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Agenda

e Introductlon il .
o Satellite Image Da'ta Descnptlon
o Satellites and Vegetatloﬁ*-- AT

e Whatis NDVI ?

o Feature Engmeenng

- e Cloud Classification

e Vegetation Pred1ct10n

e Apache Beam

e Beam Inference Plpehne
e Future Work



Introductlon [ ST
Deep Learning has moved from Academla to Industry e

Availability of Massive Cloud Computmg Power |

Combination of Compute Resources + Blg Data w1th o

Deep Learning models often produces useful and
interesting appllcatlons " | |



Introductlon R
Computer VISIon for Satelhte Imagery s

Availability of low cost satelhte lmages for research

Train a Deep Learmng model to Determme Vegetatlon
Health |
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- Goal: Identlfy Vegetatlon Index from Landsat8
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Images o A




Data Landsat8

Earth observatlon mlssmn from EOS

10 spectral bands from RGB to SWIR (Short Wave" :
Infrared) T .

Spatial resolutidn: 30m/px (V'iSible‘,- NI-R h‘—inﬂc\

Free and open data, updated each day"




Landsat8 Payload

Operational Land Imager (OLI)
Thermal Infrared Sensor (TIRS)
Resolution of 3Om/p1xel(v151ble NIR, SWIR)
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How is this related to Vegetatlon?

range
Plants absorb solar radia't'ioh"in PAR regio'n" .

Plants re-emit solar radiation in NIR region

Hence, plants appear bnght in the NIR spectrum B

https://en.wikipedia.org/wiki/Near-infrared_spec t copy#Agricultur

Photosynthetlcally Actlve Radlatlon (PAR) 400 700nm: i

=2 -"10



How is thls related to Vegetatlon? (Contd)

Plant Chlorophyll absorbs v1$1ble light (O 4 to O 7]/t m) N

Plant leaves reflect NIR (O 7to 1 1 m)

More plant leaves greater the radlance emlted from

plants

https://en.wikipedia. g/Wk/N infra d spectroscopy#Agricultur

31



leference in plant reﬂectances can help determme
their dlstnbutlon in satelhte lmagery o

https: //en. wikipedia, org/wzkl/Near -infrared spectroscopy#Agnculture

.12



How do we measure thls _
phenomenon‘?



Normallzed leference Vegetatlon Index (NDVI)

Used to monitor agnculture productlon droug‘ht hazardous flre zones

(NIR — Red)
NDVI = '

(NIR + Red)

*Bands 5 and 4 in Landsat8 images |

NDVI Range: [-1,1]

4 -\"14



Dense Green Vegetatlon canopy is typlcally 0.3~ O 8

Standing water hke Deep Oceans (away from coast)
typically have -ve or small +ve values &

Soil with a hlgh NIR tends to have a small posmve value
<0.2 | '

https://en.wikipedia. org/ wiki/Near-infrared_spectroscopy#Agriculture

2 -"15
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. Workflow

— | Download

Filter Clouds
Images

Predict Land Use
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- Goal: Identlfy Vegetatlon Index from Landsat8

..ﬂh

Images o A
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Data Acqulsltlon

Images downloaded from AWS Earth (avallable as Open

Data)

s %
S0 bl
- ik

Data refreshed continually’ . %%

aws s3 sync s3://landsat-pds/c1/L8/044/033 ~/Downloads/landsat-04 -

4419



- Data

’
-

Registry of Open Data on AWS

Landsat 8

Description Resources on AWS

An ongeing collection of satellite imagery of all land on Earth produced by the Landsat Description
8 satellite. Scenes and metadata

Update Frequency Resource type

. 53 Bucket
New Landsat 8 scenes are added reqularly as soan as they are available.

Amazon Resource Name (ARN)
arn:aws:s3:::landsat—pds
There are no restrictions on the use of data received from the U.S. Geological Survey's AWS Region

Earth Resources Qbservation and Science (EROS) Center or NASA's Land Processes
Distributed Active Archive Center (LP DAAC), unless expressly identified prior to or at
the time of receipt. More information on licensing and Landsat data citation is available
from USGS.

License

us-west-2

Description

Documentation New scene notifications

https://docs.opendata.aws/landsat-pds/readme.html Resource type

Managed By SNS Topic

Amazon Resource Name (ARN)
— arn:aws:sns:us-west—2:274514084127 :NewSceneHTML
( planet. AWS Region

us—west-2

See all datasets managed by Planet.
Contact Description
53 Inventory {ORC)
https://lists.osgeo.org/mailman/listinfo/landsat-pds

Resource type
Usage Examples 53 Bucket

* A Gentle Introduction to GDAL Part 4;: Working with Satellite Data by Planet Amazon Resource Name (ARN)
* Aggi: the fire detecting Twitter bot by Aggi arn:aws:s3:::!landsat-pds-inventory

* Apps for exploring and analyzing Landsat imagery on the fly by Esri AWS Region

COG-Explorer - View Cloud Optimized GeoTIFF images in the browser directly e
US—wesi—L

from object storage by EOX
Development Sead Geolambda by Matthew Hanson
EOS Land Viewer by Earth Observing System
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Predict Land Use
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Fllter Clouds

Need to remove cloud cover from lmages before further .

processmg

Approach: Mask the clouds from all the feature bands

Compute Median Cloud Maskmg Composrte f(_)r theyear. __ ,'

2-"23



Cloud Masking Function

[ **

* Function to mask clouds based on the pixel band of Landsat 8 S . -

* @param {Image} image input Landsat 8 SR image
* @return {Image} cloudmasked Landsat 8 image
*/
function maskL8sr(image) {
// Bits 3 and 5 are cloud shadow and cloud, respectively.
var cloudShadowBitMask = (1 << 3);
var cloudsBitMask = (1 << 5);
// Get the pixel QA band.
var ga = image.select( 'pixel ga');
// Both flags should be set to zero, indicating clear condition.
var mask = ga.bitwiseAnd(cloudShadowBitMask).eq(0)
.and(ga.bitwiseAnd(cloudsBitMask).eq(0));
return image.updateMask (mask);
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 Feature Englneerlng

e Use Bands B2, B3, B4, B5, BG B7 fortrammg and

prediction

e Apply the Cloud Maskmg functlon to each of the. o =

bands

= -"26



Feature Engmeerlng (Contd)

Use Landsat8 Surface Reflectance data for computmg -
cloud mask :
Result: Each pixel is classn‘1ed as 1 of {Vegetatlon
Barren, Snow/Ice, Water, Cloud}

Ignore the Cloud pixels o
Compute NDVI from Bands B4 and B5, add to the e
feature vector -~ = .

227
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Workflow

Filter Clouds

Predict Land Use
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Model Tralnmg

Two Dense Layers w1th ReLU and Softmax actlvatlons

Dropout: 0.2
Optimization'- Adam g
Loss Function: Cross Entropy

One-Hot Encode the Labels

. 30



- Mo'del_ Tra'ini'_ng T







- - P y '}

Paradise, CA - Landsat8, October 7,

#

NDVI: -0.23979

33



‘Paradise, CA - Landsat8, October 23, 2018. . .

NDVI: -0.2407

. "84



Paradise, CA - Landsat8, November 8,2018

NDVI: -0.23984151008195187

. 35
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 Paradise, CA - Landsat8, June 4,2019

NDVI: -0.24

36



Scalinglian out = %



~ How to Scale - Batchor Stream ?
"Batch is an extension.of Streaming, e‘xcept'-Wh'én ,
Streaming is an extension of Batch™

o Shaﬁnno-“ Quinn, Apache Maho'ut -'

. 38



3 Spa'rk'or" El'i'nk 2 "

Spark Streammg IS for people who want to operate on
their streams using Batch idioms. | |
Flink Batch is for people who want: to operate on thelr
batches using Streaming idioms.” |

Joey Frazee Apache NiFi-

2"39



Was 1st Apache Beam?

o Agnostlc (umfled Batch = Stream) programmmg
model - s

e Java, Python, Go’ SDKs_

« Runners for Dataflow 0
= Apache Flink
= Apache Spark
= Google Cloud Dataflow ' beam
= Local DataRunner




Warum Apache Beam?

o Portlerbar Code abstractlon ’that can be executed on. i'
different backend runners e f“.'_‘ pa ,. e

o Verelnhelthcht Umfled Batch and Streammg API

o Erwelterbare Modelle und SDK ExtenSIble API to 3
define custom sinks and sources | e

2 -\"41



The Apache Beam VlSlOn

o End Users: Create Eh
pipelinesin a famlhar s
language: 5F

o SDK Writers: Make Beam
concepts available in"
new languages

e Runner Writers: Support |
Beam pipelinesin |
distributed processing
environments

o 42



Portable Beam Archltecture
= Overv1ew
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Predict Land Use




pipeline options = PipelineOptions(pipeline args)
pipeline options.view as(SetupOptions).save main session = True
pipeline options.view as(StandardOptions).streaming = True

with beam.Pipeline(options=pipeline options) as p:

filtered images = (p | "Read Images" beam.Create(glob.glob
| "Batch elements" beam.BatchElements (0, known args.batchs
| "Apply Cloud Mask" beam.ParDo(CloudMaskFn.CloudMaskFn())

filtered images "Predict Land Use"
beam.ParDo(Prediction.PredictionFn(known args.models,
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Conclusmn -

Paradise, CA over 2018 had a COI’lSlStent Dry Vegetatlon |

patterns with NDVI <0

Healthy Green Vegetation in-the‘rang'e.[0.3', _1_0_)_- B

. 46



Future Work



Class1fy Rock Formatlons |
Using Shortwave Infrared lmages (2 107 2 294 nm)

Radiant Energy reflected/transmltted per umt tlme
GEGIE L Flux) S

s — 29 M

ot

Eg: Plants don't grow on rocks

https://en.Wikiperlia.o.rg/Wiki/Radiant_ﬂux _

. 48



Use 1mages from Red band

Identlfy borders reglons w1thout much detalls w1th i

naked eye - Wonder Why?
Images are in Red band '

Unsupervised Le‘arning : Clustering -

2 -\"49



Credits

e JOorn Kottmann (Apache OpenNLP)

e Jose Contreras, Kellen Sunderland (Amazon - Berlin)

e Apache Beam: Pablo Estrada, Ankur Goenka,
Maximilian Michels (Google)




Lmks

o Earth on AWS https //aws amazon com/earth/ ';-

0 Apache Beam https //beam apache org
e Apache Flink: https //flmk apache org '

e Slides: https: //smarth1 github. lo/Berhn- |
Buzzwords2019-Landsat . - |
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