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Really quick self-introduction

e First-year MS Computer Vision student @ CMU

e Background in Vision and ML (some NLP)
o Vision: Human gaze analysis, visual object tracking,
o ML: Domain adaptation
o NLP: Image captioning



The problem - Cross-modal Retrieval

Given an 1image, retrieve
relevant texts
Given some texts,

relevant images

retrieve

There are many people
flying kites on this day

1. A large group of people flies
kites in a field of green grass
2. Many people are enjoying the
lovely day flying kites on the
great lawn

3. People are scattered across the|
field and kites are scattered '
across the sky

4. Several kites are flying in a
large park

5. A couple of people on a big
park playing with their kites




Motivation

e Current methods in cross—-modal retrieval:
o High level semantic features
o Not sufficient for detailed local similarity (image) and word level
similarity (language)
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The idea - Look, Imagine, and Match

e Incorporating generative models
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The idea - Look, Imagine, and Match

e Incorporating generative models

Robust both
globally and
locally
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Architecture

e 3 Paths:

Vi



Architecture - Path 1 (Upper part of the figure)
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Loss - Path 1

e Global Semantic Similarity
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Architecture - Path 2: image to text (Blue Path)
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Loss - Path 2

e Cross Entropy + Similarity
Reward
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Architecture - Path 3: text to image (Green Path)

A big, open room
' ¢ ™ with large windows
| and wooden floors
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Loss - Path 3
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e Objective:

o Distinguish <Real Im, True
Cap> from <Real Im, Wrong Cap>
and <Fake Im, True Cap>

mip max V(Di, G,) = LD,; + ACG.‘.

G: D;
e GAN loss
Lp; =Eirpy,[log Di(i, 1)) + B5E; . [log(1 — Di(3, 1))] +
BuwEinpg,log(l — Di(i, t1))] (11)

Lc, =E;_, [log(1 — Di(i, t2))] +
BsDxr (N (p(p(t1)), o (p(tr))) || N(0,1)) (12)



Training

while True:

(Train path2)
< - Gen,, —GXN

Train pathl]

(Train path3)
Gen,,.~GXN

Train pathl]



Evaluation

e Metrics
o R@K: percentage of queries where GT matchings are contained in the
first K retrievals
o Med r: median rank of the first retrieved GT matching

e Dataset: MS COCO



Quantitative Results

Table 3: Comparisons of the cross-modal retrieval results on MSCOCO dataset with the state-of-the-art methods. We mark
the unpublished work with * symbol. Note that ‘Sum’ is the summation of the two R@1 scores and the two R@10 scores.

Image-to-Text Retrieval Text-to-Image Retrieval
Model R@1 R@10 Med r R@1 R@10 Med r Sum
IK Test Images
m-CNN [ 7] 42.8 84.1 2.0 32.6 82.8 3.0 242.3
HM-LSTM [ ] 439 87.8 2.0 36.1 86.7 3.0 254.5
Order-embeddings [ 7] 46.7 88.9 2.0 38.9 85.9 20 260.4
DSPE+Fisher Vector [ '] 50.1 89.2 - 39.6 86.9 - 265.8
sm-LSTM ["] 532 91.5 1.0 40.7 87.4 2.0 272.8
*VSE++ (ResNet152, fine-tune) [ '] 64.7 95.9 1.0 52.0 92.0 1.0 304.6
GXN (i2t+t2i) 68.5 97.9 1.0 56.6 94.5 1.0 317.5
5K Test Images
Order-embeddings [ ] 233 65.0 5.0 18.0 57.6 7.0 163.9
*VSE++ (ResNet152, fine-tune) [ '] 413 81.2 2.0 30.3 72.4 4.0 2252
GXN(t2i+t21) 42.0 84.7 2.0 31.7 74.6 3.0 233.0




Ablation Study

Table 1: Cross-modal retrieval results on MSCOCO 1K-
image test set (bold numbers are the best results).
Image-to-Text Text-to-Image
Model R@1 R@10Med| R@1 R@10 Med
GRU(VGG19) 514 914 1.0 | 391 86.7 20
GRU3zi(VGG19) 53.6 90.2 1.0 | 400 878 20
GXN(ResNet152) 594 947 1.0 | 470 926 20

GXN(fine-tune) 640 971 1.0 | 536 944 1.0
GXN(12t,xe) 682 93.0 1.0 | 545 948 1.0
GXN(12t,mix) 684 98.1 1.0 | 556 946 1.0
GXN(t21) 67.1 983 1.0 | 565 948 1.0

GXN (12t+t21) 685 979 1.0 | 566 945 1.0




Qualitative Results

Query Image Ground-Truth Captions Query Caption

- Kites flown in large grassy open area with numerous
onlookers

- There are several kites in the air and several people
standing in the field

- Many people stand in the field flying kites

- A group of people standing on a field flying kites

- There are many people flying kites on this day

There are many people
flying kites on this day

1. A large group of people flies
kites in a field of green grass

2. Many people are enjoying the
lovely day flying kites on the

great lawn .
3. People are scattered across the A group of people flying
field and kites are scattered kites in a park

across the sky

4. Several kites are flying in a
large park

5. A couple of people on a big
park playing with their kites

Retrieved Captions Generated Caption Generated Images Retrieved Images



Qualitative Results

Query Image

Ground-Truth Captions

1. A couple of people on skis
stand on a snowy hill top

2. Two people posing on a
mountain wearing skis

3. A couple of cross country
skiers on a bright sunny day on
mountain

4. Two people standing on a ski
slope looking down the hill

5. a pair of skiers on a snowy
hillside dressed for cold weather

- A man wearing a clown wig while riding on skis.
- Two people posing on a mountain wearing skis.

% "& - Group of skiers in colorful outfits on top of a
——{ mountain.

- Two people that are standing beside one another
while wearing snow skis.
- Two people riding skis at a ski slope

Two people standing on skis
in the snow

Query Caption

Retrived Captions

Generated Caption Generated Images

Two people posing on a
mountain wearing skis

Retrieved Images




Thannks!



