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Video Cameras

CC-TVs Inside car
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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
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Video Analysis by camera for a car

car detection pedestrian detection drowsiness

. CAPP



Head count analysis Digital signage:
estimate its effectiveness
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Hand gesture recognition -
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= What data to store? What data to process?
= Where to store ? Where to process?
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Power consumption of Big Data Processing-

Go competition: Human vs Al (2016. 3)

20 W 170,000 W (cPu: 1202, GPU 176)
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= 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

Data center capacity
i IIIIII|

0012 23 2014 2005 206 2007 2018 2019 2020

mSmall data centers mMediumdatacentars = Large data centers
arket research report (2014)
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Market impact

Communicéﬁon bandwidth

Fully IP oriented

3G HSPA

2003 2006 2009 2010 2016

384 kbps 7 Mbps 42 Mbps ~150 Mbps ~1 Gbps
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= What data to store? What data to process?
= Where to store ? Where to process?
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Video compression

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

Input Tedmp(éral ) Spc?tla(lj ) stztlstldcal compressed
video_» redundancy redundancy redundancy bitstream
removal removal removal

Temporal redundancy removal

m Compare with previous frames

m Most effective
Spatial redundancy removal

m Compare with neighboring blocks in the same frame
Statistical redundancy removal: use entropy coding
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Evaluation of coding efficiency

R-D (Rate-Distortion) Curve
m 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
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Additional data reduction -

Temporary mode: camera - video compression > DRAM

m Camera input captured and compressed continuously
Permanent mode: DRAM - Flash memory

= Important event detected, the DRAM data are stored in flash

Temporary Mode Permanent Mode

I__;| NAND
Camera H.264 —9ISDRAM|—)- FLASH |

Inefficiency:

m video compression is complex demanding large power
consumption

grp——— 19 CAPP
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Computation complexity reduction

Light-weight compression:
m Less complex than standard video compression
m Less efficient in compression
0 Target compression ratio: ¥2 - 1/10
0 Standard video compression: >> 1/10

Temporary Mode Permanent Mode

NAND
‘ Camera —)| LWC E >{SDRAM —>| LWC D |—>| H.264 | FLASH

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

Temporary Mode F

Camera SDRAM\
Permanent Mode
: NAND
SDRAMp LWC D H.264 FLASH




Evaluation of down-sampling

Down-sampling some cases give higher quality

m 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

Quality Mode
pr—— User preference —

ILOW-POWCI’ Mode

Bit rate < THj ——
W
W

YES

Vv NOi ¢YES v
Conventional Low-Power LWC LWC+DS
VRS H.264 VRS VRS VRS
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Simulation Results

Power consumption breakdown

PowER CONSUMPTION BY HARDWARE MODULE

Pag 4 PrwcE Prwcop Phown

Power (mW)  97.88 10.89 15.36 13.64

External memory access

EXTERNAL BANDWIDTH FOR EACH COMPRESSION TYPE

H.264/AVC  LWC  LWC+ DS

Compression ratio 1/100 3/8 1/4
One pixel size (bits) 12 16 16
Out stream size per second (Mbits) 3.24 162 108
Memory write per second (Mbits) 48 0 0
Memory read per second (Mbits) 972 0 0
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= Power consumption

PoweR CoNSUMPTION OF EACH MoDE For EacH VRS

Video Recording Systems ~ Mode  Pygy(mW) Prywep(mW) Prwep(mW) Ppown(mW) Popgan (MW) Pyaxp(mW) Pyopp(mW) /4‘\! ING f\“\]Y

Conventional VRS Temporary
Permanent
LWC VRS Temporary
Permanent
LWC + DS VRS Temporary
Permanent
Low-power H.264 VRS~ Temporary
Permanent

97.88

10.89
97.88

10.89
2447
60.94

15.36

15.36

13.64

236.34
65.83
83.99
189.54
81.07
107.4
165.23
65.88

372

3.51

4.71

6.72

33422 -
71.55 -

94 88 239.34
308.35 —-236.8
91.96 24226
165.58 —94.03
226.17 108.05
72,6 —1.05
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n Effect of the frequency of the permanent mode

POWER CHANGES ACCORDING TO CHANGES IN FrEcoRrD

FrecorD Power Consumption (mW) Power Gain (%)

(%)
Conventional LWC LWC 4+ DS LPH.264 LWC LWC +DS LPH.264

0 334.2 94.9 92.0 226.2 12.5 323
3 337.8 110.3 100.2 229.8 70.3 320
10 3414 125.7 108.5 2334 68.2 31.6
20 348.5 156.6 125.1 240.7 64.1 309
25 352.1 172.0 1334 2443 62.1 30.6
30 355.7 187.4 141.6 248.0 60.2 30.3
40 362.8 218.2 158.2 255.2 56.4 29.7
50 370.0 249.1 174.8 262.5 52.8 29.1
60 371.2 279.9 191.3 269.7 49.3 28.5
70 384.3 310.7 207.9 277.0 45.9 219
75 387.9 326.1 216.1 280.6 443 21.7
30 391.5 341.6 2244 2843 429 274
90 398.6 3724 241.0 291.5 39.5 26.9

100 405.8 403.2 257.5 298.8
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= Compression efficiency

4_5 -
44 -
— 2 o
= 4
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RELATIONSHIP BETWEEN THE BDPSNE AND THE
POWER SAVING WHEN Frrcorp 18 10%

Ferecorn = 10% Low Target Bitrate High Target Bitrate

LWC LWC+ DS LPH.264 LWC LWC+ DS LPH.264

BDPSNR(dB) —0.031 0.07 —-0313 -0323 2202 —0.165

PS(%) 63.2 68.2 3l1.6 63.2 68.2 3l.6

BDPSNR/PS —0.049 0.103 —0.991 -0.511 —3.229 —0.522
TABLE VII

RELATIONSHIP BETWEEN THE BDPSNR AND THE
POWER SAVING WHEN Frrpcorp 18 70%

Feecorp = 70% Low Target Bitrate High Target Bitrate

LWC LWC+ DS LPH.264 LWC LWC4+ DS LPH.264

BDPSNR(dB) —0.031 0.07 —0.313 -0.323 2202 —0.165
PS(%) 19.1 549 279 19.1 549 279
BDPSNR/PS —0.162 0.128 —1.122 —1.691 —4.011 —0.591
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Background subtraction w/ compression -

Background subtraction:
m an important step for object detection
m Reduce complexity/data in the background
Avoid the complexity for background subtraction
m 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
0 Many ‘0’s in this subtracted frame

*

many

]
@ e @ =, -
-

—

previous frame current frame
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Information from Video Compression -

To make more zeros in the subtracted frame,
= Find the best matching position
o This is called “motion vector”

o

many

//
Z€ero
@ @ jl> entries jl> compression
//

Motion

vector ////////////////’//

The motion vector and matching errors are used to detect the
background

m Background: no motion and little matching error

gr— a1 CAPP
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Algorithm and Results

Dad?
Very low lighting Mermal lighting
Yes  Yes vl = (0,00 &
. " - B
58Deoro= THy 4 BCrm 16 THyp?
blo
Ma
TV 1MV = (00} & Yor | Ves Tell =1 & -1 <MV 4= 12
(PO L PIWV0 = (0,07 & (POV L PIVIV .0 = (0,00 &
Bl 1= THy g7 BCpmiae™ THyi a7
Pl a

Ldditional alzorithen

THE RATIOS OF FALSE-WNEGATIVE AND FALSE-POSITIVE ERRORS
False-negative (%) False-positive (%)

0.981 0.48
Seoul National University |

32 CAPP



- \
Video Coding Complexity Adjustment

Background area:
= May sacrifice video quality
m Less efficiency compression algorithm
m Less complex compression algorithm
Coding options: Skip some coding options
m FME (Fractional Motion Estimation): ¥4 pixel precision for motion
information derivation

= |P (Intra-frame Prediction): removal of spatial redundancy

Classification Coding option for the MBcugr
Strong FG (M3) Regular (FME & IP)
Object Boundary (M2) Only IP
Uncovered BG (M1) Only IP
Strong BG (MO0) SKIP mode

(Skip both FME and IP)
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48 - Conventional explained
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DATAEXPLOSIN

ISGB 3000 GB 4,0006B 40 000 6B 1000 00068

PERDAY * PERDAY * PER DAY PBIMY : PEII DAY®

(source) 2016, IDF2016 keynote
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= Training Time

Estimated training time
(w/o ensemble and augmentation)

1000
T 141 61
§ 100 20 49
N |
|_

1

AlexNet  Overfeat OxfordNet GoogleNet

= Inference Time

Estimated TFLOPS for 30-fps inference

(with ensemble and augmentation)

Seoul National University
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Q

&10
° [ ] . .
0

ResNet-18 ResNet-34  ResNet-50 ResNet-101 ResNet-152
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Distance generation complexity
/N

Method Data : Code | D1-bg D1-4g D1-all Density Time Environment

1 Displets v2 code | 3.00 % B.06% | 343 % 100,00 =:/ 265 s \ =8 cores @ 3.0 Ghz (Matlab + C/C++)
F Guney and A. Geiger: Dizplets: Resolving Stereo Ambiguities using Object Enowledge. Conference on Computer Wision and Pattern Recogrition (CWVPR) 2015,

2 CHNF+5GM 2.78% ; 1.69% 3.60% | 100.00 3 Ts GPU @ 2.5 Ghz (Python)

Anomyrmous subnmission
3 PECP 2.58B% | BT4% 3.61 % 100.00 \ B8 s / Mwidia GTX Titan X
r/érencs- (BMVC) 2016.

eki and M. Pollefeys: Patch Based Confidence Prediction for Dense Disparity Map. Britizh ."-'.a:\tuine Wizion Com
code | 2.B9 % B.BE % 3.89 % 100.00 % 6f s Mwidia GTX Titan ¥ (CUDA, Lua/Torch?)

A

4 MC-CHM-acrt
1. Ibontar and Y. Lelun: Stereo Matching by Traiming a Convolutional Heural Hetwork to Compars Imaxe Patchés. Submitted to JMLE .

LA

Input Image

D1 Result

CAPP
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= GPU can easily make 10x speed-up
= However, you need to understand its architecture

/T,

Warp scheduler Scoreboard
) Warp No. | Address | SIMD instructions | Operands?
Instruction 1 42 Id.global.f64 Ready
GRENE 1 43 mul.f64 No
3 95 shl.s32 Ready
3 96 add.s32 No
8 11 Id.global.f64 Ready
8 12 Id.global.f64 Ready
1 1
' |
|

Instruction register

T
B T T T ik R AR R B R
SIMD Lanes
(Thread
Processors)
Regi- | Reg Reg Reg Reg Reg Reg Reg Reg Reg Reg Reg Reg Reg Reg
sters
TKx32 [ 1Kx32 | 1Kx32 [1Kx32 | 1K= 32 [1Kx32 | 1Kx32 [ 1K= 32 | 1IKx32 [1Kx32 | 1Kx32 | 1IKx32 | 1K= 32 [ 1Kx32 | 1IKx32
Load | Load | Load | Load | Load | Load | Load | Load | Load | Load | Load | Load | Load | Load | Load
store | store | store | store | store | store | store | store | store | store | store | store | store | store | store
unit unit unit unit unit unit unit unit unit unit unit unit unit unit unit
Address coalescing unit | | Interconnection network
3 T
Local Memory Touobal
Memo!
64KB H

Seoul National University

Parallel programming !
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= Intel Gen8 Architecture:
m Complex memory architecture to share data between CPU & GPU

———————————————————————————————————

1 Compute architecture of Intel® Processor Graphics Gen8 :
| Each EU: |
! ELl: Execution Unit

“R: 96B/eye
W: 328/ oy

Each Subslice:

Local Mem
64KRB/subslice
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= Server architecture

lHandweidth

Fndurance

Lower
AW
Latency

Higher

Higher

| S
L.

f

NVDIMM

3D XPoint™

NVVe BT
Flash

S50 )

' '

SATA TN
SSD Flash

L. -
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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
0 Trade off between data amount and computation complexity
0 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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Global Research Network Program .

Support research activities for international collaboration
m KRW: USD ~ 1000:1
2015 2016

Total fund 6.6 billion KRW 75.9 billion KRW
(~6.6 million USD)

# 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 Social
network science/liberal art

Additional programs for one-to-one collaboration

44 CAPP



