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Fusion of SAR and Optical

information
Instead of
data
A We want to have full control!
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Geometry

« Improving small terrain displacement estimation

» Improving geolocation accuracy
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Displacement map
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Separating height and displacement position
 If enough SAR data (20+) are available, separation
IS possible and accurate from SAR data only.
Tin:e
« If not, external information (e.g. DEM) is needed
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Separating height and displacement

DSM: UAV
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Improving Optical geometry with SAR

« Starting point: precise optical data orthorectification requires precise Ground Control Points since
geometry (attitude) of optical sensors (rationale polynomials) is not very precise

 SAR geometry is very accurate. Precise geolocation can be obtained with Interferometric as well as with
Stereo techniques without any GCPs

« Automatic Optical — SAR matching can work well for feature points
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Limitations of single pair stereo radargrammetry

» Alarge baseline is required for a precise height estimate.
» Alarge baseline causes matching to be increasingly difficult
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The FanSAR approach

« A multi-angular approach enables matching of large baseline pairs tracking the point along the
SAR «fan».
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FanSAR series acquisition time
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A Acquisition interval of FanSAR acquisitions is shorter than for INSAR stacks '/1
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Automatic optical-SAR matching by mutual information

A Cosmo-skymed SAR image Pleyades optical image s
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Automatic optical-SAR matching by mutual information l}unmsw

A Cosmo-skymed SAR image Pleyades optical image
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anSAR for accurate DEM generation

A nice by-product
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Tematic information

» Improving deforestation monitoring

» Improving land-use / land-cover mapping
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Rondodnia (Porto Velho) weather (wikipedia)

your information gateway

Climate data for Porto Velho (1961-1990) [hide]
Month Jan Feb Mar Apr May Jun Aug Sep Year
Record high °C () 372 36.4 387 371 638 3838 409 39.4 -m 0 39 . 409
g (99) ©975)  (1017)  (988)  (982)  (1018) [1002} (105 6) {11}2 9) {1 [M} (1035) {mu | (1056)
. 313 315 317 316 316 317 326 316 323
Average high °C (°F) (883) (88.7) (89.1) (889)  (89)  (89.1) {90_9} {93_7} (93_2] (91_9] (907) (88.9) (90.1)
Daily mean °C (°F) 255 255 256 257 253 247 246 25.9 262 26.1 26.0 255 256
y (77.9) (77.9) 781) | (783) | (775 | (65 | (763) | (786) | (792) | (79 | (788 | (77.9) (78.1)
o po 217 218 218 219 210 192 183 19.0 208 218 220 220 209
LRI ] (711) (712) T12) | (714) | (898 | (666) | (649) | (662) | (694) | (712) | (716) (716) {59 5}
oo 144 154 12.0 128 12.0 1.8 74 100 121 177 18.1 1.0
LEE L S ] (57.9) (59.7) (536) (55) (53.6) : (538) | (639) | (646) (518)

Average rainfall mm (inches)

Average relative humidity (%)
Mean monthly sunshine hours 1071
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320.9 316.0 2739 251.0 126.6 492 242 36.4 119.9 2252 319.1
PP TR TN A RN Y (4.984) f (1.937) | (0.953)  (1.433) § (472) (8.866) | (12.563)

% o

98.3

453
LI

B

124.0 140.1 183.7 2267 2597 2340 186.8 1667 1371 1242 1,986.4
Source: Brazilian National Institute of Meteorology (INMET). EIEIFIEIEIETIE]S]




Rondonia 9/2016 to 5/2017

Puris L/

Torrn fnrigesa

Fioresra
Nocloral
de tquiti

iy gy
Eopara Arepi
. Coefficient of variation
. Mean
Rio Baanco
. Gradient
Reseras
Moacional
Arazonica
Wmnunips-
Heath-

Reserva
Nacional

ENVI ANALYTICS SYMPOSIUM

sar

your information gateway

il \
Flaresia \ forque
Nac'aria/ Nacional
fo Juruera
Porque !
Tenharin g
!
Marmefas oLl

imarbnicos

Teria thdia

> Kirpchi
Terra
Fufigens
durandais
Terro indigena..
Aripucind .
wrrs
Indigena
ot i
e

Tnibien

10
Kenets

Terra Indigera
Enawmné.
Terr fndigéno
hambkwarg
Ferrir
Indigenn
Tireio

240’000 km?
300 x 13 frames

Reserva




your information gateway

Sentinel-1 and Sentinel-2

Sentinel-2 8/2017 [ A" TSN Sentinel-1 8/16 — 4/17
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Sentinel-1 and Sentinel-2

Sentinel-1 8/16 —4/17 Sentinel-2 NDVI 8/2016
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Sentinel-1 and Sentinel-2

Sentinel-1 8/16 —4/17 o I Non-forest from NDVI : B Deforestation
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Sentinel-1 and Sentinel-2

B SAR Deforestation e B NDVI Deforestation Sentinel-2 8/2017
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Sentinel-1 dates

- Unclassified

B SAR Deforestation [
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SAR and Optical time series
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Temporal descriptors — Principle

maximum ratio

GO
maximum minimum ratio
range
integral
minimum
N
- mean, median, mode time
- corresponding dates
A - time range (seasonal, annual, etc.)

ENVI ANALYTICS SYMPOSIUM




How time-series can be interpreted?

1. Temporal descriptors
— A priori information is not required

— Unsystematic acquisitions can be used

2. Knowledge based temporal analysis

- A priori information is required, as for instance
* crop type,
 calendar,
* phenology,
 duration,
* Practices, etc.

-  Systematic acquisitions must be available

ENVI ANALYTICS SYMPOSIUM

c°

maximum

range

minimum

maximum ratio

minimum ratio

integral

-+ mean, median, mode
- corresponding dates

- selection of time range (seasonal, annual, etc.) is crucial
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Multi-temporal multi-spectral descriptors

Sensor 1 Sensor 2 Sensor N

L
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Multi-temporal multi-spectral descriptors
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Temporal-spectral descriptors
for selected time period(s)

Temporal-spectral descriptors selection
based on uncorrelated features

Land Use — Land Cover Map
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Multi-temporal multi-spectral descriptors — SAR-only

PALSAR-1 mean L-HV pre-crop season
ASAR mean C-HH pre-crop season
ASAR C-HH difference crop and pre-crop season

Agricultural area N - Water
Gambia

Medium vegetation (medium biomass)
Strong vegetation (high biomass)

ENVI ANALYTICS SYMPOSIUM




Multi-temporal multi-spectral descriptors —
SAR and Optical

Maximum SAR coherence

Maximum NDVI Maximum SAR backscatter

Sentinel-1 and Sentinel-2
dry period
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Multi-temporal multi-spectral descriptors —
SAR and Optical

Maximum SAR coherence

Maximum NDVI Maximum SAR backscatter

Sentinel-1 and Sentinel-2
wet period
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Multi-temporal multi-spectral descriptors — SAR and Optical

Maximum SAR coherence

Maximumn NDVI

Maximum SAR

Water Bogs LowB Vegetation HighB Vegetation Settlements
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Yin and Yang

A Thanks a lot for your attention!
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