKCEJIeH, BBIMEIINX 38 MPEIEesIbl JOIIYCTUMOTO JIAATIA30HA [TOCIIe
peodbpa3oBaHUSI.

Puc. 3.7 — Cmemenne KoOpAuHAT NUKCEIEH B IPe0OPA30BAHHOM
M300paKEHNN.
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Kaxk mnpaBumio, mpu HeIUHEHHOM WCKaXKeHUU KOIDPUITHEHTHI
ai ...ag, by ...bg 1 MaTpuIa mpeodbpasoBaHus KoopauHat 1T’ neussecm-
Hol. B ciydae, Korjga MOMHMO HMCKaXKE€HHOTO M300parKeHUsi JTOCTYITHO
HCXOMHOE, MOYKHO BBIYUCIUTD KO3MDMUIMEHTH TPe0bpa30BaHust, HAl 11
apbl COOTBETCTBYIOMINX TOYEK HA UCXOIHOM U IIPEOOPA3ZOBAHHOM H300-
paxkeHuax. YuCI0 MEHIMAJIHHO HEOOXOUMBIX 1P TOYEK BBIYUCIISIETCS
o dpopmyiie:

(n+1)(n+2)
tmin = — (3.26)
Ijie N — HOPSIZIOK IIPeOOpPa30BAHMUS.

Ecsin mMeer MecTo HMOJIMHOMHAJIBHOE HCKaKEHHE 6MOP020 NOpAld-
ka, To cormacHo (3.26) HEOOXOAMMO 3HATH KOODJIMHATHI XOTsI ObI
wecmy, nap COOTBETCTBYIOIIUX TOYEK JIO U IIOCIe TPaHChOpMAalyn:

/ / / /
(x1,y1) .- (we,96) u (2,9))... (x5, y5). Cormacno (3.25) samuiiem
YDaBHEHUS [yIsl BEIMUCIeHUsT KOS(MMUINEHTOB B MATPUIHOM BUJIE:

[a; ] (1 2 oy 2l oz yE] - EA
U ., (3.27)

| a6 | 1 w6 ye % TeYs VG | | 76 |

0] [l oy oo ww w3 (]
OO I DO (3.28)

L 6 | L1 @6 Y 5 TeYe Yg L Y6 |

i1 MHTEPAKTUBHOI'O yKAa3aHUs OJMHAKOBBIX TOYEK HA HMCXOIHOM
U Ipeobpa30BaHHOM M300Pa’KEHUSX MOXKHO BOCIIOJIB30BATHCA (PYHK-
mueit MATLAB cpselect(‘source.jpg’, ‘transformed.jpg’), Ko-
TOpas BO3BpAIllaeT ABa MaccuBa movingPoints m fixedPoints ¢ Ko-
OpMHATAME IPEOOPA3OBAHHOTO U HMCXOIHOTO M300parKeHuil COOTBET-
CTBEHHO.

CuHyconnajibHOE UCKa>KEeHUEe
B kadecTBe elrie 0/IHOTO 13 TPUMEPOB HEJIMHERHOTO TPe0OPA30BAHIS
MOKHO PaCCMOTPETh TApMOHMYECKOE MCKaKEHNE N300PaAKEHMSI.
JInctunr 3.27. [lpumep cUHYyCOMIAIBHOTO UCKAYKEHUST N300pake-
uus B cpejie MATLAB.
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[xi,yi] = meshgrid(l:ncols,l:nrows);
imid = round(size(I,2)/2);

u = xi + 20*sin (2*pix*yi/90);

v = yi;

tmap_B = cat(3,u,v);

resamp = makeresampler (‘linear’, ‘fill”’);
I_sinusoid = tformarray(I,[],resamp,...

(2 11,[1 2],[],tmap_B,.3);

JIuctunr 3.28. Ilpumep cuHyCcOnIaIbHOTO NCKAXKEHUS N300paKe-
Hus ¢ ucnoJib3oBanueM 6ubanorekn OpenCV u s3bIKa MPOrpaMMupo-

Banusg C+-.

1 Mat u = Mat::zeros(I.rows, I.cols, CV_32F);
2 Mat v = Mat::zeros(I.rows, I.cols, CV_32F);
3 for (int x = 0; x < I.cols; x++)

4 for (int y = 0; y < I.rows; y++)

5 {

6 u.at<float>(y, x) = float(x +

7 20 * sin(2 * M_PI x y / 90));

8 v.at<float>(y, x) = float(y);

9 }

10 Mat I_sinusoid;

11 remap (I, I_sinusoid, u, v, INTER_LINEAR);

1

STk W N

JInuctunr 3.29. Ilpumep cuHyCcOMIaIHHOTO UCKAXKEHUST N300pake-
Hus ¢ ucnosb3oBanuem 6ubanorekn OpenCV u si3biKa TPOrpamMMUpO-
Banust Python.

u, v = np.meshgrid(np.arange(cols),
np.arange (rows))

u=1u+ 20 * np.sin(2 * math.pi * v / 90)

I_sinusoid = \
cv2.remap (I, u.astype(np.float32),
v.astype(np.float32), cv2.INTER_LINEAR)

Oyukius 6ubsmorekn OpenCV remap() mpeobpasyer mnzobpake-
HI€ B COOTBETCTBUU C HOBLIMU KOODAMHATAMU IHMKCEJEH, 32 aHHbIMU
U1 KazKJIOTO IIMKCEJIs NCXOIHOIO M300DarKeHNUsl.
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Puc. 3.8 — CneBa — mosmmHOMUAILHOE UCKAXKEHUE, B IIEHTPE —
MMPOEKTUBHOE, CIIPABa — CUHYCOWJIAJIHHOE.

Koppeknus aucropcun

IIpu dpopmupoBanmy M300parKeHUsT OMTHICCKON CHCTEMON Ha HEM
MOXKET BO3HMKHYTH ducmopcus. Jucmopcus, — 9TO ONTUYECKOE HCKa-
JKEHUe, BbIPAXKarolleecss B UCKPUBJIEHUH IIPSIMbIX JinHU. CBETOBBIE JIy-
YU, TPOXOIAIIAE YePe3 IEHTD JUH3bI, CXOJIATCA B TOUKE, PACIIOJIOKEH-
HOIi JaJIbIlle OT JIMH3bI, YeM JIy4YHd, [MPOXOJIIye Yepe3 ee Kpas. [Ips-
Mbl€ JIMHUM HCKPUBJSIOTCS 38 MCKJIIOYEHHEM TeX, KOTOpBLIE JIeXKaT B
OJTHOM TIJIOCKOCTH C ONTHUYIeCKo# ockio. Hampumep, n3obparkeHune KBaI-
paTa, IEeHTP KOTOPOr'o IepeceKaeT ONTHYECKAs OCb, UMEET BUJI IOy III-
ki (nodywroobpasnas JucmMopcus) IPU MOJTOKUTENLHONR JTUCTOPCHN 1
By, 60uku (604K000pashas Qucmopcus) IPU OTPUIATEHLHON TUCTOp-

cun (puc. 3.9).

Puc. 3.9 — Ilpumepsr aucropcuii. CieBa — ucxoiHoe n3006parKeHue, 1mo
[EHTPY — MOYIIKOOOpa3Hasi JUCTOPCHUsI, CIIpaBa — OOIKOOOpa3HAasl.
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ITycrs r = (x,y) — BeKTOp, 3a4aI0IINUil JBe KOOPJAUHATHL B IIJIOCKO-
CTH, PACHOJIOKEHHON MepIeHIUKYIAPHO ONTHIecKoil ocu. JIjrs nmeasin-
HOTO N300parKeHnsl BCe JIyUHd, BLIIEININE U3 3TOM TOYKN U IPOIIE e
9epe3 ONTUIECKYIO CHCTEMY, TIONAAYT B TOUKY N300ParKeHUs ¢ KOOP/I-
natamMu R, KOTOpBIE ONpEneIsaioTcs o pOpMyIIe:

R = bor, (3.29)

rae by — K03 pUnmenT JIMHERHOTO YBEJINIEHUs.

Eciu nmpucyTerByeT aucropens 6ojiee BBICOKOTO HOPSJIKa (s oce-
CHMMETPHYHBIX ONTUYECKHX CHCTEM IUCTOPCHA MOXKET OBITH TOJIBKO
HEYETHDIX IIOPAKOB: TPETHETO, IIATOTO, CEJIBMOIO U T.J.), TO B BbIpa-
kerne (3.29) HeoGXxOmUMO JIOBGABATH COOTBETCTBYIONIHE CJIATaeMble:

R = bor + F3rr + Fyrir + ..., (3.30)

rae v — JJnHA BeKTopa r; Fi,i = 3,5,...,n — KOdDDUIUEHTHI TUC-
TOPCHU N-TO MOPSIIKA, KOTOPbIE BHOCST HAMOOJIBINII BKJIAJ B HCKAYKe-
Hre (popMbl n300paxkeHus. [Ipu auCTOPCUU TPETHErO MOPSIKA, €CJIU
koaddunuent F3 umeer ToT ke 3HaK, 9T0 U by: sign(F3) = sign(by),
BOBHHMKAET IOJTyIKOOOPa3HOE UCKAYKEHNE, B IPOTUBHOM CJIy4ae — 60d-
KOOOpas3Hoe.

7151 KOPPEKIUU JUCTOPCUU MCIIOJIB3YETCsI TTOJIX0JT, OIMUCAHHBINA BbI-
e Jijisi IPOeKTUBHOTO 0TobparkeHusi. Vcrosb3yercst n300parkeHue pe-
TYJISIDHOM CEeTKHU U €ro MCKaXKEeHHOE M300parKeHNe, HaXO IsITCs [aphl TO-
9eK Ha 9TUX N300PAKEHUSX U BBIYUCISIOTCS KOIPMUIEHTH KOPPEKTH-
pyoIero mpeobpa3soBaHms.

Boukoobpasnasi aucropcusi
JIuctuHr 3.30. Ilpumep HaOXKeHUST OOIKOOOPA3HON IUCTOPCUN
[ITOrO TOpsiJIKa Ha MCXoaHoe n3obpaxkenue B cpene MATLAB.

1 [xi,yi] = meshgrid(l:ncols,l:nrows);
2 imid = round(size(I,2)/2);

3 xt = xi(:) - imid;

4yt = yi(:) - imid;

5 [theta,r] = cart2pol(xt,yt);

6 F3 = .000001;

7 F6 = .0000012;

8R = r + F3 *x r.”3 + Fb * r."5;
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9 [ut,vt] = pol2cart(theta, R);

10 u = reshape(ut, size(xi)) + imid;

11 v = reshape(vt, size(yi)) + imid;

12 tmap_B = cat(3, u, v);

13 resamp = makeresampler (‘linear’, ‘fill’);
14 I_barrel = tformarray(I,[],resamp,...

15 (2 11,01 21,[]1,tmap_B,.3);

st bopMupoBaHus CeTKM M300PaXKEHUsI UCHOJIb3YeTCs (OYHKITUST
meshgrid (). 3arem Ha cTpoKax 2-4 MPOUCXOIUT MMOJIyIEHHUE OTIIEHTPHU-
poBaHHOrO Habopa KoopJuHAT Beex mmkcesneit. [Tocse aToro Bece Koop-
nuHATH QyHKIneit cart2pol() mepeBomATCA U3 JIEKAPTOBOU CHCTeE-
MBI KOOPJIMHAT B IOJIAPHYIO, st 60jiee yiI0OHOTO IpUMeHeHus (Pop-
mysbl (3.30) depe3 pajuyc-BEeKTOPBI KayKJO# TOYKH. 3aTeM KOODJIU-
HaTBI MHKCeJel mpeobpaldyioTcs mpu momomu QyHKimil pol2cart ()
u reshape() obparHO B JeKapTOBBI KOOpauHATHI. /I3 mTOroBOi cer-
ki HOPMUPYETCsi TPeXMepHas MaTpUIlla Ipeobpa3oBanus tmap_B s
dyukmun tformarray, KoTopast IPOM3BOJUT CaMO IIPEOOPAZOBAHUE HC-
XOJTHOT'O U300PaKeHus 110 3a/IaHHON CeTKe

JIuctunar 3.31. Ilpumep HaOXKeHUS OOYKOOOPA3HON IUCTOPCHM
IIATOrO TOPSIIKA HA UCXOIHOE M300parKeHue C MCIIOJIb30BaHueM Onb-
smorekn OpenCV u a3bika mporpammupoBanust C++.

1 // Do the meshgrid() routine

2 Mat xi, yi;

3 std::vector<float> t_x, t_y;

4 for (int i = 0; i < img.cols; i++)
5 t_x.push_back(float(i));

6 for (int i = 0; i < img.rows; i++)
7 t_y.push_back(float(i));

8 cv::repeat (Mat (t_x).reshape(l, 1),
9 I.rows, 1, xi);

10 cv::repeat(Mat(t_y).reshape(1l, 1).t(),
11 1, I.cols, yi);

12 // Shift and mormalize grid

13 double xmid = xi.cols / 2.0;

14 double ymid = xi.rows / 2.0;

15 xi -= xmid;

16 xi /= xmid;
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17 yi -= ymid;

18 yi /= ymid;

19 // Convert to polar and do transformation
20 Mat r, theta;

21 cartToPolar(xi, yi, r, theta);

22 double F3(0.1), F5(0.12);

23 Mat r3, rb5;

24  pow(r, 3, r3); // r3
25 pow(r, 5, r5); // 76
26 r += r3 *x F3;

27 r += rb5 * F5;

28 // Undo conversion, normalization and shift
29 Mat u, v;

30 polarToCart (r, theta, u, v);

31 u *= xmid;

32 u += xmid;

33 v *x= ymid;

34 v += ymid;

35 // Do remapping

36 Mat I_barrel;

37 remap (I, I_barrel, u, v, INTER_LINEAR);

r-3
r~5

JIncturar 3.32. Ilpumep HasiOXKeHHST OOYKOOOPA3HON JUCTOPCHU
[SITOTO TIOPsAJIKA HA HMCXOJIHOE M300parkKeHHe C WCIOJb30BaHUEM Oub-
smorekun OpenCV u sizbika nmporpammupoBanust Python.

1 # Create mesh grid for X, Y

2 xi, yi = np.meshgrid(np.arange(cols),

3 np.arange (rows))

4 # Shift and nmormalize grid

5 xmid = cols / 2.0

6 ymid = rows / 2.0

7 xi = xi - =xmid

8 yi = yi - ymid

9 # Convert to polar and do transformation
10 r, theta = cv.cartToPolar(xi / xmid, yi / ymid)
11 F3 = 0.1

12 F5 = 0.12

13 r =1 + F3 *xr %% 3 + F5 * r *x 5
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14 # Undo conversion, normalization and shift
15 u, v = cv.polarToCart(r, theta)

16 u = u * xmid + xmid;

17 v = v * ymid + ymid;

18 # Do rTemapping

19 I_barrel = \

20 cv2.remap(I, u.astype(np.float32),

21 v.astype(np.float32), cv.INTER_LINEAR)

IToayuikoobpa3Has JucTopcus
JInctunr 3.33. [Ipumep HaATOXKEHUS TOLYIITKOOOPA3HOI TUCTOPCUN
TPETHEro MOPSJIKA Ha MCXOHOE U300parKeHue.

1 F3 = -0.003;
2R =1r + F3 * r.~2;

Puc. 3.10 — CneBa — ucxoHOe n300pakeHue, B MEHTPe —
604YK00Opa3Hasi JUCTOPCUs], ClIpaBa — IIOJIyINKOOOPa3Hasl JUCTOPCHSI.

«CimuBka» m3o0bpakeHnii

Teomerpudeckne mpeobpa3oBaHUsi MOYKHO WCIOJB30BATH, HAIIPHU-
Mep, JJIsi TIOCTPOEHMsT MO3aMKN M3 HECKOJbKUX m300pakenuit. Mosza-
nKa («CIIMBKa», «CKJeliKay) — 970 obbeinHeHne JIBYX 1K 6osee n306-
paXKeHWii B €JIMHOE IeJI0e, TIPUYEM CHUCTEMbI KOODJUHAT CKJIEUBAEMBIX
M300parKeHU MOTYT OTJINYATHCS M3-338 PA3HOTO PAKypca CheMKH, H3-
MEHEHUsI [IOJIOYKEeHUsI KaMepbl WIN JBUKeHns caMoro oobekTa. OHaKo
HEeOOXOIMMO, YTOOBI 00a M300pakKeHusl UMeJId ODJIACTU TePEeKPBITHUS,
T.e. HA HUX [PUCYTCTBOBAJIHM OJUHAKOBBIE OOHEKTHI.

OcHoBHOIT 3amadell 0OPAbOTKN TAKUX N300PAKEHUI sABISIETCST TTIPHU-
BeJieHne UX B OOIIyIo cucTeMy KoopamHnaT. B kadecTBe oOrmeit cucTeMbr
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KOODJMHAT MOXKHO HCIIOJb30BATD CUCTEMY IIEPBOrO M300parKeHusl, TO-

ria Tpebyercs HaiiTu npeobpa3oBaHue KOODAUHAT BCEX IHMKCEJIel BTO-

poro uzobpazxenust (x,y) B o6yt cucremy xoopauuar (x’,y’). Ecin

HIMEeT MECTO IIOJUHOMHUATIBHOE HCKAKEHUE, TO [JIA IePecueTa KOOPIT-

HAT MOXKHO BOCHOJIb30BaTbCd cucreMoil ypasrenuil (3.25). B ciyuae

addunoro orobpaxkenust cucrema (3.25) mpumer BU:
' = a1 + aszr + asy,

- (3.31)
Yy —b1+b2$+b3

[TosTomy HeoOxOmMMO HaAWTH JUIIL O 3 Koddduimenta mpeodpa-
30BaHUS 0 KaXKJIOW KOOPIMHATE:

- - 1-1r,

aq 1 21 »n b
as| = 1 T2 Y2 IE,Q s (332)
as | |1 23 ys| B2
b1 1 X1 Y1 -t y/1
bs | 1oz oys|  |ws

st aTOTO Ha 000UX M300PAKEHUIX CJIEIYET BHIOPATH COOTBETCTBY-
ompe mapsl Touek (Tpu napbl B caydae adb@UHHOTO HCKayKeHUs U
HE MEHee IIEeCTU Iap B CjIydae HOJMHOMHMAJILHOrO HMCKayKeHwus ). MH-
TEPAKTUBHO BBIMIOJTHUTD Ty OIEPAIMIO MOXKHO IPHU MOMOIIN (PYHKITUN
MATLAB cpselect (), b0 BOCIOIB30BATHCS CHEITHATBLHBIMA AJITO-
purmamu. Hampumep, MOKHO ONPeesnTh 3TH TOYKA HA OCHOBE KO-
dunpenta Koppessuu, Koropblii B MATLAB BbIUMC/ISIETCS € 1TOMO-
mpo Gyaknun corr2().

Paccmorpum mpoctoit  ciydail  «CKIEHKI» JIBYX HENCKAXKEHHBIX
n300pakKeHuil, UMEMNUX ONNHAKOBYIO mupuny. Heobxomumo ckienTsb
WX [0 BEPTHUKAJH, T.e. J0DABUTH K HepBoMy Bropoe cHuiy. OHako,
FPAHUIQ CKJIEHKH HEM3BECTHA. DTy 3aJady MOKHO Peajin30BaTh MPU
[TOMOIIY KOPPEJISIMOHHOTO ITO/IXOIA.

JInctuar 3.34. Ilpumep «ckieliku» wu300pakKeHUil B Cpeme
MATLAB. CuurbiBanue BepxHeil 1 HUzKHEH KAPTUHOK COOTBETCTBEHHO:

1 topPart = imread(‘itmoTop.jpg’);
2 botPart = imread(‘itmoBot.jpg’);
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st mpocToThI ompeesienust Ko3adduImenTa Koppessiun mpeodopa-
3yeM IIBeTHbIe N300PaskeHusl B ITOJIy TOHOBBIE:

3 topPartHT im2double (rgb2gray (topPart));
4 botPartHT = im2double(rgb2gray(botPart));

OmpesiesuM pa3Mepsl TOJIYTOHOBBIX N300paXKeHWH ¥ MHUIAAAZU-
PYEM IIPOMEXKYTOYHbIE MACCUBBI JIJISI BHIYUCJIEHUI:

5 [numRows, numCols, Layers] = size(topPart);
6 [numRowsBot, numColsBot] = size(botPartHT);
7 botPartCorrHT = zeros(intersecPart ,numCols);

8 topPartCorrHT zeros (intersecPart ,numCols);
9 correlationArray = [];

OrmpeiesiuM BEPXHIOI CTPOKY HUXKHETO M300parKeHUsl JjIst BBIUUC-
Jtiennst KOhDUIMEHTa KOPPEIANUA CO CTPOKAMHI BEPXHETO

10 intersecPart = 5;

11 for j = 1:1:numCols

12 for i = 1:1:intersecPart

13 botPartCorrHT (i,j) = botPartHT(i, j);
14 end

15 end

CpaBHMM I10JIyY€HHYIO CTPOKY CO CTPOKAMU BEPXHEI'O M300parKeHUsI
¥ BBIYUCTUM KO(DDUIMEHT KOPPEJIAIIN:

16 for j = O:1:numRows-intersecPart

17 for i = 1:1:intersecPart

18 topPartCorrHT(i,:) = topPartHT(i+j,:);
19 end

20 correlationCoefficient = ...

21 corr2 (topPartCorrHT, botPartCorrHT);
22 correlationArray =

23 [correlationArray

24 correlationCoefficient];

25 correlationCoefficient = O0;

26 end

27 [M, I] = max(correlationArray);
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ITocTpoum 1BeTHOE «CKJIeeHHOe» m300pakeHue result_img c rpa-
HUIell CKJIEHKN HA OCHOBE IIOJIYyYE€HHOI'O WHJIEKCA, COOTBETCTBYIOIIETO
HOMEDPY CTPOKH C MAKCUMAJIBHBIM KO3(DMUIMEHTOM KOPPEJISIIN:

28 numRowsBotCorr = numRowsBot + I - 1;
29 for k = 1:1:Layers

30 for j = 1:1:numCols

31 for i = 1:1-1

32 result_img(i,j,k) =

33 topPart(i,j,k);

34 end

35 for i = I:1:numRowsBotCorr
36 result_img(i,j,k) =

37 botPart (i-I+1,j,k);
38 end

39 end

40 end

JInctunar 3.35. [Ipumep «criielikuy n300pazkKeHUil ¢ UCIOJIb30Ba~
aneM Oubmoreku OpenCV u sizbika nporpammvupoBarus C++. Cun-
ThIBaHUE BepXHEH U HIKHEH KAPTUHOK COOTBETCTBEHHO:

1 Mat topPart =
2 imread ("itmoTop. jpg", IMREAD_COLOR);
3 Mat botPart =
4 imread ("itmoBot.jpg", IMREAD_COLOR);

Cozmaum mabJIoH JJIsi BBIYUCTeHUsT KOI(DDUIMEHTA KOPPEJIIIH
Kak HukHAe 10 CTPOK OT BEPXHErO M300PaYKEHUS:

5 int templ_size = 10;

6 Mat templ = topPart(

7 Rect (0, topPart.rows - templ_size - 1,
8 topPart.cols, templ_size));

Borauciium ko3 durinenTs Koppessiun mabd/IoHa, ¢ HIKHAM U300~
paXeHueM:

9 Mat res;
10 cv::matchTemplate (botPart, templ, res,
11 TM_CCOEFF);
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B kadecTBe TOUKM «CKJIEHKH» BBIOEPEM TOYKY C MAKCHUMAJIHHBIM
3HadYeHnEM KO3 PUINEHTa KOPPEISIIAN:

12 Mat res; double min_val, max_val;
13 Point2i min_loc, max_loc;

14 minMaxLoc (res, &min_val, &max_val,
15 &min_loc, &max_loc);

[Toctponm «ckieeHHoe» wu300parkenne result_img c rpanwuneit
CKJIEIKH Ha OCHOBE IOJIy4YeHHOI'O MHIEKCA:

16 Mat result_img =

17 Mat::zeros (topPart.rows + botPart.rows -
18 max_loc.y - templ_size,
19 topPart.cols, topPart.type());

CkonmpyeM JaHHBIE U3 BEPXHEH YacTh N300PaKeHUs:

20 topPart.copyTo(result_img(Rect (0, O,
21 topPart.cols, topPart.rows)));

W u3 amxneit vactu:

22 botPart (Rect (0, max_loc.y + templ_size,

23 botPart.cols, botPart.rows -

24 max_loc.y - templ_size)).

25 copyTo(result_img(Rect (0, topPart.rows,
26 botPart.cols,

27 botPart.rows - max_loc.y - templ_size)));

JIuctuHr 3.36. [Ipumep «cKeiiku» M300parKeHuit ¢ UCIOIb30Ba-
uauem 6ubrmorekn OpenCV u si3pika mporpammuposanust Python. Cun-
ThIBAHWE BEPXHEN M HMXKHEU KapTHHOK COOTBETCTBEHHO:

1 topPart = cv2.imread("itmoTop.jpg", \
2 cv.IMREAD_COLOR)
3 botPart = cv2.imread("itmoBot. jpg", \
4 cv.IMREAD_COLOR)

CozganuM mabJIoH JiJTst BBIYUCIEHUS KOI(MMUIIMEHTa KOPPEeJIsiiuu
KaK HKHUE 10 CTPOK OT BEPXHErO M300pDarKEHUsT W BBIYUCIHM KO-
GUIHIEHTHI KOPPEIAny Mab/IoHa ¢ HUKHIUM U300parKeHNeM:
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# Match template

templ_size = 10

templ = topPart[-templ_size:, :, :]

res = cv2.matchTemplate(botPart, templ,
cv2.TM_CCOEFF)

© 00 ~J O L

B kadecTBe TOUKM «CKJIEHKM» BBIOEPEM TOYKY C MAKCHUMAJIHHBIM
3HaYeHneM KOo3huImenTa KOppeIsiium:

10 min_val, max_val, min_loc,
11 max_loc = cv2.minMaxLoc(res)

ITocTpoum «ckieeHHOe» wn300pakeHme result_img ¢ rpanHurei
CKJIEKU HA OCHOBE IIOJIy9I€HHOI'O MHJIEKCA:

12 result_img = np.zeros((topPart.shape[0] +

13 botPart.shape [0] - max_loc[1] -

14 templ_size, topPart.shapel[1],

15 topPart.shape[2]), dtype = np.uint8)

16 result_img[0: topPart.shape[0], :, :]1 =\

17 topPart

18 result_img[topPart.shape[0]:, :, :1 =\

19 botPart [max_loc[1] + templ_size:, :, :]
edsaet: STICHE S

YHUBEPCUTET UTMO YHUBEPCUTET UTMO

Puc. 3.11 — CneBa — itmoTop. jpg, B neHTpe — itmoBot. jpg, cupasa
— result_img.

ABToMaTuyecKasi ckKJelika u300pakeuuii B OMOJMOTEKe
OpenCV

Bubsimoreka OpenCV mpegocraBiisieT CIeNUAIbHBIN KJIACC JIJIs
aBTOMATUYECKOTO <«CKJIEMBAHUsI» W300parKeHmii, KOTOPBI HA3bIBaET-
csg Stitcher. Om mpemHasHaveH IJIsI aBTOMATHYECKOH «CKJIEHKI»
nasopaMubix ¢ororpaduii (mapamerp cv::Stitcher::PANORAMA B
C++ u cv2.Stitcher_PANORAMA B Python), u mius aBromarmueckoii

59



«CKJIEHiKI» OTCKAHUPOBAHHBIX M300parkeHuit (mapamerp cv: : Stitcher
: :SCANS B C++ u cv2.Stitcher_SCANS B Python). PaGorars ¢ 06bex-
TOM Stitcher o4eHBb IPOCTO, YTO IPOAEMOHCTPUPOBAHO B CJIEAYIOIIEM
IprUMepe IPOTrPAMMHOM Pean3aIiy CKJIeiiku Tpex dhororpaduil B OIHO
MaHopaMHoOe n300parkeHue.

JIuctuHr 3.37. [lpuMmep aBTOMATHYECKUiT «CKIEHKMY» M300pasKe-
Huii ¢ ucnosib3oBanueMm o6udbanorekun OpenCV u si3biKa IPOrpaMMUpPO-
panug C++. Cosznanue obbekTa Stitcher:

1 Ptr<Stitcher> stitcher =
2 cv::Stitcher::create(Stitcher::PANORAMA);

Hamee HeoOX0OMUMO CO3/IaTh MACCUB UCXOIHBIX MU300PAXKEHUH JIJTst
«CKJICHAKH» :

3 vector<Mat> imgs;

4 imgs.push_back(I_1);
5 imgs.push_back(I_2);
6 imgs.push_back (I_3);
1 mepenars sToT Maccus B MmeTon stitch():
7 Mat I_stitch;

8 Stitcher::Status status =
9 stitcher->stitch(imgs, I_stitch);

JIuctunar 3.38. [lpumep aBTOMATHYECKUiT «CKJIEHKH» nM300pake-
Huii ¢ ucnosb3oBanueM 6ubanorekn OpenCV u si3bika TPOrpamMMUpPO-
Banus Python. Coznanne o6bekta Stitcher:

1 stitcher = \
2 cv2.Stitcher.create(cv.Stitcher PANORAMA)

Jaee HEOOXOIUMO CO3JATH MACCUB UCXOIHBIX M300DarKEHUN J1JTsi
«CKJIEHIKI» ¥ mepesaTh ero B Merof stitch():

3 status, I_stitch = \
4 stitcher.stitch ([I_1, I_2, I_31])

Snauenne status, Bo3Bpamaemoe MeTogoM stitch(), mokasniBaeT
pes3ybTaT «CKjeiikuy. B ciaydae ycmexa oH paBeH cv::Stitcher::0K
qgist C++ u cv2.Stitcher 0K st Python, a B I_stitch coxpansiercs
«CKJIeeHHOEe» M300parkeHue.
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IlopsinoK BBIMOJIHEHUST PAOOTHI

1.

Ipocmetiwue 2eomempuneckue npeobpazosarus. BridopaTh mpo-
MU3BOJIbHOE N300pakenne. BuIOTHUTE Ha| HUM JIMHEHHbBIE U HEJTU-
Heliuble npeobpasoBanus (Koudopmuble, adbUHHBIE U IPOEKTUB-
HBIe OTOOPAYKEHNsT).

. Koppexuyus ducmopcuu. BpiOparh IpOHU3BOIBLHOE H300parKeHue

Jnbo ¢ TOIyNIKOOOpa3Hoi, ub0 ¢ HOUKOOOPA3HON JUCTOpCUEH.
BrImomHuTs KOppeKImo n300parkeHus.

«COkaetiva» usobpastcenuti. Beibparh jaBa m3obpaxkenus (CHUM-
K ¢ PoToKaMephl, (pparMeHThl CKAHMPOBAHHOIO U300parKEHUSI
U 1p.), HA KOTOPBIX UMeEeTCs 00JIACTH Ilepecevdenus. BhIloaHuTh
KOPPEKIUIO BTOPOTO M300ParKEHUsT JIJIsl €r0 IEPEBOJIa B CUCTEMY
KOOpLLI/IHaT IIepBOFO; 3aTeEM BBIIIOJTHUTDH aBTOl\IaTI/IquKyIO «CKJIEIi-
Ky» U3 JIBYX W300parKeHUN B OJHO.

CopnepkaHue ordera

1.
2.

o.

TurynbHBIH JHCT.
Ilenn paboThI.

Teoperndeckoe 060CHOBaHME IIPUMEHSIEMBIX METOJIOB U (DYHKIIHIA
reOMETPUYECKHUX IIPeodpa3oBaHuii.

XoJ1 BBITOTIHEHUST pabOTHI:
(a) Ucxomuble n306parkeHus;
(b

) JIucTuHrM IPOrpaMMHBIX Peau3aluii;
(¢) Kommenrapumu;

(d) Pesynbrupyronme n306pazkeHusl.

BriBoawr o npogenannoit pabore.

Bomnpocs! K 3ammuTe 1abopaTopHOil paboThI

1.

Kakum 06pazomM MOKHO BBIIOJHUTH TOBOPOT M300parKeHUsi, HE
HCITOJIB3Ysl MATPHUILY ITOBOPOTA?
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2. Kakoe MuHMMAJIbHOE KOJTUIECTBO COOTBETCTBYIOIIUX IIAp TOUEK
HEOOXOIUMO 3aJIaTh Ha, MCXOJHOM M MCKAXKEHHOM M300parKeHUsIX,
€cJIu TOoPsJIOK 1peobpasoBanus n = 47

3. Ilocne reomerpudeckoro mpeoOpa30BaHUsS M300PAKEHUs] MOTYT
MTOSIBUTHCS MIUKCEIN C HEOMPEJIEICHHBIMY 3HATCHUSIMU MHTECHCHB-
moctu. C 9eMm 5TO CBS3aHO W KaK peInaercs JanHas mpobsema’
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JlaboparopHasi pabora Ne3
OuabTpaliis 1 BbIJIeJEeHNEe KOHTYPOB

Ilenap paboTbi

OcBoeHne OCHOBHBIX CITIOCOOOB (bUIbTpAIUU M300parKEHUI OT IITy-
MOB U BBIJIEJIEHHUST KOHTYPOB.

Meronnyieckue peKoMeHaalumu

o Havasia paboThl CTYJIEHTHI JIOJ2KHBI O3HAKOMUTHCSI C OCHOBHBIMU
dyurnusivu cpeabl MATLAB wian 6ubinorekun OpenCV jyist paboTh
dunpTpanueil N3006paXkeHnit U METOJAMM HU3KOYACTHON M BBICOKOYA-
croTHOM duabTparuu. JlaboparopHas paboTa pacCuuTaHa HA D JACOB.

TeOpeTI/IquKI/Ie cBeeHusd

Twumnsr rymoB

[Hudposbie wnz00OpakeHUst, IMOJYUIEHHBIE PA3IUIHBIMUA OITHKO-
JIEKTPOHHBIMU [TPUOOPAME, MOTYT COJEP2KATH B cebe pa3zHooOpa3Hble
HCKaXKeHUs, 00YCJIOBIEHHbIE PA3HOTO POJIA IIOMEXaMU, KOTOPBIE IIPIHSI-
TO HA3bIBATDH wymom. IIlym Ha M300pakeHnn 3aTPyAHAET €ro 06padboT-
Ky aBTOMATHYECKUMU CPEJICTBAMU, U, ITOCKOJIbKY IIIYM MOXKET UMETh
Pa3IMYHY0 TPUPOIY, JJIsi €ro YCIEIIHOIO IOIABJIEHUs HEOOXOIMMO
OIPENIEJINTD AIEKBATHYIO0 MATEMATHIECKYIO0 MO/eIb. PaccMoTpum Ham-
GoJiee pacrpocTpaHenHble Moeu myMos. B cpegxe MATLAB miym mo-
2KeT ObITh HAJIOXKEH Ha N300parkeHue C TOMOIbI0 GyHKINH imnoise ().
K coxanenuto, B 6ubsmmoreke OpenCV orcyTcTBYOT (DYHKIMK JJjIsT Ha-
JIOXKEHUsI TIIyMOB Ha M300parKeHWsi, HO OHM MOTYT OBbITh DPEAJIM30BAHBI
HCITO/IB3Ysl BO3MOXKHOCTH JaHHON Ombsmoreku. C Apyroit CTOPOHBI, B
6ubsimoreke SciPy jrst si3bIka moprpamMMupoBanus Python ecrs dynk-
nusd skimage.util.random_noise(), nmpegHa3HAYEHHAA MJI HAJIOXKE-
HUs IIYMOB Ha mM300pakeHue m aHajornydnas GbyHkimn imnoise() wus
cpeabst MATLAB.

NMmnynbcHbI IIIym
[Ipr uMIyabCHOM IIyMe CHTHAJ MCKayKaeTCs BLIOPOCAMH C OYEHb
GOJIBIIMMY OTPUIATEIbHBIMI UM IIOJIOKUTEJILHBIMU 3HAUEHUSAMHI Ma-
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Puc. 4.1 — Vcxonnoe oy TOHOBOE N300pazkKeHue.

JIOH JUIMTEJIbHOCTBIO U MOXKET BO3ZHUKATH, HAIPUMED, H3-32 OIIHMOOK
JekoupoBaHus. Takoil IMyM NPUBOIUT K IIOSIBJIEHHIO Ha M300pazke-
HUU GesIbIX («COJby ) MM YepPHBIX («Iepelly ) TOUEK, II09TOMY 3a9acTyio
HA3BIBAETCS MO4EYHbLM TIIyMOM. JIJIs1 €ro ommcanust CJe/lyeT pUHATD
BO BHUMaHKE TOT (DAKT, ITO IOSIBICHUE IIyMOBOIO BBIOPOCA B KAZKIOM
nukceste I (z,y) He 3aBUCAT HU OT K&YECTBA MCXOAHOTO N300DAXKEeH ST, HIL
OT HAJIMYMsI [IIyMa B JPYTUX TOYKAX U UMEET BEPOSITHOCTH MOSIBJICHUSI
p, TIpHYEM 3HAUYEHNe WHTEeHCHBHOCTH tmKceas I(z,y) Gyaer m3MeHeHO
Ha 3HadeHne d € [0,255]:

d, ¢ BEpOSITHOCTBIO P,

I(zy) = (4.1)

Sy, C BepOATHOCTBIO (1 — p),

IJie Sy, — MHTEHCHBHOCTH IHKCe/Is UCXOJHOro m3obpaxkenud, I — 3a-
IyMJIeHHOe m3obpakenue, eciim d = 0 — IIyM THIIA <IIE€PEIly, €CJIu
d = 255 — IIyM THI& «COJIb».

B cpese MATLAB ummysibcHBIH TiyM 3aj1aeTcs mapamMerpom ‘salt
& pepper’ dyukiun imnoise(): imnoise(I, ‘salt & pepper’). llpu
MCIOJIb30BaHUM #A3bIKa INporpaMMupoBanus Python nasoxenuwe nan-
HOTO IIIyMa BbIIOJIHAeTCs pyHKIMel skimage.util.random_noise(TI,
‘s&p’) Oubsmoreknm obOpaboTkum wnzobparkenuit SciPy . Heobsza-
TEJIbHBIA IIapaMeTp amount HCIOJb3YyeTCA OJId H3MEHCHUA BEpOAT-
Hoctn nobaBieHns miymMa K mmkcemio. Cremyrommii HeoOA3aTE b
HbII mapaMerp salt_vs_pepper HCHOAb3YyeTCA I 3aJaHUA COOT-
HOIIIEHNsI BEPOSTHOCTEH IMyMOB THIA <«COJIb» U «Iepely. DyHKImsa
skimage.util.random_noise(I, ‘salt’) HaKJ/IaJbIBAET TOJIBKO IIIyM
THOA «COJIb», a (PyHKIUA skimage.util.random — TOJBKO IIyM TH-
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na «mepery. B 6ubsmoreke OpenCV orcyrcrByer OyHKIUS JJjisl HAJIO-
JKEHUsI MMITYJIbCHOTO IIIyMa, OJHAKO OHa MOXKET OBITh peajin30BaHa Ha
OCHOBE MATPUYHBIX Olepanuil Haj n300paKeHusaMu (UCIOIb3Ys KIIAce
Mat B C++ u maccuBsl NumPy B Python). B ITpuioxenuu 4.1 upen-
CTaBJIEH TPUMED MIPOIPAMMHOIN Pean3allui HAJOKEHUST UMITYJILCHOTO
myMa ¢ ucrojb3opanneM 6udsmorekun OpenCV.

A auTuBHBIH HITyM
AU TUBHBIA 1IyM OIUCHIBAETCS CJIEJIYIONIUM BBIPAYKEHUEM:

Inew(xay) = I(x7y) + n(x7y)’ (42)

rae e, — 3armymiienHOe m3obpakenue, I — ncxomuoe m300parkeHue,
7) — He 3aBUCAIIMIA OT CUTHAJA aJJIUTUBHBIA IIyM C TayCCOBBIM WJIN
JIIOOBIM IPYTHUM pacipejeseHneM (DyHKINN IIOTHOCTU BEPOSITHOCTH.

MyabTUTIIMKATUBHBIN IITyM
MyJIBTUILTHKATUBHBIA IIIyM OIUCBIBAETCS CJIEIYIONIM BbIPasKEHN-
eM:

Inew(zﬂ) = I(l’,y) : 77(1,?/)7 (43)

e Ipe — 3ammyMiIeHHOE n300pazkenne, I — MCXOAHOE M300pakenue,
7) — He 3aBUCSIIUI OT CUIHAJIA MYJIbTUILINKATHBHBIA IIIyM, YMHOXKAI0-
Uil 3aperuCcTPUPOBAHHBIN CUTHAJI. B KadyecTBe mpuMepa MOXKHO IIpU-
BECTH 3ePHUCTOCTH (DOTOIJICHKH, YJIBTPA3BYKOBbIE M300PAXKEHUST U T.]I.
YacTHbIM CIydaeM MyJIbTUILIMKATABHOTO IIyMa SIBJISETCS CNEKA-IIYM,
KOTODBIl TOSIBJIIETCS Ha M300PaKEHUX, MMOJIYIEHHBIX YCTpPOCTBAMUI
€ KOrepeHTHBIM (hOPMUPOBAHMEM H300parKeHnii, HAIIPUMED, MeIUINH-
CKUMHU CKaHepaMu Wi pajapaMu. Ha Takux m300parKeHusiX MOXKHO
OTYET/INBO HADJIONATH CBET/IbIE MsITHA, KPAIUHKHU (CIEKJIbI), KOTOPbIE
pa3/esieHbl TEMHBIMA YIaCTKAMU U300PaKEHUS.

B cpeme MATLAB cneks-iiym HakjaaIblBaeTcsd Ha M300pazke-
nre I dbyuknueit imnoise (I, ‘speckle’). B sa3bIke mporpaMMupoBa-
uusg Python creks-mym MOXKHO HAJIOXKUTH Ha HM300paKkeHue (pyHKIH-
eil skimage.util.random_noise(I, ‘speckle’) 6ubnumorexu SciPy.
Heobs3aTesibable mapaMeTphl mean M var WCIOJIb3YIOTCS I 33/ aHus
rmapaMeTpoB HOPMAaJIBHOTO PACIIPEEIEHNs, UCIOIb3yeMOro Py HAJIO-
JKeHUn InmyMma. B s3bike mnporpavmupoBanust C-++ HEOOXOIMMO pea-
JIN30BBIBATH JAHHBINA THUII IIIyMa CAMOCTOATEbHO. B npusoxkenun 4.1
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[IpPeJICTABJIEH IIPUMED IPOrPAMMHON Pean3alini HAJOKEHUS IIIYMOB C
ucrosib3oBanueM 6ubmorekn OpenCV ¥ SI3BIKOB IPOrpaMMUPOBAHUST
C++ u Python.

T'ayccoB (HOpMaJIbHBI) IIIyM

Fa,yCCOB IyM Ha I/I306pa)KeHI/II/I MOZKET BOSHUKATDH B CJICJCTBUE HEI0-
CTaTKa OCBEIEHHOCTH CIIEHBI, BBICOKOI TemrepaTypbl u T.n1. Momgesib
IIyMa IIPOKO PACIPOCTPAHEHA B 33adaX HU3KOIACTOTHOH (buibTpa-
nnu n3o6pazkennii. OyHKIUs pacupeaeseHns IIOTHOCTH BEPOITHOCTH
p(Z) C.quaf/lHOIU/I BEeJIMYUHBI 2 OIIUCBIBACTCA CJICAYIOINIUM BBIDAa2KCHUEM:

1 —(z=p)?

p(2) = We 207, (4.4)

rje z — UHTEHCUBHOCTL M300parkeHus (HAIPUMED, Jisl MOJIyTOHOBO-
ro uzobpaxenusi z € [0,255]), u — cpegnee (MaTeMaTHYECKOE OXKH-
JlaHue) CAy4aiiHON BEJMYMHBI 2, 0 — CPEJIHEKBAIPATHIHOE OTKJIOHE-
HHUe, JUCIIePCHs 02 OIpe/IesIseT MOITHOCTh BHOCHMOTO nryma. IIpmvep-
Ho 67% 3HaueHneil cryvailHoll BeJIMYUHBI 2 COCPEIOTOUYCHO B JUAIIa30HE
[(p—0),(p + 0)] u okoso 96% B mmanasowre [(1 — 20),(u + 20)].

B cpene MATLAB mym moxkeT ObITH 3aJIaH C TTOMOIIBIO (DyHK-
mun imnoise(I, ‘gaussian’) wmiam imnoise(I, ‘localvar’) B ciy-
gae HYyJEBOIO MAaTeMATHIECKOro OXKHUJAHUs. B s3blke MporpaMMu-
poBanusi Python mym Taycca MOXKHO HaTOXKHUTL HA H300parKeHue
dyukmueit skimage.util.random_noise(I, ‘gaussian’) OGubsmore-
ku SciPy. HeoOsi3aTesbuble mapaMeTpbl mean U var HCHOJL3YIOTCS
JIJTsT 3aIaHUsT TAPaMETPOB HOPMAJIBHOTO PACIIPEIEIEHUS], HCIIOJIb3yEeMO-
ro upu najokennu myma. Oyukius skimage.util.random_noise(I,
‘localvar’) TO3BOJISIET 3aJaTh JIOKAJbHYIO JIUCIIEPCHIO IIIyMa,
JUIS KaXKJOW TOYKM W300parKeHUsi JIONOJHUTEJBHBIM I1apaMeTpOM
local_vars. B aswike nporpamvupoBanust C++ HEOOXOJIUMO peasiu-
30BBIBATh JAHHBII THUI IMIyMa CaMOCTOATeNbHO. B mpmioxkenmn 4.1
MpeJICTaBJIeH IPUMEDP POrPAMMHON pean3aii HAJOKEHUs TIIyMOB €
ncnosib3oBanueM 6ubanorekn OpenCV u sI3BIKOB IPOTPAMMHUPOBAHUS
C-++ u Python.

IIlym kBaHTOBaHUA
BaBucuT OT BBIOPAHHOI'O IIara KBAHTOBAHUsSI U CAMOIO CHUIHAJIA.
[IIym kKBaHTOBaHMST MOXKET IIPUBOJUTD, HAIIPUMED, K IOSIBJIEHUIO JIOXK-
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Puc. 4.2 — ®yukuus pacupejiesieHns NJIOTHOCTH BEPOATHOCTH P(2).

HBIX KOHTYPOB BOKPYTI OOBEKTOB UJIU yOUpaTh CJ1ab0 KOHTPACTHBIE Jie-
Taau Ha n300parkeHuu. Takoil IIyM HE yCTPaHSIETCsI.

[TpubnukeHHO TIIyM KBAHTOBAHUS MOXKHO OIIUCATH PACIIPEIe-
gennem Ilyaccoma wu 3azars dynknmeir imnoise(I, ‘poisson’)
B cpegre MATLAB. B sa3sike nporpammupoBanus Python
arym KBaHTOBaHUA MO2KHO HaJIOZKUTD, HCIIOJIb3Yy s (byHKILHIO
skimage.util.random_noise(I, ‘poisson’) Gubiuorexku SciPy. B
sa3bIKe TporpaMmmupoBaius C-+-+ HEOOXOINMO pPean30BbIBATH JTAHHbIIM
THUI IIyMa CAMOCTOATEIbHO. B mpuioxkennn 4.1 mpejcraBieH mpuMep
[IPOrPAMMHON  peaJin3anuy HAJOXKEHHUS IIIYMOB C HCIIOJIH30BAHUEM
oubsmmoreku OpenCV u si3bikoB nporpammupoanusi C++ u Python.

PuapTpanusa n300pakeHuit

Paccmorpum ocHoBHBIE MeTOAbI dbubTpanuu n3obpakeruit. Kem
JJIs BBIYUCJIEHNS 3HAYEHUS MHTEHCUBHOCTU KAaYKOTO MUKCEJIS YIUThI-
BAIOTCS 3HAYEHUsI COCEJIHUX IHMKCeJell B HEKOTOPOIl OKPECTHOCTH, TO
Takoe mpeobpa3oBaHue HA3BIBACTCH AOKAALHbBIM, 8 CaMa OKPECTHOCTH
— OKHOM, TIPEJCTABJIAIOIIAM CODOI HEKOTOPYIO MATPUILY, HA3BIBAEMYIO
Mackotl, PuabmpPom, AIPoM GuUALMPE, & CAMHU 3HAYEHUS JIEMEHTOB
MaTPHUIIBI HA3BIBAIOTCA kKodpPuyuenmamu. LIeHTp MaCKM cOBMeIaeT-
csl C AHAJIM3UPYEMBIM MTHKCEJIEM, a KOI(DMUITHEHTH MACKU YMHOKAIOT-
cs Ha 3HAYEHUs] WHTEHCUBHOCTeH mmKceseil, HAaKPBIThIX Mackoi. Kak
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Puc. 4.3 — Pe3ysbrar HaJIOKEHUs: a) IIyMa TUIIA «COJIb» M <IIEDeIly,
6) cuekJ-IIyMa, B) HOPMAaJILHOrO miyMa, I) myma Ilyaccona.

[IPaBUJIO, MACKa UMeeT KBaJIpaTHyio hopMy pasmepa 3 X 3, 5 X b 1 T.II.
Qunbrpanust nuzobpaxkeuusi I, mmerorero pasmepbl M X N, ¢ IOMOIIBIO
MAaCKH pas3Mepa 1 X 1 OMUCHIBAETCsT (DOPMYJIOi:

Lnew(z,y) =YY w(st)I(z+ s,y +1), (4.5)

re s ¥ t — KOOPJIMHATHI 9JIEMEHTOB MACKH OTHOCUTEIHHO €e IeHTDPa (B
nentpe s =t = 0). Takoro posa npeofpasoBaHusl HA3BIBAIOTCS AUHEN-
Homu. locae BBIYMCIEHNST HOBOIO 3HAYEHUS MHTEHCUBHOCTY TTUKCEJIsT
Iew(z,y) OKHO W, B KOTOPOM OLMCAHA MACKa (QUIILTPA, CABUIAETCS U
BBIUUCJISETCS HHTEHCUBHOCTD CJIEJIYIONIEr0 MTUKCEJIsT, TIO9TOMY TI0I00H0e
peobpa3oBaHie HABBIBACTCH PUALMPAUUET 6 CKOALIAWEM OKHE.

B cpene MATLAB duibrpanust n3obpaskeHust MOXKeT ObITh OCY-
mecTBieHa npu nomoru ¢yakmun filter2(mask,I), rme marpu-
ma mask 3agaer MackKy uiabrpa. Macka MOXKeT 3aJaBaTbCs JIM-
60 Bpyunyio, jubo ¢ mnomorbio dyukiun fspecial(). B 6wub-
smoreke OpenCV duibrpanus n300parkeHuil BBITOJIHSIETCH (PYHK-
nueit cv::filter2D(src, dst, ddepth, kernel) B C++ u dst =
cv.filter2D(src, ddest, kernel) B Python. Ilapamerp src —
BXO/HOE n300pakenue, dst — BBIXOJHOE U300pakenue, kernel — mac-
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ka uiapTpa, a mapamerp ddepth 3amaer rIyOHMHY IIBETa BBIXOJIHOIO
n300paxkeHusi. 3HadYeHue IiIyOUHBI 1iBeTa — 1 coxpaHsieT TJyOUHY IIBeTa
HUCXOMHOTO n300pakeHusi Heu3MeHHo. Macky dpuibTpa MOXKHO 387aTh
BPYYHYIO, CO3/IaB HOBBIH 00bekT Tuma Mat B C++:

mask = (Mat_<double>(3, 3) << 1, 1, 1, 1, 1, 1, 1, 1, 1)
Wan NumPy maccus B Python:

mask = np.float64([[1, 1, 1], [1, 1, 11, [1, 1, 111)

Husko4yacTtorHass duabTpaliusi

HuzkouacToTHbIE TTPOCTPAHCTBEHHBIE (DUIBTPHI OCTAOJSIOT BBICO-
KOYACTOTHBIE KOMIIOHEHTBI (00JIACTH € CHJIbHBIM M3MEHEHUEM HMHTEH-
CHBHOCTEI1) U OCTABJIAIOT HU3KOYACTOTHBIE KOMIOHEHTHI U300parKeHus
6e3 m3menenwnit. VIcriomp3yoTes [j1si CHUXKEHUS yPOBHS IIIyMa U y/1aJjie-
HHA BBICOKOYACTOTHBIX KOMIIOHEHT, YTO I103BOJISAeT IIOBLICUTH TOYHOCTD
MCCJIEJIOBAHUST COJIEPKAHUS HU3KOYACTOTHBIX KOMIIOHEHT. B pe3yibra-
Te IPUMEHEHNsT HI3KOIACTOTHBIX (PUJIBTPOB IOJIYIUM CIVIAYKEHHOEe UJIU
pa3mbITOe M300parkeHue. [ JIaBHBIMU OTJIMAUTEILHBIMUA OCOOEHHOCTSIMU
sA/Ipa HAU3KOIACTOTHOTO (PUIIBTPA SBJISIIOTCS:

1. meorpunarebHble KO3MMUIMEHTHI MACKU;

2. CyMMa BCeX KOSCb(bI/ILLI/IeHTOB PpaBHa €JIUHUIIE.

IIpumepsnr siiep HU3KOIACTOTHBIX (DUIBTPOB:

LR BERE
w=g |1 11 w=go]1 2 1) (4.6)
111 11 1

PaccmorpuM OCHOBHBIE BHJIBI HU3KOYACTHOTHBIX CIJIAYKUABAIOIIUIX
buIBTPOB.

Apudmernydeckuii ycpengHaommii puibTp

Jauublit GUALTP yCpeaHseT 3HaYeHNe WHTEHCUBHOCTU MHUKCEJIS 110
OKPECTHOCTH C UCIOJIb30BAHIMEM MACKHU C OJUHAKOBBIMU KO3 durmen-
TaMU, HAIPUMED, MJIs MACKA pa3MepoM 3 X 3 K03(h UIHUEHTH PABHBI
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1/9, mpu 5 x 5 — 1/25. Buaroapapsi TakoMy HOPMHUPOBAHHIO 3Hade-
HUe pe3y/IbTaTa (DUIBTPAIINHN OYIET TPUBEIEHO K JINANA30HY HHTEHCHUB-
HOCTEll mCXomHOro m3obpakenus. |'pacduyuecku gBymepHast GyHKIHUS,
OTIHCHIBAIONIAS MACKY (DUIBTPa, TOX0XKa Ha MapaJsilesIenuie I, To9To-
My B AHIJVIOA3BITHON JINTEpATYPE UCIOIL3YEeTCs Ha3BaHue box-HuibTp.
Apudmernyeckoe ycpeiHeHue JOCTATACTCS TIPU UCIOJIB30BAHUY CJIETY-
foreit GopMyIIBL:

Inewlwg) = —— 33" 10) @)

i=0 j=0

riie Lyew (2,y) — 3HAYEHME HHTEHCUBHOCTH IHUKCEJIst OT(DUIBTPOBAHHOIO
usobpazkenus, [(i,j) — 3HaYEHNe MHTEHCHBHOCTEN IUKCEJeH MCXOIHO-
ro m300parkeHusl B MackKe, M U N — IIUPUHA U BBICOTA MacKu (DUIBTPA
coorBeTcTBEeHHO. JlaHHbIH asropuT™ 3] deKTuBeH s ciabo 3amryM-
JIEHHBIX M300pazKeHuii.

B cpere MATLAB dunbrpanus uzobpaxkenusi I ¢ Mackoil pas-
Mepa 3 X 3 MOxKeT OBbITh OCYINECTBJIEHa IIPU IIOMOIIHM (DyHKIUN
filter2(fspecial(‘average’,3),I). Ilpu ucnonp3oBanuu 6ubIHO-
teku OpenCV anasornysas (puUIbTpaIyst MOKET ObITh OCYIIEeCTBJIC-
Ha 1pu nomoiu GyHKm cv: :blur(I, I_out, Size(3, 3)) B C++
na cv2.blur(I, (3, 3)) B Python.

Puc. 4.4 — I'pacdudeckoe nipescrapienne boxr-buabTpa.

TeomeTpudeckuii ycpeausiromuii GuiabTp
leomerpudeckoe ycpeHeHNE pACCIUTHIBACTCS TIPHU IIOMOIIH (hOPMY-
JIBL:
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1

m-n

Inew(xay) = H H I(ZJ) : (48)

i=0 =0

DddeKT or npuMeHeHus JAHHOTO (PUIBTPA AHAJIOIUYEH [IPEJIbIILY-
EMY METOJLY, OJIHAKO OTJIeJIbHbIE OOBEKTHI HUCXOJIHOINO M300parKeHuUst
HCKaXKaTcd MeHbIme. OuIbTp MOXKET UCIOJIb30BATHCS JJIsi TOJABJIe-
HUSI BBICOKOYACTOTHOTO AJIATUBHOIO MIyMa C JIyYIIMMHU CTATHCTHIE-
CKUMH XapaKTEePUCTUKAMU 110 CPABHEHUIO C apU(PMETHIECKUM YCPe/I-
HATOIIUM (PUIETPOM.

leomerpudecknii ycpeaHsiformuii (pujibTp MOXKeT ObITH 3ajaH Yepes
apudMeTndecKuil ycpeaastonmii GuabTp U (QyHKIuu jgorapudpma u
9KCIIOHEHTBI, YTO JIEJAET YIPOIIAET PEAJU3AINI0 B MATPUIHOM BHJIE:

Inew ($,y) = eﬁ iZo Z';LZO ln(I(i,j)). (49)

TapMmoHn4YecKuii ycpeaHaonmii GuiabTp
QuibTp 6a3UpyeTcs Ha BHIPAYKEHUH:

m-n
S . (4.10)
2ico Ej:O I(il,j)

QubTp XOPOIIO IMOJIABJISET IIYMbI THUIIA «COJIb» U HE PabOTaer ¢
NIyMaMd THUIIA <IIepelry.

ITLG'UJ (x7y) =

KouTrprapmoHudeckuii ycpeJHAOINUN PUILTP
QuabTp 6a3UPyETCs HA BHIPAKEHUN:

Lyew(z,y) = 2o Yoo 1(0:5) 9!
e Dm0 2o 1(6:5)2

rie Q — nopsiaok GpuibTpa. KoHTprapMoHudeckuit puIbTp sIBJISETCS
0600IIIeHreM YCPEIHAOMUX (PUIBTPOB U 1pu ) > 0 IoJaBJIsieT Iy Mbl
THIA <«Ieperry, a upu () < 0 — OIyMbI THIIA «COJIb», OJHAKO OHOBPE-
MEHHOE yrajieHue OeJIbIX W YepPHBIX TOUeK HeBO3MOXKHO. [Ipm @) = 0
GuIbTp HpeBpaliaercs B apudMeTuIecKuii, a upu Q = —1 — B rapmo-
HUYEeCKUIL.

(4.11)
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PuabTp I'aycca

[Tukcenu B CKOJIB34IIEM OKHE, PACIIOJIOYKEHHbIE OJIMXKE K aHAJIU3H-
PYEMOMY IHKCEJIIO, JIOJI?KHBI OKa3bIBATH OOJIbIIIEE BJIMSTHAE HA PE3YJIb-
Tar dbuabTparmu, 4eM Kpaiinne. [lostomy kosddunmenTsr BecoB Mac-
KU MOXKHO OIHUCATb KOJIOKOJIo0Opasuoii dyukuueit [aycca (4.4). Ilpu
duabTpann n306parkeHnit UCIoIb3yeTcs AByMepHbIit hunbTp [aycca:

= Le_# N 6;:22 L 6;:22 (4.12)
7 2702 o2 oV2r . ’
Yem Oosibilie TapaMeTp O, T€M CHJIbHEEe Pa3MbIBAETCs n300pazke-
nre. Kak npasuso, paguyc dunsrpa r = 30. B Takom ciyuae pas-
Mep Macku 2r + 1 X 2r + 1 u pa3dmep marpunsl 60 + 1 x 60 + 1.
3a mpejsesiaMu JTaHHOW OKPECTHOCTH 3HauveHusi yHKmum [aycca Oy-
JayT nperebpexkumo majbl. B cpene MATLAB duibrpanus uzobpa-
xkenus duabrpoMm [aycca MoxkeT OBITH OCYIIECTBJIEHA IIPHU ITOMOIIA
dyukmyn imgaussfilt(I). [Ipu ucnomszoBanuu OpenCV dubrpa-
s m3o0paxkenus puiabTpoM laycca MOXKeT OBITH OCYIIECTBICHA TPU
oMoty pyHKImu cv: :GaussianBlur(I, I_out) B C++ u dyHKIun
cv2.cv: :GaussianBlur (I) B Python.

Henuneitnas duabTparius

HuskouacroTHble bUILTPHI JIMHEWHBI ¥ ONTUMAJIBHBI B CJIydae, KO-
I7la UMEeT MeCTO HOPMAJIbHOE PAacCIpeJiesieHre ToMeX Ha udpPoBOM
n30bpaxkenuu. JIuHeiiHbie DUIBTPHI JJOKAJIBHO YCPEIHSIOT UMITYJILCHBIE
IOMEXH, CryIakKuBasi n300parkenuns. [ljist ycTpaHeHUsT UMITYJIBCHBIX I10-
MeX JIydIlle UCIOJIb30BATh HEJUHEHHbIe, HAIIPUMED, MeduaHbie Priib-
TPBHI.

Meagunanuas duabTpaus

B kiraccmaeckoM MeauaHHOM (DUIIBTPE UCIOJIb3YeTCs MacKa ¢ €Jid-
HUYHBIMU Kodddurmentamu. [IpousBosbHas dpopMa OKHA MOXKET 3a-
JIaBaThCsl IPHU IIOMOIIMYM HYJIEBBIX KO3 duimeHToB. 3HAYEHUs] WHTEH-
CHUBHOCTEI ITUKCEsIell B OKHE IIPEJICTABJISIIOTCS B BHJIE BEKTOPA-CTOJIONA
U COPTUPYIOTCs 110 Bo3pacTanmio. OTduiIbTpOBAHHOMY THKCEIO IIPH-
cBaercsd MeJuaHHOe (CpelHee) B Psijly 3HaYeHHe MHTeHcHBHOCTH. Ho-
Mep MEJIMAHHOTO 3JIEMEHTA IT0CJe COPTUPOBKU MOYKET OBITh BBIUHCJICH

N+1

no dopmyne n = 5=, rae N — 4ucjao nmKcesei, yq4acTByIOIUX B
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coprupoBke. B cpeige MATLAB menuanubiii pusibTp MoXKeT ObITH pea-
JIN30BaH ¢ ucnojb3opanueM (yukimn medfilt2(I). Ilpu ucnonb3osa-
unu OpenCV, meauannas GuabTpanus 1300parKeHnsi MOXKET ObITh BbI-
mojTHeHa Tpu oMoty (yHkiun cv: :medianBlur(I, I_out, ksize)
B C+-+ u cv2.medianBlur (I, ksize) B Python.

10 10
19 11
84 18
0] 19] 84 42 19
42 | 57 | 63 — 57 — 42 —
11 ] 18] 79 63 57
11 63
18 79
79 84

Puc. 4.5 — Wmroctpariusg paboThl MeIMaHHONW (DUIBTPAINN B
OKHe 3 X 3.

B3Bernennasi meguanHasi GUIBTPAIIUST

B nannoit Mopudukanmm MeIuaHHON (PUIBTPAINA B MACKE UCIIOJIb-
3ytoTcst BecoBble Koabdurmentsl (duciaa 2,3 u T.11.), 4T00bI OTPA3UTh
6duibimtee BiIMsIHUE HA PE3YAbTAT (DUIBTPAIAN MTUKCEJIEH, PACIIOTIOKEH-
HBIX OJIMKe K (PUIbTpyeMoMy 3jaeMeHTy. Menunanuast pUIbTpausa Ka-
YeCTBEHHO Y/AJIseT UMYJIbCHBIE IIIYMBI, & TaKKe Ha [TOJIyTOHOBBIX N300~
paXXeHusiX He BHOCUT HOBBIX 3Ha4YeHUI wHTeHcuBHOCTei. [Ipu yBesn-
YEeHUU pa3Mepa OKHA YBEJIMYUBAETCs Iy MOIOIABJISIIONAsT CIIOCOOHOCTH
duiIbTpa, HO HAYMHAIOT UCKAXKAThCs 0YepTanust 0obekToB. B MATLAB
MOXKeT OBITh PeaIn30BaH ¢ ucrnoab3oBanneM pyukinn medfilt2(I, [m
n]), rme Bropoit aprymenT [m n] dynkmnn medfilt2() 3amaeT MacKy
duibTpa pazmepa mxn. B 6ubauoreke OpenCV orcyrcrByer dhyHKIUSs
JIJIsT B3BEIIIEHHON MeIMaHHON (DUJIBTPAINU, HO OHA MOXKET OBITh peaJiu-
30BaHa, C UCIOJIb30BAHUEM BO3MOXKHOCTel bubnoreku. B [Ipuioxkenun
4.2 npejicTaB/IeH IPUMEP MPOTPAMMHON PeAN3aINN B3BEIIEHHOTO Me-
nuaHHOTO (bubTpa ¢ ucnosb3oBannem oubanorekn OpenCV u s3bIKOB
nporpammupoBanuss C++ u Python.

A nanTuBHasi MeguaHHasi QPUIbTPALAS
B nmamnoit mogudukanun GuILTPa CKOJIb34IIee OKHO pa3Mepa § X S
AJIAIITUBHO YBEJINYNBAETCS B 3aBUCUMOCTH OT Pe3yJIbTaTa (PUIBTPAIIHH.
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O603HAYUM YEPEe3 Zmin, Zmaz, Zmed MUHUMAJIBHOE, MaKCHUMAaJbHOE U
MeJaHHOe 3Ha4YeHNs] MHTCHCUBHOCTE B OKHE, 2; ; — 3Ha4YeHHe HMHTEH-
CHBHOCTH IIUKCeJId ¢ KoopauuaTaMu (1,7), Smaz — MAKCAMAJBHO JIOIY-
CTHUMBIIi pa3Mep OKHa. AJITOPUTM aJalTUBHONR MeIUAHHON (PUabTpaun
COCTOUT U3 CJEJIYIONINX IIaros:

1. Boruucienue 3sHaYCHUNA Zimin, Zmazs Zmeds A1 = Zmed — Zmin, A2 =
Zmed — Zmax TUAKCEs (1,]) B 3aJAHHOM OKHE.

(a) Ecim A; > 0 u Ay < 0, nepefiru wa mar 2. B nporusnom
cJlydae yBEJUYUTH pa3Mep OKHA.

(b) Ecsu Texyumii pasMep OKHA § < Spqz, HOBTOPUTH mmar 1. B
HPOTUBHOM CJLy4ae Pe3ysbTraTl (hUIBTPAIUE PABEH Z; ;.

2. Berumcaenne sHavennit B1 = 2 j — Zmin, B2 = Zij — Zmaz-

(a) Ecnmz By > 0 u By < 0, pe3yabraT GUILTPAIIUN PABEH Z; ;.
B mpotuBHOM citydae pe3yabrarT QUIALTPAITA PABEH Zed-

3. Usmenenue koopauuar (7,7).

(a) Ecau ne mocturayT npejes u3obpazkenus, nepeiiTu Ha mar
1. B mporuBHOM ciiyvae GuIbTpAIUs OKOHIEHA.

OcHOBHOIT nieeil SBIISIETCS yBeJIMYEHNE Pa3Mepa OKHA 0 TeX IOop,
IIOKa aJI'OPUTM He HaiijleT MeJraHHOe 3HadYeHue, He dABJIAIoNeecsd M-
IIyJIbCHBIM IIyMOM, WJIX IIOKa He JOCTUI'HET MaKCHMaJIbHOI'O pa3Mepa
okHa. B mocnegneM cirydae aaropuTM BepHET BETHYUHY Z; ;.

Paurosasa duabTparus

O6001TeHIEM MeTUAHHON (DUIBTPAIUH ABJISIETC PAH206bil Huiomp
MTOPSIJTIKA 7', BBIOMPAIOIIHH U3 ITOJIY I€HHOT'O BEKTOPa-CTOJIOIA 9JIeMEHTOB
MaCKHU IHKCeJIb ¢ HoMepoM 7 € [1,N], KoTopblii u Gyuer ABIATbHCA pe-
3yJIBTATOM (DUIBTPAIUN.

1. Ecau 4guciio nukcesieit B okHe N HeYeTHOE W I = %, TO-
Ia PAHTOBBIH (UIALTD siBiIsieTcs MmeduaHhbvim. B cilydae OK-
ma 3 X 3 B MATLAB wMoxHO BOCHOIB30BaThCS (DYHKITHEH

ordfilt2(I,5,ones(3,3)).
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2. Ectm r = 1, duabTtp BbhIOMpaeT HaWMEHbBIIEe 3HAYEHHE WHTEH-
CHUBHOCTH U HazdbIBaeTcsa min-guasvmpom. B MATLAB zanaercs
dbyukumeir ordfilt2(I,1,ones(3,3)).

3. Ecmu r = N, duabTp BuIOMpaeT MaKCUMaIbHOE 3HAYTEHNE NHTEH-
CHUBHOCTU U Ha3biBaercs maz-pursompom. B MATLAB zanaercs
dbyurmmeir ordfilt2(I,9,ones(3,3)).

Panr wHorma 3ammceiBaeTcsi B IMPONEHTAX, HAIPUMED I 1Min-
Puavmpa panr pasen 0%, meguannoro — 50%, maz-gusvmpa — 100%.

B 6ubsmmoreke OpenCV orcyrcTByeT (hyHKIUS J1JIsT PAHTOBOI (DU~
TpaIyuyu U300parKeHusl, HO OHA MOXKET OBITh Peasr30BaHa C UCIOJIb30-
BaHmeM BO3MOKHOCTeil 6ubimorexku. B [lpunoxkenun 4.2 upezncras-
JIEH TIpUMeEp TIPOrPAMMHON peain3aliy JaHHOro (bUIBTPa ¢ UCIOTB30-
BanueMm 6uOsmoreku OpenCV u sizbikoB nporpammupoBanus C+-+ u
Python.

Buneposckas duabTpaius

Ucrosib3yer nukceJbHO-aIANITUBHBIN MeTos, BuHepa, oCHOBaHHBIN
HA CTaTUCTUYECKUX JAHHBIX, OIEHEHHBIX M3 JIOKAJBHOW OKPECTHOCTHU
KaXKJIOrO ITHKCeJIs.

R Bl w13
i=0 j=0
1 m n .
o? = =Y > i) - (4.14)
1=0 j=0
o2 — Uz
Inew(x y) =M + — (I(.T,y) - M) ) (415)
rme 4 — cpejHee B OKPECTHOCTH, 02 — gmcnepcust, v? — Jmc-

nepcust myma. B MATLAB peanusyercss mpu momomu GyHKIAA
wiener2(I, [m n]).

B 6ubaunorexke OpenCV orcyrcTByer DyHKIUS i (DUIBTPAIAN
n300pazkeHnsT MeToaoM BeftHepa, HO OHa MOKET OBITH peaTn30BaHa
C WCIIOJIb30BaHMeM BO3MOXKHOcTeil Ooubsmoreku. B Ilpumoxkenun 4.3
[IPEJICTABJIEH IIPUMeP IIPOrPAMMHOI peaiM3aluu JIaHHOrO (QUIbTPa C
ucrnoib3opanueM 6ubmoreku OpenCV u SI3BIKOB TPOrpaMMUPOBAHUST
C++ u Python.
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BricokovyacToTHas puabTpanus

Bricoko4uacTOTHBIE TPOCTPAHCTBEHHBbIE (DUILTPHI YCUIUBAIOT Bbl-
COKOYACTOTHbIE KOMIIOHEHTBI (00JIACTH € CHJIbHBIM M3MEHEHHEeM WH-
TEHCUBHOCTEI) M 0CJIabJIsIoT HU3KOYACTOTHBIE COCTABJIAIONIME H300-
pazkenus. Mcnonb3yrores s BbIIEIEHUS IePeaioB NHTEHCUBHOCTEH
U omnpejieieHnsl TpaHul, (KOHTYPOB) Ha m3o0paxkenusix. s sroro B
MATLAB wmoxer 6biTh ucmob30Bana Gyuknus edge (). B pesynbrare
[IPUMEHEHNs] BBICOKOYACTOTHBIX (DUIIHTPOB IIOBBIINAETCS PE3KOCTH U300~
pPayKeHNsI.

f'(@)

Puc. 4.6 — (DyHKLLI/IH NMHTEHCUBHOCTHU U €€ IlepBasl IIPOU3BOJHAAI,
MaKCUMYyM HpOI/I3BOﬂHOI'7I COOTBETCTBYET Kpalo.

Bricokouacrorabie GUIBTPHI AMMTPOKCUMUPYIOT BBIYUCJIEHNE IIPOU3-
BOJIHBIX TI0 HAIPABJIEHUIO, IPH STOM IpHUpaIieHne aprymenta Ax mpu-
HUMaeTCcs PaBHBIM 1 wyn 2. [IaBHBIMU OTJIMIATEILHBIMU OCOOEHHOCTSI-
MU SIBJISIIOTCS:

1. KoadpdunmenTsr MacKu GUILTPA MOTYT IPUHIMATDL OTPUIIATETb-
Hbl€ 3HAYEHUSI;

2. cymma Bcex KO3(pDUIMEHTOB paBHA, HYJIO.

®Puastp Pobeptca

Qunbtp Pobeprca paboraeT ¢ MUHUMAJIBLHO JOIMYCTUMOMN JIJIsT BBI-
YUCJIEHUs] TPOU3BOHON MACKON Pa3sMEpPHOCTH 2 X 2, MOITOMY sIBJISIETCSI
OBICTPBIM U JIOBOJBHO 3(MdeKTUBHBIM. BO3MOXKHBIE BAPHAHTHI MaCOK
JI HaXOKIeHus rpaanenTta mo ocaM Ox u Oy:

1 -1 10

Ge=lo o '@ =21 of

(4.16)
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Janbo

G, = B _OJ G, = [_01 (1)] . (4.17)

B pesymnbprare npumenennsi nuddepennuaibHoro omeparopa Po-
Geprca MOJTy4uM OLEHKY I'DaJiHeHTa 110 Hanpasienuam G, u Gy. Mo-
JIyJIb TPAJINEHTa BCEX KPAEBBIX JIETEKTOPOB MOXKET OBITh BBIYUCIIEH IO

bopmyne G = /G2 + G2 = |G| + |Gy, a nanpasienne rpajuenta —

G
o hopmysie arctan (”

B MATLAB c¢ wucnosib3oBanuem auddepeHiimagibHoro oneparopa
PobGeprca rpanunbl MOKHO BbIIegUTH TpHu nomommu ¢dyukinun edge (I,
‘Roberts?’). IIpu ucnosbzoBanun 6udsmoreku OpenCV oH peasinzy-
eTcs aByMs BbIsoBaMu yHKuu cv: :filter2D ¢ mackamu G, and Gy
7 BBIYUCJICHUEM CPEHEKBAPATHIHOIO 3HAUYCHUSI TTOJTY I€HHBIX H300pa-
JKeHuil ¢ 1oMoInipio GyHKImMu cv: :magnitude. Ha a3bike nporpammu-
poBanust C-++ mporpaMMHasi peajn3ars IpuMeT BU/I:

Mat G_x = (Mat_<double>(2, 2) << -1, 1, 0, 0);
Mat G_y = (Mat_<double>(2, 2) << 1, 0, -1, 0);
Mat I_x, I_y, I_out;

cv::filter2D(I, I_x, -1, G_x);

cv::filter2D(I, I_y, -1, G_y);
cv::magnitude(I_x, I_y, I_out);

Ha sa3wike nmporpammvupoBanus Python mporpammvuasi peastu3ariust
Oy/1leT aHAJIOTUIHOMN:

x = np.array([[1, -1], [0, 0]1)
y = np.array([[1, 0], [-1, 0]1)
x = cv.filter2D(I, -1, G_x)
y = cv.filter2D(I, -1, G_y)
out = cv.magnitude(I_x, I_y)

®PuasTp IlpeBurTa

B nmamnom mosxojie MCmob3yIoTCs IBe OPTOTOHATbHBIE MACKH Pa3-
MepoM 3 X 3, mO3BoOJIsAONMME 060Jiee TOYHO BBIYUCIUTH IIPOU3BOIHBIE 110
ocam Oz u Oy:
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-1 0 1 -1 -1 -1
G.=|-1 0 1/,G,=|0 0 0]. (4.18)
-1 0 1 111

B MATLAB rpanurpsr duasrpom [IpeBurra MOXKHO BBIIEIUTH IPU
nomoru dyukiun edge (I, ‘Prewitt’). llpu ucnonbzoBannu 6ubsimo-
tekn OpenCV duiasrp IIpeBurra peasinsyercss aHAJOTUYHO C (DUIIb-
TpoM PobepTrca, Kak OBLIO OIUCAHO BHIIIE.

®@unprp CobGesa
Janubiii moaxo anajgornyeH ¢Gpuasrpy Pobeprca, OgHaAKO UCIIOb-
3yIOTCsl pa3Hble Beca B MacKax. Tunugnbiii mpumep dhusbrpa Cobena:

-1 0 1 1 2 1
Go=|-2 0 2[,G,=]0 0 0]. (4.19)
~1 0 1 ~1 -2 -1

B MATLAB rpanumsr dunsrpom Cobesta MOYXKHO BBIIEIUTE IPU
oMot pyukiuu edge(I, ‘Sobel’). Ilpu umcrnonbzoBanuu Gubsmo-
Teku OpenCV oH MOXKeT ObITh peajM30BaH AHAJOTUIHO C (DUIBTPOM
PobGeprca, kak OBLIO OMMCAHO BBIIE, WM K€ MPU TOMOIMU DYHKITIH
cv::Sobel(I, I_out, ddepth, dx, dy) B C++ wmm cv2.Sobel(I,
ddepth, dx, dy) B Python.

PuasTp Jlanmgaca

Qwmiprp Jlamiaca UCHOIb3yeT AMIPOKCUMAIINIO0 BTOPBIX TPOU3BO/I-
HBIX 110 ocsiM Ox u Oy, B OTJIMYKE OT IPEJBIILYIIIX TOIX0/I0B, UCIIO/Ib-
3YIONUX [MEPBYIO ITPOU3BOIHYIO:

Puc. 4.7 — Bropas npoussogaast GyHKIINN APKOCTH MEHSET 3HAK
(IpOXOIUT Yepe3 HOJIb B TOYKE, COOTBETCTBYIONIEH KpPao).
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0%I L 021
0x2  Oy?’

Qopmyna 4.20 MoxkeT OBITH ANIPOKCHMUPOBAHA CJIELYIONIEH Mac-
KOW:

L(I(zy)) = (4.20)

w=|-1 4 -1|. (4.21)

Aaropntm Kaunn

OHUM U3 caMBIX PACIIPOCTPAHEHHBIX U (D MEKTUBHBIX AJITOPUTMOB
BBIJIEJIEHUsT KOHTYPOB Ha M300pa’Ke€HUU sBJjsieTcs aszopumm Konnu.
JlaHHBI AJITOPUTM MTO3BOJISIET HE TOJHKO OIPEJIEIATh KPAeBble TTHKCE-
JIA, HO W CBSI3HBIE T'PAHUYHBIEC JINHUU. AJITOPUTM COCTOUT U3 CJIEIYIO-
[UX [IAr0B:

1. Yerpanenne MenKux meTajieil IMyTeM CIVIAYKUBAHUS HCXOTHOTO
n300pakeHus ¢ noMoIbo duabsrpa aycca.

2. UcnonwzoBanue mauddepennuaabaoro omneparopa Cobena s
OIIpejieJIeHUs 3HAYEHUIT MOJLyJIsl TPAJINEHTa BCeX IUKCeseil n300-
paXKeHusl, IPUIEM PE3YIbTAT BBIUUCJIEHUsI OKPYTJISIETCS C IIArOM

45°.

3. Anaym3 3HaveHUit MOJyJell rpajueHTa IUKCeJel, pacIIoIoKeH-
HBIX OPTOTOHAJIBHO HCcieayeMoMy. Eciin 3Havenne MOIysist rpa-
JMEHTa, UCCJIELyEeMOr0 MHUKCEst OOJIbINe, YeM Y OPTOTOHAJIBHBIX
COCEeIHUX IUKCeJIel, TO OH ABJIAETCA KPae6biM, B IPOTUBHOM CJIy-
qae — HeMakCuUMYMOoM.

4. BrinmonHenne JBOMHOI MOPOroBoil PpUILTPAIMN KPAeBbIX ITHKCE-
Jieit, OTOOpaHHBIX HA MPEIBIAYIINEM IIIare:

(a) Ecan 3navenue mMofysisi rpajuenTa Bbilie 1opora ts, TO Ha-
JIT4YKe Kpasi B IHUKCeJIe SBJISeTCs I0CTOBEPHBIM.

(b) Ecsn 3HaueHne MOJIyIIsi TPaJIMeHTa HIZKe TIOPOra t1, TO MUK~
ceJIb OJTHO3HAYHO HE $IBJISIETCH KPaeBbIM.

(¢c) Ecaim 3HaveHme MOJysist TpajieHTa JEKUT B HMHTEpBAJe
[t1,t2], TO TaKO} MUKCENTb CINTAECTCH HEOOHOZHAUHBIM.
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5. TlonmasiieHne Bcex HEOMHOSHAYHBIX ITMKCEJIEl, He CBI3aHHBIX C JI0-
CTOBEPHBIMU ITUKCEISIMU T10 8-CBI3HOCTH.

B MATLAB airopurmom KSHHE MOXKHO BBIAEJIUTH I'PAHULBI IIPU
nomotnu byukiun edge(I, ‘Canny’). B 6ubmmorexke OpenCV asro-
purm Canny peasnusyercs dyuknueii cv: :Canny (I, I_out, tl, t2)
B C++ u cv2.Canny(I, t1, t2) B Python.

Puc. 4.8 — Pesysnbrar Boiienenus rpanull; a) ¢dpuisrpom Pobeprea,
6) duiabrpom Ilpesurra, B) dusrpom Cobeia,
r) ajgropurmom Konuu.

IlopsimoK BBIMOJIHEHUST PAOOTHI

1. Tunw wymos. BeibpaTs nmpousBosibHOe n3obpaxkenue. [losryants
MCKAXKEHHBbIE PA3JIMIHBIMUA MNIyMaMU U300PayKeHUs C IIOMOIIBIO
byuknnn imnoise () ¢ OTIMIHBLIMU OT 3HAYEHUI IO YMOJJTIAHUIO
rapamMeTpaMu.

2. Husxouacmommnasn @usvmpayus. Ob0paborars I0JyUYeHHBIE B
MPEJbIIYINEeM IIyHKTE WMCKaYKeHHble H300pakeHust (QUIBTPOM
Taycca n KOHTPrapMOHUYECKHUM yCPEIHSIIOIIM (DUIBTPOM C pas-
JINYHBIMA 3HAYEHUSIMU mapamerpa (.
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3.

Heaunetinan guasompayus. O6paborarh mOJydeHHbIE B IIEPBOM
MYHKTE UCKAYKEHHDbIE N300paKeHUsT MEJIUAHHOM, B3BEIIEHHON Me-
JMAHHOI, PAHTOBOW W BUHEPOBCKOW (DUJIBTPAIIUSIMUA IPU PASJIAY-
HBIX pa3Mepax MacKu u ee Koaddunmentos. Peasmsosars amar-
TUBHYIO MEIMAHHYIO (DUIBTPAIUIO.

Buicoxowacmommnas puasvmpayus. Beropars ucxojiaoe n3obpake-
nue. Boigenmurs rpanumsl duisrpamu Pobeprca, [Ipesurra, Co-
6ena, Jlamwraca, amropurmom Ksnnum.

CO,D;ep)KaHI/Ie oT4dyeTa

1.
2.

o.

TuTynpHBIH JHCT.
Ilens paboThr.

Teoperndeckoe 060CHOBAHME TPUMEHSIEMBIX METOIOB W (DYHKITHIH
buabTpaun n300parXKeHmii.

XoJ1, BBITIOTHEHNST PAOOTHI:

(a) Ucxomable n300parkeHust;

(b) JIucTHHrE MPOrpaMMHBIX PEATU3AIIHI;
()

(d)

KommenTtapuu;

Pesynbrupyromnue nzobpakenus.

Beisosl 0 nipojiesiagHoit pabore.

Bonpocs k 3amuTe j1ab0paTopHOii paboThl

1.

B 1eMm 3aK/IF09aI0TCST OCHOBHBIE HEJIOCTATKY AJIAIITUBHBIX METOIOB
dusbTparmn n300parkeHuii?

. IIpn kakwx 3HavYeHWsaX mapamerpa () KOHTPrapMOHUIECKUI

buabTp Oymer paboTaTh Kak apudpMeTHIecKuil, a mpu KaKuX —
KaK rapMOHUYECKUi?!

KakuMu oneparopamMy MOXKHO BbIIEJINTH MPAHUILI HA M300parKe-
Hun?

s gero Ha IEepBOM IIare BBIJEIEHUs] KOHTYPOB, KaK IIPABUIIO,
BBITIOJIHSETCH HU3KOYACTOTHAS (DUIBTPAIIS !
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Ilpnnoxkenne 4.1. Peanusaiius HaJIO>KeHUsI IIIyMOB
Ha wn300parkeHuWe C WCII0Jb30BaHUEM OUOJJINOTEKN
OpenCV

Haubosnee s3dpdekTuBHbIM CIIOCOOOM HAJIOYXKEHHsI [IyMOB IIPU HUC-
MIOJIb30BAHUN sI3bIKA HporpammupoBanus C+-+ OyIaeT MONMUKCeIbHAsT
00paboTka M300parkeHusi W BBIYUCJICHUE IIIyMa METOIAMU, OIMCAHHBI-
mu B naparpade «Teoperuueckue cBejierusi». C Apyroit CTOPOHbI, TPH
HAJIMYUU JONOJHUTETHHBIX pecypcoB O3Y MOXKHO peaim30BaTh HAJIO-
JKEHUE IIyMOB C IOMOIIbI0 MaTpuyHbix oneparuii OpenCV.

JInctunar 4.1. HajioxkeHue mMIyJIbCHOTO IIyMa Ha U300paKeHue
¢ ucrostb3oBanueM Oubmorekn OpenCV u si3bIKa MpOrpaMMIPOBAHUS
CH+.

1 // Noise parameter

2 double d = 0.05;

3 // Salat vs pepper distribution

4 double s_vs_p = 0.5;

5 // Split an image into layers

6 vector<Mat> I_out_bgr;

7 split (I, I_out_bgr);

8 // Process layers

9 for (int i = 0; i < I_out_bgr.size(); i++)
10 {

11 Mat vals(I_out_bgr([i].size(), CV_32F);
12 randu(vals, Scalar(0), Scalar(1l));

13 if (I_out_bgr[i].depth() == CV_8U)

14 I_out_bgr([i].setTo(Scalar (255),

15 vals < d * s_vs_p);

16 else

17 I_out_bgr[i].setTo(Scalar (1),

18 vals < d * s_vs_p);

19 I_out_bgr[i].setTo(Scalar (0),

20 (vals >= d * s_vs_p) & (vals < d));
21 }

22 // Merge layers to create an output <image
23 merge (I_out_bgr, I_out);
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[Ipy HamoXkeHUW MYJILTHILIMKATABHOTO IIyMa WCIOJb30BAHUE Iie-
JIOYHMCJIEHHOT'O IIPEJICTaBJIEHUs] IIBETAa MOXKET IPUBECTU K IIOTEPE TOY-
HOCTH, [TO3TOMY BXOJIHOE M300pakeHune HeoOXOIMMO CKOHBEPTHPOBATH
B IIPEJICTABJICHUE C MCIIOJIB30BAHNEM BEIECTBEHHBIX UHCE.

JIuctuHr 4.2. Hajoxxenne MyJbTUILITHKATHBHOTO ITyMa, Ha U300~
paxeHue ¢ ucnosib3oBanueM oubauoreku OpenCV u s3bIKa Iporpam-
mupoBanust C++

// Variance parameter

double var = 0.05;

// Split an image into layers

vector<Mat> I_out_bgr;

split (I, I_out_bgr);

// Process layers

for (int i = 0; i < I_out_bgr.size(); i++)

{

}

Mat gauss(I_out_bgr[i].size(), CV_32F);
randn (gauss, Scalar (0),
Scalar (sqrt(var)));
if (I_out_bgr[il].depth() == CV_8U)
{
Mat I_out_bgr_f£f;
I_out_bgr[i].convertTo(I_out_bgr_f,
CV_32F);
I_out_bgr_f += out_bgr_f .mul (gauss);
I_out_bgr_f.convertTo(I_out_bgr([il,
I_out_bgrl[il.type());
}
else
I_out_bgr[i] += I_out_bgr[i].mul (gauss);

// Merge layers to create an output image
merge (I_out_bgr, I_out);

JInctuar 4.3. HajoxeHme rayccoBa ImymMa Ha H300pajkeHHe C
ncnosb3oBanueM O6ubanorekn OpenCV u sA3bIKa IPOrpaMMHPOBAHUS

CH+.

1
2

// Mean parameter
double mean = O;
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// Variance parameter

double var = 0.05;

// Split an image into layers
vector<Mat> I_out_bgr;

split (I, I_out_bgr);

// Process layers

for (int i = 0; i < I_out_bgr.size(); i++)

{

Mat gauss(I_out_bgr[i].size(), CV_32F);

randn (gauss, Scalar (mean),
Scalar (sqrt(var)));
if (I_out_bgr[il.depth() == CV_8U)
{
Mat I_out_bgr_f;
I_out_bgr[i].convertTo(I_out_bgr_f,
CV_32F);
I_out_bgr_f += gauss * 255;
I_out_bgr_f.convertTo(I_out_bgr[il],
I_out_bgr[il.type());
}
else
I_out_bgr[i] += gauss;

}

// Merge layers to create an output image

merge (I_out_bgr, I_out);

[Mockoubky B 6ubmorexke OpenCV orcyrerByoT DYHKIMH JJIsT Te-
HepaIy MaTPHUIIBI CIIyYallHbIX duces [lyaccona, To Jijist reHeparyn Iiry-
Ma KBaHTOBaHUS M300payKeHue JIOJIXKHO ObITh 00pabOTAHO MOMUKCE Thb-
HO.

JIuctunr 4.4. Hasoxxenue mymMa KBAHTOBaHUsS Ha HU300paKeHUE
¢ ucnoabzoBarreM oubsmorekn OpenCV u s3bIKa TPOrpaMMUPOBAHUS

C++.

1 // Convert timage to floats

2 if (I.depth() == CV_8U)

3 I.convertTo(out, CV_32F, 1.0 / 255);
4 else

5 out = img.clone();
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6 // Calculate quantization parameter

7 size_t vals = unique (out).size();

8 vals = (size_t)pow(2, ceil(log2(vals)));
9 int rows = out.rows;

Il

10 int cols out.cols * out.channels();
11 // If the image %s continuous then

12 // we can process it as a single Tow
13 if (out.isContinuous())

14 A

15 cols *= rows;

16 rows = 1;

17}

18 // Create poisson generator

19 using param_t =

20 std::poisson_distribution<int>::
21 param_type;

22 std::default_random_engine engine;
23 std::poisson_distribution<> poisson;
24 // Process timage pizel-by-pizel

25 for (int i = 0; i < rows; i++)

26 {

27 float *ptr = out.ptr<float>(i);

28 for (int j = 0; j < cols; j++)

29 ptr[j] = float(poisson(engine,
30 param_t ({ ptr[j]l * vals 1}))) / vals;
31 }

32 // Convert back to uchar if needed
33 if (img.depth() == CV_8U)

34 out.convertTo (out, CV_8U, 255);

B npescraBnennoit peanuzaiyuy GYyHKIIME HAJIOKEHNS IIyMa KBaH-
TOBAHUSA UCIOIb3yeTcsa MYHKINS unique, Koropas hOpMUPYET MACCUB
13 BCEX YHHKAJBHBIX I[BETOB IHKCeJell m3o0parkeHus. Dta (DyHKIHA
orcyrcrByer B 6ubsmoreke OpenCV, HO OHa MOXKeT OBITH JIETKO pea-
JIN30BaHA.

JIuctunr 4.5. Ilouck yHUKaIbHBIX 3HAYEHUI JIEMEHTOB MATPUIILI
¢ ucnonbzoBanreM oubmorekn OpenCV u s3bIKa TPOrpaMMUDOBAHUS
C++.
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vector<float> unique(const cv::Mat& I,
bool sort = false)
{
if (I.depth() != CV_32F)
{
std::cerr <<
"unique () ,0nly,works, with CV_32F Mat" <<
std::endl;
return std::vector<float>();
}
std::vector<float> out;
// Acquire matriz size
int rows = img.rows;
int cols = img.cols * img.channels();
if (img.isContinuous ())
{
cols *= rows;
rows = 1;
}
// Process each pizel
for (int y = 0; y < rows; y++)
{
const float* row_ptr = img.ptr<float>(y);
for (int x = 0; x < cols; x++)
{
float value = row_ptr[x];
if (std::find(out.begin(), out.end(),
value) == out.end())
out.push_back(value);
}
}
// Sort if needed
if (sort)
std::sort (out.begin(), out.end());
return out;

}
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Peanuzarusa dyukiuit Hajgoxkenns myMa Ha s3bike Python 3amer-
HO IIPOITE, TaK KaK BCe HEOOXOMMBIE JIOMOJHUTEIbHbIE QYHKIINN Y2Ke
PUCYTCTBYIOT B 6ubimoreke NumPy.

JIuctunar 4.6. Hasoxenne mMmysibCHOTO TIyMa Ha HU300paKeHUe
¢ ucnoapzoBarreM oubsmorekn OpenCV u s3bIKa TPOrpaMMUPOBAHUS
Python.

1 # Noise parameter

2 d = 0.05

3 # Salat vs pepper distribution

4 s_vs_p = 0.5

5 # Generate radnom numbers

6 rng = np.random.default_rng()

7 vals = rng.random(I.shape)

8 # Salt

9 I_out = np.copy(I)

10 if out.dtype == np.uint8:

11 I_out[vals < d * s_vs_p] = 255
12 else:

13 I_out[vals < d * s_vs_p] = 1.0

14 # Pepper
15 I_out[np.logical_and(vals >= d * s_vs_p,
16 vals < d)] =0

JIuctunar 4.7. HajoxeHne MyJIbTUILIMKATABHOTO IIIyMa Ha HU300-
paxenwue ¢ ucnosb3oBanueMm oubaumoreku OpenCV u s3pIKa mporpam-
mupoBanus Python.

1 # Variance parameter

2 var = 0.05

3 # Generate radnom numbers

4 rng = np.random.default_rng()

5 gauss = rng.normal (0, var *x 0.5, I.shape)
6 # Process wuchar and float images separately
7 if I.dtype == np.uint8:

8 I_f = I.astype(np.float32)

9 I_out = (I_f + I_f * gauss). \

10 clip(0, 255).astype(np.uint8)

11 else:

12 I_out = I + I * gauss
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JIuctuHr 4.8. Hajoxenne rayccoBa miymMa Ha u3obpakeHHe c

ucrosib3opanueM 6ubmorekn OpenCV u si3bIKa ITPOrpaMMUPOBAHUST

Python.

1 # Mean parameter

2 mean = 0

3 # Variance parameter

4 var = 0.01

5 # Generate Tadnom numbers

6 rng = np.random.default_rng()

7 gauss = \

8 rng.normal (mean, var ** 0.5, I.shape)
9 gauss = gauss.reshape(I.shape)

10 # Process wuchar and float images separately
11 if I.dtype == np.uint8:

12 I_out = (I.astype(np.float32) +

13 gauss * 255).clip(0, 255). \

14 astype(np.uint8)

15 else:

16 I_out = (I + gauss).astype(np.float32)

JIuctuHr 4.9. Hayoxkenne mryma KBAHTOBaHUsI HA H300parkKeHUe

¢ ucnostb3opanueM 6ubmorekn OpenCV u si3bIKa MpOrpaMMUPOBaHUS

Python.

1 rng = np.random.default_rng()

2 if I.dtype == np.uint8:

3 I_f = I.astype(np.float32) / 255

4 vals = len(np.unique(I_f))

5 vals = 2 ** np.ceil(np.log2(vals))
6 I_out = (255 * \

7 (rng.poisson(I_f * wvals) / \

8 float(vals)).clip(0, 1)). \

9 astype(np.uint8)

10 else:

11 vals = len(np.unique(I))

12 vals = 2 ** np.ceil(np.log2(vals))
13 I_out = \

14 rng.poisson(I * vals) / float(vals)
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ITpnnoxkenue 4.2. Peanm3ariusi B3BeIlIeHHON paHIoO-
Boii dpuabTpalnum M300parkeHWil C MCHOJIb30BaHUEM
oubaunoreku OpenCV

Peajimzaruu B3BEIIEHHOIO MEJIUAHHOI'O U PAHIOBOIO (DUJIBTPOB OT-
JINYAIOTCS TOJIBKO OJHOW CTPOKOIl, TO €CTh BBIOOPOM 3JIEMEHTA B OT-
GUWIPTPOBAHHOM MAaCCHBE Ha mocjenneM Imare duibrpanun. 1o sroit
MPUINHE UX Pean3alins MOXKET ObITh o0beanHeHa B OAHY (DYHKITUIO
CJIETYTIONM 00OPa30M:

JIuctuHr 4.10. B3Bemennas panrosast GUILTPAIIS H300PAKEHU
¢ ucnostb3opanueM 6ubmorekn OpenCV u si3bka MpOrpaMMUPOBaHUS
CH+. .

1 // Filter parameters

2 int k_sizel[] = { 3, 3 };

3 Mat kermnel =

4 Mat::ones(k_size[0], k_size[1], CV_64F);
5 int rank = 4;

6 // Convert to float

7 // and make image with border

8 Mat I_copy;

9 if (I.depth() == CV_8U)

10 I.convertTo(I_copy, CV_32F, 1.0 / 255);
11 else

12 I_copy = I;

13 cv::copyMakeBorder (I_copy, I_copy,

14 int ((k_size[0] - 1) / 2),

15 int (k_size[0] / 2),

16 int ((k_size[1] - 1) / 2),

17 int (k_size[1] / 2), cv::BORDER_REPLICATE);
18 // Split into layers

19 vector<Mat> bgr_planes;

20 cv::split(I_copy, bgr_planes);

21 // Process all layers

22 for (int k = 0; k < bgr_planes.size(); k++)
23 {

24 Mat I_tmp = Mat::zeros(I.size(),

25 bgr_planes[k].type());

26 // Allocate memory for arrays
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
o1
52
53

}
//

Cv:

//
if

[Tpu peasim3aruy B3BEIIEHHOTO PAHIOBOIO (PUJIBTPA HA SI3BIKE MIPO-
rpamMmupoBanusi Python Mo:XHO 3HAUMTETHHO YCKOPUTH BBHIMIOJTHEHUE
KOJIa 3a CUeT WCIOJIb30BaHus oneparmuit ¢ maccuBamu NumPy, omrako
JIJIsE 9TOTO PeITeHus T0TPe0yeTcsi XPAHUTH HECKOJIBKO IK3EMILISIPOB UC-
XOJZTHOTO M300parKeHusl, 110 OJHOMY JIJIs KaKJIOT'O dJIEMEHTa OKHA (DUJIb-

Tpa.

JIuctunr 4.11. B3serennas panroBasi puibTpaliusi H300paskKeHust
¢ ucrostb3oBanneM oubmorekn OpenCV u si3bIka mpoOrpaMMUPOBAHUS

Pyhton.

1

vector <double> c;
c.reserve(k_size[0] * k_size[1]);
// For each image pizel

for

(int i = 0; i < I.rows; i++)

for (int j = 0; j < I.cols; j++)

{

}

// Empty array
c.clear ();
// Fill array
for (int a = 0; a < k_size[0]; a++)
for (int b = 0; b < k_size[1]; b++)
c.push_back(bgr_planes[k].
at<float>(i + a, j + b) *
kernel.at<double>(a, b));
// Sort array
std::sort(c.begin(), c.end());
// Select id with given rank
I_tmp.at<float>(i, j) =
float (c[rank]);

bgr_planes[k] = I_tmp;

Merge back

:merge (bgr_planes, I_out);

Convert back to uint <f needed

(I.

depth () == CV_8U)

I_out.convertTo(I_out, CV_8U, 255);

# Filter parameters
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k_size = (3, 3)
rank = 4
kernel = np.ones(k_size, dtype = np.float32)

rows, cols = I.shape[0:2]
# Convert to float
# and make image with border
if I.dtype == np.uint8:

I_copy = I.astype(np.float32) / 255
else:

I_copy I
I_copy = cv.copyMakeBorder (I_copy,

int ((k_size [0] - 1) / 2),

int (k_size [0] / 2),

int ((k_size[1] - 1) / 2),

int (k_size[1] / 2), cv.BORDER_REPLICATE)
# Fill arrays for each kernel item
I_layers = np.zeros(I.shape +

(k_size[0] * k_sizel1], ),

dtype = np.float32)
if I.ndim == 2:

for i in range(k_size[0]):

for j in range(k_size[1]):
I_layers[:, :, i * k_size[1] + j]
kernel [i, j] * \
I_copyli:i + rows, j:j + cols]

]
~

else:
for i in range(k_size[0]):
for j in range(k_size[1]):
I_layers[:, :, :, i * k_size[1] + \
jl = kermnell[i, jl * \
I_copyli:i + rows, j:j + cols, :]
# Sort arrays
I_layers.sort ()
# Choose layer with rank

if I.ndim == 2:

I_out = I_layers[:, :, rank]
else:

I_out = I_layersl[:, :, :, rank]
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40 # Convert back to uint <if needed

41 if (I.dtype == np.uint8):
42 I_out = (255 * I_out).clip(0, 255). \
43 astype(np.uint8)

ITpunoxenune 4.3. Peanuzanus duabrpa Buaepa c
ncnojib3oBanuem oudsmoreku OpenCV

Peanuzammit duabrpa Bunepa Tpedyer aByXmpoxoaHoit o6paboTkm
BXOJTHOTO N300paXKEHUsI: TIEPBBII TPOXOT JJIsT ONEHKN 3HAYMEHUST OIITOKH
n300paXkeHusi, a BTOPOIl IIPOXOJ] HEIOCPEJICTBEHHO ISt (DUIBTPAIlUN
M300paykKeHUsI.

JIuctunr 4.12. Buneposckas duibrpaiusi n300pakeHus C HUC-
nosib3oBanneM 6ubsmorekn OpenCV u s3bIKA TPOTPAMMHUPOBAHUS
Ct++..

1 // Define parameters

2 int k_sizel[] = { 5, 5 };

3 Mat kernel = Mat::ones(k_size[0],
4 k_size[1], CV_64F);

5 double k_sum = cv::sum(kernel) [0];
6 // Convert to float

7 // and make image with border

8 Mat I_copy;

9 if (I.depth() == CV_8U)

10 I.convertTo(I_copy, CV_32F, 1.0 / 255);
11 else

12 I_copy = I;

13 cv::copyMakeBorder (I_copy, I_copy,
14 int ((k_size[0] - 1) / 2),

15 int (k_size [0] / 2),

16 int ((k_size[1] - 1) / 2),

17 int (k_size[1] / 2),

18 cv::BORDER_REPLICATE);

19 // Split into layers

20 vector<Mat> bgr_planes;

21 cv::split(I_copy, bgr_planes);

22 // Process all layers
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for (int k = 0;
{
Mat I_tmp =

k < bgr_planes.size();

Mat::

k++)

zeros(I.size (),

bgr_planes[k].type());

double v (0);
// Calculate
// the local

the

average of all

estimated wvartances

for (int i = 0; i < I.rows; i++)
for (int j = 0; j < I.cols; j++)
{
// Calculate wariance
double m(0), q(0);
for (int a = 0; a < k_size[0]; a++)
for (int b = 0; b < k_size[1]; b++)
{
double t = bgr_planes[k].
at<float>(i + a, j + b) x*
kernel.at<double>(a, b);
m += t;
q += t * t;
}
m /= k_sum;
q /= k_sum;
q -= m * m;
v += q;
}
v /= I.cols * I.rows;
// For each image pizel
for (int i = 0; i < I.rows; i++)
for (int j = 0; j < I.cols; j++)
{
// Calculate wvariance
double m(0), q(0);
for (int a = 0; a < k_size[0]; a++)
for (int b = 0; b < k_size[1]; b++)

{
double t

at<float>(i + a,

= bgr_planes[k].
j + b) =
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}

bgr_

}

kernel .at<double>(a, b);
m += t;
q += t * t;

}
m /= k_sum;
q /= k_sum;
qQ -= m *x m;

// Calculate pizel walue

double im = bgr_planes[k].
at<float>(i + (k_size[0] - 1) / 2,
j + (k_sizel[1]l - 1) / 2);

if (q < v)
I_tmp.at<float>(i, j)

else
I_tmp.at<float>(i, j)

float ((im - m) * (1 - v / q) + m);

float (m);

planes[k] = I_tmp;

// Merge back
cv::merge (bgr_planes, I_out);
// Convert back to uint <if needed

if (I.

depth () == CV_8U)

I_out.convertTo(I_out, CV_8U, 255);

JIuctunr 4.13. Buneposckas duibrpaiusi n300pakeHus C HUC-
nosib3oBanneM 6ubsmorekn OpenCV u s3bIKA TPOrpAMMHUPOBAHUS
Python.

# Define parameters

k_size
kernel

= (7, 7)
= np.ones ((k_size[0], k_size[1]))

# Convert to float

# and

make image with border

if I.dtype == np.uint8:

img_

else:

img_

img_co

copy = I.astype(np.float32) / 255

copy_nb =1
Py = cv.copyMakeBorder (img_copy,
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int ((k_size[0] - 1) / 2),
int (k_size[0] / 2),

int ((k_size[1] - 1) / 2),
int (k_size[1] / 2),
cv.BORDER_REPLICATE)

# Split into layers

bgr_planes = cv.split(img_copy)
bgr_planes_2 = []

k_power = np.power (kernel, 2)

# For all layers

for plane in bgr_planes:

# Calculate temporary matrices for I *x 2
plane_power = np.power (plane, 2)
m = np.zeros (I.shape[0:2], np.float32)
q = np.zeros(I.shape[0:2], np.float32)
# Calculate wvariance wvalues
for i in range(k_size[0]):
for j in range(k_size[1]):
m = m + kernell[i, jl * \
plane[i:i + rows, j:j + cols]
qQ = q + k_power[i, jl = \
plane_power[i:i + rows, j:j + cols]
= m / np.sum(kernel)
= q / np.sum(kernel)
= q-m*m
Calculate noise as an average wvariance
= np.sum(q) / I.size
Do filter
lane_2 = plane[(k_size[0] - 1) // 2: \
(k_size[0] - 1) // 2 + rows, \
(k_size[1] - 1) // 2: \
(k_size[1] - 1) // 2 + cols]
plane_2 = np.where(q < v, m,
(plane_2 - m) * (1 - v / q) + m)
bgr_planes_2.append(plane_2)

g ow < wo Q0 B

# Merge image back
I_out = cv.merge(bgr_planes_2)
# Convert back to uint if needed
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49 if (I.dtype == np.uint8):
50 I_out = (255 * I_out).clip(0, 255). \
51 astype(np.uint8)
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JlaboparopHas pabora Ne4
Mopdosorndecknii aHaIn3 n300parkKeHnii

Ilenap paboTbi

OcBoeHMe TPUHITUIIOB MATEMATHIECKOH MopdoJiorun B 001acTH 00-
paboTKU U aHaM3a N300parKeHuil.

Meronnyieckue pekKoMeHaaluu

o maasa paboThl CTYAEHTDHI JOTKHBI O3HAKOMHUTHCS ¢ (DYHKIMSIMI
cpeasl MATLAB wunu 6ubsmoreku OpenCV jjist paboThl ¢ GuHAPHOI
MopoIorueil u ¢ OCHOBHBIMU OIIEPAIUSIMU U TOJIOXKEHUSIMU OUHAPHO
mopdosoruu. Jlaboparopras pabora paccauTaHa Ha 5 IacoOB.

TeOpeTI/I‘leCKI/Ie cBeeHusd

Tepmun mopgonroeusn TOCTOBHO HEPEBOIUTCI KaK «HAyKa O (popmes.
Mopdomormyeckuit aHAIN3 UCITOIB3YETCSI BO MHOTHX 00JIACTSIX 3HAHUIA,
B T.4. U B 00paboTKe m300pazkenuit. Mopdosornyecknit aHaiIn3 sBJId-
€TCsl OTHOCUTE/IBHO YHIUBEPCAJIBHBIM IIOIX0/IOM, II09TOMY CTOUT 060CO0-
JIEHHO OT BCEX PACCMOTPEHHBIX paHee MeTO0B. C UCIOJb30BAHIEM Ma-
TeMATHIECKO MOPMOJIOrun pu 00padboTKe N300PaAKEHUI MOKHO OCY-
MIECTBIATH (DUABTPAIIIO IIIYMOB, CETMEHTAINIO O0bEKTOB, BBIJE/IEHNE
KOHTYPOB, PEaJIn30BaTh IIOUCK 33/IaHHOIO0 OObEeKTa Ha M300PaKeHUH,
BBIUUCJIUTE «CKejeT» obpasa U T.J. PaccMOTpUM OCHOBHBIE OIlEpAIliu
bunapHO# Mopdosioruu HaJI n300parkeHneM A CTPYKTYPHBIM 3JIEeMeH-
ToM B:

1. Hunaranms (pacmmpenue, Hapammsanue): A @ B, 8 MATLAB
BhIOJIHsIeTcs yHKmed imdilate (A,B), pacmupsier GuHAPHBII
obpa3z A CTPyKTYpHBIM 3JIeMeHTOM B3

2. Dposus (ckarue, cyxenne): A © B, B8 MATLAB sbinosnnsercsa
dyukuueii imerode (A,B), cyzkaer GuHApHBIA 00pa3 A CTPYKTYp-
HBIM 3JIEMEHTOM B;
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3. OrkpbiTre (OTMBIKaHUE, pa3MbIKaHue, packpbitue): (ASB)® B, B
MATLAB srimonasiercs byuaknueii imopen (A, B), yiasser BHer-
Hue JiepeKThl GuHAPHOrO 00pa3a A CTPYKTYPHBIM 3JieMEeHTOM B3

4. 3akpeitue (3ambikanue): (A® B) © B, B MATLAB Bbinonssiercs
dbyuruumeit imclose (A,B), yrasser BHyTpeHHue JedeKThl OmHAD-
HOro 00pa3a A CITPYKTYDPHBIM 3JIeMEHTOM B,

rjie @ U © — CJIOKEeHUEe U BbIYUTAHUE 1\/II/IHKOB(ZKOI‘O7 COOTBETCTBEHHO.

e) f)

Puc. 5.1 — Pesynbrar BbINOIEHNS Oneparuii OnHApHON MOPQOIOruu:
a) Gunapublii 06pa3 A, 6) AUCKOBBINA CTPYKTYPHBI djieMeHT B,
B) oliepalnusl JAUIATalUM, T') OllePalus IPO3UN, 1) OLepaIys
OTKDBITHSI, €) OllePaIlisl 3aKPbITHS.

B cpesie MATLAB umerorcs cietyromue mojie3ubie (DYyHKIUN, 9aCTO
HCIIOJIb3YEeMBIE COBMECTHO ¢ MOP(OJIOIMIECKUMHU OIIEPAIUSIMMU:

1. strel() — 3aaeT CTPYKTYPHBIH JIEMEHT;

2. bwmorph(A,operation,n) — mupuMeHseT MOPMOIOrUIECKYIO
duapTparmio operation Kk 06pa3y A n pas;
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3. bwhitmiss(A,B,C) — BoimosHsieT oneparuio «hit & miss», onpe-
JIEJISTIONIY 0 TIMKCEJIN, OKPECTHOCTH KOTOPBIX COBIAJIAIOT TI0 (POp-
Me CO CTPYKTYPHBIM 3JIEMEHTOM B U He COBIAJAIOT CO CTPYKTYD-
HBIM 3JIeMeHTOM C;

4. bwareaopen(A,dim) — ynassieT 0ObEKTHI HA M300pakeHuu A, co-
JepzKalnue MeHee dim nuKcesei;

5. bwselect() — BbIOMpaeT onpejieieHHbIEe OOBEKTHI HA N300paKe-
HUW;

6. bwarea() — BBIYHCJISIET ILIOMIAIb OOBEKTOB;

7. bwlabel() — BBINOIHSET MAPKUPOBKY CBSI3HBIX OOBHEKTOB OUHAD-
HOTO U30POPAKEHNUST;

8. bweuler() — BBIYHCISET YNCIO0 Jityiepa OHHAPHOIO M300parKe-
HUSI.

B 6ubmunoreke OpenCV umerorcs ciejyroniue (OYHKINH, TPeHA-
3HAYEHHDbIE JUI paboThl ¢ Mopdosorneii 1 MOPQOJIOTHIECCKUMA OTIe-
panusiMu (HepedncyIeHHble jajee nMeHa (byHKIU [IpeicTaBIeHbl JJls
s13b1KOB niporpammupoBanus C++ u Python coorsercrsenHo):

1. cv::getStructuringElement (shape, size, anchor),
cv2.getStructuringElement (shape, size, anchor)
— 3aJlaeT CTPYKTYDHBI 3JieMeHT 3ajaHHOil dopMbl  shape
u pasmepa size. Ecam mapamerp IeHTpasbHONW TOUKHA anchor
HE 33JIaH, TO IEHTPOM CTPYKTYPHOI'O 3JI€MEHTa CTAaHOBUTCA €r0
reoMerpuyecKuii meHTp. Popma CTPYKTYPHOTO 3JIEMEHTA MOXKET
OBITH OJIHOI U3 CJIE/LYIOIINX:

(a) cv::MORPH_RECT, cv2.MORPH_RECT — CTDYKTYDHBIH 3Je-
MEHT IPAMOYTOJLHON (bOPMBI pazmepa size.

(b) cv::MORPH_CROSS, cv2.MORPH_CROSS — CTPYKTYDHBIi 316~
MeHT B (popMe KpecTa pa3Mepa Size.

(¢) cv::MORPH_ELLIPSE, cv2.MORPH_ELLIPSE — CTpyKTypHBIi
3JIEMEHT 3JUINITUYECKOR (OPMBI, BINCAHHBIH B IIPAMO-
YIOJIBHUK pa3Mepa size.
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2. cv::morphologyEx(A, C, op, B, anchor,

iters, borderType, borderValue),

cv::morphologyEX(A, op, B, anchor,

iters, borderType, borderValue)

— mpuMeHsieT MOPQOJOTHIECKYIO OIepanuio op K wu300pa-
JKEHUIO0 A WUCIOJb3ys CTPYKTYpPHBIA siemenT B iters pas. Ecin
mapaMerp iters He 3aJaH, TO MOPQOJIOrHYecKas OIepalIus
BeinostHAeTcd 1 pa3. Takke MOXKHO 33/1aTh MEHTPATBHYIO TOUKY

CTPYKTYPHOTO 3jieMeHTa anchor u MeTos oO6paboTKM IPAHUIHBIX
Touek n300paxkenus. B peanmsanun Ha s3bike C++ pesyib-
Tupyioriee m3obpakenne C TepeslaeTcss BTOPBIM apryMeHTOM
dyHKIMH, TOrAa Kak B peaju3anuu Ha Python ono sBisercs Bos-
BpaIaeMbIM 3HadeHneM. Vcrnonb3yst JanHyo (hyHKIMIO, MOXKHO
BBIIIOJIHUTD CJIE/LYIONINAE THIIBI MOP(OIOTIIeCKUX OIepaInii:

(a)

cv: :MORPH_ERODE, cv2.MORPH_ERODE — »3pozus. ljis BbI-
[TOJTHEHUST 9PO3UU MOYKHO TaKXKe HCIOJIb30BATh (DYHKIINIIO
cv::erode() B C++ u cv2.erode() B Python.

cv: :MORPH_DILATE, cv2.MORPH_DILATE — mgmmatamus. Jls
BBITIOTHEHUS JTUJIATAIIIN MOXKHO TaKKe NCI0JIb30BaTh (PYHK-
muio cv::dilate() B C++ u cv2.dilate() B Python.

cv: :MORPH_OPEN, cv2.MORPH_OPEN — OTKPBLITHE.
open(A, B) = erode(dilate(A, B), B)
cv: :MORPH_CLOSE, cv2.MORPH_CLOSE —  3akpblTHe.
close(A, B) = erode(dilate(A, B), B).
cv::MORPH_GRADIENT, cv2.MORPH_GRADIENT — MoOp-

dosornueckuit rpagment. PesymbraTrom maHHON omepa-
AN 4ABJAETCHd Pa3HUIA MEXKJy JAujaTalueil W 3PO3Uei.
gradient(A, B) = dilate(A, B) — erode(A, B).

cv: :MORPH_TOPHAT, cv2.MORPH_TOPHAT — omnepaiusa <«top
hat». Pesysbrarom maHHON omepamnuy SiBJISIETCS PAa3HUIIA
Mexky u30bpazkeHueM u ero orkpbitueM. tophat(A, B) =
A — open(A, B).

cv: :MORPH_BLACKHAT, cv2.MORPH_BLACKHAT — ounepanud
«black hat». Pesysbrarom paHHON onepanuu siBJISeTCs
Pa3HUIA MEXKJIy 3aKPBITHEM W300pParKEHUsI U UM CAMUM.

blackhat(A, B) = close(A, B) — A.
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(h) cv: :MORPH_HITMISS, cv2.MORPH_HITMISS — omeparus <hit
& miss».

3. cv::connectedComponents(A, labels, connectivity),

cv2.connectedComponents (A)

— ¢opMHUpyeT CHOUCOK BCEX CBSI3HBIX KOMIIOHEHT H300paKke-
nust A B matpurie labels, KoTopasi XpaHUT WHJEKC KOMIIOHEHTBI
JUTsl KaKJOro IUKCEJsT MCXOJHOro mn300parkeHust. Bospparmaer
KOJIMYECTBO CBSI3HBIX KOMIIOHEHT m3o0Opaxkeuusi B C++ u Kop-
TeXK OOBEKTOB, XPAHSIIUI KOJIMYIECTBO CBS3HBIX KOMIIOHEHT U
MAaTPHUILy UHIEKCOB KOMIOHEHT labels, B Python.

4. cv::connectedComponentsWithStats(A, labels, stats,

centers),

cv2.connectedComponentsWithStats(A) — To ke cawmoe,
aro u connectedComponents(), HO KPOME MHIEKCOB KOMIIOHEHT
OHAa TaK)Ke CUYMTAET CTATUCTUKY I KaXKJOH KOMIIOHEHTBI.
Boseparaer KOJHYECTBO CBSI3HBIX KOMIIOHEHT W300parKeHust
B C++ u KOpTeK OOBEKTOB, XPAHAIIMI KOJUIECTBO CBSI3HBIX
KOMIIOHEHT, MaTPHUILy WHIEKCOB KOMIIOHEHT l[abels, craTucTuky
stats u nentpsl centers, B Python. Cratuctuka stats mpemcras-
Jsier u3 cebsi JIByMEPHYIO MATDWILY, TJe [IepBOe H3MEpeHne —
uHIeKC KoMIoHeHTHI (label), a Bropoe — nHjeke napamerpa. Tur
JIAHHBIX MATPHIBl — 32 OUTHBIE IeJIble Yucia co 3HAKOM (int32).
Henrpsl centers — aByMepHas MaTpHIA, IJe I€PBOE U3MEPEHUE
— 910 uHJEeKC KoMmoHeHTh! (label), a Bropoe 0 jmist ocu X u 1
qyist ocu Y. CraTucTuka BKJIIOYaeT B cebsl CJIeIyoNue JaHHble:

(a) cv::CC_STAT_LEFT, cv2.CC_STAT_LEFT — koopauHaTa ca-
MOTO JIEBOTO [IMKCeJIsT KOMIIOHEHTHI (X);

(b) cv::CC_STAT_TOP, cv2.CC_STAT_TOP — KOOD/IMHATA CAMOTO
BEPXHEro MUKCe/Is KOMIOHEHTHI (Y);

(¢) cv::CC_STAT_WIDTH, cv2.CC_STAT_WIDTH — ropusoHTaJb-
HBIH pa3sMep KOMIIOHEHTBI (IIIUPHUHA);

(d) cv::CC_STAT_HEIGHT, cv2.CC_STAT_HEIGHT — BepTHKAaJb-

HBIH pa3sMep KOMIOHEHTHI (BBICOTA);

(e) cv::CC_STAT_AREA, cv2.CC_STAT_AREA — pa3mMep KOMIIO-
HEHTBI B TUKCEJISX.
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@yukiusa bwareaopen(A, dim) uz MATLAB peanusyercs ¢ wnc-
nosib3oBanneM (ynknun connectedComponentsWithStats() Gubsmo-
texku OpenCV. B Ilpuoxenun 5.1 npeicraBieH IpuMep ee mporpaMM-
HOH peajmsanuu Ha g3blkax nporpaMmvuposanus C+-+ u Python.

IIpumepsl ucriosib3oBaHusi MOP@POJIOTTIECKUX Ollepa-
it

Brigesenue rpaHul; 00beKTOB

I'parunpr 06HEKTOB MOT'YT OBITH BBIJIEIEHBI C UCIOJIB30BAHUEM CJIe-
YIOIIETO TMOIX0Ta:

1. C=A—- (A6 B) — dopmupoBanue BHyTPEHHEIO KOHTYDA;

2. C = (A® B) — A — dbopMupoBaHye BHEIIHEIO KOHTYDA.

PaznesieHue «CKJI€EHHBIX» O0ObEKTOB

OJHUM W3 TIPUMEPOB UCIOJIB30BAHMS MOPMOJIOIMIECKIX OMEePaIiii
HaJ n300pakeHneM MOKeT OBbITh 3a/ada pas3fieleHusl CKIEUBIINXCS Ha
n300paskeHnn OOBEKTOB. 3ajada MOXKET OBITh peIleHa € JIOCTATOY-
HOMl CTEeleHbI0 TOYHOCTH IIPU TIOMOIIY [TOC/IEI0BATETHHOTO BBIIOJTHEHUST
HECKOJIBKHX pa3 PUIbTPa CXKATHUS, & 3aTeM MAKCHMAJIBHO BO3MOXKHOTO
pacIupenusi MOJIy9eHHOrO pe3ysbTrara. llepecedenne ncxoIHOro M300-
pazkeHust ¢ 06pabOTAHHBIM MTO3BOJIUT PA3IEIUTDh CKJICEHHBbIE 00 BHEKTHI.

JIuctuHr 5.1. Paznesienne <«CK/IEEHHBIX» OOBEKTOB B Cpejie

MATLAB.

1 I = imread(‘pic.jpg’);

2 t = graythresh(I);

3 Inew = im2bw (I, t);

4 Inew = “Inew;

5 BW2 = bwmorph(Inew, ‘erode’,7);

6 BW2 = bwmorph(BW2, ‘thicken’,Inf);
7 Inew = ~(Inew & BW2);

JIuctuHr 5.2. Pazenenne «CKIeeHHBIX» OOBEKTOB C HCIIOJIH30Ba-
HueMm 6ubsmoreku OpenCV u si3bika mporpammupoBanust C+-.

102



0O Ui Wi

CO W W W WWNNNDDNDDNDDNDDNNDNDDN = = =
Tl W N HF OO Uk WNHFE OO Uk WwNhHEO©

Mat I = imread("pic.jpg",
cv:: IMREAD_GRAYSCALE);

Mat Inew;

cv::threshold(I, Inew, 160, 255,
cv:: THRESH_BINARY_INV);

Mat B = cv::getStructuringElement (
cv::MORPH_ELLIPSE, cv::Size (5, 5));

// Erosion

Mat BW2;

cv::morphologyEx (Inew, BW2, cv::MORPH_ERODE,
B, cv::Point(-1, -1), 14,
cv::BORDER_CONSTANT, cv::Scalar (0));

// Dilation

Mat D, C, S;

Mat T = Mat::zeros(Inew.rows, Inew.cols,
Inew.type ());
int pix_num = Inew.rows * Inew.cols;

while (cv::countNonZero (BW2) < pix_num)
{
cv::morphologyEx (BW2, D, cv::MORPH_DILATE,
B, cv::Point (-1, -1), 1,
cv::BORDER_CONSTANT, cv::Scalar (0));
cv::morphologyEx (D, C, cv::MORPH_CLOSE,
B, cv::Point(-1, -1), 1,
cv::BORDER_CONSTANT, cv::Scalar(0));
S =C - D;
cv::bitwise_or(S, T, T);
BW2 = D;
}
// Closing for borders
cv::morphologyEx (T, T, cv::MORPH_CLOSE, B,
cv::Point (-1, -1), 14,
cv::BORDER_CONSTANT, cv::Scalar(255));
// Remove borders from an image
cv::bitwise_and ("T, Inew, Inew);

JInuctuHr 5.3. Paznenenne «CKIeeHHBIX» OOBEKTOB C HCIIOJIH30Ba-

auem 6ubmorekn OpenCV u s13pika mporpaMmvupoBanust Python.
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1 I = cv2.imread("pic. jpg",

2 cv2.IMREAD_GRAYSCALE);

3 ret, Inew = cv2.threshold (I, 160, 255,
4 cv.THRESH_BINARY_INV)

) B = cv2.getStructuringElement (

6 cv2.MORPH_ELLIPSE, (5, 5))

7 # Erosion

8 BW2 = cv2.morphologyEx (Inew,

9 cv2.MORPH_ERODE, B, iterations = 14,
10 borderType = cv2.BORDER_CONSTANT,

11 borderValue = (0))

12 # Dilation

13 T = np.zeros_like (Inew)

14 while cv2.countNonZero (BW2) < BW2.size:
15 D = cv.dilate (BW2, B,

16 borderType = cv2.BORDER_CONSTANT,
17 borderValue = (0))

18 C = cv.morphologyEx (D, cv2.MORPH_CLOSE, B,
19 borderType = cv2.BORDER_CONSTANT,
20 borderValue = (0))

21 S =C -D

22 T = cv.bitwise_or (S, T)

23 BW2 =D

24 # Closing for borders

25 T = cv2.morphologyEx (T, cv2.MORPH_CLOSE, B,
26 iterations = 14,

27 borderType = cv2.BORDER_CONSTANT,

28 borderValue = (255))

29 # Remove borders from an image

30 Inew = cv2.bitwise_and("T, Inew)

CePMeHTaHHﬂ METOAO0M YIIpaBJideMOro Boaopa3eJia

PaccmoTpum errie oiH U3 MPUMEPOB TPUMEHEHUST MaTEMATUIeCKON
MoposIoruy K 3ajade cerMeHTanun n3obpakenus. B 1o/xoie cerMen-
TaIUu 110 BOJOPa3iesiaM n300parKeHne pacCMaTPUBAETCsI KAK KAPTa, BbI-
COT, Ha KOTOPOM WHTEHCUBHOCTU MUKCEJIEH OMMCHIBAIOT BHICOTHI OTHOCH-
TeJILHO HEKOTOPOro ypoBHA. Ha TaKyio «BBICOTHYIO MECTHOCTDLY <«JIHET
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Puc. 5.2 — Pa3sjienieHne «CKJIEEHHBIX» OOEKTOB: &) NCXOIHOe
u3o0pazkenue, 6) 3po3usd GUHAPHOIO U300PAKEHMsl, B) PACIIUPEHUE
0O'bEKTOB, I') PE3YJILTAT PA3JIEJICHUS.

JOKTb», 00pa3yst MHOYXKECTBO 8000c60pHvix baccetinos. IlocTemeHno Bo-
JTa U3 TIEePETOTHEHHBIX 0ACCEHOB MEPETNBACTCS, 1 ODACCEHHBI 00bE TUHSI-
1oTcs B bostee Kpynuble (cM. puc. 5.3). Mecra obbenunenus 6acceiinon
OTMEYAIOTCs KaK JIMHUU Bojlopasjena. Fcin «10XK/1b» 0OCTaAHOBUTD pa-
HO, TOrja n3obpazkenne OyJIeT CErMEHTUPOBAHO Ha MeJIKHe 00JIacTH, a
€CJIM TIO3JHO — Ha KpyHHbIe. B TakoM mojxojie Bce MUKCeH Topas3/ie-
JISIIOTCS. HA, TPH THIIA:

1. noxasvrwvie MUHUMYMDL

2. HaXOZSIIMECs Ha CKAOHE (C KOTOPBIX BOJIA CKATBIBAETCS B OJUH U
TOT K€ JIOKAJIbHDBIH MUHUMYM);

3. A0KaADHBIE MAKCUMYMbL (C KOTOPBIX BOJIA CKATHIBAETCSI GOJIee 1eM
B OJIUH MUHUMYM).

IIpu peanmuzanuum JAHHOTO METO/A HEOOXOIUMO OIPEJIEIUTH BOJIO-
cObopHble 6ACCEHBI U JJUHUU BOIOPA3/Iesa MyTeM 00pabOTKHU JIOKAJTbLHBIX
obJiacTeil U BLIYUCICHUS UX XapPAKTEPUCTUK. AJITOPUTM CerMeHTAIlAN
COCTOUT U3 CJIEIYIONINX MaroB:

1. Boruucienne dynruyum cermentanyuu. Kak mpaBmiio, JJjisi 9TOTO
HCIIONIb3YeTCs TPAJUEHTHOE IMPEeICTABICHIE N300parKeHNUs.
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Puc. 5.3 — Bomopasnen obsracreti.

2. Borauciienne MapKepoB IEPEIHEro IIaHA HA OCHOBAHUU CBS3HO-
CTH IHUKCeJIell KayKJI0ro OObeKTa.

3. Brrunciienune MmapkepoB (hbOHA, IPEJICTABJISIIONINX ITUKCEJIN, HE SB-
JISTIOIIAECS OO bEKTAMMU.

4. MomudurmpoBanue QyHKIUH CETMEHTAIINN C yIETOM B3aUMOPAC-
[TOJIOXKEHUsT MAPKEPOB IEePEIHEro IIana u GoHa.

B pesynbrare paboThl aaropurma OyIeT MOJIyUeHa MACKa, TJIe K-
CeJIM OJIMHAKOBBLIX CEIMEHTOB OY/IyT TOMEYEHbI OJUHAKOBBIMU METKAMUI
u OyyT 00pa30BBIBATH CBA3HYIO 00s1acTh. [Ipemomoknm, 3a1aH0 n300-
pazKkeHwue, IPEeJICTABJIEHHOE HA PHC. 5.4.

Puc. 5.4 — Ucxoamnoe nzobparkenne.

BrommosauM Mopdostorndeckyo QuiabTpaun m300paXKeHusi ¢ UC-
MIOJTb30BAHNEM 0A30BBIX MODPMOJIOrHYecKnX omneparnuit u MopdoJIoru-
qeckoil pekoHCTpyKimn imreconstruct (). @ynxknus imcomplement ()
BBIYHUCIISIET U300pakeHne-I0NO0THEHNEe K U300pPaKeHUIO-apryMeHTy |
[peJICTaBIsIeT cO00i NMHBEPTUPOBAHHOE N300paKeHME.

JIuctuar 5.4. CermeHTanuyu MeTOIOM BOAOpa3leia B Cpee
MATLAB.
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1 rgb = imread(‘pic.jpg’);

2 A = rgb2gray(rgb);

3B = strel(‘disk’,6);

4 C = imerode(A,B);

5 Cr = imreconstruct (C,A);

6 Crd = imdilate(Cr,B);

7 Crdr = imreconstruct(imcomplement (Crd),
8 imcomplement (Cr)) ;

9 Crdr = imcomplement (Crdr);

Puc. 5.5 — OrdunbrpoBanHoe m3obparkenue.

ITocne sToOro ompemenuM JOKAJbHBIE MAKCHMYMbI DYyHKITHEH
imregionalmax() i OIpejieJieHUsl MApPKEPOB IIEPEJIHETO TIIaHA
(foreground markers wiuu £gm) u, 1JIs HATJISTHOCTH, HAJIOXKUM MapPKEPhI
Ha, UCXOJIHOEe M300paskeHue:

10 fgm = imregionalmax (Crdr);
11 A2 = A;
12 A2(fgm) = 255;

Kak BuaHO 13 mpe/icTaBJIeHHbIX H300paskeHnii, MapKepPhl CAILHO U3~

pesansbl. jist criiaknuBaHUst MAPKEPOB ITEPETHETO IIAHA BOCIIOIb3YEeMCsT
CJIEITYTOIIEl TTOCIEIOBATEIFHOCTHIO MOP(MOIOTHIECKUX OIEePAITHii:

13 B2 = strel(ones(5,5));
14 fgm = imclose (fgm,B2);

15 fgm = imerode (fgm,B2);
16 fgm = bwareaopen(fgm,20);
17 A3 = A;

18 A3(fgm) = 255;
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Puc. 5.6 — Mapkeps! 11epejiHero miaHa: a) BbIUUC/IEHHBIE,
6) HAJIO’KEHHBIE HA UCXOJHOE M300parkeHue.

Puc. 5.7 — OrduibrpoBanHble MapKepbl IEPEJIHEro ILIaHA.

Ha cienyrommem mare tpebyercst ompeiesnTb MapKepbl (hoHA
(background markers unn bgm). g sroro GunapusyeM OTOUILTPO-
BaHHOe m3o0parkenne Crdr, HalijIeM €BKJIAIOBO PACCTOAHUE OT KaXKI0-
o YepHOTO /10 OymKaiiniero 6eyoro mukcens gyukmnueit bwdist () u
BBIYHCJIIM MaTpHIly L, comepzKalryl0 METKH CErMEHTOB, IT0JIyYeHHBIX
METOJIOM BOJOpa3/ie/ia ¢ MCIojb30BanneM pyHKIuu watershed():

19 bw = imbinarize (Crdr);
20 D = bwdist (bw);

21 L. = watershed (D) ;

22 bgm = L == 0;

Barem Tpebyercst MoaudUIMPOBaTh (DYyHKIUIO cermenTaruu. Jljist
9TOr0 MOXKHO BOCIOJIB30BaTbCs (DyHKIMeH imimposemin(), KoTopast
TOYHO OIPeeIsAeT JIOKAJIbHbIE MUHUMYMbI H300parkenus. Biaromaps
9TOMy (QYHKIHST KOPPEKTUPYET 3HAYEHUsI TPA/IMEHTOB Ha M300PaKeHNN
7 yTOYHSIET PACIIOJIOKEHNEe MapKepOB Tiepe/iHero miana u dona. [lepes
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Puc. 5.8 — a) 6unapuzoBannoe uzobpazkenue, 6) Mapkepbl GoHa.

9TUM HYXKHO OIPEJE/IUTh I'PAJIMEHTHOE IIPeCTaB/IeHNe N300parKeHusl,
KOTOpOe U Oy/IeT CKOPPEKTUPOBAHO:

23 hy = fspecial(‘sobel’);

24 hx = hy?;

25 Ay imfilter (double(A), hy, ‘replicate’);
26 Ax = imfilter (double(A), hx, ‘replicate’);
27 grad = sqrt(Ax."2 + Ay."2);

28 grad = imimposemin(grad, bgm | fgm);

Puc. 5.9 — I'pajimeHTHOE IpEJICTABIEHIE N300PaKeHUsT: a) MCXOJHOE,
6) MomubUIMPOBAHHOE.

ITocne sTOrO BBINOJIHSAETCS OMEPAIMA CEIMEHTAIMA YTOIYHEHHOIO
rPaJIMEeHTHOrO IIPEJICTaBJIEHNs M300pakeHusT Ha OCHOBE BOJOpAa3Jelia
U BU3YAJU3UPYETCS PE3yIbTAT PAOOTHI aJITOPUTMA

29 L = watershed(grad);
30 A4 = A;
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31 AA(imdilate(L == 0, ...
32 ones(3,3)) | bgm | fgm) = 255;
33 Lrgb = label2rgb(L, ‘jet’, ‘w’, ‘shuffle’);
LR N w
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Puc. 5.10 — Mapkepsl 1 IDaHUIbI, HAJIOYKEHHBIE HA: &) UCXOJIHOe
n3obpazkeHne, 6) IpeJCTABIeHHOE B IBeTaX rgh.

B nabope 6udimorexke OpenCV orcyTCTBYIOT HEKOTOPBIE U3 (DYHK-
uuit MATLAB, KoTopble HCIOJIB30BAJIUCH IIPH PeaIn3allid CerMeHTa-
[IUU METOJIOM YIIPABJISIEMOTO BOIOPA3/IEIIa, OHAKO MOKHO PEaIN30BaTh
aHaJIOTUYHBIN ajropurM. IIpexxie Bcero cieyer MpoOYUTATh BXOIHOE
n300parkeHre u mpeodbpa3oBaTh €ro B YepHO-0e10e IpeCTaBICHIe IJIsd
MMOMCKA MapKEPOB.

JIncrunr 5.5. CermenTanust METOIO0M BOAOPA3/IE/Ia C UCIOJIb30Ba-
aueM 6ubmorekn OpenCV u s13bika nporpammupoBanus C++.

—

Mat I, I_gray, I_bw;

I = imread("pic.jpg", cv::IMREAD_COLOR);

cv::cvtColor (I, I_gray, cv::COLOR_BGR2GRAY);

cv::threshold(I_gray, I_bw, O, 255,
cv::THRESH_BINARY + cv::THRESH_OTSU);

bwareaopen(I_bw, I_bw, 20, 4);

Mat B = cv::getStructuringElement (
cv::MORPH_ELLIPSE, cv::Size (5, 5));

cv::morphologyEx(I_bw, I_bw,
cv::MORPH_CLOSE, B);

O © 00O Uk Wi

—_

st onipenesieHnsT MapKepOB IEPEJIHErO ILJIaHA MOXKHO HCIIOJIB30-
BaTh Ipeobpa30BaHUe €BKJIMJIOBA PACCTOSIHUS, KOTOPOE ISl KayKI0-
IO MHUKCEJIS MCXOTHOTO M300ParKeHNs BBIYUCIISIET PACCTOSHHE OT HEro
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6)

Puc. 5.11 — a) nosyroHoBoe uzobpazxkenue, 6) 0THUIBTPOBAHHOE
qepHO-6esi0e m300parkeHue.

10 OJII2KAMIIero 4epHOro IHKCeJIsd. DTO IPeodPa30BaHUEe BBIIOIHAECT-
cs myTeM BbI3oBa dyHKImH cv::distanceTransform() OuOIHOTEKH

OpenCV:

11 Mat I_fg;

12 double I_fg _min, I_fg_max;

13 cv::distanceTransform(I_bw, I_fg,
14 cv::DIST_L2, 5);

Termeps CTAHOBUTCHA BO3MOXKHO OIIPEJETUTH MAapKepPhl IePe/i-
HEro IUIaHa KAaK CBI3HBIE KOMIIOHEHTHI H300paKeHusl, IIOJIy-
YEHHOI'O  JIONIOJTHUTEJIbHOM  (PUiIbTpanun, UCHOJAb3ys  (DYHKIUIO
cv: :connectedComponents ():

15 cv::minMaxLoc(I_fg, &I_fg_min, &I_fg_max);
16 cv::threshold(I_fg, I_fg, 0.6 * I_fg_max,
17 255, 0);

18 img_fg.convertTo (img_fg, CV_8U,

19 2565.0 / I_fg_max);

20 Mat markers;

21 int num = cv::connectedComponents (I_fg,
22 markers) ;

Obutactb (HoHOBOrO Mapkepa MOXKHO HANWTH, BBITOJHUB AJITOPUTM
BOJIOPA3IeJia, UCIOJIb3Ysl OJyIeHHbIE PaHee MapKePhI MePeTHEero Iia-
Ha, U BbIOpaB I'paHUYHYIO 00JIaCTh B KadecTBe (POHA. DTO peEIleHUe
XOpoIIo paboTaeT B CiIydae, ecau OObEKThl PACHOJIOKEHBI ILIOTHO, U
obJtacTb POHA TPY/IHO BBIIE/IATH.
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Puc. 5.12 — Onpejiesienue MapKepoB [EpeHero IIaHa: a)
upeobpa3oBaHue eBKJIMIOBA PACCTOAHUS, 6) 06JACTH MAPKEPOB
HepeiHero IJIaHa, B) MapKephl IIePEHEro IIAHA.

23 Mat I_bg = Mat::zeros(I_bw.rows, I_bw.cols,
24 I_bw.type());

25 Mat markers_bg = markers.clone();
26 cv::watershed (I, markers_bg);
27 I_bg.setTo(Scalar (255), markers_bg == -1);

Jajiee HEOOXOIUMO OIIPEIEIUTh «HEOIPEJIEJIEHHY0» 00JIaCTh, KOTO-
past To/KHA OBITH 3AIT0THEHA aJrOPUTMOM BOMOpAa3eaa. Ty 00JacThb
MOKHO HANTH IIyTeM BBIYUTAHUS 00JACTH MapKEPOB MEPEIHErO IJIAHA
n3 objacTu, 0OpaTHOIt 00JIACTH MapKepa 33/ THErO ILIaHa:

28 Mat I_unk;
29 cv::bitwise_not(I_bg, I_unk);
30 cv::subtract(I_unk, I_fg, I_unk);

Temephb oIy IeHbI BCe TaHHbIE, HEOOXOIUMbIE JI7Is PAOOTHI AJTOPUT-
Ma Bojiopasjiena. Ocrajgoch 00beIUHUTD BCE HOJYYEeHHbIE MApPKEPHI B
€JINHYI0 MATPUILY:
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Puc. 5.13 — Oupegesnenne Mmapkepa (oHa: a) pe3ysbrar cerMeHTaIn
[0 MapKepaM IepejiHero IviaHa, 6) Mapkep oHa.

31 markers += 1;
32 markers.setTo(Scalar (0), I_unk == 255);

Puc. 5.14 — Mapkepbl: a) HeoupezieneHtas 00J1acThb, 6) obbeIuHeHIe
BCEX MApPKEPOB.

1 zamycTuTh ajaropuTM, UCIOAb3Ys (pyHKIHIO cv: :watershed ():
33 cv::watershed (I, markers);

st BU3yaau3aIiun Pe3yIbTATOB CErMEHTAIINA MOXKHO WCIIOIb30-
Barh 1BeToByIo Kapty JET:

34 Mat markers_jet;
35 markers.convertTo (markers_jet, CV_8U,

36 255.0 / (num + 1));
37 cv::applyColorMap (markers_jet,
38 markers_jet, cv::COLORMAP_JET);
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1 BBIIEUTH CErMEHTUPOBAHHDBIE 00/IACTA HA MCXOJIHOM HM300pazKe-
HUW CUHUM I[BETOM.

39 I.setTo(Scalar (255, 0, 0), markers == -1);

a)

Puc. 5.15 — Mapkepsl 1 rpaHUIbI, HAJIOYKEHHBIE HA: &) n300parkeHne
¢ ucnosb3oBanueM 1BeToBoit kKaprel JET, 6) ucxommoe uzobpakenue.

B Ilpumoxenunn 5.2 mpecraBiaeHa IPOrPAMMHA PEATAIAINS TaH-
HOTO METO/Ia Ha sI3bIKe MmporpaMMupoBanust Python.

Hpyrum perieHuneM sl onpejiesienns: Mapkepa (HoHa MOXKET ObITh
[IoCJIeI0BaTe IbHAS JJUJIaTaIls OT(UIBTPOBAHHOIO Y€PHO-6€/10T0 N300~
paxenusi. IHBepcusi pe3y/braTa PACIIUPEHUs JIOJKHA JaTh HAM 0O0-
JIaCTh, KOTOpas 00s3aTe/IbHO Oy/IeT sABJIATbCS (DOHOM M MOXKET OBITh
WCIOJIb30BaHa B KadecTBe Mapkepa (hpoHa. DTO peIeHne XOpoIo pa-
boTaeT B caydae, ecau 007acThb (POHA JTOCTATOUHO BEJIUKA U HE CTAHET
[yCTOM TIOCJIE OIEPAIIUN TUIATAIIH.

JInctuHr 5.6. AjnbrepHaTHBHOE PEIleHUsl JJIsl OIPeJIeJIeHUs] Map-
Kepa (oHa ¢ ucnob3oBanue obudamoreku OpenCV.

1 Mat I_bg;

2 cv::dilate(I_bw, I_bg, B,

3 cv::Point (-1, -1), 3);

4 cv::bitwise_not(I_bg, I_bg);

IlopsimoK BbINOJIHEHUSI PAOOTHI

1. Basosvie mopgponoeuveckue onepayuy. BbuiOpaTh TPOU3BOJIBLHOE
u30bpazkenue, cojepzxaiiee nedekTbl GopMbl (BHYTPEHHUE «IIBIP-
KU» WJIA BHENIHHUE <BBICTYIIbI») 00bekToB. Mcnosb3ys 6a3oBble

114



MOP(OJIOrnYecKre Oepalyy, MOJHOCThIO YOparh WJId MUHUMU-
3UpOBaTh JAePEKTHI.

2. Pasdesenue obsexmos. BeibpaTh Mpon3BoOJIbLHOE ODMHAPHOE H300-
pakeHue, cojiepKalee MepekpbIBaomecs 00beKThl. Vcmonn3o-
BaTh omeparun OmHapHOI MOpQOJIOTUN I Pa3IeaeHus 00beK-
TOB. BbIIeUTh KOHTYPBHI 00 HEKTOB.

3. Ceamenmayus. BeibpaTh Mpon3BOIHLHOE N300pAKEHNE, COJIePIKa-
1mee HeOOJIBITIOE YHCIIO JIOKAJTBHBIX MUHUMYMOB. BBITIOJHUTD cer-
MEHTAIINIO U300ParKEeHUs 110 BOJOPA3/IeIaM.

B) | r)

Puc. 5.16 — Hcnonb3oBanne ajJbTePHATUBHOIO PEIICHU JIJIsT
ompejiesienns Mapkepa GoHa : a) uepHo-6eioe uzobpazkenue, 6)
MapKephl, B) Pe3yJIbTaT CErMEHTAINN, I') PE3YJIbTAT CErMEHTAIIUH,
HAJIO?KEHHBIN Ha UCXOJHOE U300parKeHue.
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CopaepkaHue or4dera
1. TuryapHBIL THCT.
2. Henb paboThI.

3. Teopernueckoe 0OOCHOBAHUE MATEMATHIECKON MOPMOJIOTHH ISt
aHaIN3a M300parKeHMUIA.

4. Xop BBITIOJTHEHNUST PADOTHI:
(a) Ucxomuble n306parKeHus;
(b

) JIucTuHrM IPOrpaMMHBIX Pean3aluii;
(¢) Kommenrapuu;

(d) Pesynbrupyronme n306pazkeHusl.

5. BreiBossl 0 mpojiesianHoil pabore.

Bomnpocs! K 3ammuTe 1abopaTopHOil paboThI

1. Bkurrouaer jin pe3ybTaT OTKPBITHS B Ce0si pe3yJIbTaT 3aKPhITUS !

2. Kaxkoit mopdosorngecknii (pusibTp HEOOXOIUMO TPUMEHUTD, ITO-
ObI yOpaTh y 00bEKTa BBICTYIIBI !

3. Kakum 06pa3oM ¢ moMOIBI0 MOPMOJIOTTIECKAX OIIEPAITAT MOYKHO
HaifTH KOHTYP 00beKTa?

4. Yro Takoe mopgonoeun?

IIpunnoxxxkenue 5.1. Peanuzanusa dbyHKIIUU
bwareaopen() w3 cpeapt MATLAB cpeacrBamu
oubaunoreku OpenCV

JIuctunar 5.7. Peanuzanus dyukiunm bwareaopen() u3 cpeisl
MATLAB c¢ ucnons3zosanuem 6udmorekun OpenCV u s3bIka Iporpam-
mupoBaaus C+-+.
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void bwareaopen(const Mat &A, Mat &C,
int dim, int conn = 8)
{
if (A.channels() != 1 &&
A.type() !'= CV_8U &&
A.type() !'= CV_32F)
return;
// Find all comnected components
Mat labels, stats, centers;
int num =
cv::connectedComponentsWithStats (A,
labels, stats, centers, conn);
// Clome image
C = A.clone();

// Check size of all connected components

vector<int> td;
for (int i = 0; i < num; i++)
if (stats.at<int>(i,
cv::CC_STAT_AREA) < dim)
td.push_back(i);
// Remowe small areas
if (todel.size() > 0)

if (img.type() == CV_8U)
{
for (int i = 0; i < C.rows; i++)
for (int j = 0; j < C.cols; j++)
for (int k = 0; k < td.size();
k++)
if (labels.at<int>(i, j) ==
td[k])
{
C.at<uchar>(i, j) = 0;
continue;
}
}
else
{
for (int i = 0; i < C.rows; i++)
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39
40
41
42
43
44
45
46
47
48
49

for (int j =
for (int k
k++)
if (labels.at<int>(i, j) ==
td[k])

0; j < C.cols; j++)
= 0; k < td.size();

{
C.at<float>(i, j) = 0;
continue;

}

Jluctunr 5.8. Peanuzamus dyskiun bwareaopen() wu3 cpejbl

MATLAB c¢ ucnosnbzosanuem 6ubmorekun OpenCV u si3bIka porpaM-
mupoBaHust Python.

1

0O Ui Wi

9
10
11
12

def bwareaopen(A, dim, conn = 8):

if img.ndim > 2:
return None
# Find all connected components

num, labels, stats, centers = \
cv2.connectedComponentsWithStats (A,
connectivity = conn)

# Check size of all connected components
for i in range (num):
if stats[i, cv2.CC_STAT_AREA] < dim:
Allabels == i] = 0
return A

IIpunoxkenue 5.2. CermeHTalus MeTOAOM YIIpaBJisie-
Moro Bogopaszaesaa cpeacrsamu OpenCV

JIncrunr 5.9. CermenTalys METOIOM YIIPABJISEMOIO BOAOPA3Ie/Ia

¢ ucrostb3opanueM 6ubmorekn OpenCV u si3bka MporpaMMUPOBaHUS

Python.

1
2
3

# Read an image
# Convert to grayscale and to BW
# Filter
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10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

I = cv2.imread("pic.jpg", cv.IMREAD_COLOR)

I_gray = cv.cvtColor (I, cv2.COLOR_BGR2GRAY)

ret, I_bw = cv.threshold(I_gray, O, 255,
cv2.THRESH_BINARY + cv2.THRESH_QOTSU)

I_bw = bwareaopen(I_bw, 20, 4)

B = cv2.getStructuringElement ( \
cv2.MORPH_ELLIPSE, (5, 5))

I_bw = cv2.morphologyEx(I_bw, \
cv2.MORPH_CLOSE, B)

# Do distance transformation

# Find foreground location

# Define foreground markers

I_fg = cv2.distanceTransform(I_bw,
cv2.DIST_L2, 5)

ret, I_fg = cv.threshold(I_fg,
0.6 * I_fg.max(), 255, 0)

ret, markers = cv.connectedComponents (I_£fg)

# Find background location
I_bg = np.zeros_like(I_bw)

markers_bg = markers.copy ()
markers_bg = cv2.watershed(I, markers_bg)
I_bglmarkers_bg == -1] = 255

# Define undefined area

I_unk = cv2.subtract("I_bg, I_fg)

# Define all markers

markers = markers + 1

markers [I_unk == 255] = 0

# Do watershed

# Prepare for wvisualization

markers = cv2.watershed (I, markers)

markers_jet = cv2.applyColorMap(
(markers.astype(np.float32) * 255 /
(ret + 1)).astype(np.uint8),
cv2.COLORMAP_JET)

I[markers == -1] = (0, 0, 255)
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