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Background & Motivation

* Visual recognition: Large-scale image datasets available
— State-of-the art: ~3% classification error for 1,000 categories




Background & Motivation

Fine-grained categories (animal and plant species)

— Large-scale dataset is still limited
— Annotation is onerous & requires domain expertise
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Background & Motivation

* One solution: gather training data automatically for
training visual classifiers for fine-grained categories

e How?



Main Idea

 Start with only the category name and visual description for
a fine-grained category...

Family: Nymphalidae, Brush-footed Butterflies view

all from this family

ﬁ)escription 3 1/2-4" (89-102 mm). Very Iarge,\
with FW long and drawn out. Above, bright, burnt-
orange with black veins and black margins sprinkled
with white dots; FW tip broadly black interrupted by
larger white and orange spots. Below, paler, duskier
orange. 1 black spot appears between HW cell and
rargin on male above and below. Female darker

Qvith black veins smudged. /

(eNature.com)



Main Idea

» Automatically harvest training images from the Web

Monarch Danaus plexippus
enlarge +
> %

Family: Nymphalidae, Brush-footed Butterflies view

all from this famil:

Description 3 1/2-4" (89-102 mm). Very large,
with FW long and drawn out. Above, bright, burnt-
orange with black veins and black margins sprinkled
with white dots; FW tip broadly black interrupted by
larger white and orange spots. Below, paler, duskier
orange. 1 black spot appears between HW cell and
margin on male above and below. Female darker
with black veins smudged.

Previous work focus on harvesting using
category names, general level categories,

and using only web text surrounding the image
(not outside resources)

Images of
Monarch (Danaus plexippus)



Objectives

» Use visual descriptions for fine-grained categories to:

— improve search engine querying
— rerank images: compare web page text to visual descriptions

e Qurclaim:

— visual descriptions can improve precision over name-based
search



Visual Descriptions

* Define appearance properties of an object category

* Readily available for certain object categories (butterflies,
flowers, sign language, judo moves, etc.)

Very large, with forewing long and drawn out.
Above, bright, burnt-orange with black veins
and black margins sprinkled with white dots;
forewing tip broadly black interrupted by larger
white and orange spots. Below, paler, duskier
orange.




Wang et al., BMVC 2009 éllioc:)seiny et al. 2013

Ba et al. 2015

* Learn models using only visual descriptions

* No training images used

Monarch Danaus plexipous

(+Jsave Toust] [°lseno ecarn)

Family: Nymphalidae, Brush-footed Butterfiies view

all from this family

Description 3 1/2-4" (89-102 mm). Very large,
with FW long and drawn out. above, bright, burnt-
orange with black veins and black margins sprinkled
with white dots; Fw tip broadly black interrupted by
larger white and orange spots. Below, paler, duskier
orange. 1 black spot appears between HW cell and
rargin on male above and below. Female darker
with black veins smudged.




Fine-grained Categories

* Harvestimages for ten butterfly categories
— Leeds Butterfly Dataset (Wang et al. 2009)

Heliconius Junonia
erato coenia

Danaus
plexippus
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Framework Overview
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Search engine query

Web page parsing

Family: Nymphalidae, Br@h-footed Butterfiies view

all from this family

Description 3 1/2-4" (89-102 mm). Very large,
with FW long and drawn out, Above, bright, burnt-
orange with black veins and black margins sprinkled
with white dots; FW tip broadly black interrupted by
larger white and orange spots. Below, paler, duskier
orange. 1 black spot appears between HW cell and
margin on male above and below, Ferale darker

with black yeins smudoed

Image-text
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Text matching
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Framework Overview

Danaus
plexippus

Monarch

Search engine

query
Web page
Visual parsing
Descri-
puiei Image-text

correspondence

Text matching

Image ranking



Step 1: Search Engine Query BN i Monarch

Danaus
lexippus CMonarch D

* Base queries

Search engine — "Danaus pleXippUS” Polysemy'
query — “Monarch” + butterfly/ '

— Lis:sf — "Danaus plexippus” + (description OR
h W u L] L] u
[ Descri- } Web page pages identification)
ption parsing

s — “*Monarch” + (description OR

correspondence

identification) \
Text matching Improve recall

Image ranking



Step 1: Search Engine Query

Danaus
lexippus CMonarch D

* Seeded queries

Search engine — Improve precision

query — NP and AP from visual descriptions

List of
web FW tip extended, clipped. Above, black with orange-red to

Visual

De§cri- W‘*a'::i’:ge pages vermillion bars across FW and on HW_ border. Below,
ption S mottled black, brown, and blue with pink bar on FW.
Image-text White spots at FW tip above and below, bright blue patch

correspondence on lower HW angle above and below.

bright blue patch §§ black brown and blue

Image ranking lower hw angle § white spots
orange red to vermillion bars

Text matching




Step 1: Search Engine Query

Danaus
lexippus CMonarch D

* Seeded queries

Search engine — Single

query Danaus plexippus | bright blue patch

| List of — Pairs
Visua | web ; . :
Descri- Web page bages Danaus plexippus | bright blue patch
Eiioy = — Triplets
Image-text
correspondence Danaus plexippus
Text matching * Combine base queries, seeded queries

image ranking (each for Latin and English name)



Step 2: Web Page Parsing

Danaus
plexippus

Monarch

* Extractimages and text blocks &

Search engine

List of their position on webpage
pages — Use layouting engine of QtWebKit
Visoal parsing JEHER (x,Y, W)
[De?cri-} € «~n ¢ Filtering (adverts, headers, etc.)
e e T— — Retain images with butterfly name in
correspondence [l ol is;x'yw’h) metadata (img sr¢, alt, title)
Textmatching [k — Exclude negative terms (caterpillar,
po— o PUPY
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Step 3: Image-text Correspondence

Danaus
plexippus

Monarch

s ... ° Align image and text by their
B ..., position asdisplayed on aweb
Upperside browser

of male is
bright
orange... Xrwih)

Visual
Descri- Image-text love  Ouywsh)

S correspondence BRI

Search engine
query

Web page
parsing

Upperside of
male is bright
orange...

| love
butterflies!




Step 3: Image-text Correspondence

Danaus
plexippus

Monarch

Search engine ™ (x,y,w,h)
query .
P = \\\\\ (x,y,w,h)
Web page '
parsing Upperside
| of maleis
"""""""""""""" bright
Visual orange... %yt
Descri- Image-text llove  (xyw,h)
ption correspondence butterflies!

General description: Black; forewing with red
median band a white subapical spots; hindwing
with broad red marginal band; ventral hindwing
mottled black, brown, blue and cream

orange...

Upperside of
male is bright

| love
butterflies!

1 image -> multiple text blocks
1 text block -> 1 image (unless
same distance)

Must be < 100 pixels

Must be within
shaded region



Step 4: Text Matching

Danaus
plexippus

Monarch

] * Query: Visual description

Search engine
query

* Documents: Extracted text blocks

Upperside of
W‘:SF;:QG male is bright ] ]
Visual LSl [onge. | o Objective:
Descri- Image-text \\,\ : -
ption correspondence i — Search for documents similar to query
| love

bz e — Assign each document a similarity
Upperside of score

male is bright

orange@>

The Monarch
butterfly is an
attractive ...

0.67




Step 4: Text Matching

Danaus
plexippus

Monarch

=

* Explore a simple model + matcher
— Bag of words with TF-IDF weighting

Search engine
query

Upperside of
Web page male is bright C . ] . I .
Visual AR | orange. — Cosine similarity
Descri- Image-text
ption correspondence
| love

utterfiest | o Advanced models (sequential/
upersiseof | cOMpositional) or matching

male is bright
nsesge> functions (BM25) are left as future

The Monarch

butterfly is an WO rk

Image ranking attractive ...
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Step 5: Image ranking

Danaus

plexippus

Search engine
query

Web page

Visual
Descri-
ption

parsing

Image-text
correspondence

Text matching

Monarch

Upperside of
male is bright

orange..@>

The Monarch
butterfly is an
attractive ...

The wings are
bright orange

Upperside of male is

bright orange... 0.90

The butterfly counts not
months but moments,

and has time enough__\

0.12

The Monarch butterfly is

an attractive ... —
C 0.67 D

The wings are bright
orange with black ...

C 0.86 )




Step 5: Image ranking

Danaus

plexippus

Search engine
query

Web page

Visual
Descri-
ption

parsing

Image-text
correspondence

Text matching

Monarch

Upperside of
male is bright

orange..@>

The Monarch
butterfly is an
attractive ...

The wings are
bright orange

Upperside of male is

bright orange... 0.90

The butterfly counts not
months but moments,

and has time enough__\

0.12

The Monarch butterfly is

an attractive ... —
C 0.67 D

The wings are bright
orange with black ...

C 0.86 )




Experimental Results: Baseline

pieris rapae (cabbage white)
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e "pieris rapae”
- "cabbage white" butterfly

—& "pieris rapae” (description or identification)
-& "cabbage white" butterfly (description or identification)
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Experimental Results: Baseline

pieris rapae (cabbage white)
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Experimental Results: Excellent Case

pieris rapae (cabbage white)
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Experimental Results: Excellent Cases

junonia coenia (common buckeye)
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precision

0.4 —o-proposed method
ENCER -e "junonia coenia"
—& "common buckeye" butterfly

—& "junonia coenia" (description or identification)
-& "common buckeye" butterfly (description or identification)

Google Images: "junonia coenia"
Google Images: "common buckeye" butterfly
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rank
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—o-proposed method
-© "junonia coenia"
—& "common buckeye" butterfly

—& "junonia coenia" (description or identification)
-& "common buckeye" butterfly (description or identification)

Google Images: "junonia coenia"

Google Images: "common buckeye" butterfly
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Experimental Results: Good Cases

papilio cresphontes (giant swallowtail)

A A o —— 46\9
—_— 8 -

N — [- ~N N~ _—
N - Naas o8 g — g
""ﬁ,—_—.-ﬁ-.._____&__ ~—e———9

—6- proposed method

- "papilio cresphontes”

—& "giant swallowtail" butterfly

—a "papilio cresphontes” (description or identification)
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Google Images: "giant swallowtail" butterfly
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Experimental Results: Good Cases

papilio cresphontes (giant swallowtail)

. ——— 6— 40\9

Another name for the caterpillaris Orange Dog, as it is
considered a pest in orange groves. The Giant o
Swallowtail butterfly has a 4 — 5” wingspan. Itis black  JuGts

with broad yellow bands across the dorsal side of the ail” butterfly

forewings and around the hindwings. The long black _”"tesu (description or identification)
tails have a large, yellow spot in the center. The il butterfly {description or identification)

: : _ _ - "papilio cresphontes”
Endjrmde of the wings are yellow with black veinsand  } "giant swallowtail" butterfly
orders. | | |

30 35 40 45 50
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Experimental Results: Good Cases

paplllo cresphontes (giant swallowtail)

Herrmaennchen:
Banded Orange
Heliconian (Dryadula
phaetusa)

—6- proposed method
- "papilio cresphontes”

—& "giant swallowtail" butterfly

He is so tiny... | don't —= "papilio cresphontes" (description or identification)
think he is even 1 mm —& "giant swallowtail" butterfly (description or identification)
Iong. Google Images: "papilio cresphontes™

Google Images: "giant swallowtail" butterfly

0 | | | | | | | |
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Experimental Results: Good Cases
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0.3 _J - "monarch" butterfly |
0ol - "danaus plexippus” (description or identification)| |

-& "monarch" butterfly (description or identification)
0.1k Google Images: "danaus plexippus” |
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Original description for Danaus plexippus (Monarch)

3 1/2-4" (89-102 mm). Very large, with FW long and drawn
out. Above, bright, burnt-orange with black veins and black
margins sprinkled with white dots; FW tip broadly black
interrupted by larger white and orange spots. Below, paler,
duskier orange. 1 black spot appears between HW cell and
margin on male above and below. Female darker with black
veins smudged.



Monarch Butterfly (Danaus plexippus)
Description 3 1/2-4" (89-102 mm). Very large,
with FW long and drawn out. Above, bright,
burnt-orange with black veins and black ...

Description : Family: Nymphalidae, Brush-footed
Butterflies view all from this family Description 3
1/2-4" (89-102 mm). Very large, with FW long and
drawn out. Above, bright, burnt-orange with
black veins and black veins and black margins
sprinkled with white dots; FW tip broadly ...



The wings are bright orange with black veins and
black margin decorated with white spots.
Female's veins are thicker.

Diagnosis: The Monarch is one of the largest
Canadian butterflies (wingspan: 93 to 205 mm).
The upperside is bright orange with heavy black
veins, and a wide black border containing a
double row of white spots ...




male bright orange w/oval black scent patch (for
courtship) on HW vein above, and abdominal
“hair-pencil;” female dull orange, more thickly
scaled black veins

(Reason: ambiguous layout)

Description: This is a very large butterfly with a
wingspan between 3 3/8 and 4 7/8 inches. The
upperside of the male is bright orange with wide
black borders and black veins. The hindwing has
a patch of scent scales. The female is orange ...



The Monarch's wingspan ranges from 3--4
inches. The upper side of the wings is tawny-
orange, the veins and margins are black, and in
the margins are two series of small white spots.
The fore wings also have a few orange spots near
the tip. The underside is similar but the tip of the
fore wing and hind wing are yellow-brown
instead of tawny-orange and the white spots ...

(Reason: Butterfly image discarded at pre-
filtering step)



Other Types of Mistakes

* Web page author mixing up similar butterflies

* Text matching: “"Pale yellow” can be used to describe non-
butterflies (e.q. caterpillar)

Monarch Viceroy



Experimental Results: Poor Case

precision

heliconius erato (crimson patc
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- "crimson patched longwing" butterfly

-& "heliconius erato” (description or identification)

-& "crimson patched longwing" butterfly (description or identification)

Google Images: "heliconius erato”

Google Images: "crimson patched longwing” butterfly
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Discussion

* Used visual descriptions for harvesting training images for
fine-grained object categories:

— Querying candidate web pages
— Reranking collected images
* Method mostly outperforms category name only
— And retrieves further visual descriptions for category!
* Future work:

— Better models/retrieval measures
— Impact of harvested training data on visual classification
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