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SN@OPI Mission Overview

« P-band frequencies (240-500
MHz) penetrate snow, vegetation,
and into the root zone of soil

o Reflectivity (gain and phase)
affected by soil moisture and
snow water content — variables of
important scientific interest

o Autocorrelation of direct and
reflected signals can determine
reflectivity without need to

Direct signal (RHCP)

Reflected signal

decrypt signal contents Existing P-band (LHCP)
« Key advantage: reuse of existing transmitter (MUOS)

transmitters in heavily subscribed 10 -200 CmV .

P-band )
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SN@DPI SNOOPI Spacecraft

6U (2x3) configuration 370 MHz

antennas

3-axis stabilized

— Reaction wheels + torque
rods

— Magnetometer, sun sensors,
star tracker

Dual frequency P-band
instrument payload

Deployment from ISS via

255 MHz
Nanoracks antennas

Current launch: early 2023
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SN@OPI Mission Objectives

1. Validate link budget from orbital altitudes and speeds to quantify
uncertainty in reflectivity and phase

2. Quantify RFI effect from space (broad field of view, global distribution
of measurements)

3. Demonstrate model prediction and instrument tracking for orbital
delay and Doppler with a non-cooperative transmitter

« To meet these objectives, SNOOPI will perform daily observations of
RZSM/SWE over CONUS and dedicated SMAP calibration sites

Small Satellite Conference 2022



SN@OPI Challenges

« Mission planning must be .
streamlined to support e
measurement cadence

« Specular point where RZSM/SWE is
measured depends on both receiver
and transmitter positions as well as
terrain

LHCP

 Signal delay must be predicted and is e ~
affected by ionosphere

Specular point

e Spacecraft attitude must slew to
keep signal gains high lonosphere
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sn@opi Roles

e Purdue will provide the spacecraft observation schedule along
with attitude maneuvers and instrument commands

Downlink
Orbit Telemetry \ \
Ephemeris | |
Mission Operations 25

Observatlon Center (GSFC) //'

schedule
Slew schedule Spacecraft /

commands | Uplink
Instrument
commands
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SN@OPI

Defining Priorities

« Observation planning

N de @ OB K E

software begins with an

app for defining regions
of interest and assighing
priorities from 1 to 10 g 5

e Type and number of

File Edit View Insert Tools Desktop Window Help

measurements can also =R

be defined

/
3
200 km
100 m: w,
i
20°W

> (o)
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85°W
Longitude

O MATLAB App

Edit Default Measurements Priorities
SMAP Cal/Val Site 8

Snow 4

CONUS Transec t 1

-OR-
Add New Region of Interest

-OR-

Edit a Region of Interest (ROI):
Select ROl | Great Lakes ¥
Name | Great Lakes

ROI Priority 7
No. Measurements 3

Type | 255 MHz

Delete this ROI? Delete

-OR-
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SN@OPI Scheduling

e Propagated orbits for SNOOPI and the MUOS satellites are used
to solve for the specular point on a global elevation model

e Specular point ground track is searched for intersections with

ROIs, CONUS, and SMAP sites
— Each orbit is assigned a priority based on the best observation available

Spacecraft scheduling formulated as the “Knapsack Problem”:

maximize f'x Example:

Subject to'Ax <b f — [0 0310380200033 7] Is the priority of each orbit
O<x=<l x=[001000101000010‘“] Specifies observations

x e’ Ax < b Contains constraints for power and data (see paper)
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SN@OPI Approval App

Select Arc | 1: 2021-Sep-04 CONUS t... ¥ < Parse > Add a Custom Observation

e Linear program solver |
Measurement Freq. | 370 MHz v v/| Approve Select Date mm/ddfyyyy! v
d ete 'Mm i NnNes SC h e d u I e Capture Start UTC | 04-Sep-2021 12:45:31 Capture Length (min) [5 ¥ Arc | None v || AddArc

Specular Track Explorer

v Display ROIs Plot Color | Soil Moisture v
e A d app all
SeCO n a a OWS u Se r e ! — [ - Estimated Battery State of Charge
R ‘ !
. {17« !
to inspect the schedule A s 2
— Visualize ground tracks o A 7 ] )
v".}}z» 8 A0 47 [ Sep01 Sep04 Sep07 Sepl0 Sepl3 Seplb
A dif N
— pprove or modil y S _{; W7 i"ff"-"u ber, 7 Ii’;‘ & ' I W% ¢ Estimated Memory Usage
g i > ok ‘_ <-‘./;','.} !/ '”’J ;'f\ f ..%‘ ! i o e
scheduled measurements B || mewoiescre S c 2
. . a2°N = PR IDRR. I % .
/ , | N
— Verify constraints AT : =
. { B e A, ok
o (1 { {1 19 ’ - e i 4% e Sngl Sep04 Sep07 Sepl0 Sepl3 Sepl6
M ” dd b . N WY I 1 1 Date 2021
— anually a observations WREIA S ST EA) . P - i
1/;/['1 it pr. //; 14 : ey AT Load Scheduler Data
. . 47, v A5 o
tO SCh Ed U |e 2NN m\;” } y 7 i - V,""-‘ r " 1 Load Observation Plan
s 1 VX L
115°W 110°W 1025V Save Observation Plan
Longitude

Export Arcs for Science Plan Generation
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SN@DPI Slew Maneuver Design

« As direct and reflect signals change, attitude must be slewed to
maintain adequate gain on fixed antenna patterns

Direct signal
dBi
."" \

I O N WNhN

1 | I |
L O F N D | | L
HFEOONO UTS WN -

— 18
signal i
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SN@OPI Slew Maneuver Design

o Slew design formulated as
optimization

o Maximize the time integral of the

o]
w

Yaw [ded]
(00]
o

direct gain subject to: e | | | il —®
— Refl. gain within 3 dB of direct gain e e 18 0 eep 04,2021
— Star tracker pointing constraints 0 i
— Max slew rate constraint %’ 0 i
— GPS antenna visibility g 5 1
« Design vector: Euler angles of 4 10 e 12:47 12:48 12:49 12:50 12:51
attitude “nodes” defining the slew Sep 04, 2021
— Intermediate attitudes determined using 3'75_ | | | / |
cubic interpolation S ool |
« Optimization solved using generalized &
pattern search B e 12:47 12:48 12:49 12:50 12:51

Sep 04, 2021
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SN@OPI lonospheric Correction

« Relative delay needed by instrument to perform autocorrelation

 NeQuick-2 model used to predict STEC and correct delay

] 200 : : )4
Autocorrelation . HL&DT

. HL&NT
Reflection |
[/ | e

| ML&DT
I

I

|

0 TRrRD

* ML&NT
Reflected path delay

Direct signal

-
0
o

LL&DT | |
+  LL&NT V"

-
o
o

o F10.7 cm solar flux forecast used to predict 3D
ionosphere electron density

« Model evaluated by comparison to TEC
observations by GPS tracking stations 0

(4]
o

Predicted STEC (10216 e/m?)

> .... ’.-..'.
we {..{’t.__

0 50 100 150 200
Observed STEC (10216 e/m?)
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SN@DPI Status and Mission Outlook

« SNOOPI ground software at Purdue
University is ready to:
— Predict specular point ground tracks

— Optimize the spacecraft observation
schedule

— Design attitude slews for observations
— Produce signal delay tables that correct
for ionospheric delay

« SNOOPI is currently undergoing final LIVE-SKY TEST: SUCCESS!

testing at GSF(; in preparation fpr NASA SNOOPI Satellite
November delivery and launch in

e a r I 2 O 2 3 Pictured: Elisa Rivera (MSAAE student), Prof. Garrison, Benjamin Nold (Purdue ECE PhD
y student), and Justin Mansell (AAE Visiting Assistant Professor) “
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