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Difficulties of offline mobile AI
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• Memory restrictions
• Computational complexity
• Power consumption

Multiple tasks should be solved

Multi-task learning
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Parameter sharing
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Hard parameter sharing Soft parameter sharing

https://ruder.io/multi-task/

https://ruder.io/multi-task/
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Outline

1. Facial attribute recognition
2. Understanding advertisements
3. Scene and event recognition
4. Food classification and restaurant 

recommendation
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фото

Facial attribute recognition
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Age and gender recognition
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Adience IMDB/Wiki

DEX: Deep EXpectation of apparent age from a single image, 2015 (VGG16-Net)
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Multi-task attribute recognition (1)
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The same descriptors make different 
classes more distinguishable

Han et al Heterogeneous Face Attribute Estimation: A Deep Multi-Task
Learning Approach, PAMI 2017
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Multi-task attribute recognition (2)
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Multiple tasks: 
• face verification (99.67% on LFW)
• age prediction (57.30% on Adience)
• gender classification (92.23% on Adience)
• emotion recognition (65.29% on AffectNet)

http://mohammadmahoor.com/affectnet/
Steven C. Y. Hung et al, ICMR 2019

AffectNet

http://mohammadmahoor.com/affectnet/
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Age/gender/race recognition
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UTKFace dataset

Das et al Mitigating Bias in Gender, Age and Ethnicity
Classification, ECCV 2018
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Multi-output model for age, gender and identity recognition
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[Savchenko, PeerJ Computer Science, 2019]
https://github.com/HSE-asavchenko/HSE_FaceRec_tf/tree/master/age_gender_identity

Age prediction

1. Train identity features for face 
identification (softmax loss, 
VGGFace2 dataset)

2. Train outputs by alternating 
batches of data with age and 
gender labels

https://github.com/HSE-asavchenko/HSE_FaceRec_tf/tree/master/age_gender_identity
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Experimental results: Age/gender recognition for UTKFace (In-the-wild faces) dataset 
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Face extraction and alignment: https://github.com/dandynaufaldi/Agendernet
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Experimental results: Age/gender recognition for UTKFace (aligned & cropped faces)
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4-й выездной семинар по машинному обучению ФКН, 2019 13

Ethnicity recognition results, UTKFace
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Android demo app
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фото

Understanding advertisements
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Automatic Understanding of Image Advertisements
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http://people.cs.pitt.edu/~kovashka/ads/

WWF anti-deforestation ad
Topic: environment. 
Sentiment: alarmed. 
Symbols: environment.

Audi ad: a new bad boy on the block 
Topic: cars
Sentiment: inspired  
Symbols: n/a.

http://people.cs.pitt.edu/~kovashka/ads/
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Symbolism in Image Advertisements
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Pipeline
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Savchenko et al, COLING 2020
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OCR (optical character recognition)
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Experimental results
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Topics/sentiments

Symbols
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Blending with OCR, symbols
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Blending with OCR, topics/sentiments
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фото

Scene and event recognition
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Scene recognition
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Places2 scenes dataset, http://places2.csail.mit.edu

http://places2.csail.mit.edu/
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Event recognition
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“An event captures the complex behavior of a group of people, interacting with multiple 
objects, and taking place in a specific environment. Images from the same event category 
may vary even more in visual appearance and structure” (Wang et al, IJCV 2018)

WIDER (Web Image 
Dataset for Event 
Recognition)

PEC (Photo Event 
Collection)

Children’s birthday

Easter

Christmas

Halloween

Hiking

Road Trip

Skiing
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Multi-task scene/event recognition in single images
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Image recognition: it is required to assign an observed image X to one of C classes. 
Training set contains N reference images (examples) {Xn}, nÎ{1,… N}, with known 
class label cnÎ{1,… C}

Savchenko A.V. IJCNN 2020
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Experimental results (1). Multi-task model for scene recognition, Places2 dataset
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Experimental results (2). Multi-task model for event recognition, Photo event collection
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Android demo app
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фото

Food classification and restaurant 
recommendation
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Food detection and recognition in a gallery of mobile device 
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Miasnikov & Savchenko, ICIAR 2020
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YELP dataset
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https://www.yelp.com/dataset/
https://www.kaggle.com/c/yelp-restaurant-photo-classification/data

Task 1. Restaurant label recognition:
5 classes: drink, food, inside, menu,
outside
Task 2. Restaurant Photo Classification
Challenge:
Multi-label, 9 classes: good_for_lunch, 
good_for_dinner, takes_reservations, 
outdoor_seating, 
restaurant_is_expensive, has_alcohol, 
has_table_service, ambience_is_classy, 
good_for_kids
Task 3. Cuisine recognition:
Multi-label, top-15 classes: American, 
Italian, …

https://www.yelp.com/dataset/
https://www.kaggle.com/c/yelp-restaurant-photo-classification/data
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Tasks 1 & 2 
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Top-1 accuracy (%) of Yelp restaurant label recognition

Validation results for the Yelp Restaurant Photo Classification Challenge 
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Task 3. Cuisine multi-label recognition in Yelp dataset
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Dependance of F1-score on 
threshold

Dependance of F1-score/precision/recall on 
threshold, EfficientNet-B3
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Results of cuisine multi-label recognition (threshold=0.15)
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Examples of food detection and recognition. 
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Restaurant recommendation
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1. Obtain C-dimensional vector p of scores 
(posterior probabilities) of CNN for single image 
or average scores for all restaurant-related 
images from a gallery of photos. 

3. This distribution is used to sample k 
categories of cuisine. 
4. For each cuisine category in this sample, we 
randomly choose the restaurant from the given 
city that is associated with this cuisine and has 
the maximal average number of stars.
5. The set of k restaurants is recommended to a 
user. 

2. Multinomial distribution is obtained



Conclusion
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1. Multi-task image recognition improves the decision-making 
speed. 

2. Multi-task learning leads to higher accuracy in many 
cases, but tuning for one task is still sometimes better

3. Many tasks are still far from maturity:
- sentiments recognition in ads: accuracy 0.37;
- symbolism prediction in ads: F1-score 0.225;
- scene recognition: top-1 accuracy 0.5
- event recognition: accuracy 0.5-0.65;
- cuisine recognition in YELP: F1-score 0.38;
- …
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Thank you!


