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015 1. Introduction 069
016 In this document we first detail the structure of the three-layer network used to calibrate the output of 1000 binary Region 070
017 Ranking SVMs(RRSVM) that were individually trained for each object category. Second, we show more experiments that 071
018 have been done on PASACL VOC 2012 Action Classification to demonstrate that: (i) RRSVM outperforms the baseline 072
019 methods independent of the ConvNets; (ii) RRSVM also benefits from multiple ConvNet fusions. Third, we analyze the 073
020 region-score vector distribution of each category in PASCAL VOC 2007 Image Classification dataset and show that the 074
021 number of effective regions for each category is no more than 30, which reveals the fact that our proposed RRSVM effectively 075
022 finds the semantical meaningful regions of objects. We finish our document by showing more qualitative results on PASCAL 076
023 VOC 2007 Image Classification, PASCAL VOC 2012 Action Classification and ILSVRC 2014 Image Classification datasets. 077
024 078
025 2. Multiple RRSVMs calibration 079
026 080
027 As briefly described in Section 4.4.1, since RRSVMs are independently trained for each class, they must be calibrated to 081
028 be used for multi-class classification. We use a three-layer neural network to reconcile the outputs of the 1000 classifiers. 082
029 As illustrated in Fig.1, the first layer of the network is a fully connected layer with 1000 units followed by a rectified linear 083
030 unit (ReLU). The second layer is the same as the first layer but without ReLU. The last layer is a soft-max layer with 1000 084
031 outputs for 1000 classes. The network is trained to minimize the negative log likelihood using all training examples. 085
032 The parameters for training this network are as follows: the two fully connected layers are initialized as identity matrices. 086
033 The weight decay vector is set to 0 and the other parameters are set the same as the ones in training VGG16 Net. 087
034 Normally the network takes approximately 20 epochs to converge. 088
035 089
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049 Figure 1: Three-Layer NN structure. The layers in purple are fully connected layers. 103
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108 Model jump. phone. playinstr. read. ridebike ridehorse run takephoto usecomp. walk. mAP 162
109 VGG16-LSSVM 85.5 64.5 95.2 71.6 93.0 95.9 82.5 69.0 90.7 62.0 81.0 163
110 VGG16-RRSVM 87.2 72.3 96.2 76.9 94.6 96.8 87.8 74.4 92.9 62.6 84.2 164
111 VGGI19-LSSVM 85.5 64.5 95.4 72.4 93.0 96.0 834 70.9 90.7 62.1 81.4 165
112 VGG19-RRSVM 86.5 74.4 96.1 76.8 94.8 96.8 87.6 76.7 92.5 61.7 84.4 166
113 VGG19&VGG16 - RRSVM  87.5 75.0 96.4 71.8 95.0 96.9 88.4 779 92.9 63.7 85.1 167
114 Table 1: Average precision (%) on VOC2012 Action validation set. Note that: (i) RRSVM outperforms LSSVM by a large 168
1:2 margin using any VGG net; (i) RRSVM using VGG16 and VGG19 outperforms both RRSVMs using single net. :33
117 171
118 3. Additional Experiments on PASCAL VOC 2012 Action Classification 172
119 173
120 For PASCAL VOC 2012 Action Classification dataset, in addition to the experiments listed in the paper, we also tested 174
121 the performance of RRSVM using VGG16 and VGG19 as feature extractor separately. The results of these experiments on 175
122 validation set in Tab. 1 showed that our proposed RRSVM outperforms LSSVM on both settings that uses individual VGG16 176
123 or VGG19 for feature extraction. Also, VGG16 and VGG19 have comparable performances, but simply averaging them 177
124 further improves the results. 178
125 . . . 179
126 4. Region-Score Vector analysis for each category in PASCAL VOC 2007 180
127 We visualized the Region-Score Vector values for each category in PASCAL VOC 2007 in Fig. 2. The distributions show 181
128 that for all the categories, less than 25 regions are considered to be important for object classification tasks. The results also 182
123 demonstrate the inadequacy of simply using max-pooling or sum-pooling for object classification tasks. 123
1 184
1315, Qualitative results 185
132 186
133 5.1. PASCAL VOC 2007 Image Classification dataset 187
134 Some visualizations of the test results are shown in Figures 3—-6. Note that the our proposed RRSVM successfully finds 188
135 . . . e . . . 189
136 the semantically important regions(blue boxes) for classifying the target objects in yellow bounding boxes. 190
137 5.2. PASCAL VOC 2012 Action Classification dataset 191
138 192
139 Visualizations of some examples in PASCAL VOC 2012 validation set are shown in Fig.7-16. Note that for each of the 10 193
140 actions, our proposed RRSVM snaps the regions that either best represents the target action or best distinguishes the target 194
141 action from others. 195
142 5.3. ILSVRC 2014 Image Classification 196
143 197
144 In this section, we first of all show categories where in the validation set: (1) RRSVM outperforms the baseline most 198
145 (+13%,1n03673021, “liner”, as shown in Fig. 17); (2) RRSVM underperforms the baseline most (-23.7%, n02447721, “gong”, 199
146 as shown in Fig.18). 200
147 We further randomly select more examples from the validation set and show them in Figures 19-23. Based on these 201
148 examples we observe that RRSVM successfully extracted the semantically meaningful regions for all the categories. 202
149 203
150 204
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152 206
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154 208
155 209
156 210
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160 214
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261 Figure 2: Distribution of region-score vectors for 20 categories in PASCAL VOC 2007 Image Classification dataset. Note 315
262 that the effect number of regions for each category demonstrates the inadequacy of max-pooling or sum-pooling. 316
263 317
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371 Figure 3: More images from the test set of PASCAL VOC 2007. The blue boxes with numbers correspond to the regions 425
372 and their weights used for classification. Yellow boxes with labels are the ground truth regions of interest for the specific 426
373 category. Best viewed on a digital device. 427
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479 Figure 4: More images from the test set of PASCAL VOC 2007. The blue boxes with numbers correspond to the regions 533
480 and their weights used for classification. Yellow boxes with labels are the ground truth regions of interest for the specific 534
481 category. Best viewed on a digital device. 535
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696 and their weights used for classification. Yellow boxes with labels are the ground truth regions of interest for the specific 750
697 category. Best viewed on a digital device. 751
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1022 Figure 9: Examples of playinginstrument in PASCAL VOC 2012 Action Classification. 1076
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1126 Figure 10: Examples of reading in PASCAL VOC 2012 Action Classification. 1180
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Figure 11: Examples of ridingbike in PASCAL VOC 2012 Action Classification.
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Figure 12: Examples of ridinghorse in PASCAL VOC 2012 Action Classification.
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Figure 13: Examples of running in PASCAL VOC 2012 Action Classification.
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1565 Figure 14: Examples of takingphoto in PASCAL VOC 2012 Action Classification. 1619
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1668 Figure 15: Examples of usingcomputer in PASCAL VOC 2012 Action Classification. 1799
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Figure 16: Examples of walking in PASCAL VOC 2012 Action Classification.
17



CVPR CVPR

#2003 #2003
CVPR 2016 Submission #2003. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

1836 1890
1837 1891
1838 1892
1839 1893
1840 1894
1841 1895
1842 1896
1843 1897
1844 1898
1845 1899
1846 1900
1847 1901
1848 1902
1849 1903
1850 1904
1851 0.02)2 0.0.02 0.C0.0020212212 0.0.02 1905
1852 0.0.0232)2l0, A Ll 1906
1853 002 0.0.020.00.020.02 e 3 i | . - 1907
1854 5mmmun 1908
)
1855 0 i:z%h(lo nnI nl1‘ 00020.02 0.01/ 1909
1856 002 0.005:0[02 e 1910
1857 0714000 0.020.5 1911
1858 ' iy | 1912
1859 IS 1913
1860 1914
1861 1915
1862 1916
1863 I 1917
1864 1918
1865 1919
1866 "“"“°”°W"”"“ 1920
1867 R '""fm wimin| 1921
1868 T ] T sl | 1922
1869 1923
1870 1924
1871 i 3 1925
1872 1926
1g73  Figure 17: Examples in category n03673021(liner) that has the largest improvement over baseline. Note that the liners have 1927
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Figure 19: More examples of ILSVRC2014: n01484850 (white shark).
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2182 2236
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2187 2241
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2189 2243
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2191 2245
2192 2246
2193 2247
2194 2248
2195 2249
2196 2250
2197 2251
2198 2252
2199 2253
2200 2254
2201 Figure 20: More examples of ILSVRC2014: n01440764(tench). 2255
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2212 2266
2213 2267

21



CVPR
#2003

2268
2269
2270
2271
2272
2273
2274
2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301
2302
2303
2304
2305
2306
2307
2308
2309
2310
2311
2312
2313
2314
2315
2316
2317
2318
2319
2320
2321

CVPR 2016 Submission #2003. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

0.21

n.A&7
0.10 !
A2
. Al
\I '\\
-

Figure 21: More examples of ILSVRC2014: n01532829(house finch).
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2376 2430
2377 2431
2378 2432
2379 2433
2380 2434
2381 2435
2382 2436
2383 2437
2384 2438
2385 2439
2386 2440
2387 2441
2388 2442
2389 2443
2390 2444
2391 2445
2392 2446
2393 2447
2394 2448
2395 2449
2396 2450
2397 2451
2398 2452
2399 2453
2400 2454
2401 2455
2402 2456
2403 2457
2404 2458
2405 2459
2406 2460
2407 2461
2408 2462
2409 2463
2410 2464
2411 2465
2412 2466
2413 2467
2414 2468
2415 2469
2416 . . 2470
0017 Figure 22: More examples of ILSVRC2014: n01644900(tailed frog) 0471
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2484 2538
2485 2539
2486 2540
2487 2541
2488 2542
2489 2543
2490 2544
2491 2545
2492 2546
2493 2547
2494 2548
2495 2549
2496 2550
2497 2551
2498 2552
2499 2553
2500 2554
2501 2555
2502 2556
2503 2557
2504 2558
2505 2559
2506 2560
2507 2561
2508 2562
2509 2563
2510 2564
2511 2565
2512 2566
2513 2567
2514 2568
2515 2569
2516 2570
2517 2571
2518 2572
2519 2573
2520 2574
2521 2575
2522 2576
2523 2577
2524 2578
2525 . _ 2579
2526 S ) N - - 2580
2527 Figure 23: More examples of ILSVRC2014: n01729322(hognose snake). 2581
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