
DATA ANALYTICS 
USING DEEP LEARNING
GT 8803 // SIDDHARTH BISWAL

L E C T U R E  # 0 3 : B L A Z E I T :  F A S T  E X P L O R A T O R Y  
V I D E O  Q U E R I E S  U S I N G  N E U R A L  N E T W O R K S



GT 8803 // Fall 2018

T O D A Y ’ s  P A P E R

• BlazeIt: Fast Exploratory Video Queries using 
Neural Networks
� Daniel Kang, Peter Bailis, Matei Zaharia

• Slides inspired from on a presentation by 
Daniel Kang for NoScope Paper
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T O D A Y ’ S  A G E N D A

• Problem Overview
• Key Idea
• Technical Details
• Experiments
• Discussion
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I N TRODUCT ION
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• With video volume growth, deep learning has become 
solution of choice for analytics

• But deep learning methods are 10× slower than real time 
(3 fps) on a $8,000 GPU: Not scalable

• BLAZEIT: a system that optimizes queries over video for 
spatiotemporal information of objects.
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I N TRODUCT ION
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• Queries FRAMEQL, a declarative language for exploratory 
video analytics, that enables video-specific query 
optimization

• Authors use control variates to video analytics and provide 
advances in specialization for aggregation queries.

• Importance-sampling using specialized NNs for cardinality-
limited video search (i.e. scrubbing queries). 

• Third, we show how to infer new classes of filters for 
content-based selection. 
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U s e  C a s e s
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BLAZEIT focuses on exploratory queries: 

Queries that can help a user understand a video quickly, e.g., queries for aggregate statistics (e.g., number 
of cars) or relatively rare events (e.g., events of many birds at a feeder) in videos

1. Urban planning: Using traffic cameras perform traffic metering and determine which days and times are 
the busiest.

2. Autonomous vehicle analysis: anomalous behavior of the driving software given specific circumstances

3. Store planning: retail store owner places a CCTV in the store. Analytics can be use to segment the video 
into aisles and counts the number of people that walk through each aisle to understand which products 
are popular and which ones are not. Hence this information can be used for planning store layout, aisle 
layout, and product placement.
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S Y S T E M  O V E R V I E W
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S Y S T E M  O V E R V I E W
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FRAMEQL
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• a SQL-like language for querying spatiotemporal information of objects in video
• 1. Encoding queries via a declarative language interface separates the specification and 

implementation of the system, which enables query optimization (discussed later)
• 2. As SQL is the lingua franca of data analytics, FRAMEQL can be easily learned by users 

familiar with SQL and enables interoperability with relational algebra
• Input: video feed, Query: the frame-level content
� specifically the objects appearing in the video over space and time by content and 

location
• FrameQL allows selection, projection, and aggregation of objects, and, by returning 

relations, can be composed with standard relational operators
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D A T A  S C H E M A

10

• Data Schema for FrameQL
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FRAMEQL
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• Additional syntactic elements in FRAMEQL
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FRAMEQL
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FRAMEQL
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FRAMEQL
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FrameQL: A Query Language for Complex Visual Queries over Video
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I M P L E M E N T A T I O N  D E T A I L S
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Video ingestion:
1. Loads the video using OpenCV, 

2. Resizes the frames to the 
appropriate size for each model
3.  Normalizes the pixel values 

appropriately

Specialized NN training:
We train the specialized NNs using 

PyTorch v0.4. 
1..Video are ingested and resized to 
65×65 pixels and normalized using 
standard ImageNet normalization . 

2.Cross Entropy with batch size of 16. 
3. SGD with a momentum of 0.9. Our 
specialized NNs use a “tiny ResNet” 

architecture, a modified version of the 
standard ResNet architecture [32], 
which has 10 layers and a starting 

filter size of 16.

Identifying objects across frames
1. Our default implementation for 

computing trackid use motion IOU
2. Given the set of objects in two 

consecutive frames, we compute 
the pairwise IOU of each object in 
the two frames. We use a cutoff of 

0.7 to call an object the same 
across consecutive frames
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FRAMEQL

16



GT 8803 // Fall 2018

EVALUAT ION
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1. Aggregate queries
2. Scrubbing queries for rare events 
3. Accurate, spatiotemporal queries over a variety of object classes

1. 4000× increased throughput compared to a naive baseline, a 2500× speedup 
compared to NOSCOPE, and up to a 8.7× speedup over AQP

2. 1000× speedup compared to a naive baseline and a 500× speedup compared 
to NOSCOPE for video scrubbing queries 

3. 50× speedup for content-based selection over naive methods by 
automatically inferring filters to apply before object detection 
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A G G R E G A T E  Q U E R I E S
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• Naive: object detection on every frame. 
• NOSCOPE oracle: the object detection method on every 
frame with the object class present. 
• Naive AQP: sample from the video.
• BLAZEIT:  use specialized NNs and control variates for 
efficient sampling. 
• BLAZEIT (no train):  exclude the training time from BLAZEIT.
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S C R U B B I N G  Q U E R I E S
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• Naive: the object detection method is run until the requested 
number of frames is found. 
• NOSCOPE: the object detection method is run over the 
frames containing the object classes of interest until the 
requested number of frames is found. 
• BLAZEIT: specialized NNs are used as a proxy signal to rank 
the frames 
• BLAZEIT (indexed): assume the specialized NN has been 
trained and run over the remaining data, as might happen if a 
user runs queries about some class repeatedly.
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C O N T E N T - B A S E D  S E L E C T I O N  Q U E R I E S
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• Naive: run the object detection method on every 
frame. 
• NOSCOPE oracle: run the object detection 
method on the frames that contain the object 
class of interest. 
• BLAZEIT:
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CONCLUS ION
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• Querying video for semantic information has become 
possible with recent advances in computer vision, but these 
models run as much as 10× slower than real-time.

• FRAMEQL, and BLAZEIT, a system that accepts, automatically 
optimizes, and executes FRAMEQL queries up to three orders 
of magnitude faster

• FRAMEQL can answer a range of real-world queries, of which 
we focus on exploratory queries in the form of aggregates 
and searching for rare events
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N e w  i d e a s  i n  t h i s  p a p e r

• Introduced new algorithms using deep learning (specialized 
NN in importance sampling for finding rare events) 

• Specialized SQL language can be greatly helpful for domain 
specific tasks:
� FRAMEQL, a query language for spatiotemporal 

information of objects in videos
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n e x t  r e s e a r c h  d i r e c t i o n s

• Adding Unsupervised/limited label(semi-
supervised) deep learning algorithms

• Solving Limitations of BlazeIt
� Model Drift: different distribution of the datasets
� Labeled set: Warm starting of the filters
� Object detection: user defined object detection 

classes
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