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 RAID-G
e Paper:

RAID-G: Robust Estimation of Approximate Infinite Dimensional Gaussian with Application to
Material Recognition.

e Language: Matlab
Framework: MatConvNet-1.0-beta20
With an open box demo. (FMD dataset)

For classification, we employ LIbSVM package which was self-contained in our
code.

More details: www.peihuali.org/publications/RAID-G/RIAD-G_V1.zip
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* G°DeNet
e Paper:
G2DeNet: Global Gaussian Distribution Embedding Network and Its Application to Visual Recognition.
e Language: Matlab
* Framework: MatConvNet-1.0-beta20
« With an open box demo. (3 fine-grained benchmarks, i.e., Birds, Cars and Aircrafts)
* More details: www.peihuali.org/publications/G2DeNet/G2DeNet-FGVC-v1.0.zip
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« MPN-COV and Fast MPN-COV
e Paper:
MPN-COV: Is Second-order Information Helpful for Large-scale Visual Recognition?

Fast MPN-COV: Towards Faster Training of Global Covariance Pooling Networks by Iterative Matrix
Square Root Normalization.

e Language: CUDA C/C++, Python, Matlab

Framework: PyTorch-0.4.0 and MatConvNet-1.0-beta22
Demo for training from scratch on ImageNet-2012
Transfer learning demo for Fine-grained datasets

More details: http://peihuali.org/iISORT-COV/index.html
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Query Images Retrieved Images from Dataset
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Representative Publications

Qilong Wang, Peihua Li, Wangmeng Zuo, Lei Zhang. RAID-G: Robust Estimation of
Approximate Infinite Dimensional Gaussian with Application to Materiel Recognition. In
CVPR, 2016.

Zeng Hui, Qilong Wang, Peihua Li. Beyond NBNN: Large Margin Nearest Subspace
Classification with Deep Representations. Submitted.
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 INat Challenge@FGVC5 % (1st place)

SALT LAKE CITY = JUNE 18-22

Organized by

. iNaturalist
- Competition Google
= 2018 P

| ﬁég Cornell University

8,000 species ;"“‘“"0»,}%
Long Tail Distribution B 5 Calte(:h

Supported by
FGVC5  iNaturalist =. Microsoft

https://sites.google.com/view/fgvcs/competitions/inaturalist

[MPN-COV] Peihua Li, Jiangtao Xie, et al. Is Second-order Information Helpful for Large-scale Visual Recognition? In ICCV, 2017.
[Fast MPN-COV] Peihua Li, Jiangtao Xie, et al. Towards Faster Training of Global Covariance Pooling Networks by Iterative Matrix
Square Root Normalization. In CVPR, 2018.
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SALT LAKE CITY = JUNE 18-22

1st Place
5th Workshop on in the
® FineGrained iNaturalist 2018 Challenge
Vistal ’
Categorization
At CVPR 2018 « Salt Lake City, UT Sponsored by:

H@WG& June 22, 2018 BE Microsoft

[MPN-COV] Peihua Li, Jiangtao Xie, et al. Is Second-order Information Helpful for Large-scale Visual Recognition? In ICCV, 2017.
[Fast MPN-COV] Peihua Li, Jiangtao Xie, et al. Towards Faster Training of Global Covariance Pooling Networks by Iterative Matrix
Square Root Normalization. In CVPR, 2018.
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SALT LAKE CITY = JUNE 18-22

[Number of Classes: 8,142 ] SuperCat  |Num Classes
Bacteria 1
Number of Images: 611,333 Protozoa 4
Insecta 2,031
Aves 1,258
Test Plantae 2,917
24 4% Chromista 25
Animalia 178
Arachnida 114
Val Fungi 321
4.0% Actinopterygii 369
437,913 S Mammalia 234
71 6% Reptilia 284
Mollusca 262

Amphibia 144
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SALT LAKE CITY = JUNE 18-22
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SAITIAKF CITY » IIINF 1R-22

Aphonopelma hentzi Aphonopelma chalcodes

Commonly confused classes Top1 Public for DLUT_VLG
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SALT LAKE CITY = JUNE 18-22

Acronicta lobeliae Acronicta hasta

Commonly confused classes Top1 Public for DLUT_VLG
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* INat Challenge@FGVCS [@¥Azlz (1% place)

Papilio thoas Papilio rumiko

Commonly confused classes Top1 Public for DLUT_VLG
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SALT LAKE CITY = JUNE 18-22

Lepus alleni Lepus californicus

Commonly confused classes Top1 Public for DLUT_VLG



Recorded By

facebook

iNaturalist Competition 2018 - Results

Rank Team Affiliation
AbeEEN e e e e s
| Shuyu Ge, Qiule Sun Dalian University of |
L 1st Jiangtao Xie, Peihua Li Technology, China J

Jeremy Trammell, Priyanka Oberol, Deep Learning Analytics
2nd John Kaufhold

Kaiyu Yue, Ming Sun, Ti Bai, Xiao  Baidu VIS
Tan, Canxiang Yan, Yuchen Yuan,
3rd Yingying Li, Xiao Liu, Feng Zhou

= Microsoft
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SALT LAKE CITY = JUNE 18-22

DLUT_VLG performs relatively 8% in top-3 error better than 2nd place

Public Leaderboard Private Leaderboard

The private leaderboard is calculated with approximately 50% of the test data. = Refresh
# apub Team Name Kernel Team Members Score Entries Last
1 - DLUT_VLG (Dalian University ... qN NN 0.12858 133 11d
2 — Deep Learning Analytics 2 0.13981 93 11d
3 - fadivugibs PR 0.14618 79 1id
4 - CmP E 0.16076 14 11d
5 al fISHpAM f‘@ 0.16892 3 23d
6 1 traveler 5 0.16988 30 11d

7 — yen > 0.17201 20 11d
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SALT LAKE CITY = JUNE 18-22 Capturing Channel
correlation (second-order
_ statistics)
Fast MPN-COV with ResNet-152
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e : Matrix square root is computed
3 | Zj;i* 'Y, = f(Y._.Z,_)) Y. ¢ Via GPU-friendly iterative m-ethod,
cov (D) =1 \Z, =g(Y, . Z, ) i-n C VIO much faster than GPU-hostile EIG
matrix : :

Pre-normalization Newton-Schulz Iteration Post-compensation
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SALT LAKE CITY = JUNE 18-22

MPN-COV with ResNet-152 architecture, fine-tuned on iNat 2018

» Implementation

» Three useful tricks for performance boost
— Exploit higher resolution images
— Deal with long tailed distribution
— Usage of iNat2017 dataset

> Results

[MPN-COV] Peihua Li, Jiangtao Xie, Qilong Wang and Wangmeng Zuo. Is Second-order Information Helpful for
Large-scale Visual Recognition? In ICCV, 2017.

[Fast MPN-COV] Peihua Li, Jiangtao Xie, Qilong Wang and Zilin Gao. Towards Faster Training of Global Covariance
Pooling Networks by Iterative Matrix Square Root Normalization. In CVPR, 2018.
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SALT LAKE CITY = JUNE 18-22

»Pre-trained ResNet-152 on ImageNet-11k and then finetuned on iNaturalist 2017
dataset

» Two stage MPN-CQV training on iNaturalist 2018 dataset

e Firstly, fine-tune MPN-COV module—1x1 Conv. layer for dimension reduction,
and 8142-way FC connecting normlized COV to output.
e Next, fine-tune final 9 residual blocks and the subsequent MPN-COV module.

»Fast MPN-COV module

e |teration number: 3
e Dimension of input: 160 (after a 1x1x2048x160 Conv. layer)
e Dimension of image representation: 12,880

»Dense crop + multiple scales on test images for inference
 Analogous to the method in Simonyan & Zisserman (ICLR 2015).

»Data augmentation with MatConvNet default
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SALT LAKE CITY = JUNE 18-22

« Randomly crop a CxC image from resized image with shorter side S,

= —

where C=224,320,392 and S=256, 360, 448, respectively

Shortside S == F =

: . C .
fixed input size Cx C

Random crop
Top-3 errors (%) with single model on test set using varying input size

Input size C MPN-COV with ResNet-152 Vanilla ResNet-152

320x320 15.038 16.623

392x392 14.704 16.024
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SALT LAKE CITY = JUN

E 18-22

Following Cui et al., we use validation set with balanced distribution to fine-tune

with smaller learning rate (2e-4)

.- 1rain & Val Distribution

mmmm Train

=
o
[¥]

=
o
—

Number of Images

s Val Top-3 errors (%) on test set (center 320x320 crop, S=360)
Finetuning MPN-COV with :
on val. set ResNet-152 VEIIE REN e
NO 17.875 18.770
YES 15.038 (2.837 1) 16.623 (2.147 1)

=
o
[=]
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Ranked Species

8000

Yin Cui, Yang Song, Chen Sun, Andrew Howard, Serge Belongie. Large Scale Fine-Grained Categorization and

Domain-Specific Transfer Learning. In CVPR, 2018
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We fine-tune on INat Challenge 2017 dataset before training on iNat Challenge

2018 dataset

Top-3 errors (%) on test set (center 224x224 crop, S=256)

. . . MPN-COV with .
Finetuning on INat2017 ResNet-152 Vanilla ResNet-152
NO N/A 25.451

YES N/A 24.660 (0.7911 1)
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Evaluation on test set with single model using varying image resolution

Method Input size C Fusion scales S Top-3 error (%)
MPN-COV with 320x320 360,480,512 15.038
ResNet-152 392x392 448,544,608 14.704
320x320 380,480 16.623
Vanilla ResNet-152
392x392 480,576 16.024
Ensemble of three models with input size 392x392
Method Top-3 error (%)
MPN-COV with ResNet-152 13.499
Vanilla ResNet-152 14.625
MPN-COV+Vanilla ResNet-152 13.103

Note: Fusion of 6 MPN-COV models (3 w/ C=392, 3 w/ C=320) and 6 vanilla ResNet-152 models
(3 w/ C=392, 3 w/ 320), the error decreases to 13.068%.
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* INat Challenge@FGVCS [@Y4zlz (1% place)
»Matrix Power Normalized COVariance pooling (MPN-COV) networks
are compelling for large-scale classification

» Potentially
— Pretrained MPN-COV on ImageNet will generalize better
— Ensemble of MPN-COV with varying architectures
(e.g. ResNet and Inception) will further improve
— Fast MPN-COV with more iterations (>3) will benefit

— Higher resultion images (>392) will be more helpful

[MPN-COV] Peihua Li, Jiangtao Xie, Qilong Wang and Wangmeng Zuo. Is Second-order Information Helpful for
Large-scale Visual Recognition? In ICCV, 2017.

[Fast MPN-COV] Peihua Li, Jiangtao Xie, Qilong Wang and Zilin Gao. Towards Faster Training of Global Covariance
Pooling Networks by Iterative Matrix Square Root Normalization. In CVPR, 2018.
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SALT LAKE CITY = JUNE 18-22

« Method overview of other competitor (Deep Learning Analytics 2" place)

\
‘ 1 Denser viewing during inference:
Fucusmg inference on the upper portions of the image reduced
error,
Original Inferem:e Windows Additional Inference Windows
_)
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( 3 )Generic Label Smoothing:

LDriginaI “1-Hot"” Training Label

“Smoothed” Training Label
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Our single model result: 14.704 (public)
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