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Overview
= About Mini-RF

= Where to Find Data

= \WWhat data is available

= How to process in ISIS

= Mosaics that are available

= Bistatic -> Angela
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Build 1: Forerunner
Chandrayaan-1

Indian Space Research Organization (ISRO)

Launched 21 October 2008 )
Build 2: LRO
Lunar Reconnaissance
Orbiter
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'“As Mounted on the
Spacecraft

Magellan
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Chandrayaan-1




Two-band, two-resolution imaging
radar

S-band (A=12.6 cm)

X-band (A=4.2 cm)

SAR Baseline 150 m

Zoom 15x30 m

Hybrid-architecture polarimetric
SAR

Transmit LCP; Receive H- and V- linear
coherently

Four Stokes parameters derived

Mini-RF can measure topography

Interferometry: 15 m/pix spatial, sub-
meter vertical resolution

SAR-stereo: 30 m/pix spatial, ~10 m
vertical

Low mass and power requirements
13 kg, 150 W
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A Hybrid Dual-Polarized Synthetic
Aperture Radar?

o A form of radar that uses the
relative motion between an antenna
and its target to obtain higher
resolution information.




= A Hybrid Dual-Polarized Synthetic
Aperture Radar

o And, to top it off
..................... it’s dual polarized

* Polarization is a property of waves that
can oscillate with more than one
orientation.




Typical strip is
1920 x 10 km

Mini-RF SAR data
Co- registered with
Clementine UVVIS
context mosaics.
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MINI-RE: DATA PRODUCTS

Mini-RF

Basic Data Products Often Used and WWe Provide
Polarization Info: H, V, Re, Im
Stokes Products (S;, S,, S5, S,)
SC =(5:-Sy)

OC = (5,+S))

CPR = (S;-S,)/(S;+S,) = SC/OC

— Indicator of the roughness of a
surface, as determined by the
distribution of wavelength-scale
and larger radar scatterers (e.g.,
boulders).

— Young, fresh craters are
distinctive in radar images
obtained with the Mini-RF s
instrument because of the surface =
roughness associated with their
ejecta deposits.
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High SC signal Surfaces ‘smooth’ at the |
scale of the wavelength will
CPR=SC/OC< 1 have a low Circular

Polarization Ratio

How do we interpret radar

APL



High SC signal

CPR=5SC/0C21

How do we interpret radar?

If there is a corner reflector
the polarization will change
twice returning as it was
transmitted in the
particular case.
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Crater'Ejecta 2 I - Ao {

in-rr Blankets - S o
Mini-RF maps the roughness of the lunar LIRS A & .l
surface. In doing so it can map the ¢ ‘o L
ejecta blankets that surround impact SN Ya kgl e

craters

Mini-RF can see ejecta that are not
visible in optical images.

This could be because the extended
ejecta cause subtle variations in surface
roughness or that Mini-RF is detecting
subsurface effects.

Mapping the continuous and
discontinuous e{ecta blankets that
surround impact craters will help us to
better understand the physics of impact

cratering.

Oblique impact crater in mare Nubium. Both the

» continuous and extended ejecta blankets are detected
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IMAGING SHADOWED
SUBSURFACE DEPOSI

Imaging subsurface
deposits

Imaging at night

Key towards Mini-RF’s
total data collection

LROC didn’t usually
Image at night




-i-;‘*I"MAG|NG IN PERMAN ENT
SHADOW

LROC WAC South Pole Masaic
Polar Stereagraghic, 400 mipixel
Anzona State University
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SEARCHING FOR ICE

Relative Number of Pixels
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Fresh cralers
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Anomalous craters.

Fresh cralers
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Anomalous cralers




‘\Where To Find Data:

Planetary Da '

2osciences No

| |Data Set Browser | (L) Download

{EJ/Help & Resources

WELCOME TO THE LUNAR ORBITAL DATA EXPLORER

The PDS Geosciences Node Lunar Orbital Data Explorer (ODE) provides search, display, and download tools for the
PDS science data archives of the Lunar Reconnaissance Orbiter, the Clementine, the Lunar Prospector, and the Indian
Space Research Organisation's Chandrayaan-1 missions to Earth's moon. Choose one of the above tabs to start

using ODE.

Data Product Search

Search for orbital science products across
missions, instruments, and data sets via
time, location, and product ids.

What's New
See what's new with ODE

QU

Additional Tools

& LOLA RDR Query

« DIVINER RDR Query

® Product Type Coverage

Help & Resources
Access the ODE help, find additional
resources, and see what's coming

Data Set Browser
Browse through the orbital data set files
stored in the PDS archives

Available Data Sets
A full list of mission, instrument, and
product types available in Lunar ODE

Download Cart
Download products added to the cart from
the product search

Mars ODE m Lunar ODE
. Mercury ODE

Venus ODE

Map Display Controls

Solect Liyers

The Lunar Orbital Data Explorer is produced by the PDS Geosciences Node at Washington University in St. Louis.

Send comments to odewebmaster@wunder.wustl.edu.

Pradust Type
LRO MRFLRO COR
LRO MRFLED MAPCDR!

Totsl Products Faund

SELECTIOM RESULTS LIST

Products Found:
& Display Produs

Instnumant
LRO MAFLRD £DA

LEO MRFLRO
HAPCDR

LRO MAFLAD
HanCoR
LRO MRFLRO
HAPCDR

Sat Fitars {Dptianal)

SELECTION RESULTS SUMMARY

_RO Mini-RF Data can
pe accessed through
pDlanetary data explorer

Mini-SAR too!

Lunar ODE Map Intartact - Cylndrionl Center 0
) momn C} omout ) Ful Eoent

5 Previcent ) NextExent  §% Pan | (1) Select Producs By Arsa | ) Flemove Ares Selecion  Select Projecion [ mMap e

Vit Stincion Fssults

Search Rosults Count |

Output Reaults
Viaw in Table
Add AN Runuits ta Cart
Updase Cart

Preduct 1D




ane Tessera: MainApp.

Zoom: ®\ Q Download: ﬁ Feature: Abbe j

| [ Footprint Mode
|[MIBASELINE_S
|MIBASELINE_X
[Mzoom_s

M zoom_x

M UNCATEGORIZED

Observation StartTime Mode LookAngle MinLon MaxLon MinLat MaxLat Dimensions(L1) Dimensions(L2) &

. Find : Find Next | [ Find Previous EEENE E

-at: -37.250000 Lon: 111.500000 Zoom: 1:64 Mouse: Download: Inactive




Where To.Find Data

o Planetary Data System — Wash. U. Node (pds-geosciences.wustl.edu)

o http://pds-geosciences.wustl.edu/missions/Iro/mrf.htm

NATIONAL AERONAUTICS : :ﬂ :: rrEn:na:l;sl
AND SPACE ADMINISTRATION + Contact NAST

PDS Geosciences Node

Washington University in St. Louis
"M- i Lo oy
DATA AND SERVICES TOOLS ABOUT US CONTACT US

Services LRO: Mini-RF

Analyst's Notebooks
Virtual Astronaut
COrbital Data Explorers
Spectral Library

December 13, 2013. LRO Release 16 does not include any new Mini-RF data.

October 16, 2013. The first release of Mini-RF Bistatic Radar data is online. See the

FTP Access AAREADME file for details.
Workshops
Geosciences Node Data
Mars Mini-RF is the Miniature Radio Frequency technology demonstration of a miniaturized multi-mode
e dual frequency dual polarization radar observatory. Mini-RF data sets are produced by the Mini-RF
Mercury Science Team at the Johns Hopkins University Applied Physics Laboratory, Laurel, MD.
hiseg Voon Data Min-RF Bistatic Radar Data
gnR:rLbrayaan ; The Bistatic Radar data products are stored separately from other Mini-RF data sets.
II:SSDSS Volume Data acquisition dates Orbits
About LRO LROMRF_2XXX 2011-04-06, 2012-05-16 B234, 13302
Diviner
LEMD All Other Mini-RF Data Sets
LOLA o ) ) o
Mini-RF Except for the Bistatic Radar data, all raw, calibrated and derived Mini-RF data are stored together,
Radio Science aggregated in groups of 100 orbits. Each directory of 100 orbits has subdirectories for raw,

APL




Volume
LROMRF_0001
LROMRF_0002
LROMRF_0003
LROMRF_0004
LROMRF_0005

Data acquisition dates
2007-07-13t0 2010-01-19
2010-01-19to 2010-06-17
2010-06-17 to 2010-07-23
2010-07-23 to 2010-12-05
2010-12-051t0 2011-01-23

Orbit range
200-2599
2600-4499
4500-4999
5000-6699
B6700-7302
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Data‘Available

Vini-RF

The Mini-RF archive includes these data sets:

PDRs: While available need a Raw Datn Producks

NT _)PIZIR— Packetized Data Records
specialized processor (VEXCEL) (Directories DATA/SAR/.. /JRAW and DATA/SAR/.. /HOUSEKEEPING)

Calibrated Data Products

files (Directory DATA/SAR/../JLEVEL1)

CDR-INSAR - Interferometric Calibrated Data Records — to be released later
CDR-INSAR (small number) / Derived Data Products
coming soon CDR-MAP - Map-Projected Calibrated Data Records

(Directory DATASAR/L.JLEVELZ)

C_DR-MAPS: (.‘LEVEL 2,. pr i«Cted FD?rI:.;?JDSDA‘L%;Jg;;hTSﬂFC%EIibrated Data Records
Iimg and .Ibl files — again can be
brought into ISIS)

CDR-MOSAICs

APL



= CDRs: ‘LEVEL 1’ [To Parent Directory]

571852012 9:28 BM T8R4 aareadme.txt
- 4/4/2011 12:56 PM <dir> galib
= Non-Orthorectified 6/16/2011 1:16 FM <dir> catalog
3/15/72011 9:56 AM <dir> data <«
47472011 12:57 BPM cdir> document
: 9/17/72013 9:50 AM 28574 errata.txt
n
UnprOJeCted 4711752011 4:28 PM <dir> extras
6/6/2012 11:05 AM <dir> index
] ] 4/4/2011 12:54 PM 3182 voldesc.cat
= .img, .Ibl, .txt files l
4/4/2011 12:36 PM <dir> 06700 06799
5/27/2011 10:19 AM <dir> 06BO0 06899
5/27/2011 10:19 AM <dir> 06900 06999
= Products Include 5/27/2011 1019 AM edics 0700007095
0 y 5/27/2011 10:19 AM <dir> 07100 07199
a Cd -> H, V, Re, Im 5/27/2011 10:19 AM <dir> 07200 07299
5/27/2011 10:19 AM <dir> 07300_07399
(4 BandS) 6/4/2012 4:34 PM <dir> mosalics
- ISIS Compatlble [To Parent Directory]
P 4/4/2011 1:16 PM 4745674784 lsz 06B00 Zcd eku 10nl173 vl.img
= merISIS 4/4/2011 1:13 BM 5116 lsz 06800 Zcd eku 10ml173 vl.lbl
5/2/2011 4:57 BM 270515 lsz 06800 Zcd eku 10ml173 vl.txt

APL




Level:2 Data

= CDRSs: ‘LEVEL 2’ [To Parent Directory]
5/27/72011 10:18 AM <dir> housekeeping
= Non-Orthorectified 5/27/2011 10:18 AM <dir> levell
6/9/2011 10:37 AM <dir> levell ¢
) o 5/27/2011 10:19 AM <dir> raw
= Eqwrectangular projections
4/4/2011 12:36 PM l, <dir> 06700_06799
i . 5/27/2011 10:19 AM <dir> 06800 06899
= .img, .lbl, .txt files 5/27/2011 10:19 AM <dir> 06900_06999
5/27/2011 10:19 AM <dir> 07000 07099
5/27/2011 10:19 AM <dir> 07100 07199
5/27/2011 10:19 AM <dir> 07200 07299
| | Mlae gy Vel d
Products Include 5/27/2011 10:19 AM <dir> 07300_07399
a ‘cd->H,V, Re, Im (4 Bands) 6/4/2012 4:34 PM <dir> mosaics
. [To Parent Directory]
o Stokes denoted ‘sl1, s2, s3, s4’
. , 4/4/2011 1:16 PM 4745674784 lsz 06800 2cd eku 10nl73 vl.img
o Cp -> CPR 4/4/2011 1:13 PM 5116 lsz 06800 2Zcd_eku_10nl73 vl.lbl
. 5/2/2011 4:57 PM 270515 lsz 06B00 2cd eku 10ml73 wvl.txt
0 ‘OC’ -> OppOSIte Sense 4/4/2011 2:33 PM 9023205888 lsz 06B00 2cd eku 34nl72 vl.img
4/4/2011 2:28 PM 5110 lsz 06800 Z2cd eku 34nl72 vwl.lbl
a ‘SC’ -=> Same Sense 57272011 4:57 PM 404447 lsz 06800 2cd eku 34nl72 vl.?xt
4/472011 1:32 PM 25107356064 lsz 06800 2cd eku 58nl71 vwl.img
4/472011 1:19 PM 5112 lsz 06800 2cd eku 58nl71 vwl.lbl
5/2/2011 4:57 PM 537884 lsz 06800 2cd eku 58nl71 wvl.txb
1 4/4/2011 1:12 PM 296702920 lsz 06B00 Z2cp eku 10ml73 vl.img
|
ISIS Compa‘tlble 4/4/2011 1:12 PM 4327 lsz 06800 Zcp eku 10ml173 vwl.lbl
.I:2 H 4/4/2011 3:34 PM 563950368 lsz 06B0O0 Z2cp eku 34nl72 vl.img
a nqr ISIS 4/4/2011 3:33 BPM 4328 lsz 06B00 Zcp _eku 34nl72 wl.lhl
4/4/2011 10:44 AM 1569111488 lsz 06800 2cp eku 58Bnl7l wvl.img

4/4/2011 10:43 AM 4328 lsz 06800 2cp_ekua 58nl171 vl.lbl
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CDRs: jpegs are not in the
same place

Look in ‘Extras’ > ‘Quikview’

JPEG Products Include

a

a

‘cd’-> H, V, Re, Im (4 Bands)

Stokes denoted ‘s1, s2, s3,
s4’

‘cp’ -> CPR

‘oc’ -> opposite sense

‘SC’ -> same sense

[To Parent

Directory]

5/18/2012
4/4/72011
6/16/2011
3/15/2011
4/4/2011
9/17/2013
4/11/2011
6/6/2012
4/4/2011

9:28
12:56
1:16
9:56
12:57
9:50
4:28
11:05
12:54

[To Parent Directory]

5/18/2012 12:39 PM
6/9/2011 10:41 AM
4/30/2010 4:17 BPM
6/6/2012 10:24 AM

[To Parent Directory]

4/1/2011 8:49 MM
47172011 8:49 AM
4/1/2011 8:49 AM
4/1/2011 8:57 AM
4172011 8: AM
47172011 9: AM

AM
PM
PM
AM
PM
AM
PM
AM
PM

3277764 ls=z
3951678 l=s=
6385835 ls=
2894629 ls=
3498037 ls=z
5610988 l==z

3523
<dir>
16260
<dir>

06800

THE4
<dir>
<dir>
<dir>
<dir>
28574
<dir>
<dir>

d182

aareadme . txt
calib
catalog

data
document
errata.txt
extras
index
voldesc.cat

extrinfo.txt

orbnum
processing parms.txt

gquikview &

2cp eku

10nl73 vl.ipg

06800

2ecp_eku

34nl172 wl.4pg

06800

2cp_eku

58nl71 wl.ipg

06800

2sl1 eku

10nl173 vl.ipg

06800

231 eku

34nl7d

06800

2zl eku

58nl71
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and 2 ISIS

a mrf2|S|s will process both Level 1 and 2 files in for all
data product arrays (S;, CPR, OC, SC, etc.)

800

800
QW »vo HE W 00O v»vo BHE W
. . Files e
FROM |Isz_02950_1cd_xku_005023_v1.lbl =) FROM |Isz_02950_2cd_eku_00s023_v1.Ibl E]
TO  |Isz_02950_lcd_xku_00s023_vl.cub &l TO  Isz_02950_2cd_eku_00s023_vl.cub 1|
quiew

o QO %56 KD None | [ | P Asvmescae

= To orthorectify
Image use
‘spiceinit’ to
LOLA altimetry
In ISIS3 base
data

APL




Level 3: Near Complete

-~ Polar Coverage

Volume Data acquisition dates Orbit range

LROMRF_0001 2007-07-13 10 2010-01-19 200-2599
LROMRF_0002 2010-01-19 t0 2010-06-17 2600-4493
LROMRF_0003 2010-06-17 to 2010-07-23 4500-4999
LROMRF_0004 2010-07-23 10 2010-12-08 5000-6699
LROMRF_0005 2010-12-05t0 2011-01-23 6700-7302

J

4/4/72011 12:36 PM <dir> 06700 06799
5/27/72011 10:19 AM <dir> 06800 06HS9
5/27/72011 10:19 AM <dir> 06900 0639399
5/27/72011 10:19 AM <dir> 07000 070399
5/27/72011 10:19 AM <dir> 07100 071399
5/27/72011 10:19 AM <dir> 07200 07239
572772011 10:19 AM <dir> 07300 07399

6/4/2012 4:34 PM <dir> mosaics

\ SN

= Polar Mosaics Are available in
S- Band if you dig into
LROMRF_0005 directory

= Resolutions: 32 & 256 ppd

= S, and CPR products

= Both look directions combined

~ Mini-RF



o ‘mrf2isis’ WILL NOT process the mosaics

‘ =y 800 .
o Need to use ‘pds2isis 2 B30 0% s N Rl RIRE]:
85 (23 Q ——— E! = k‘? 800 Isz_xxxxx_3cp_pfu_90n000_v1l.cub @ 38.408% (Gray = 1)

Files

FROM Isz_xxxxx_3cp_pfu_90n000_v1.lbl

IMAGE  |Isz_xxxxx_3cp_pfu_90n000_v1.img

TO Isz_xxxxx_3cp_pfu_90n000_v1.cub

Special Pixels
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Near Comp"lete Global
Coverage

Global S-band is coming
to the PDS

Data set was not in the
SIS for submittal to PDS

Is being reviewed as a
separate delivery to the
PDS

128 ppd

Stokes products, CPR,
OC, SC, m-chi, etc.




Controlled Data Sets coming available soon
(regional)

Isolated collects of roll-derived high resolution
stereo topography

Several rolled collects of lunar poles

1SZ_02261_2CD_OKU_895140_V1
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Monhostatic.Mini-RF DataiSert:

Mini-RF is a highly capable instrument, obtaining data about lunar surface properties,

Tech-demo Mini-RF was only supposed to make a very small number of mono-static
collects.

Mini-RF is a unanticipated and first Global S-band data set of the Moon which the LRO
Project and Mini-RF team is giving the Planetary community.

67% of lunar surface mapped
>95% polar regions covered

>17 TB of (>45 TB with products) Mini-RF delivered to NASA public data archive
(PDS)

The best has not yet been pulled from this data set!

PLEASE SEE LYNN CARTER’S
POSTER # 2152 ON TUESDAY
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BASELINE gm_:m

PLEASE SEE LYNN CARTER’ S -
POSTER #2152 ON TUESD‘AY‘
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Mini-RF Reborn!!!: A Hybrid Dual-
Polarized Synthetic Aperture
Bistatic Radar in Orbit around the

| Duplingie
A ;-J.‘,_Mejé}i.wiré ¢

=

JOHNS HOPKINS UNIVERSITY

Applied Physics Laboratory
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