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Problem statement
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• The increasing ubiquity of portable cameras has resulted in a torrential increase 
in large image datasets and corresponding applications.

• Due to excessive redundancy, however, the amount of information in these 
data sets is growing at a significantly slower pace than their size.

• Extracting useful information from such massive data is traditionally extremely

costly, time-consuming, and inefficient:

• For Machines:

• Processing, training, and storage of images have significant financial and 
environmental costs.

• Querying large image datasets can result in high latency, disrupting 
fluent interaction and application satisfaction.

• For Humans:

• Visualizing every image is overwhelming for human’s perceptual and 
cognitive capacities.

• Image annotators suffer from alert and decision fatigue due to a 
massive amount of redundant data.

• Image labeling efforts are thus error-prone and costly.

https://www.smr.ai/case_studies.html


Solution and product
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Solutions: SMRaiz and LINKaiz

• SMRaiz reduces the data sizes by eliminating the redundancy. This therefore:

• Facilitates visualization and image exploration tools;

• Reduces AI/ML training costs;

• Reduces data labeling costs and errors; and

• Reduces human analyst fatigue and errors and improves productivity.

• LINKaiz links redundant images (constituents) to those prioritized in the 
summary (delegates):

• Every constituent image not elected to the summary is represented by at 
least one summary (i.e., delegate) image.

• Allows for an easier and faster exploration and understanding of the entire 
data set.

• Makes managing even massive image datasets feasible.
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Example Ia – Airbnb, SMRaiz

• Task

• Eliminate redundant images in photo collections. Expose core information.

• Dataset

• Airbnb dataset: https://www.kaggle.com/barelydedicated/airbnb-duplicate-
image-detection

• Pictures of rooms within houses, multiple images (at very different camera 
angles) of most rooms. Need only one high-quality image of each room.

• Dataset size = 864 images from 356 rooms

• Results

• Data is summarized down to 356 images to 
remove the redundant images.

• The number of unique rooms is reported 
for the summary set of size 356 images.

• Mean number of unique rooms (+/- std) is 
reported for 1000 random subsets, each of
size 356 images.

• Summarization time = 0.0022 sec
(single thread, Intel(R) Xeon(R) Platinum 8259CL CPU @ 2.50GHz)
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Example Ib – Airbnb, LINKaiz

• Task

• Linking each of the summary items (the delegates) with each of the 
redundant non-summary items (the constituents)

• Results

• Linkage was generated with a maximum of 3 delegates for each constituent

• About 80% of the non-summary images (constituents) are linked to a 
summary image (delegate) from the same room.

• LINKaiz time = 2.61 sec (single thread, Intel(R) Xeon(R) Platinum 8259CL CPU 
@ 2.50GHz)
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Results Ib – Airbnb, LINKaiz

• Results (cont’d)

• There are instances of a constituent that is better represented by multiple 
delegates (from different rooms) than by just one delegate.
• E.g., Bathroom image (A): The first delegate is from the same room (B). But the bathtub in image

A is not perfectly represented by its first delegate, thus another bathroom image is selected (C)
to represent bathtub. The window in image A is not represented by the combination of B and C,
thus, image D is further chosen to represent the window.
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Example II – ImageNet, SMRaiz

• Task

• Summarizing and prioritizing a large set of images to extract the underlying 
pattern in the dataset.

• Dataset

• ImageNet Large Scale Visual Recognition Challenge (ILSVRC) dataset: 
https://image-net.org/challenges/LSVRC/index.php

• ImageNet (ILSVRC) is a large dataset of annotated photographs widely used 
in academic research for classification and localization.

• Dataset size (training set): 1,281,167 images

• Results

• Data is ordered to prioritize the most representative records and relegate 
more redundant records to the end.

• Summarization time = 390.31 sec (single thread, Intel(R) Xeon(R) Platinum 
8175M CPU @ 2.50GHz)
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Results II – ImageNet, SMRaiz
• Results

• Below, 9 random subsets of size 400 are shown. None of the random 
subsets reveal the interesting patterns underlying the dataset.
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Results II – ImageNet, SMRaiz
• Results (cont’d)

• Ordering the images highlights the diversity in the dataset. The top 400 
images are diverse in terms of the variety of objects and colors whereas the 
bottom 400 consists of redundant and mundane images.

• Different groups show different levels of granularity in terms of the number 
of steps between the first 400 and the last 400 images.
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Implications and benefits

• Human data analysts

• Perceptual and interactive scalability are challenges for big data 
visualization. Visualizing every data point can be overwhelming for human’s 
perceptual and cognitive capacities, sample overload.

• Reducing the data through sampling or filtering will elide interesting and 
important structures or outliers.

• On the other hand, the summary set, which is representative of the original, 
is faithful to the original, while being cost-effective and efficient.

• Efficient AI model development

• A wide range of AI tasks rely on images, including image classification,
image segmentation, object detection, face recognition, image-based
recommendation, caption generation, etc.

• AI model search, hyperparameter tuning, and model training are costly and
time consuming.

• Training AI models on summary sets allows for more cost-effective model
training, AutoML and Network Architecture Search (NAS) techniques.
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