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Is Redundancy necessary for image recognition?

Abstract

Lightweight image recognition models are now
widely investigated. In GhostNet, the redundancy in
feature maps is introduced as an important
characteristic. In this paper, we investigate the
importance of the redundancy and ask: do you need
redundancy? By adding cosine similarity loss to vanilla
ResNet, we found that reducing redundancy does not

affect the recognition performance.
Related Work

GhostNet[1] paper claims that the redundancy is
important to achieve high performance for image
recognition model. Ghost module, which produces

redundant features from cheap operation is proposed.
Motivation

Although GhostNet achieves high performance,
the claim of importance of redundancy is irrational
because redundant features could be interpreted as
needless features. Our inquiry is: is redundancy

necessary?
Approach

In this section we introduce cosine similarity loss
which is proposed to reduce redundancy. This loss is
added to Cross Entropy loss until training epochs
exceed the half of set epochs. Details are described
below

- extract feature maps from each stages of ResNet

- For each stages, compute cosine similarity matrix and
subtract diagonal matrix from it.

-extract top-k% elements from cosine similarity matrix
in each stage and compute mean of them.
We extract top k % of the matrix to enhance the power

of loss.

ZEZE high school team A

Experiment

For experiment, we used vanilla Resnetl8 and

hyper-parameters from open source code on
[2,3].Cifar-100 is used as Dataset. K of top-k cosine
similarity loss is set to 10.

As a result, Top 1 accuracy of proposed method
was 78.75%, while conventional method was 78.58 %.
First 100 batch of test data are used to compute
histograms of cosine similarities at each stages. They
are described as table 1 and table 2 below.

Tablel: cosine similarity percentage distribution of proposed

method

0 26 0

59 67 84

48 32 3 12
42 4 1 0
2 1 0 0
4 1 0 0
0 0 0 0
0 0 0 0
0 0 0 1
1 0 0 1

Table2: cosine similarity percentage distribution of conventional

method

0 0 0
0 69 5
0 22 88
7 71 4 3
79 21 1 0
6 3 0 0
4 2 0 0
0 0 0 0
0 0 0 1
1 0 0 1
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Discussion

From the table, we can say that adding cosine
similarity loss affects model to reduce redundancy
while does not affect to the performance. Also, features
in first and second residual stages has relatively high
redundancy while third and fourth are not. We found
this characteristic on both proposed and conventional.
In GhostNet paper, output of first residual stage is
shown to support their claim but other stages were not

mentioned.

Figure 1. Visualization of some feature maps generated by the first
residual group in ResNet-30, where three similar feature map pair
cxamples are annotated with boxes of the same color. One feature
map in the pair can be approximately obtained by transforming the
other one through cheap operations (denoted by spanners).
Kai Han, Yunhe Wang, Qi Tian, Jianyuan Guo,
Chunjing Xu, Chang Xu/GhostNet: More Features

from Cheap Operations
Conclusion and future work

We investigated importance of redundancy in
image recognition and found that reduction of it does
not affect performance of Resnet18 and it is not seen in
latter half of the model.

As our future work, we will investigate the same

topic with different architecture, dataset and scale.
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Science Project 2021
Identification of Endemic species Isaza
in Lake Biwa by bioinformatics
~ Image recognition by DNA barcoding and AT ~
Shiga Prefectural Zeze High School
GROUP B Runo Sato * Sora Aoyama
Tomo Hashigaki * Daiki Ogasawara

Abstract

In the future, genetic technology, data science and
Al are said to be important. Specifically, we used
DNA barcoding and Al image recognition to identify

the species of Isaza, an endemic species of Lake Biwa.

As a result, we were able to find the challenges of
bioinformatics: the incompleteness of DNA data and
the limitations of Al depending on the subject.
However, we also found its effectiveness for our
research in terms of finding a direction. The key is to
seek validation from a variety of approaches. We have
found that, like biodiversity, validation requires
diversity.

Introduction

Protect biodiversity. That is the target of SDGs
goals 14 and 15. However, the destruction of
ecosystems is currently in progress, with 40,000
species going extinct every year since 1975. Species
identification is necessary to improve this situation.
Therefore, improving the skills of species
identification and developing new tools is an urgent
task. This is because the number of professional
taxonomists is decreasing worldwide due to the

recent decline of basic research in the natural sciences.

In light of this, our research group will explore
bioinformatics, a combination of life science and
information science, as a new method to assist
traditional morphological taxonomy. As a result, the
goal of this research is to break the critical status quo
in current taxonomy.

Endemic
Methods species
in Lake
Vsual In vestigatifm ‘of the e
e e characteristics
mathods of Isaza

Isaza
Ghaenogobius isaza
«Goby companion
=Aboul 5 em in langth

Characteristics: Dorsal fin, pectoral fin,

and tail shape
Identification of Isaza

®

Global envirenmental indicators

Inhabits the bottom of Lake Biwa during
the day, and for night feeding, the deepest

isaza rises to 90m above the lake surface,

nearly two thousand times its body length.

Using conventional morphological taxonomic
methods, we studied the isaza and found that it has a
distinctive dorsal fin. In addition, Lake Biwa's
endemic isaza differs from other fishes in its habitat,
but in recent years it has been interbreeding with
many other species. The reason for this is thought to
be changes in ecology caused by the deterioration of
the lake bottom environment, such as global warming.
The identification of Isaza is considered to have great
significance as an indicator of the global environment.

ORITHM

@

From DNA sequences using short genetic markers
Phylogenatic method to identify species

A G C  (Conessbp

A\ pna Referance Database
Collation Homology search
by BLAST

%] PaulHeber Ph.D. =

J &
DNA =

>Gymnogobius uroteana
1 gtaggtggaa ctcttgtcca atgaatttga ggaggtttct cagtagataa tgctaccctt
61 acacgatttt ttgeatttca ttttcttcte cectttggga ttettgeege taceettetg

121 catcttcttt tcttacatga aactggctca aataacccag caggattaaa ctcegatgec
181 gacaaaatcc cctttcacce ctacttttee tataaagatc ttcttggett tgeecttata
241 ctectageec tegecteect tgeacttttt tcecctaatt accttggaga tectgacaat
301 tttatceetg caaacceget tgttactect ccccacatta agecagagtg atatteectt
361 tttgcatatg ctattcttcg ttccatcect aacaagetag gaggagttct ageectectt
421 gettecattt tggtactact ccttgteect cttctacata cgtcaaaaca acgtagtttg
481 accttcegee cagtttetea atttetette tgageecttg tageagatgt acttattcta
541 acttgaattg gaggcatacc tgttgaacac ccgtacatta ttattggaca aattgeatce
601 ttcatctact tctecatttt tettg

>Gymnogobius isaza

1 gtaggaggaa ctcttgttca atgaatttga gggggcttct cagtagataa tgecaccctt
61 acacgatttt ttgeatttca ttttctactt cectttgtag ttettgetge tacecttetg

121 catcttettt tettacatga aactggetca aataaccegg caggettaaa ctecgatgee
181 gacaaaatcc cctttcacce ttacttttcg tataaagatc ttcttggett tgeecttata
241 ctectageee tegeeteect tgeacttttt tecectaact accteggaga tectgacaac
301 tttacceetg caaacceact tgteactcee ccceacatta aaccagagtg atatttectt
361 tttgcatatg ctattcttcg ttctatcect aacaagetag gaggagtget agetetectt
421 gcttetatet tagtactact ccttgtecct cttetgeata catcaaaaca acgaagtttg
481 accttcegee cagtttetea attectette tgaacccttg tageagatgt actcattcta
541 acttgaattg gaggtatacc tgttgaacac ccgtacatta ttattggaca aattgeatce
601 ttcatctact tctccatttt tettg

DNA barcoding is a phylogenetic method of
identifying species from short genetic markers.
Animals and many eukaryotes use the 648-bp region
of mitochondrial cytochrome oxidase subunit I. The
sequence data shared by INSDC is made available
free of charge in recognition of its common human
property. Using this, we then used molecular
biological methods. We used BLAST, a special
algorithm for DNA sequence search developed by
NCBI, to determine regions for local alignment and
to search for sequences with high homology.

R

Image
St Albased rerog nition
Image Image recognition program g
eConpmicn creation *®
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Artificial Intelligence

5P

-
Machine learning{Expert system)

Deep learning

As anew tool to assist in biological classification,
we have created an Al-based image recognition
program using the Python programming language to
recognize the image of Isaza.

Results

Ovmeiosd © L selestootmms © Bon | 10 | @

Graphic Summary Alignments Im

Descriptions

Reports Lineage Organism Im

100 sequences selecies @
Taxanany Number of hits Number of Organisms

BFmaerehg 160 2z

- Gymnocobig Bazy 153 1 Gymnogobius isaza hils

The individuals with the highest DNA homology
are shown from the top. Here is something very
important to report. As a result of the search, one of
the three individuals with a 100% DNA match at the
top of the dotted line is Ukigori. The overall results
also showed that among the 160 individuals judged to
be highly homologous, there were 7 Ukigori in the
mix. The cause of this is not known at this stage, but
we can speculate that it is due to errors such as
contamination  during DNA  extraction or
hybridization with Ukigori.
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Deep learning requires tens or hundreds of
thousands of training data with a large number of
parameters to be optimized during training. We tried
unsupervised learning by collecting images from the

Internet and letting the artificial intelligence make
decisions. First, we created a Python program to
scrape the Internet to collect images of Isaza.
However, the number of images of Isaza was quite
limited on the Internet, and the results were not
satisfactory. Next, the dorsal fin, which is a
characteristic of Isaza, was judged by supervised
learning. We tried data augmentation to increase the
number of data using openCV from an image
processing library that is often used in Python, but we
couldn't. The reason is that the recognition of the
random dorsal fin pattern, which is a feature of the
fish, is very sophisticated. Image recognition of Isaza
proved to be difficult at this stage.

Discussion

Build up your thoughts and lead to answers
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Validate the answers first and then validate them

Conventional morphological taxonomy is based on
a series of investigations that lead to an answer. In
bioinformatics, the answer is obtained first, and then its
validity is verified. Although the order of approach to
the answer is different, the "directionality" of
identifying species based on trait information extracted
from specimens is the same for both DNA information
and image recognition methods. The challenge is to
improve the reliability of the data. In order to do so, it
is important to always be skeptical of the data results
and to always verify the results by oneself.

Conclusions

Based on our results, we are grateful to Prof.
Minami Naojiro (Kyoto University) and Yamanaka
Hiroki (Ryukoku University) and Prof. Nagataki
Hiroyuki (Osaka Electro-Communication
University) for their guidance. In conclusion,
bioinformatics still has many challenges. However,
we should not be disappointed with the technology,
because just being able to find a direction from a huge
amount of data is very effective in terms of saving
time in research. The important thing is not to blindly
trust, but to actually verify for yourself. It is necessary
to believe in the potential of data science after
verification. The fact that we realized the importance
of verifying the results ourselves is the outcome of
this research.
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