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abstract

We discuss about an automatic object extraction using graph-cuts for illust images(ex.Anime
and Manga) and an image classification method using self-organizing map.

We already proposed the methods for an illust images object extraction, a method using
active countour models, and a method using variational byesian in the past. In this paper,
we newly propose an automatic object extraction using saliency images and graph-cuts seg-
mentation. We showed by examination that this approach is better the accuracy and faster
the processing time than past approaches.

We also propose an automatic image classification using an automatic object extraction
using graph-cuts and self-organizing map. A image classification is generally used statistical
methods, but, in order to teach the image classifier need very large number of learning images.
It is difficult to prepare very large number of images personaly, so if a image classifier can
be learned and classified by small images, it is possible to learn and classify at a personal
computer and personal use. We propose a image classification method confined to illust
images and productions and to be able to learn from small amount of images. We consider
that an approach which we propose is confined to illust images and productions.
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L(D) = Flq| + KL(¢(Z,0,m|D),p(Z,0,m|D)) (3.10)
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+ §&B YV—Xa—F

Y —Z=z— R B.1: cut.hpp

#ifndef CUT_HPP_
##define CUT_HPP_

#include <cstdint>

#include <limits>

#include <algorithm>

#include <boost/range.hpp>
#include <boost/range/irange.hpp>
#include <boost/range/algorithm.hpp>
10 #include <boost/foreach.hpp>

11 #define BOOST_-THREAD_USE_LIB
12 #include <boost/thread.hpp>

13 #include <boost/thread/mutex.hpp>
14 #include <opencv2/opencv.hpp>

15 #include ”cv_ex.hpp”

© 00O Uk WN -

16

17 namespace cv_ex {

18

19 namespace {

20

21 inline void normalize(cv::Mat_<float>& img, float min_v, float max_v)
22 {

23 BOOST_FOREACH( auto& v, img ) {

24 v=(v—minv )/ (maxv — minv );

25 }

26 }

27

28 inline void normalize(cv::Mat_<float>& img)

29

30 float min_v = std::numeric_limits<float>::max();
31 float max_v = std::numeric_limits<float>::min();
32

33 BOOST_FOREACH( auto v, img ) {

34 min_v = std::min( min_v, v );

35 max_v = std::max( max_v, v );

36

37

38 normalize( img, min_v, max_v );

39 }

40

41 template <class F>

42 inline std::vector<cv::Mat_<float> > pyr_conv(const cv::Mat_<cv::Vec3f>& src, int level, F f)
43

44 std::vector<cv::Mat_<float> > dst;

45

46 const auto pyr = create_pyr( src, level );

47 BOOST_FOREACH( const auto& p, pyr ) {

48 dst.push_back( f( p ) );

49

50

51 return dst;

52 }

53

54 template <class F'>

55 inline cv::Mat_<float> create_map(const cv::Mat_<cv::Vec3f>& src, int level, F f)
56 {

57 const auto pyr = pyr-conv( src, level, f );

58

59 cvi:Mat_<float> dst( pyr.back().size(), 0.0f );

60 BOOST_FOREACH( int i, boost::irange( static_cast<int>( pyr.size() ) — 1, 0, =1 ) ) {

59



61 auto t = cv_ex:resize( pyr[i], pyr[i — 1].size() );
62 auto d = cv_ex:resize( dst, pyr[i — 1].size() );

64 BOOST_FOREACH( int y, boost::irange( 0, t.size().height ) ) {
65 BOOST_FOREACH( int x, boost::irange( 0, t.size().width ) ) {
66 d(y, x) = d(y, x ) + stdz:fabs( pyr[i — 1](y, x) — t(y, x) );

68 }

70 dst = d;
71 }

73 return dst;
74 }

76 template <class F'>

7 inline cv::Mat_<float> add_map(const cv::Mat_<cv::Vec3f>& src, int level, F f)
78 {

79 const auto pyr = pyr-conv( src, level, f );

81 cvi:Mat_<float> dst( pyr.back().size(), 0.0f );

82 BOOST_FOREACH( int i, boost::irange( static_cast<int>( pyr.size() ) — 1,0, =1 ) ) {
83 auto t = cv_ex::resize( pyrli], pyr[i — 1].size() );

84 auto d = cv_ex:resize( dst, pyr[i — 1].size() );

86 BOOST_FOREACH( int y, boost::irange( 0, t.size().height ) ) {
87 BOOST_FOREACH( int x, boost::irange( 0, t.size().width ) ) {
88 d(y,x)=d(y,x) +t(y,x);

90 }

92 dst = d;
93 }

95 return dst;
96 }

98 inline cv::Mat_<float> lumi_map(const cv::Mat_<cv::Vec3f>& src, int level)

100 const auto to_gray = [](const cv::Mat_<cv::Vec3f>& src) —> cv::Mat_<float> {
101 cv::Mat_<float> dst( src.size(), 0.0f );

103 auto src_itr = src.begin();

104 auto dst-itr = dst.begin();

105 for( ; src.itr |= src.end(); ++src_itr, ++dst_itr ) {
106 BOOST_FOREACH( int ¢, boost::irange( 0, 3 ) ) {
107 xdst_itr += (ksrc.itr)[c[;

108 }

109 *dst_itr /= 3.0f;

110

111

112 return dst;

113 b

114

115 return create_map( src, level, to_gray );

116 }

117

118 template <class F>

119 inline cv::Mat_<float> color_(const cv::Mat_<cv::Vec3f>& src, F f)
120

121 cv:Mat_<float> dst( src.size(), 0.0f );

122

123 auto src-itr = src.begin();

124 auto dst_itr = dst.begin();

125 for( ; src.itr != src.end(); ++sre_itr, ++dst_itr ) {

126 const float v = f( xsrc_itr );

127 xdst_itr = v < 0.0f 7 0.0f : v;

128 }

129

130 return dst;

131 }

132

133 inline std::vector<cv::Mat_<float> > color_map(const cv::Mat_<cv::Vec3f>& src, int level)
134 {
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135 std::vector<cv::Mat_<float> > dst;

136

137 typedef std::function<cv::Mat_<float> (const cv::Mat_<cv::Vec3f>&)> function_t;

138 const std::vector<function_t> func = {

139 [J(const cv::Mat_<cv::Vec3f>& src) —> cvi:Mat_<float> {

140 return color_( src, [](const cv::Vec3f& v) —> float{

141 return v[2] — (v[1] + v[0] ) / 2.0f; } );

142 1

143 [J(const cv::Mat_<cv::Vec3f>& src) —> cvi:Mat_<float> {

144 return color_( src, [|(const cv::Vec3f& v) —> float {

145 return v[1] — ( v[2] + v[0] ) / 2.0f; } );

146 1

147 [J(const cv::Mat_<cv::Vec3f>& src) —> cv:Mat_<float> {

148 return color_( src, [|(const cv::Vec3f& v) —> float

149 return v[0] — ( v[2] + v[1] ) / 2.0f; } );

150 1

151 [J(const cv::Mat_<cv::Vec3f>& src) —> cvi:Mat_<float> {

152 return color_( sre, [|(const cv::Vec3f& v) —> float {

153 return ( v[2] 4+ v[1] ) / 2.0f — std::fabs( v[2] — v[1] ) / 2.0f — v[0]; } );

154 }

155 };

156

157 BOOST_FOREACH( auto f, func ) {

158 dst.push_back( add_map( src, level, ) );

159

160

161 return dst;

162 }

163

164 inline std::vector<cv::Mat_<float> > make_maps(const cv::Mat_<cv::Vec3f>& src, int level)

165

166 std::vector<cv::Mat_<float> > dst;

167

168 dst.push_back( lumi_map( src, level ) );

169 const auto colors = color_map( src, level );

170 BOOST_FOREACH( const auto& c, colors ) {

171 dst.push_back( ¢ );

172

173

174 return dst;

175 }

176

177 std::pair<float, float> image_min_max(const cv::Mat_<float>& src)

178 {

179 std::pair<float, float> dst( std::numeric_limits<float>::max(), std::numeric_limits<float>::
min() );

180

181 for( auto itr = src.begin(); itr != src.end(); +-+itr ) {

182 dst.first = std::min( dst.first, *itr );

183 dst.second = std::max( dst.second, xitr );

184

185

186 return dst;

187 }

188

189 double image_loc_max_avg(const cv::Mat_<float>& src)

190 {

191 cvi:Mat_<double> dx1( src.size() ), dy1( src.size() );

192 cvi:Mat_<double> dx2( src.size() ), dy2( src.size() );

193

194 double max_v = std::numeric_limits<double>::min();

195 cv::Point max_pos;

196 std::vector<double> loc_max;

197

198 for(int j = 0; j < src.size().height; ++j ) {

199 constintmy =j==07j:j—1;

200 const int py = j == src.size().height — 17 j:j + 1;

201

202 for( int i = 0; i < src.size().width; ++i ) {

203 constint mx =i==07%7i:1i—1;

204 const int px = i == src.size().width — 1 ?71i:i4 1;

205

206 if( max_v < src(j, 1)) {
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207 max_v = src( j, 1 );

208 max_pos = cv::Point( i, j );

209 }

210

211 dx1( j, i) = sre( j, px ) — sre( j, mx );

212 dyl(j,i) = src(py,i) — sre( my,i);

213

214 }

215

216 for(int y = 0; y < src.size().height; ++y ) {

217 constint my =y==07%y:y — 1;

218 const int py = y == src.size().height — 1 7y : y + 1;

219 for( int x = 0; x < src.size().width; +4+x ) {

220 const int mx =x==07x:x — 1;

221 const int px = x == src.size().height — 1 7 x: x + 1;

222

223 dx2(y, x ) =dx1(y, px ) — dx1( y, mx );

224 dy2(y, x ) = dyl(py, x ) — dyl(my, x );

225 }

226 }

227

228 for( int y = 0; y < src.size().height; ++y ) {

229 for( int x = 0; x < src.size().width; ++x ) {

230 if( x == max_pos.x && y == max_pos.y ) {

231 continue;

232

233

234 if( std::fabs( dx1(y, x ) ) < 0.01 && std::fabs( dyl(y, x ) ) < 0.01 ) {

235 f(dx2(y,x) <0&&dy2(y,x)<0){

236 loc_max.push_back( src(y, x ) );

237

238 }

239 }

240 }

241

242 double dst = 0;

243 for( std:size_t i = 0; i < loc_max.size(); +-+i ) {

244 dst += loc_max[i];

245

246 dst /= loc_max.size();

247

248 return dst;

249 }

250

251 inline std::uint64_t equal_count(const cv::Mat_<float>& x, const cv::Mat_<float>& vy,

252 float th = std::mumeric_limits<float>::epsilon())

253

254 t std::uint64_t cnt = 0;

255

256 auto x_itr = x.begin();

257 auto y_itr = y.begin();

258 for( ; x-itr I= x.end(); ++xitr, ++y-itr ) {

259 if( std::fabs( *x_itr — xy_itr ) < th ) {

260 ++cnt;

261 }

262 }

263

264 return cnt;

265 }

266

267 template <class F>

268 inline void for_each(cv::Mat_<float>& lhs, const cv::Mat_<float>& rhs, F f)

269 {

270 auto Litr = lhs.begin();

271 auto r_itr = rhs.begin();

272 for( ; Litr != lhs.end(); ++L.itr, ++r_itr ) {

273 *l_itr = f( *litr, *r_itr );

274

275 }

276

277 cvi:Mat_<cv::Vec3b> mask_image(const cv::Mat_<cv::Vec3b>& src, const cv::Mat_<unsigned
char>& mask,

278 cv::Vec3b ignore = cv::Vec3b( 255, 0, 255 ))
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279 {

280 cvi:Mat_<cv::Vec3b> dst( src.size() );

281 BOOST_FOREACH( int y, boost::irange( 0, src.size().height ) ) {

282 BOOST_FOREACH( int x, boost::irange( 0, src.size().width ) ) {

283 dst(y, x ) = mask(y, x ) == cv::GC_BGD || mask( y, x ) == cv:GC_PR_BGD ?

284 ignore : src( y, X );

285 }

286 }

287

288 return dst;

289 }

290

291 cvi:Mat_<cv::Vec3b> draw_mask(const cv::Mat_<cv::Vec3b>& src, const cv::Mat_<unsigned char
>& mask)

292

293 cvi:Mat_<cv::Vec3b> dst = src.clone();

294

295 for( int y = 0; y < src.size().height; ++y ) {

296 for( int x = 0; x < src.size().width; +4+x ) {

297 if( mask( y, x ) == ¢cv::GC_BGD ) {

298 dst(y, x ) = cvi:Vec3b( 0, 0, 255 );

299

300 else if( mask( y, x ) == cv::GC_FGD ) {

301 dst( y, x ) = cvi:Vee3b( 255, 0, 0 );

302

303 else if( mask( y, x ) == cv::GC_PR_.FGD ) {

304 dst( y, x ) = cvi:Vee3b( 128, 128, 0 );

305

306 }

307 }

308

309 return dst;

310 }

311

312 void graph_cut(const cv::Mat_<cv::Vec3b>& src, const cvi:Mat_<float>& i,

313 double fgd_comp, double pr_fgd_comp, double bgd_comp, int cnt,

314 std::vector<cv::Mat_<cv::Vec3b> >& dst, boost::mutex& mutex,

315 cv::Vec3b ignore)

316 {

317 cv::Mat_<unsigned char> mask( src.size(), cvi:GC_PR_BGD );

318 bool err = true;

319

320 BOOST_FOREACH( int y, boost::irange( 0, i.size().height ) ) {

321 BOOST_FOREACH( int x, boost::irange( 0, i.size().width ) ) {

322 if(i( y, x ) >= fgd_comp ) {

323 mask( y, x ) = cvi:GC_FGD;

324 err = false;

325

326 else if(i( y, x ) >= pr_fgd_comp ) {

327 mask( y, x ) = cvi:GC_PR_FGD;

328 err = false;

329 }

330 else if(i( y, x ) <= bgd-comp ) {

331 mask( y, x ) = cv::GC_BGD;

332

333 }

334

335 if( err ) {

336 return;

337 }

338

339 cv::Mat bgd, fgd;

340 cv:i:grabCut( src, mask, cv::Rect(), bgd, fgd, cnt, cvi:GCINIT_WITH_MASK );

341

342 boost::mutex::scoped_lock lock( mutex );

343 dst.push_back( mask_image( src, mask, ignore ) );

344 }

345

346 } // namespace

347

348 inline std::vector<cv::Mat_<cv::Vec3b> > cut(

349 const cv::Mat_<cv::Vec3b>& src, int level,

350 double fgd_comp, double pr_fgd_comp, double bgd_comp,
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351 double ec_color, double ec_lumi, int cnt, cv::Vec3b ignore = cv::Vec3b( 255, 0, 255 ))

352 {

353 const cv::Mat_<cv::Vec3f> img = cv_ex:byte_to_float( src );

354

355 auto maps = make_maps( img, level );

356 BOOST_FOREACH( auto& i, maps ) {

357 const auto minmax = image min_max( 1 );

358 normalize( i, minmax.first, minmax.second );

359 const double loc = image_loc_max_avg( 1 );

360 const double diff = std::pow( minmax.second — loc, 2 );

361 BOOST_FOREACH( auto& n, i) {

362 n += diff;

363

364 normalize( 1 );

365

366

367 for( auto i = maps.begin() + 1; i < maps.begin() + ( maps.size() — 1); ++i) {
368 for( auto j =i+ 1; j < maps.end(); ) {

369 const double ratio = equal_count( =i, *j ) / static_cast<double>( src.size().area() );
370 if( ratio >= ec_color ) {

371 for_each( =i, j, [|(float lhs, float rhs) —> float { return lhs + rhs; } );
372 j = maps.erase( j );

373

374 else {

375 ++J;

376

377 }

378

379 for( auto i = maps.begin() + 1; i < maps.end(); ++i ) {

380 const double ratio =

381 equal_count( i, maps[0], 0.05f ) / static_cast<double>( src.size().area() );
382

383 if( ratio >= eclumi ) {

384 for_each( i, maps[0], [J(float lhs, float rhs) —> float { return lhs + rhs; } );
385

386 normalize( *i );

387 }

388 maps.erase( maps.begin() );

389

390 std::vector<cv::Mat_<cv::Vec3b> > dst;

391 boost::mutex mutex;

392

393 #if defined( CUT_NO_THREAD )

394 BOOST_FOREACH( auto& i, maps ) {

395 graph_cut( src, i, fgd_comp, pr_fgd_comp, bgd_comp, cnt, dst, mutex, ignore );
396

397

398 Felse

399 std::vector<boost::thread> th;

400

401 BOOST_FOREACH( auto& i, maps ) {

402 th.push_back( boost::thread( |

403 &sre, &i, fgd_comp, pr_fgd_comp, bgd_comp, cnt, &dst, &mutex, ignore

404

10) {

graph_cut( src, i, fgd_comp, pr_fgd_comp, bgd_comp, cnt, dst, mutex, ignore

)

405 1)

406

407 BOOST_FOREACH( auto& t, th ) {

408 t.join();
409

410 #endif

411

412 return dst;
413

414

415 } // namespace cv_ex
416

417 Fendif // CUT_HPP_
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Y —AZ=z— R B.2: adjustment.hpp

1 #ifndef NCLR_.CV_EX_ADJUSTMENT_HPP_
2 #define NCLR_.CV_EX_ADJUSTMENT_HPP_
3
4 include <opencv2/opencv.hpp>
5 #include <vector>
6 #include <utility>
7
8 namespace Cv_ex
9 {
10
11 namespace detail
12
13 std::vector<std::vector<int> > histogram(const cv::Mat_<cv::Vec3b>& src)
14
15 { std::vector<std::vector<int> > result;
16
17 for( int ¢ = 0; ¢ < src.channels(); ++4c ) {
18 std::vector<int> v( 256, 0 );
19 result.push_back( v );
20
21 for( int y = 0; y < src.size().height; ++y ) {
22 for( int x = 0; x < src.size().width; ++x ) {
23 for( int ¢ = 0; ¢ < src.channels(); ++c ) {
24 ++result[c][sre( y, x )[c]];
25
26 }
27 }
28
29 return result;
30 }
31
32 std::pair<int, int> clipping(const std::vector<int>& hist, int ignore_black, int ignore_white)
33 {
34 assert( ignore_black >= 0 );
35 assert( ignore_white >= 0 );
36
37 int cnt = 0;
38
39 int I;
40 for(1=0;1< 256; ++1) {
41 cnt += hist[l];
42 if( ent > ignore_black ) {
43 break;
44
45 }
46
47 cnt = 0;
48
49 int r;
50 for(r =255;r> 1 ——r1) {
51 cnt += hist[r];
52 if( ecnt > ignore_white ) {
53 break;
54
55
56 if(r<=1){
57 r=141;
58 }
59
60 return std::make_pair( static_cast<int>( 1), static_cast<int>(r ) );
61
62 ;
63 template <class T>
64 cvi:Mat_<T> histogram_extension(const cv::Mat_<T>& src, const std::vector<std::pair<int, int
> >& ranges)
65 {
66 assert( static_cast<int>( ranges.size() ) == src.channels() );
67
68 cvi:Mat_<T> dst( src.size(), 0 );
69
70 for(int y = 0; y < src.size().height; ++y ) {
71 for( int x = 0; x < src.size().width; ++x ) {
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for( int ¢ = 0; ¢ < src.channels(); ++c ) {
dst( y, x )[c] = cv:saturate_cast<unsigned char>(

( (sre( y, x )[c] — ranges[c].first ) * 255 ) / ( ranges|c].second — ranges|c].

first ) );

return dst;

} // namesapce detail

template <class T>

cvi:Mat_<T> color_adjustment(const cv::Mat_<T>& src, double clip_black, double clip_white)

{

}

assert( clip-black >= 0.0 && clip_black <= 1.0 );
assert( clip-white >= 0.0 && clip_white <= 1.0 );

const int ignore_black = static_cast<int>( src.size().area() * clip-black );
const int ignore_white = static_cast<int>( src.size().area() * clip-white );

const auto hists = detail::histogram( src );
std::vector<std::pair<int, int> > ranges;

for( int ¢ = 0; ¢ < src.channels(); ++4c ) {
ranges.push_back( detail::clipping( hists[c], ignore_black, ignore_white ) );

return detail::histogram_extension( src, ranges );

} // namespace cv_ex

#endif // NCLR-CV_EX_ADJUSTMENT_HPP_
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Y —Z=z— R B.3: cascade_classifier.hpp

1 #ifndef CASCADE_CLASSIFIER_HPP_
2 #define CASCADE_CLASSIFIER_HPP_
3
4 include <boost/range/irange.hpp>
5 Finclude <opencv2/opencv.hpp>
6 #include ”cv_ex.hpp”
7
8 inline std::vector<cv::Mat_<cv::Vec3b>> centering_faces(
9 const cvi:Mat_<cv::Vec3b>& src, cv::CascadeClassifier& cc)
10 {
11 const auto rcs = cv_ex::detect( sre, cc );
12
13 std::vector<cv::Mat_<cv::Vec3b>> dst;
14 for( const auto& rc : res ) {
15 const cv::Point2i cent = cv_ex:center( rc );
16 const int dx = cent.x — ( src.size().width / 2 );
17
18 cvi:Mat_<cv::Vec3b> tmp( src.size().height, src.size().width, cv::Vee3b( 255, 0, 255 ) );
19 for( int y : boost::irange( 0, src.size().height ) ) {
20 for( int x : boost::irange( 0, src.size().width ) ) {
21 const int px = x + dx;
22 if(px <0){
23 tmp(y, x ) =src(y, 0);
24
25 else if( px >= src.size().width ) {
26 tmp( y, x ) = src( y, src.size().width — 1 );
27
28 else {
29 tmp( y, x ) = src(y, px );
30 1
31 }
32 }
33
34 const int width = src.size().width — std::abs( dx );
35 cvi:Mat_<cv::Vec3b> img( src.size().height, width );
36
37 const int offset = dx >=07
38 std::abs( sre.size().width / 2 — width / 2 ) :
39 —dx —::abs( src.size().width / 2 — width / 2 );
40
41 for( int y : boost::irange( 0, img.size().height ) ) {
42 for( int x : boost::irange( 0, img.size().width ) ) {
43 const int ox = x + offset;
44 if( ox >= 0 && ox < src.size().width ) {
45 img( y, x ) = tmp( y, ox );
46 }
47 }
48 }
49
50 dst.push_back( img );
51 }
52
53 return dst;
54
55

56 #endif // CASCADE_CLASSIFIER_HPP._
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Y —2Za— R B.4: classifier.hpp

#ifndef CLASSIFIER_HPP_
#define CLASSIFIER_HPP_

#include <iostream>

#include <fstream>

#include <stdexcept>

#include <cmath>

#include <tuple>

#include <algorithm>

#include <numeric>

#define BOOST_FILESYSTEM_VERSION 3
#include <boost/filesystem.hpp>

#include <boost/iterator/iterator_facade.hpp>
#include <boost/range/iterator_range.hpp>
#include <boost/range.hpp>

#include <boost/range/algorithm.hpp>
#include <boost/range/numeric.hpp>
#include <nclr/command_line.hpp>
#include <nclr/printf.hpp>

#include <opencv2/opencv.hpp>

#include ”cv_ex.hpp”

#include ”adjustment.hpp”

#include ” cascade_classifier.hpp”

#include ”cut.hpp”

#include ”som.hpp”

class point_iterator :

>
{ o
cv::Point2i pt_;
const cv::Size sz_;
public:
point_iterator(cv::Point pt, cv::Size sz) :
pt-( pt ), sz(sz)
private:
friend class boost::iterator_core_access;
void increment()
t .
if( pt_.y < sz_height ) {
++pt_.x;
if( pt_x >= sz_.width ) {
++pt-.y;
pt-x = pt_.y >= sz_.height ? sz_.width : 0;
}
}
}
bool equal(const point_iterator& other) const
return pt- == other.pt_ && sz == other.sz_;
cv::Point2i dereference() const
{
return pt_;
h

public boost::iterator_facade<point_iterator, cv::Point2i, boost::forward_traversal_tag, cv::Point2i

struct point_iterator_range :

b

public boost::iterator_range<point_iterator>

point_iterator_range(cv::Point2i pt, cv::Size sz) :
boost::iterator_range<point_iterator>(
point_iterator{ pt, sz },

point_iterator{ { sz.width, sz.height }, sz } )

{1}
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119
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121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

inline point_iterator_range point_range(cv::Point pt, cv::Size sz)

return { pt, sz };

inline point_iterator_range point_range(cv::Size sz)

return { cv::Point2i{ 0, 0 }, sz };

inline double distance(const std::vector<double>& lhs, const std::vector<double>& rhs)
double d = 0;

auto lhs_itr = lhs.begin();

auto rhs_itr = rhs.begin();

for( ; lhs_itr != lhs.end(); ++lhs_itr, ++rhs_itr ) {
const double elem = xlhs_itr — *rhs_itr;
d += elem * elem;

}

return std::sqrt( d );

}

inline double cross_sum(const std::vector<double>& lhs, const std::vector<double>& rhs)

{
double v = 0;

auto Litr = lhs.begin();

auto r_itr = rhs.begin();

for( ; Litr != lhs.end(); ++Litr, ++r_itr ) {
v = (xl.itr) = (xr_itr);

return v;

}

inline double cross_correlation(const std::vector<double>& lhs, const std::vector<double>& rhs)

const double MN = lhs.size() * rhs.size();
const double Ir = cross_sum( lhs, rhs );
const double 1 = boost::accumulate( lhs, 0 );
const double r = boost::accumulate( rhs, 0 );
const double 12 = cross_sum( lhs, lhs );
const double r2 = cross_sum( rhs, rhs );

return ( —( (MN s Ir — I« 1) / stdusqrt( (MN %12 —= 1% 1)« (MN %12 —r*r)))+1.0)/

n (
2.0;
}

template <class F>
inline void for_each_file(const std::string& dir, F f)

boost::filesystem3::directory_iterator itr{ dir };
boost::filesystem3::directory_iterator end;

for( ; itr != end; itr = std:mext( itr ) ) {
f( itr—>path() );

}

inline cv::Mat_<unsigned char> create_mask(
const cvi:Mat_<cv::Vec3b>& src, cvi:Vec3db ignore = cvi:Vec3b( 255, 0, 255 ))

cv::Mat_<unsigned char> mask( src.size(), 1 );
for( cv::Point2i pt : point_range( sre.size() ) ) {
mask( pt.y, pt.x ) = src( pt.y, pt.x ) == ignore 7 0 : 1;

return mask;

inline double rate(const std::vector<int>& src)
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145 {

146 double ratio = 0;

147 for(int v : src ) {

148 ratio += v;

149 }

150 ratio /= src.size();

151

152 return ratio;

153 }

154

155 inline bool within(cv::Point pt, cv::Size sz)
156

157 t return pt.x >= 0 && pt.x < sz.width && pt.y >= 0 && pt.y < sz.height;
158 }

159

160 template <class Generator>
161 inline std::vector<std::vector<double>> create_window_samples(

162 const cv::Mat_<cv::Vec3b>& src, const cv::Mat_<int>& mask,
163 cv::Size wnd_sz, int max_point, double ratio, Generator& gen)
164 {

165 const auto tmp = cv_ex:for_each<cv::Vec3f>( src,

166 [l(ev::Vec3b p) —> cv::Vec3f { return { p[0] / 255.0f, p[1] / 255.0f, p[2] / 255.0f }; } );
167 cvi:Mat_<cv::Vec3f> fimg;

168 cv::evtColor( tmp, fimg, CV_BGR2Lab );

169

170 //const auto fimg = cv_ex::for_each<cv::Vec3d>( src, [|(cv::Vec3b p) —> cv::Vec3d {
171 // return { p[0] / 255.0, p[1] / 255.0, p[2] / 255.0 };
RS

173

174 std::vector<cv::Point2i> pts;

175 for( cv::Point2i pt : point_range( src.size() ) ) {

176 std::vector<int> mask_wnd( wnd_sz.area(), 0 );

177 for( cv::Point2i wnd_pt : point_range( wnd-sz ) ) {

178 const auto a = pt.x + ( wnd-sz.width / 2 ) + wnd_pt.x;
179 const auto b = pt.y + ( wnd_sz.height / 2 ) + wnd_pt.y;
180 if( within( { a, b }, sre.size() ) ) {

181 mask_wnd[wnd_pt.x + wnd_pt.y * wnd_sz.width] = mask( b,a)!=071: 0;
182

183

184 if( rate( mask_-wnd ) >= ratio ) {

185 pts.push_back( pt );

186

187 }

188

189 boost::uniform_int<std::size_t> dist( 0, pts.size() — 1 );

190 boost::variate_generator<Generator&, decltype( dist )> random = { gen, dist };
191 std::random_shuffle( pts.begin(), pts.end(), random );

192

193 std::vector<std::vector<double>> dst;

194 for( int cnt : boost::irange( 0,

195 max_point < static_cast<int>( pts.size() ) 7 max_point : static_cast<int>( pts.size()
196 const cv::Point2i pt = ptsfent];

197

198 std::vector<double> wnd( wnd_sz.area() * 3, 0.0 );

199 for( cv::Point2i p : point_range( wnd.sz ) ) {

200 const auto a = pt.x + ( wnd_sz.width / 2 ) 4+ p.x;

201 const auto b = pt.y + ( wnd_sz.height / 2 ) + p.y;

202 if( within( { a, b }, sre.size() ) ) {

203 const auto i = p.x + p.y * wnd_sz.width;

204 for( int ¢ : boost::irange( 0, 3 ) ) {

205 wnd[i * 3 4+ ¢] = fimg( b, a )[c];

206

207 }

208 }

209

210 dst.push_back( wnd );

211

212

213 return dst;

214 }

215

216 inline std::vector<std::tuple<cv::Mat_<cv::Vec3b>, cv::Mat_<unsigned char>>> cut(
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}

const cv::Mat_<cv::Vec3b>& src, cv::CascadeClassifier& cc)
std::vector<std::tuple<cv::Mat_<cv::Vec3b>, cv::Mat_<unsigned char>>> result;

const auto imgs = cv_ex::cut( cv_ex::color_adjustment( src, 0.05, 0.05 ),
8, 0.3, 0.22, 0.05, 0.3, 0.1, 1, { 255, 0, 255 } );

for( const auto& i : imgs ) {

if( lev_ex::detect( 1, cc ).empty() ) {
result.push_back( std::make_tuple( src, create_mask( i) ) );
}

}

return result;

inline std::vector<std::tuple<cv::Mat_<cv::Vec3b>, cv::Mat_<unsigned char>>> adjust_faces(

}

const cv::Mat_<cv::Vec3b>& src, const cv::Mat_<unsigned char>& mask,
cv::CascadeClassifier& cc, cv::Size face_sz)

std::vector<std::tuple<cv::Mat_<cv::Vec3b>, cv::Mat_<unsigned char>>> dst;

const auto rcs = cv_ex::detect( sre, cc );
for( const auto& rc : rcs ) {
const double w_ratio = face_sz.width / static_cast<double>( rc.width );
const double h_ratio = face_sz.height / static_cast<double>( rc.height );
const cv::Size sz = {
static_cast<int>( w_ratio x src.size().width ),
static_cast<int>( h_ratio * src.size().height ) };
dst.push_back( std::make_tuple(
cv_ex:resize( src, sz, cvi:INTER_NEAREST ),
cv_ex:resize( mask, sz, cvi:INTER.NEAREST ) ) );

}

return dst;

inline std::vector<double> counting(const som& m, const std::vector<std::vector<double>>&

}

samples)
std::vector<double> result( m.width() * m.height(), 0 );

for( const auto& s : samples ) {
double min_d = std::numeric_limits<double>::max();
cv::Point2i min_pt{ 0, 0 };
for( cv::Point2i pt : point_range( { m.width(), m.height() } ) ) {
const double d = distance( m( pt.x, pt.y ), s );
//const double d = cross_correlation( m( pt.x, pt.y ), s );
if(d < mind ) {
min_d = d;
min_pt = pt;
}
}

result[min_pt.x + min_pt.y * m.width()] += 1.0;

}

for( double& v : result ) {
v /= samples.size();

}

return result;

template <class Generator>
inline std::vector<std::vector<double>> create_samples(

{

const cv::Mat_<cv::Vec3b>& src, cv::CascadeClassifier& cc,
cv::Size face sz, cv::Size wnd_sz, int max_point, double valid_ratio, Generator& gen)

nelr:printf( std::clog, ”cutting\r” );
const auto imgs = cut( src, cc );

if( imgs.empty() ) {
return {};
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289 }

290

291 nelr:printf( std::clog, ”add._samples\r” );

292

293 std::vector<std::vector<double>> samples;

294 for( const auto& i : imgs ) {

295 const auto v = adjust_faces( std::get<0>( 1), std::get<1>(i), cc, face_sz );
296 for( const auto& j: v ) {

297 const std::vector<std::vector<double>> ss( create_window_samples(
298 std::get<0>( j ), std::get<1>( j ), wnd_sz, max_point, valid_ratio, gen ) );
299 for( const auto& s : ss ) {

300 samples.push_back( s );

301 }

302 }

303 }

304

305 std::random_shuffle( samples.begin(), samples.end() );

306 if( samples.size() > static_cast<std::size_t>( max_point ) ) {

307 samples.erase( samples.begin() + max_point, samples.end() );

308

309

310 return samples;

311 }

312

313 inline void save(const std::string& path, const somé& m, const std::vector<double>& count)
314

315 std::ofstream ofs( path, std::ios::binary );

316

317 const int width = m.width();

318 const int height = m.height();

319 const int node_sz = m.data()[0].size();

320 ofs.write( (char x)( &width ), sizeof( int ) );

321 ofs.write( (char x)( &height ), sizeof( int ) );

322 ofs.write( (char x)( &node_sz ), sizeof( int ) );

323

324 for( const auto& v : m.data() ) {

325 ofs.write( (char *)( &v[0] ), sizeof( decltype( v[0] ) ) * v.size() );
326

327 ofs.write( (char *)( &count[0] ), sizeof( decltype( count[0] ) ) * count.size() );
328 }

329

330 inline std::tuple<som, std::vector<double>> load(const std::string& path)
331

332 std::ifstream ifs( path, std::ios::binary );

333

334 int width, height, node_sz;

335 ifs.read( (char *)( &width ), sizeof( int ) );

336 ifs.read( (char *)( &height ), sizeof( int ) );

337 ifs.read( (char *)( &node_sz ), sizeof( int ) );

338

339 som m = { make_som( width, height, node_sz ) };

340

341 for( const auto& v: m.data() ) {

342 ifs.read( (char *)( &v[0] ), sizeof( decltype( v[0] ) ) * v.size() );
343

344

345 std::vector<double> count( width * height, 0.0 );

346 ifs.read( (char *)( &count[0] ), sizeof( decltype( count[0] ) ) * count.size() );
347

348 return std::make_tuple( m, count );

349 }

350

351 #endif // CLASSIFIER _HPP_
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Y —A=z— R B.5: cut.hpp

#ifndef CUT_HPP_
#define CUT_HPP_

#include <cstdint>

#include <limits>

#include <algorithm>

#include <boost/range.hpp>
#include <boost/range/irange.hpp>
#include <boost/range/algorithm.hpp>
#include <boost/foreach.hpp>
#define BOOST_THREAD_USE_LIB
#include <boost/thread.hpp>
#include <boost/thread/mutex.hpp>
#include <opencv2/opencv.hpp>
#include ”cv_ex.hpp”

namespace cv_ex {
namespace {
inline void normalize(cv::Mat_<float>& img, float min_v, float max_v)

BOOST_FOREACH( auto& v, img ) {
v=(v—minv) /(maxv — minv ),
}

}

inline void normalize(cv::Mat_<float>& img)

float min_v = std::numeric_limits<float>::max();
float max_v = std::numeric_limits<float>::min();

BOOST_FOREACH( auto v, img ) {
min_v = std::min( min_v, v );
max_v = std::max( max._v, v );

normalize( img, min_v, max._v );

}

template <class F'>
inline std::vector<cv::Mat_<float> > pyr_conv(const cv::Mat_<cv::Vec3f>& src, int level, F f)

std::vector<cv::Mat_<float> > dst;

const auto pyr = create_pyr( src, level );
BOOST_FOREACH( const auto& p, pyr ) {
dst.push_back( f( p ) );

return dst;

}

template <class F>
inline cv::Mat_<float> create_map(const cv::Mat_<cv::Vec3f>& src, int level, F f)

{

const auto pyr = pyr_conv( src, level, f );

cvi:Mat_<float> dst( pyr.back().size(), 0.0f );

BOOST_FOREACH( int i, boost::irange( static_cast<int>( pyr.size() ) — 1,0, =1 ) ) {
auto t = cv_ex::resize( pyr[i], pyr[i — 1].size() );
auto d = cv_ex::resize( dst, pyr[i — 1].size() );

BOOST_FOREACH( int y, boost::irange( 0, t.size().height ) ) {
BOOST_FOREACH( int x, boost::irange( 0, t.size().width ) ) {
d(y, x) = d(y, x ) + stdz:fabs( pyr[i — 1J(y, x ) — t(y, x) );

}
dst = d;
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return dst;

}

template <class F'>
inline cv::Mat_<float> add_map(const cv::Mat_<cv::Vec3f>& src, int level, F f)

{

const auto pyr = pyr-conv( src, level, f );

cvi:Mat_<float> dst( pyr.back().size(), 0.0f );

BOOST_FOREACH( int i, boost::irange( static_cast<int>( pyr.size() ) — 1,0, =1 ) ) {
auto t = cv_ex:resize( pyr[i], pyr[i — 1].size() );
auto d = cv_ex:resize( dst, pyr[i — 1].size() );

BOOST_FOREACH( int y, boost::irange( 0, t.size().height ) ) {
BOOST_FOREACH( int x, boost::irange( 0, t.size().width ) ) {
d(y,x)=d(y,x) +t(y,x);

}

dst = d;
}
return dst;

}

inline cv::Mat_<float> lumi-map(const cv::Mat_<cv::Vec3f>& src, int level)

const auto to_gray = [](const cv::Mat_<cv::Vec3f>& src) —> cv::Mat_<float> {
cv::Mat_<float> dst( src.size(), 0.0f );

auto src_itr = src.begin();
auto dst-itr = dst.begin();
for( ; src.itr != src.end(); ++src-itr, ++dst_itr ) {
BOOST_FOREACH( int ¢, boost::irange( 0, 3 ) ) {
xdst_itr += (xsrc_itr)[c];

}
*dst_itr /= 3.0f;

return dst;

};

return create_map( src, level, to_gray );

template <class F>
inline cv::Mat_<float> color_(const cv::Mat_<cv::Vec3f>& src, F f)

cvi:Mat_<float> dst( src.size(), 0.0f );

auto src-itr = src.begin();

auto dst_itr = dst.begin();

for( ; src.itr != src.end(); ++sre_itr, ++dst_itr ) {
const float v = f( xsrc_itr );
xdst_itr = v < 0.0f 7 0.0f : v;

}

return dst;

}

inline std::vector<cv::Mat_<float> > color_map(const cv::Mat_<cv::Vec3f>& src, int level)
std::vector<cv::Mat_<float> > dst;

typedef std::function<cv::Mat_<float> (const cv::Mat_<cv::Vec3f>&)> function_t;
const std::vector<function_t> func = {
[J(const cv::Mat_<cv::Vec3f>& src) —> cvi:Mat_<float> {
return color_( src, [J(const cv::Vec3f& v) —> float{
return v[2] — ( v[1] + v[0] ) / 2.0f; } );
[J(const cv::Mat_<cv::Vec3f>& src) —> cvi:Mat_<float> {
return color_( sre, [|(const cv::Vec3f& v) —> float {
return v[1] — ( v[2] + v[0] ) / 2.0f; } );
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[ (const cv::Mat_<cv::Vec3f>& src) —> cvi:Mat_<float> {
return color_( src, [|(const cv::Vec3f& v) —> float {
return v[0] — ( v[2] + v[1] ) / 2.0f; } );
H’(const cvi:Mat_<cv::Vec3f>& src) —> cvi:Mat_<float> {
return color_( sre, [|(const cv::Vec3f& v) —> float {
return ( v[2] 4+ v[1] ) / 2.0f — std::fabs( v[2] — v[1] ) / 2.0f — v[0]; } );
}
};

BOOST_FOREACH( auto f, func ) {
dst.push_back( add_map( src, level, ) );

return dst;

}

inline std::vector<cv::Mat_<float> > make maps(const cv::Mat_<cv::Vec3f>& src, int level)
std::vector<cv::Mat_<float> > dst;

dst.push_back( lumi_map( src, level ) );

const auto colors = color_map( src, level );

BOOST_FOREACH( const auto& c, colors ) {
dst.push_back( ¢ );

return dst;
}
std::pair<float, float> image_min_max(const cv::Mat_<float>& src)
{
std::pair<float, float> dst( std::numeric_limits<float>::max(), std::numeric_limits<float>::
min() );
for( auto itr = src.begin(); itr = src.end(); ++itr ) {
dst.first = std::min( dst.first, *itr );
dst.second = std::max( dst.second, xitr );
}
return dst;
}
double image_loc_max_avg(const cv::Mat_<float>& src)
{

cv:Mat_<double> dx1( src.size() ), dy1( src.size() );
cvi:Mat_<double> dx2( src.size() ), dy2( src.size() );

double max_v = std::numeric_limits<double>::min();
cv::Point max_pos;
std::vector<double> loc_max;

for(int j = 0; j < src.size().height; +4j ) {
constint my=j==07j:j—1;
const int py = j == src.size().height — 1?7 j:j + 1;

for( int i = 0; i < sre.size().width; ++i ) {
constintmx =1i==07%7i:1— 1;
const int px = i == src.size().width — 1 ?71i:i 4 1;

if( max_v < src( j, 1)) {
max_v = src( j, 1 );
max_pos = cv::Point( i, j );

Xm( j7 i ) = SI'C( j7 px ) - SI'C( j7 mx );
dyl(j,1) = src( py, i) — src( my, i );
}
}

for( int y = 0; y < src.size().height; ++y ) {
constint my=y==07y:y —1;
const int py = y == src.size().height — 1 7y :y + 1;

75



219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277

278
279
280
281
282
283
284
285
286
287
288
289
290

for(int x = 0; x < src.size().width; ++x ) {
constint mx =x==07x:x— 1;
const int px = x == src.size().height — 1 7 x : x + 1;

dx2(y,x ) =dx1(y, px ) — dx1( y, mx );
dy2(y, x ) = dyl( py, x ) — dyl( my, x );

}
}

for(int y = 0; y < src.size().height; ++y ) {
for( int x = 0; x < src.size().width; ++x ) {
if( x == max_pos.x && y == max_pos.y ) {
continue;

if( std::fabs( dx1(y, x ) ) < 0.01 && std::fabs( dyl(y, x ) ) < 0.01 ) {
if(dx2(y,x) <0&&dy2(y,x)<0){
loc_max.push_back( src( y, x ) );
}

}
}
}

double dst = 0;
for( std::size-t 1 = 0; i < loc_max.size(); ++i ) {
dst += loc_max][i];

dst /= loc_max.size();

return dst;

}

inline std::uint64_t equal_count(const cv::Mat_<float>& x, const cv::Mat_<float>& vy,
float th = std::numeric_limits<float>::epsilon())

{
std::uint64_t cnt = 0;
auto x-itr = x.begin();
auto y-itr = y.begin();
for( ; x_itr != x.end(); ++xtr, ++y_itr ) {
if( std::fabs( *x_itr — *y_itr ) < th ) {
+-cnt;
}
return cnt;
}

template <class F>
inline void for_each(cv::Mat_<float>& lhs, const cv::Mat_<float>& rhs, F f)
{

auto Litr = lhs.begin();

auto r-itr = rhs.begin();

for( ; litr != lhs.end(); ++Litr, ++r_itr ) {

«1_itr = f( *Litr, *r_itr );
}

}

cvi:Mat_<cv::Vec3b> mask_image(const cv::Mat_<cv::Vec3b>& src, const cv::Mat_<unsigned
char>& mask,
cv::Vec3b ignore = cv::Vec3b( 255, 0, 255 ))

{
cvi:Mat_<cv::Vec3b> dst( src.size() );
BOOST_FOREACH( int y, boost::irange( 0, src.size().height ) ) {
BOOST_FOREACH( int x, boost::irange( 0, src.size().width ) ) {
dst(y, x ) = mask(y, x ) == c¢v::GC_BGD || mask( y, x ) == c¢v:GC_PR_BGD ?
ignore : src( y, x );
}
}
return dst;
}
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291 cvi:Mat_<cv::Vec3b> draw_mask(const cv::Mat_<cv::Vec3b>& src, const cv::Mat_<unsigned char

>& mask)
292
293 cv::Mat_<cv::Vec3b> dst = src.clone();
294
295 for( int y = 0; y < src.size().height; ++y ) {
296 for( int x = 0; x < src.size().width; ++x ) {
297 if( mask( y, x ) == cvi:GC_BGD ) {
298 dst( y, x ) = cvi:Vec3b( 0, 0, 255 );
299
300 else if( mask( y, x ) == ¢cv::GC_FGD ) {
301 dst( y, x ) = cvi:Vec3b( 255, 0, 0 );
302
303 else if( mask( y, x ) == ¢cv::GC_PR_.FGD ) {
304 dst(y, x ) = cvi:Vec3b( 128, 128, 0 );
305
306 }
307 }
308
309 return dst;
310 }
311
312 void graph_cut(const cvi:Mat_<cv::Vec3b>& src, const cvi:Mat_<float>& i,
313 double fgd_comp, double pr_fgd_comp, double bgd_comp, int cnt,
314 std::vector<cv::Mat_<cv::Vec3b> >& dst, boost::mutex& mutex,
315 cv::Vec3b ignore)
316 {
317 cv::Mat_<unsigned char> mask( src.size(), cv::GC_PR_BGD );
318 bool err = true;
319
320 BOOST_FOREACH( int y, boost::irange( 0, i.size().height ) ) {
321 BOOST_FOREACH( int x, boost::irange( 0, i.size().width ) ) {
322 if(i(y, x ) >= fgd-comp ) {
323 mask( y, x ) = cvi:GC_FGD;
324 err = false;
325 }
326 else if(i( y, x ) >= prfgd_comp ) {
327 mask( y, x ) = cvi:GC_PR_FGD;
328 err = false;
329
330 else if(i( y, x ) <= bgd_comp ) {
331 mask( y, x ) = cvi:GC_BGD;
332
333 }
334
335 if(err ) {
336 return;
337 }
338
339 cv::Mat bgd, fgd;
340 cvi:grabCut( src, mask, cv::Rect(), bgd, fgd, ent, cvi:GC_INIT_WITH_MASK );
341
342 boost::mutex::scoped_lock lock( mutex );
343 dst.push_back( mask_image( src, mask, ignore ) );
344 }
345
346 } // namespace
347
348 inline std::vector<cv::Mat_<cv::Vec3b> > cut(
349 const cv::Mat_<cv::Vec3b>& src, int level,
350 double fgd_comp, double pr_fgd_comp, double bgd_comp,
351 double ec_color, double ec_lumi, int cnt, cv::Vec3b ignore = cv::Vec3b( 255, 0, 255 ))
352 {
353 const cv::Mat_<cv::Vec3f> img = cv_ex::byte_to_float( src );
354
355 auto maps = make_maps( img, level );
356 BOOST_FOREACH( auto& i, maps ) {
357 const auto minmax = image_-min_max( i );
358 normalize( i, minmax.first, minmax.second );
359 const double loc = image loc_max_avg( 1 );
360 const double diff = std::pow( minmax.second — loc, 2 );
361 BOOST_FOREACH( auto& n, i) {
362 n x= diff;
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363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403

404

405
406
407
408
409
410
411
412
413
414
415

417

normalize( 1 );

}

for( auto i = maps.begin() + 1; i < maps.begin() + ( maps.size() — 1 ); ++i ) {
for( auto j =1+ 1; j < maps.end(); ) {
const double ratio = equal_count( *i, *j ) / static_cast<double>( src.size().area() );
if( ratio >= ec_color ) {
for_each( =i, j, [|(float lhs, float rhs) —> float { return lhs + rhs; } );
j = maps.erase( j );

else {
++is
}

for( auto i = maps.begin() + 1; i < maps.end(); ++i ) {
const double ratio =
equal_count( i, maps[0], 0.05f ) / static_cast<double>( src.size().area() );

if( ratio >= ec_lumi ) {
for_each( =i, maps[0], [](float lhs, float rhs) —> float { return lhs + rhs; } );

normalize( *i );
maps.erase( maps.begin() );

std::vector<cv::Mat_<cv::Vec3b> > dst;
boost::mutex mutex;

#if defined( CUT_NO_THREAD )
BOOST_FOREACH( auto& i, maps ) {
graph_cut( src, i, fgd_comp, pr_fgd_comp, bgd_comp, cnt, dst, mutex, ignore );

F#else
std::vector<boost::thread> th;

BOOST_FOREACH( auto& i, maps ) {
th.push_back( boost::thread( |
&sre, &i, fgd_comp, pr_fgd_comp, bgd_comp, cnt, &dst, &mutex, ignore

10 {

graph_cut( src, i, fgd_comp, pr_fgd_comp, bgd_comp, cnt, dst, mutex, ignore

}) )

BOOST_FOREACH( auto& t, th ) {
t.join();

F#endif

return dst;

} // namespace cv_ex

#endif // CUT_HPP_
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#ifndef CV_EX_HPP_
#define CV_EX_HPP_

#include <boost/range/irange.hpp>
#include <opencv2/opencv.hpp>

namespace cv_ex {

template <class T>
inline cv::Mat_<T> resize(const cvi:Mat_<T>& src, cv::Size sz, int type = cvi:INTER_LINEAR)

cvi:Mat_<T> dst;
cviresize( sre, dst, sz, type );
return dst;

template <class T>
inline std::vector<cv::Mat_<T> > create_pyr(const cv::Mat_<T>& src, int level)

std::vector<cv::Mat_<T> > pyr( level + 1 );

pyr[0] = src;
for( int i : boost::irange( 1, level + 1 ) ) {
cvi:Mat_<T> dst( pyr[i — 1].rows / 2, pyr[i — 1].cols / 2 );

cvipyrDown( pyr[i — 1], dst );
pyr[i] = dst;

return pyr;

}

template <class Dest, class T>
inline cv::Mat_<Dest> cvt_color(const cv::Mat_<cv::Vec<T, 3>>& src)

cv::Mat_<Dest> dst;
cv::evtColor( sre, dst, CV_BGR2GRAY );
return dst;

}

template <class Dest>
inline cv::Mat_<Dest> cvt_color(const cv::Mat_<unsigned char>& src)

cv::Mat_<Dest> dst;
cv:i:evtColor( sre, dst, CV_.GRAY2BGR );
return dst;

}

template <class Dest, class Src, class F>
inline cv::Mat_<Dest> for_each(const cv::Mat_<Src>& src, F f)

{
cv::Mat_<Dest> dst( src.size() );
auto src_itr = src.begin();
auto dst_itr = dst.begin();
for( ; src.itr != src.end(); ++src-itr, ++dst_itr ) {
(xdst_itr) = f( (xsrc-itr) );
return dst;
}

template <class T>
inline cv::Mat_<T> read-image(const std::string& filename)

{
try {
return cv::imread( filename );
}
catch( ... ) {
return {};
}

template <>
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73 inline cv::Mat_<cv::Vec3f> read_image<cv::Vec3f>(const std::string& filename)

74 {

75 const auto f = [|(const cv::Vec3b& p) —> cv::Vec3f

76

7 { cv::Vec3f dst;

78 for(int c =0; ¢ < 3; ++c ) {

79 dst[c] = plc] / 255.0f;

80

81 return dst;

82 h

83

84 try {

85 return for_each<cv::Vec3f>( cvi:Mat_<cv::Vec3b>( cvi:imread( filename ) ), f);

86 }

87 catch( ... ) {

88 return {};

89

90 }

91

92 inline cv::Mat_<cv::Vec3f> byte_to_float(const cv::Mat_<cv::Vec3b>& src)

93 {

94 cvi:Mat_<cv::Vec3f> dst( sre.size() );

95

96 auto src_itr = src.begin();

97 auto dst_itr = dst.begin();

98 for( ; src.itr != src.end(); ++src_itr, ++dst_itr ) {

99 for(int ¢ = 0; ¢ < 3; +4c ) {

100 (xdst_itr)[c] = (xsrc-itr)[c] / 255.0f;

101

102 }

103

104 return dst;

105 }

106

107 inline cv::Mat_<cv::Vec3b> float_to_byte(const cv::Mat_<cv::Vec3f>& src)

108

109 cvi:Mat_<cv::Vec3b> dst( src.size() );

110

111 auto src_itr = src.begin();

112 auto dst_itr = dst.begin();

113 for( ; src.itr != src.end(); ++src-itr, ++dst-itr ) {

114 for(int c =0; ¢ < 3; ++c ) {

115 (*dst-itr)[c] = cv::saturate_cast<unsigned char>( (*src_itr)[c] * 255 );

116

117 }

118

119 return dst;

120 }

121

122 inline std::vector<cv::Rect> detect(const cv::Mat_<unsigned char>& img, cv::CascadeClassifier&
cc)

123

124 std::vector<cv::Rect> objs;

125 cc.detectMultiScale( img, objs );

126

127 return objs;

128

129

130 inline std::vector<cv::Rect> detect(const cv::Mat_<cv::Vec3b>& img, cv::CascadeClassifier& cc)

131

132 t std::vector<cv::Rect> objs;

133 cv::Mat_<unsigned char> gray;

134

135 cv:i:evtColor( img, gray, CV_.BGR2GRAY );

136 cc.detectMultiScale( gray, objs );

137

138 return objs;

139 }

140

141 template <class T>

142 inline cv::Point_<T> center(const cv::Rect_<T>& rc)

143

144 return { rc.x + rc.width / 2, rc.y + rc.height / 2 };
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145 }

146

147 template <class T>

148 inline cv::Mat_<T> convert_color(const cv::Mat_<T>& src, int type)
149

150 cvi:Mat_<T> dst;

151 cv::evtColor( sre, dst, type );
152

153 return dst;

154

155

156 } // namespace cv_ex

157

158 #endif // CV_EX_HPP_
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#ifndef SOM_HPP_
#define SOM_HPP_

#include <vector>

#include <algorithm>

#include <limits>

#include <cmath>

#include <fstream>

#include <boost/random.hpp>
#include <boost/range/irange.hpp>

struct som

typedef std::vector<double> node_type;
typedef std::vector<node_type> map_type;

private:
map_type map_;
int width_, height_;

public:
som() = default;

som(map_type& map, int width, int height) :
map_( map ), width_( width ), height_( height )

{}

inline int width() const

return width_;

}

inline int height() const

return height_;

inline node_type& operator()(int x, int y)

{

return map_[x + y * width_];

inline const node_type& operator()(int x, int y) const

{
return map_[x + y * width_|;
}
inline map_type& data()
{

return map_;

inline const map_type& data() const

{
return map_;
};
inline som make_som(int width, int height, int element_size)
{
som::map-_type map( width * height );
for( auto& i : map ) {
som::node_type node( element_size );
i = node;
}
return som( map, width, height );
}
namespace

template <class Generator>
inline void learing_initialize(som& m, Generator& gen)
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75 boost::uniform_real<double> dist( 0.0, 1.0 );

76 boost::variate_generator<Generator&, decltype( dist )> random( gen, dist );

7

78 for( auto& n : m.data() ) {

79 for( auto& i:n) {

80 i = random();

81 }

82 }

83 }

84

85 inline double cross_sum_(const std::vector<double>& lhs, const std::vector<double>& rhs)

86

87 double v = 0;

88 auto Litr = lhs.begin();

89 auto r_itr = rhs.begin();

90 for( ; Litr != lhs.end(); ++Litr, ++r_itr ) {

91 v 4= (kl.itr) * (xritr);

92

93

94 return v;

95 }

96

97 inline double cross_correlation_(const std::vector<double>& lhs, const std::vector<double>& rhs)

98 {

99 const double MN = lhs.size() * rhs.size();

100 const double Ir = cross_sum_( lhs, rhs );

101 const double 1 = boost::accumulate( lhs, 0 );

102 const double r = boost::accumulate( rhs, 0 );

103 const double 12 = cross_sum_( lhs, lhs );

104 const double r2 = cross_sum_( rhs, rhs );

105

106 return ( —( (MN s Ir — 1% 1) / stdusqre( (MN %12 — 1% 1)« (MN*r2 —r*r)) )+ 1.0
) / 2.0;

107 }

108

109 template <class F'>

110 inline void learing_impl(som& m, const std::vector<std::vector<double>>& samples, F {, int cnt)

111

112 for( auto& v : samples ) {

113 int mx = 0, my = 0;

114 double min_d = std::numeric_limits<double>::max();

115

116 for( int j : boost::irange( 0, m.height() ) ) {

117 for( int i : boost::irange( 0, m.width() ) ) {

118 //const double d = cross_correlation_( m( i, j ), v );

119 double d = 0;

120

121 auto m_itr = m( i, j ).begin();

122 auto v_itr = v.begin();

123 for( ; v.itr I= v.end(); ++m_itr, ++v_itr ) {

124 d += std::pow( *v_itr — sm_itr, 2.0 );

125

126 if(d < mind ) {

127 min_d = d;

128 mx = i;

129 my = j;

130

131 }

132 }

133

134 for( int j : boost::irange( 0, m.height() ) ) {

135 for( int i : boost::irange( 0, m.width() ) ) {

136 const double p = {( i, j, mx, my, cnt );

137

138 auto m_itr = m( i, j ).begin();

139 auto v_itr = v.begin();

140 for( ; v.itr I= v.end(); ++m_itr, ++v_itr ) {

141 sm_itr += p * ( *v_itr — *m_itr );

142 }

143 }

144 }

145 }
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146 }

147

148 }

149

150 template <class Generator, class F>
151 inline void learning(

152 som& m, const std::vector<std::vector<double>>& samples, F f, Generator& gen,
153 int max_count = 1, double eps = std::numeric_limits<double>::epsilon())
154 {

155 learing_initialize( m, gen );

156

157 for( int cnt : boost::irange( 0, max_count ) ) {

158 learing_impl( m, samples, f, cnt );

159

160 }

161

162 inline void save_som(const std::string& filename, const som& m)
163

164 std::ofstream ofs( filename.c_str(), std::ios::binary );

165

166 const int width = m.width();

167 const int height = m.height();

168 const int node_sz = m.data()[0].size();

169 ofs.write( (char *)( &width ), sizeof( int ) );

170 ofs.write( (char *)( &height ), sizeof( int ) );

171 ofs.write( (char *)( &node_sz ), sizeof( int ) );

172

173 for( const auto& v : m.data() ) {

174 ofs.write( (char *)( &v[0] ), sizeof( decltype( v[0] ) ) * v.size() );
175

176 }

177

178 inline som load_som(const std::string& filename)

179

180 std::ifstream ifs( filename.c_str(), std::ios::binary );

181

182 int width, height, node_sz;

183 ifs.read( (char *)( &width ), sizeof( int ) );
184 ifs.read( (char *)( &height ), sizeof( int ) );

185 ifs.read( (char *)( &node_sz ), sizeof( int ) );
186

187 som m( make_som( width, height, node_sz ) );
188

189 for( const auto& v : m.data() ) {

190 ifs.read( (char *)( &v[0] ), sizeof( decltype( v[0] ) ) * v.size() );
191

192

193 return m;

194 }

195

196 #endif // SOM_HPP_
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#include ” classifier.hpp”

int main(int argc, char xargv(])

try {
const auto cl = nclr::command_line( arge, argv );

if( clsize() 1= 13 ) {
throw std::runtime_error{ ”invalid_argument” };
}

const cv::Size face_sz = { std::atoi( cl[1].cstr() ), std::atoi( cl[2].c_str() ) };
const cv::Size wnd_sz = { std::atoi( cl[3].c_str() ), std::atoi( cl[4].cstr() ) };
const cv::Size node_sz = { std::atoi( cl[5].c_str() ), std::atoi( cl[6].c_str() ) };
const int max_point = std::atoi( cl[7].c_str() );

const double valid_ratio = std::atof( cl[8].c_str() );

const double center_ratio = std::atof( cl[9].c_str() );

const double neighbor_ratio = std::atof( cl[10].c_str() );

boost::mt19937 gen;

cv::CascadeClassifier cc{ ”Ibpcascade_animeface.xml” };

if( cc.empty() ) {
throw std::runtime_error{ ”cannot._load_the_cascade_file” };

nclr::printf( std::clog, ”create_samples\n” );

std::vector<std::vector<double>> samples;
for_each file( cl[11], [&](const boost::filesystem3::path& p) {
if( boost::filesystem3::is_directory( p ) ) {
return;

nclr::printf( std::clog, ”%-\n”, p.generic_string() );

const auto src = cv_ex::read_image<cv::Vec3b>( p.generic_string() );

om0 {
} )

const auto ss = create_samples( src, cc, face_sz, wnd_sz, max_point, valid_ratio, gen );
for( const auto& s : ss ) {
samples.push_back( s );

)i
if( samples.empty() ) {
throw std::runtime_error{ ”"not_create_samples” };

nclr::printf( std::clog, ”som.learning\n” );

som m = { make_som( node_sz.width, node_sz.height, wnd_sz.area() * 3 ) };
const auto neighbor = [center_ratio, neighbor_ratio](int x, int y, int mx, int my, int) —
double {
const int i = x — mx;
const int j =y — my;
return i == 0 && j == 0 ? center_ratio :
std::abs( 1) <=1 && std::abs(j ) <=1 ? neighbor_ratio : 0.0;
J$
for( int i : boost::irange( 0, node_sz.area() ) ) {
m.data()[i] = samplesi];

for( int cnt : boost::irange( 0, 1) ) {
learning( m, samples, neighbor, gen );
nclr::printf( std::clog, ”%-\r”, cnt );

nclr::printf( std::clog, ” counting\n” );

const auto count = counting( m, samples );

save( cl[12], m, count );

85



nclr::printf( std::clog, ”finish\n” );

catch ( const std::exception&& e ) {
nclr::printf( std::cerr, ”%_-\n”, e.what() );

catch (... ) {
nelr::printf( std::cerr, ”other_exception\n” );
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#include ” classifier.hpp”

int main(int argc, char xargv(])

try {
const auto cl = nclr::command_line( arge, argv );

if( clsize() 1= 10 ) {
throw std::runtime_error{ nclr::make_string( ”invalid_argument”, cl.size() ) };
}

const cv::Size face_sz = { std::atoi( cl[1].c_str() ), std::atoi( cl[2].c_str() ) };
const cv::Size wnd_sz = { std::atoi( cl[3].c_str() ), std::atoi( cl[4].cstr() ) }
const int max_point = std::atoi( cl[5].c_str() );

const double valid_ratio = std::atof( cl[6].c_str() );

)

boost::mt19937 gen;

cv::CascadeClassifier cc{ ”lbpcascade_animeface.xml” };

if( cc.empty() ) {
throw std::runtime_error{ ”cannot.load._the_cascade_file” };

nelr::printf( std::clog, ”load-maps\n” );

std::vector<std::tuple<som, std::vector<double>>> maps;
for_eachfile( cl[8], [&maps](const boost::filesystem3::path& p) {
if( boost::filesystem3::is_directory( p ) ) {
return;

nclr::printf( std::clog, ”%-\n", p.generic_string() );
maps.push_back( load( p.generic_string() ) );

if( maps.empty() ) {
throw std::runtime_error{ "no.maps” };

nelr:printf( std::clog, ”create_samples\n” );

for_each file( cl[7], [&](const boost::filesystem3::path& p) {
if( boost::filesystem3::is_directory( p ) ) {
return;

nelr:printf( std::clog, ”%_\n", p.generic_string() );

const auto src = cv_ex::read_image<cv::Vec3b>( p.generic_string() );

if( src.tempFY() N
} )

const auto samples = create_samples( src, cc, face_sz, wnd_sz, max_point, valid_ratio, gen

if( saxﬁples.empty() ) {
return;
}

nclr::printf( std::clog, ” counting\n” );
std::vector<std::vector<double>> counts;
for( const auto& m : maps ){

counts.push_back( counting( std::get<0>( m ), samples ) );

nclr::printf( std::clog, ”predicate\n” );
double min_d = std::numeric_limits<double>::max();
int min_i = 0;
for( int i : boost::irange( 0, static_cast<int>( maps.size() ) ) ) {
const double d = distance( std::get<1>( mapsli] ), counts[i] );
//const double d = cross_correlation( std::get<1>( mapsl[i] ), countsl[i] );
if(d < mind ) {
min_d = d;
min_i = i;

}
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}

cv:imwrite( nelr::make string( " %_/%_/%

src );
P

nelr:printf( std::clog, ”finish\n” );

}

catch ( const std::exception&& e ) {
nelr::printf( std::cerr, ”%_\n”, e.what() );

catch (... ) {
nclr::printf( std::cerr, ”other_exception\n” );

”
-

cl[9], min_i, p.filename().generic_string() ),
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