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Generalized SoillSCAPE Framework

——— So0ilSCAPE Sensor Network: Application Interoperability ————
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SoilSCAPE Network Overview
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Architecture Design

Collect data from 3 or 4 sensors: typical
depths are 5 cm, 15 cm, 40-50 cm, 90 cm

Wirelessly
send to
coordinator

Send back to
USC lab via
SMS

Decompress and add
to MySQL database,
accessible via website
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Sampling design

N
« Designed to fit in with SMAP Cal/Val A
requirements: two 3 km cells and two 9 km
cells within a 36 km cell; 3 km and 9 km cells
not mutually exclusive
+ 36 km grid placed to fit within planned
AirMOSS flight lines.
*  Location of two 9 km cells within 36 km grid &
chosen to maximize land cover and soil class
diversity within both cells
« 3 km cells and node locations within these
defined using class weights
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SoilSCAPE Deployment Status (1) i

Southern California

@ Current Sites
——=== 9x 9 km Sampling Cells
------- 3 x 3 km Sampling Cells
.| AirMoSS flightlines

E Watershed
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SOIISCAPE Deployment Status (2) ’-?i’:‘?,USCUniversi

\I¥ Southern California

» Six clusters within the super-site:

Tonzi ranch: 19 nodes + LC (summer 2012)

New Hogan Army Corps of Engineers site (1): 15 nodes +LC (October 2012)
New Hogan Army Corps of Engineers site (2): 19 nodes + LC (December 2012)
Terra d’Oro site: 27 nodes + LC (Apr 2013)

Bureau of Land Management 1: 16 nodes + LC (July 2013)

Bureau of Land Management 2: 15 nodes + LC (July 2013)

Total of 111 sets of sensors for California supersite.

» All data transmitted to Data Server in near-real-time:

Improvements to data quality — manually and automatically flagging data.

Data automatically being downloaded by JPL — was used in Phase 1 SMAP
Cal/Val rehearsal — first site with automated SDS-run scripts.

Added suite of network monitoring tools.
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Broad soil type and land cover
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NLCD land cover types.

Broad soil types derived from
SSURGO data:

« Siltloam

+ Sandy loam

 Clay

Most common class per 1 km
grid cell considered.

>
I N
D Watershed Barren Land Shrub - Silt loam
@ Tonzi & Vaira 3 x 3 km cell Descidious Forest - Sandy loam Grassland / Herbaceous - Sandy loam
D 9 x 9 km cells Descidious Forest - Silt loam Grasslan / Herbaceous - Silt loam
Potential 3 x 3 km cells - Evergreen Forest - Sandy loam - Cultivated Crops - Sandy loam
|:| Main 36 x 36 km grid - Evergreen Forest - Silt loam Cutivated Crops - Silt loam

- Shrub - Sandy loam
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Topography o ™8

 Used to determine 3 x 3 km sub-
cell locations.

R

* Important consideration for 3
hydrological modeling.
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Network Deployment (1) 7 USCUnivensyof

Tonzi Ranch proper

* Private land

« Woody savannah

* Deployed summer
2012

e 20 nodes
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Network Deployment (4) i el

Southern California

Terra d’Ora

Site of existing

Management
Information System
(CIMIS) station.
Vineyard.
Deployed 27
Nodes, April 2013
Temperature
sensor at LC

.......

CESTO
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@ Network Deployment (5)
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Terra d’Oro

* Dense vines and steep topography can cause some
communication problems for furthest nodes.

Leaf off (April 2013)

Leaf on (July 2013)
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Southern California

@ Network Deployment (6) USC Universiyof

] A _ B Lol Ceerdinator 1 as
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 Owned by Bureau
of Land
Management.

* Deployed 16
nodes in July 2013.

e Sensors installed
at LC.
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BLM 2

 Owned by Bureau
of Land
Management.

* Deployed 15
nodes in July 2013.

« Sensors installed
at LC.




Network Deployment (9)
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Database of collected data

 Extensive metadata contained in database:
— Suited for ORNLDAAC requirements and future use

« Flags used for data quality:
— Manually checking and flagging very noisy regions.
— Automatically flagging very high / very low measurements.
— Automatically flagging spikes.

« Currently over 2.2 M measurements:
— On-site and off-site backups

G570
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Project website

http://Soilscape.usc.edu

Project information and data G s s s s s

portal.
Provides maps of sensor

status and current moisture.

Contains information about
sites and project.
— Improved publications search

— Project twitter feed — used for
deployment updates.

006 Tonzi, CA | SoilSCAPE

¢ |yReade S

SoilSCAPE Soil moisture Sensing Controller And oPtimal Estimator

Home » Sites and Data

Navigation Tonzi, CA

Publications

User login
Username
Passwor d
Request new passwort rd

Latestupdate: @ <1h © <4h @ <24h @ >24h

| Download node locations (KML) || Download node locations (ESRI Shapefile) || Download data for all nodes (last 7 days, zip)

Download / show data from selected dates - May take a couple of minutes depending on amount of data requested
Node# [ 400 #| Startdate: (2013 #) (7 | (17 :| Enddate: (2013 :| (8 ¢] (17 #| [ Getdata |

Show plots(_] Apply filter to plots |

ESTO
Earth Science Technology Office
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Data Distribution / Visualization System (3) e

@ Southern California

Data distribution T Negewal0
. — Sensor 1 (5cm)
« Data available to download through || — sensor2 (20 cm)
project website and through ORNL —— Sensor 3 (50 cm)
Mercury using custom interface. g 40
 Provided in CSV format. 2 30
. . £
- Static plots available to download 3.0l
with data — choice of filters.
« Data calibrated and checked as al
downloaded — always latest version. ol . .
. . . AP ) N Ny Qv x > OO A N
- Zip files with last seven days of data SFS S S ST TS o o o
generated every hour — for L A L A
- Sampling time
automatic downloads.

 Node locations available in CSV
format with downloads and KML /
ESRI Shapefile separately.

Download / show data from selected dates - May take a couple of minutes depending on amount of data requested
Node#| 101 | Startdate:| 2013 +|| 2 +|| 20 :| Enddate:| 2013 +|| 3 +|[ 20 #|| Getdata
Show plots @ Apply filter to plots | Savitzky-Golay *

G570
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@ SoilSCAPE Architecture Benefits (4) SCUnivrstyof

Southern California

Network coverage and sparsity

» Average distance between LC and ED is 300m, twice the typical distance for low-power
2.4GHz radios

« Average of 2.5 nodes ha? (~ 1 node per acre). No similar deployment known with this
level of sparsity (Note: “sparse” is good!)

* This is possible due to the combination of
« star-based, static topology, low duty-cycle application, very efficient home-made
network protocol

New Hogén Lake,
Valley Springs, CA

0 100 200 400 600 m 0 100 200 400 600 m
| IS TN TR T N N NN SN SN SN N N | | I TN TR T N N NN SN SN SN (N B |
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Work Left To Do

Installation of another 30-40 nodes
» Targeting areas with crops and/or non-savannah forests

Development of site-specific calibration
« So far have 6 distinct sites; will have one or two more
« Each needs its own calibration — in progress

Further enhancement of end-to-end reliability for the SMS transmission:
» Currently, if the SMS connection fails for multiple attempts, the data are stored
at the SD card, not transmitted again when the SMS connection is working
* Plan is to create a queue to send such data when SMS connection is back

Development of scaling functions
» Have built radar landscape simulator; parameterized for various locations
» Currently in process of randomized simulations to develop scaling function
* Investigate scaling up using AirMOSS root-zone soil moisture retrievals

G570
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SollSCAPE Architecture Benefits (1) & USCUniversiyof
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Expected lifetime of nodes

20 min cycles, 3.6V-19Ah non-rechargeable battery.

Theoretical maximum (3% network overhead) 2.7 years
S
5 | _Expected (5% n.ov) 6 months Assumptions: *no communication errors
sz * pattery does not reduce lifetime due to aging,
Expected (10% n. ov.) 2 months high pulse currents, temperature, etc.
(q\| Expected
o | (BETS protocol + 0.6% avg. comm. error) >1.8 years
Q.
o i
¢ | Sofar (Canton site) > 1.9 years
CEST0
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SollSCAPE Architecture Benefits (2) k& USCUniversiyof
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Resiliency to extreme temperatures

* The Ripple-2D node at the Matthaei site (Ann
Arbor, MI) was not impacted by low temperatures.

T T T T T T T T T 50
Comparison between air
3-%1‘ WWWMW 40 temperature and battery
2l 110 level for Node 211 at
)
< \‘ : Canton
< ! [0}
T 3.2 ' I 120 §
> 1 RN | b=
g ;ll |‘| Mo "II " ';'r'h“';l ' i
> I ot to W 3
G 3.0k, " ARSI IR TU | 410 €
230 ¢, o "1 e
@ b b i Wiy o c
o kg b " \'M'H‘ [N s
2.8 — 71y TR T L e B el i Ry R U S 0
S R T T T U ARV |
L |,!‘|l|. 't "\lll I'i gy vt
vh [N i
2.6/ " "l,“ W { — Battery Level |{~10
0o - - Air temperature
2.4 ! ' ' L -20
P ST O ¥ B Sy S S S
SN S S S O S S S O
QQ.Q:» QQ.(Q/ QQOJ\’\' QQO,\'\» an)(b Q’Qa)\v QQOJ{O QQO’\Q 0Q,b{\
SN AR NN & & O o
DL v V v v v v v

Sampling time

« The solution can be deployed in regions with extreme temperatures.
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Network coverage and sparsity

Number Node Density Maximum distance
Site of Nodes (nodes ha') from LC (m)

Canton

Matthaei Gardens

Tonzi

New Hogan 1

New Hogan 2

Terra d' Oro
BLM 1
BLM 2

1 ha=2.5 acres
I1m=33ft

Earth Science Technology Office

* Furthest distance data is currently being received from.

25



