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Pushbroom sensor

More than 9 GB/min to be processed

Line-by-line  performance

Short battery life

Low-power, low-cost, low-weight and 

compact size onboard PC ZedBoard 

(Xilinx Zynq-7020 SoC)
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SUBSPACE ANOMALY DETECTION

= background spectra

= desired target (??)

Orthogonal subspaceOrthogonal subspaceOrthogonal subspace
projection (OSP)projection (OSP)projection (OSP)
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EXTRACTION OF
FEATURES USEFUL

FOR MANY
APPLICATIONS

REUSE OF A SINGLE
MATHEMATICAL

METHOD FOR
DIFFERENT HSI

ANALYSIS

 INDEPENDENT
PROCESSING OF

BLOCKS OF IMAGE
PIXELS

ADAPTABLE TO
DIFFERENT KINDS
OF HW DEVICES: 

SET OF 
CORE

OPERATIONS

REDUCTION IN HW
RESOURCES,

EXECUTION TIMES
AND HUMAN
ENDEVOURS

Floating-point
vs Fixed-point

 Pushbrrom

SET OF CORE OPERATIONS

ANOMALY DETECTION                01

TARGET DETECTION                02

UNMIXING                03

CLASSIFICATION                04

LOSSY COMPRESSION                05

BAND SELECTION                06
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SET OF CORE OPERATIONS



05

A
N
O
M
A
L
Y

 D
E
T
E
C
T
I
O
N

T
H
E

 H
W

-
L
B
L

-
F
A
D

THE HW-LbL-FAD

01

02

Background estimation

Anomaly detection

Stage 1

Stage 2

Stage 3

Stage 4
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THE HW-LbL-FAD

Background estimation

Stage 1: Line-by-line background spectra extraction

Stage 2: Overall background subspace estimation
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THE HW-LbL-FAD

Anomaly detection

Background estimation
Stage 3: Orthogonal Subspace to the one spanned by the background Samples

Stage 4: Detection of anomalies



07

A
N
O
M
A
L
Y

 D
E
T
E
C
T
I
O
N

T
H
E

 H
W

-
L
B
L

-
F
A
D

THE HW-LbL-FAD

Anomaly detection

Background estimation
Stage 3: Orthogonal Subspace to the one spanned by the background Samples

Stage 4: Detection of anomalies
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FPGA-BASED IMPLEMENTATION

Hybrid solution 

 HLS + VHDL

Set of Core operations

Avg_Cent, Brightness, Proj_Sub,

Stop_cond  ---> HLS

Glue logic + memory

elements + FSM ---> VHDL
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FPGA-BASED IMPLEMENTATION

Hybrid solution 

 HLS + VHDL

Set of Core operations

Avg_Cent, Brightness, Proj_Sub,

Stop_cond  ---> HLS

Glue logic + memory

elements + FSM ---> VHDL

Depends on BS and bit-depth ---> Design time
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FPGA-BASED IMPLEMENTATION

Hybrid solution 

 HLS + VHDL

Set of Core operations

Avg_Cent, Brightness, Proj_Sub,

Stop_cond  ---> HLS

Glue logic + memory

elements + FSM ---> VHDL

Map-reduce programming model --- > PEs
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FPGA-BASED IMPLEMENTATION

HW-LbL-FAD
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EXPERIMENTAL RESULTS
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THE HW-LbL-FAD
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CONCLUSIONS

Line-by-line anomaly detector

... for power-contrained environments such as onboard scenarios.

LbL-FAD hardware accelerator

- Targeting the XC7Z020-CLG484 version of the Xilinx Zynq-7000SoC due to  its low-cost, low-

weight and high flexibility.

- Hybrid solution: combination of HLS generated modules and custom glue logic in VHDL.

Real-time performance

... since obtrained FPS are between 130.11 (PE=1) and 1609.90 (PE=20).

Good power-efficiency relation

... critical for applications that use remote sensing platforms powered by batteries. 
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