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(Hard Example Generation by Novel View Synthesis for 3-D Pose Estimation)

Zoel X, 4y
(Minji Kim, Sungchan Kim)

Abstract :

It is widely recognized that for 3D human pose estimation (HPE), dataset acquisition is expensive and the

effectiveness of augmentation techniques of conventional visual recognition tasks is limited. We address these

difficulties by presenting a simple but effective method that augments input images in terms of viewpoints when

training a 3D human pose estimation (HPE) model. Our intuition is that meaningful variants of the input images for

HPE could be obtained by viewing a human instance in the images from an arbitrary viewpoint different from that in

the original images. The core idea is to synthesize new images that have self-occlusion and thus are difficult to

predict at different viewpoints even with the same pose of the original example. We incorporate this idea into the

training procedure of the 3D HPE model as an augmentation stage of the input samples. We show that a strategy for

augmenting the synthesized example should be carefully designed in terms of the frequency of performing the

augmentation and the selection of viewpoints for synthesizing the samples. To this end, we propose a new metric to

measure the prediction difficulty of input images for 3D HPE in terms of the distance between corresponding

keypoints on both sides of a human body. Extensive exploration of the space of augmentation probability choices and

example selection according to the proposed distance metric leads to a performance gain of up to 6.2% on

Human3.6M, the well-known pose estimation dataset.
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Fig. 1. Overall procedure of the proposed method for data augmentation using hard examples
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Table 1. Results of an ablation study of the sampling strategy and the probability of augmenting hard examples in the Human3.6M
dataset
Aug Method 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Avg
No aug. 257 289 217 292 316 325 282 337 364 310 401 317 246 317 281 307
01-alt-aug-1 | 264 287 293 311 325 330 282 357 378 3L1 422 319 261 326 310 318
03-alt-aug-1 | 254 293 287 307 329 313 284 347 393 317 412 320 242 333 282 314
05-alt-aug-1 | 269 308 292 318 346 337 285 350 437 338 439 339 271 344 308 332
parg | Ol-alt-aug-2 [246 281 278 281 3L1 302 255 332 373 205 408 300 233 309 266 2938
Rop | 03alt-aug-2 | 263 206 293 302 320 319 296 361 37 35 46 N2 247 B8 209 3T
bl 05-alt-aug-2 | 274 307 322 326 367 330 307 375 431 333 461 341 275 354 314 341
01 -proposed | 265 279 296 306 317 317 271 346 360 298 411 309 254 310 288 309
03 -proposed | 244 273 288 9284 312 30.6 255 360 372 30.1 394 302 252 308 285 302
05-proposed | 23.7 271 269 279 303 305 247 324 364 290 380 292 232 303 265 291
01-alt-aug-1 | 240 273 276 275 307 305 254 344 380 297 385 295 232 298 282 296
03-alt-aug-1 |23.6 279 260 270 304 289 270 337 370 294 381 297 233 302 265 292
05-alt-aug-1 | 264 298 334 305 330 318 286 367 413 328 432 339 274 347 312 330
po | Ol alt-ang-2 [ 263 206 302 304 333 310 295 31 388 320 424 312 252 22 276 317
R | 03-alt-aug-2 | 258 288 300 300 B4 327 281 U9 3R/E 20 422 N 2066 R0 301 39
Ol 05-alt-aug-2 | 258 296 301 311 334 316 297 356 417 331 438 337 273 Bl 305 28
01 -proposed | 246 272 266 288 304 299 277 334 370 292 376 301 231 291 265 294
03-proposed | 232 266 260 276 302 30.1 246 331 350 296 372 303 236 296 256 288
05-proposed | 23.8 281 278 9282 318 29.7 255 355 383 30.0 393 299 238 303 27.1 299
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