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1) Identify crucial terms

2) Adjust Complexity
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3) Map to architecture by giving higher priority to crucial terms
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1) Identify crucial (high energy) and 
less  crucial (low energy) te rms    

Compared to other technique:

�‡No area overhead 

�‡No latency penalty

�‡Larger Vdd range
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Conventional DCT fails 
under Vdd scaling and 

process variations 

WTM Proposed

1.2V 1.2V 1.02V 0.88V

P 
(mW)

P (mW) PSNR P (mW) PSNR P (mW) PSNR

32.5 18.59 34.91 10.1 30.03 5.39 23.34

Under VOS in DCT the 
redundant terms (z 1-z7) 

do not affect system output 
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i) Adaptively set inputs of IDCT to 0

1D-IDCT

[w 0-w7]T

ii) Adaptively select O 1,O2,O3

Design Space Exploration of Multimedia Sub -System

Bilinear (crucial) computations
are unaffected under 

VOS/process variations

PSNR (dB) VddAnom VddA1 VddA2

VddBnom 34.49 31.82 29.81

VddB1 31.82 31.82 29.81

VddB2 29.81 29.81 29.81

VddBnom VddB1

VddA1

VddB2 VddB1

Proposed DCT/IDCT Conv.

Conventional System Proposed System

VOS as channel noise Concealment  technique 

�z Reduce supply voltage
�� Path delays  �9
�� Robustness under

delay variations �;

Low Power is necessary

�z Dual Vdd/Dual -Vt
�� No. of critical paths �9
�� Robustness under

delay variations �;

�z Increase supply voltage  
O Path delays �;

�� Power dissipation �9

Process Variations negatively affect yield

�z Upsize transistors

�� Switching Cap. �9

�� Power dissipation �9

Robustness (Delay Failures)
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System Level

�‡crucial terms K 1 to be computed within r 1 adder levels

�‡K1+K2 computed within r 2 adder levels and K 1+K2+K3 within r 3 adder levels

�‡r3 = L (r1 < r2 < r3)

�‡minimize quality degradation and area overhead 

�‡Quantization: Reduction of multiplications

Scaling  IDCT VddB1VddBnom VddB2

Image blurriness �9

1.01 �1n2

Variance of  IDCT output

�‡mean is shifted 
(exclusion of less 
crucial terms)

�‡randomness is reduced 
(reduced variance)

3) Compute crucial terms  faster    

�‡Increase sharing of less -crucial terms
�‡Implemented using computation 

sharing multiplier (CSHM) 

2) Modify DCT coefficients and express      
less - crucial coefficients ( b,c,g ) in 

terms of more important ones  ( a,d,e,f )

c=a+e-2f b=e+f g=f/2

�‡System might operate in   
non optimal conditions

�‡Some blocks unnecessarily   
consume power

�‡Provide the right amount
of quality and power  

�‡Tune the degree of VOS in   
each block

�‡Energy -Quality Efficient   
Systems

Voltage Over -scaling �¥�� Tolerance to Process Variations �¥ Immunity to channel noise �¥��

Unequal Error Protection           Adaptive Quality Modulation       

4) Maximize sharing within a group (K 1, K2, K3,)

�6�,�3�6���µ����

�‡Low power and tolerance to process variation have conflicting design requirements

�‡Due to online changing conditions (power and quality user requirements, channel noise)
systems might not operate in optimal conditions

�‡Design issues need to be addressed systematically in block and system level

Crucial Computations Less Crucial Computations

Adjust Complexity for minimum 
Quality degradation under delay errorsAlgorithm

Maximize Sharing for 
reducing  any area overheadArchitectureMinimize sharing 

Block Level

All computations
�³�G�R���Q�R�W���F�R�Q�W�U�L�E�X�W�H�´��

equally 
to output quality

Slack to tackle Delay Errors due 
to Vdd Scaling/Process Variations

Ensure Correct Operation
Under Delay Errors

Energy/Process/Quality 
Controller

Channel noise �;

Power �;

1) Identify crucial and less crucial te rms based on system level interactions with DCT

2) Rearrange IDCT computations in terms of crucial/less crucial parts 

3) Synthesis of coefficients (through optimization procedure) by constraining:


