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Video Cameras

CC-TVs Inside car

Drone camera Badge camerasports camera
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Video Cameras (2): Selfie Drone 
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Video Cameras (3)

 Life logger: continuously record visual experience

 1 Mega bit/second x ~10 Mega seconds/year = ~ 10 Tera bits/year
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Video Analysis in CC-TV

Fall detection

Intrusion/thief detection violence detection
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Video Analysis by camera for a car

car detection

Traffic signal detection lane detection

pedestrian detection drowsiness

distance detection
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Human detection application

Video mining: in-store behavior analysis

Head count analysis Digital signage: 
estimate its effectiveness
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Hand gesture recognition

@SNU
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CC-TV Data

 What data to store? What data to process?

 Where to store ? Where to process?

Cloud center ?



Seoul National University 12

Power consumption of Big Data Processing

Go competition: Human vs AI (2016. 3)

(CPU: 1202, GPU 176)20 W 170,000 W
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Power Consumption by Data Centers

 70 billion kilo watts-hour consumed by data centers in the US (2014) 

- 2% of total power consumption of US

- Equivalent to 6.4 million homes

Market research report (2014)

Data center capacity



Seoul National University 14

Technology Evolution

CPU Speed
Semiconductor 

Technology Shrink

DRAM capacity Communication bandwidth

Limited by 
Power consumption

2003
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CC-TV Data

 What data to store? What data to process?

 Where to store ? Where to process?

Cloud center ?



Seoul National University 17

Video compression

 Reduce the amount of data by 1/50 ~ 1/200

 Reduce the storage space for local storage or

 reduce communication bandwidth for remote data transfer

 Basic idea: remove redundant data  reconstruct the original data 

without the removed data

 Temporal redundancy removal

 Compare with previous frames

 Most effective

 Spatial redundancy removal

 Compare with neighboring blocks in the same frame

 Statistical redundancy removal: use entropy coding

Temporal

redundancy

removal

spatial

redundancy

removal

statistical

redundancy

removal

Input 

video

compressed

bitstream
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Evaluation of coding efficiency

 R-D (Rate-Distortion) Curve

 PSNR (vertical axis): quality of video (estimation of distortion)

 Bit rate (horizontal axis): data size (compression ratio)

 Trade-off between PSNR (distortion) and bit rate (data size)

 The coding efficiency is better if it is higher in all bit rate 



Seoul National University 19

Additional data reduction

 Temporary mode: camera  video compression  DRAM

 Camera input captured and compressed continuously

 Permanent mode: DRAM  Flash memory

 Important event detected, the DRAM data are stored in flash

 Inefficiency: 

 video compression is complex demanding large power 

consumption

H.264: popular video compression standard
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Computation complexity reduction

 Light-weight compression:

 Less complex than standard video compression

 Less efficient in compression

 Target compression ratio: ½  - 1/10

 Standard video compression: >> 1/10

 Temporary mode: Camera  LWC encoder  SDRAM

 Permanent mode: DRAM  LWC decoder  standard encoder 

flash 
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Reduction in the permanent mode

 LWC behaves as low-pass filter

 Down-sampling does not cause a significant loss of video quality

 Reduced image size  reduced power consumption
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Evaluation of down-sampling

 Down-sampling some cases give higher quality

 Effective for low bit rate
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Operating Mode Selection

 TH: Thresholds for mode decision

 Frecord: The frequency of the permanent mode

 Low power H.264: low-complexity H.264 with reduced compression 

efficiency

 LWC VRS: use of LWC in the temporary mode

 LPF+DS VRS: used of down-sampling in the permanent mode
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Simulation Results

 Power consumption breakdown

 External memory access
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Simulation Results (2)

 Power consumption
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Simulation results (3)

 Effect of the frequency of the permanent mode
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Simulation results (4)

 Compression efficiency
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Simulation results (5)
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Background subtraction w/ compression

 Background subtraction: 

 an important step for object detection

 Reduce complexity/data in the background

 Avoid the complexity for background subtraction

 Use the information obtained from video compression
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Information from Video Compression

 To remove the temporal redundancy, 

 (current frame – previous frame) is obtained

 Many ‘0’s in this subtracted frame

-
many

zero

entries

current frameprevious frame

compression
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Information from Video Compression

 To make more zeros in the subtracted frame, 

 Find the best matching position

 This is called “motion vector”

 The motion vector and matching errors are used to detect the 

background

 Background: no motion and little matching error

-
many

zero

entries
compression

Motion
vector



Seoul National University 32

Algorithm and Results



Seoul National University 33

Video Coding Complexity Adjustment

 Background area: 

 May sacrifice video quality

 Less efficiency compression algorithm

 Less complex compression algorithm

 Coding options: Skip some coding options

 FME (Fractional Motion Estimation): ¼  pixel precision for motion 

information derivation 

 IP (Intra-frame Prediction): removal of spatial redundancy
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Compression Efficiency

explained



Seoul National University 35

Contents

 Intelligent Video Cameras

 Power consumption in video cameras

 Reduction of complexity/power consumption

 Future trends



Seoul National University 36

Data Explosion

(source) 2016, IDF2016 keynote
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Deep Learning Complexity

37
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Distance generation complexity
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Architecture complexity

 GPU can easily make 10x speed-up 

 However, you need to understand its architecture

Parallel programming !
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Intel CPU+GPU Architecture

 Intel Gen8 Architecture: 

 Complex memory architecture to share data between CPU & GPU

CPU

GPU
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Complex memory hierarchy outside CPU

 Server architecture
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Conclusions

 Huge amount of data processing

 Need to reduce the amount of data to be stored or transmitted

 Requires complex computation to find redundancy

 Trade off between data amount and computation complexity

 Need to reduce the computation complexity

 Complex computer architecture for fast data processing

 Efficient use of complex architecture is important

 Video compression is a good example
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Appendix
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Global Research Network Program

 Support research activities for international collaboration

 KRW: USD ~ 1000:1

 Additional programs for one-to-one collaboration  

2015 2016

Total fund 6.6 billion KRW
(~6.6 million USD)

75.9 billion KRW

# of new projects 1 (89 million KRW) 26 (3,                                                                          
115 million KRW)
119 million 
KRW/project

period 1 ~ 3 years 2 ~ 3 years

subject Korea-china
network

Social
science/liberal art


