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Problem Statement: Too much data!
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Previous Sensor Solution
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• Compressed Sensing (CS)

Multiple Sensors Usage

A-priori Compression Rate [1] 

Error in Reconstruction

Easy to Perform

[1] V. Behravan, et al., “Rate-Adaptive Compressed-Sensing and Sparsity Variance of Biomedical Signals”, BSN 2015.

F. Chen, 

CICC 2010

D. Gangopadhyay,

JSSC 2014



Goal of This Work
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• Introduce: Intelligent Compressed Sensing (CS)

1- Generate statistics collection (SC) of sensor data

2- Fuse SC data with CS during reconstruction

• Demonstrate: 10-20dB improvement in Signal to 

Error Ratio (SER)



Outline
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I. Introduction to Compressed Sensing / Sparsity

II. Reconstruction Algorithms

III. Proposed: Intelligent Compressed Sensing

IV. Block Diagram of SoC

V. Measurement Results

VI. Performance Summary



Sparsity
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Introduction to CS
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Introduction to CS
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Introduction to CS
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Compression Factor =
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Reconstruction Algorithm
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• Infinite solutions
• Set of 256 equations with 1024 unknown

𝐲 = (𝚽 ×𝚿) × 𝐱
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• Unique solution if x is sparse
• An Optimization Problem



Reconstruction Algorithm:GPSR[1]
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x = 𝑎𝑟𝑔min
𝑥
( 𝑎𝑏𝑠(𝒙) + 0.5 × 𝒚 −𝚽𝚿𝒙 2

2)

[1] M. Figueiredo, et al., “Gradient Projection for Sparse Reconstruction: Application to Compressed Sensing and Other 

Inverse Problems, ” IEEE J. Sel. Topics in Signal Processing, Dec. 2007.



Proposed Method 
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x = 𝑎𝑟𝑔min
𝑥
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Proposed Method
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Proposed Method
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Construct W 

based on 

statistics of 

input data

1

x = 𝑎𝑟𝑔min
𝑥
( 𝑎𝑏𝑠(𝒙) + 0.5 × 𝒚 −𝚽𝚿𝒙 2

2)

x = 𝑎𝑟𝑔min
𝑥
(𝑊 × 𝑎𝑏𝑠(𝒙) + 0.5 × 𝒚 −𝚽𝚿𝒙 2
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Block Diagram of SoC
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ADC
Packet 

Manager

Compressed

Sensing (CS)

Amp
SPI

Interface 

Sensor 

Input 

Digital Processing

Statistics

Collection (SC)

Analog Front-End: 

• Variable Gain, Variable BW Amplifier

• 2-step Incremental ADC [1]

Analog Front-End

[1] C.H. Chen, et al., “ A 11 μW 250 Hz BW two-step incremental ADC with 100 dB DR and 91 dB SNDR for integrated sensor interfaces,” 

CICC 2014.



Statistics Collection
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• All Statistics: 20% Data Overhead

• R-peak:  8%   Data Overhead

• Threshold:     8%   Data Overhead

R-peak Detection

Max

Threshold

Detection

ADC

Data
Differentiation Square

Windows 

Averaging

Peak

Detection



CS Implementation
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CS Implementation
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CS Implementation
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CS Implementation
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CS Implementation
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CS Implementation
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Measurement Results: Pulse Input
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Measurement Results: ECG Input
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SER vs. Compression Factors

27

2 4 6 8 10

20

25

30

35

40

Compression Factor

S
E

R
 (

d
B

)

Reconstruction 

With SC

Reconstruction 

Without SC 



Performance Summary
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Previous CS Sensor-on-Chip

This Work
[Chen, CICC 2010]

[Gangopadhyay, 

JSSC 2014]

Amp No No Yes (10µW)

ADC
SAR 

5-bits ENOB

SAR 

6.5-bits ENOB

Incremental 

15-bits ENOB (10.7µW)

CS Power 2.5µW @ 100 kHz 28nW @ 2kHz 0.7 µW-Dyn @ 96kHz

SC Power No No 0.4 µW-Dyn1 @ 96kHz

Technology 90 nm CMOS 0.13 µm CMOS 65nm CMOS

112.6 µW Static

• SC power overhead is 9%.



Conclusions
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• An intelligent CS SoC presented.

• Signal statistics used to substantially 

increase SER.
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Back up Slide: Data Format
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START
N ADC Data 
(Optional)

50 CS Data 10 SC Data STOP

16bits N×16bits 50×16bits 10×16bits 16bits
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width1
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width2

R-peak 
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width1
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index2
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width2
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Back up Slide: LFSR
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