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SFPRex

* Purpose: Reconstruct Frame Position (RA & Dec), Orientation (PA)
and Scale Factors (sfx &sfy) for Each of the Four Band-Frames
Making Up a Single Frameset (along with uncertainties) Sufficient to
Meet Related Requirements

* Related Requirements:
— WISE catalog RMS of 0.5 asec per axis for SNR>20 in one or more bands
— WISE catalog to contain uncertainties for each source
— Will use 2MASS PSC as astrometric reference catalog
— Will provide QA sufficient to validate
— WISE catalog will provide equatorial coordinates (J2000 - ICRS)

SFPRex Peer Review — December 13, 2007 2
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Califomia Institute of Technology FIOW Dia ram e
g SFPRex
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PP Jet Propuision Laboratory FITS CD Matrix —
alifomia Institute of Technology e
SFPRex
CD;1 CDyy cosp -sinpl(l/cosf O)(s;y O
CDy1 CDyy B sinp cosp \-tan8 1){0 s9

p = tan_l (—-CDy5 /CD»y>)

O R
—SInp cosp
S2 = I’CD22

B =sin~! (=rCD,, /rCDy})

51 =I’CD11 *COS/3
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o =same as CROTA2 (pos WofN)

s» =same as CDELT?2 (scale factor in Y)

p = shew (amount by which angle between

X & Y axes exceed 90°
s1 = same as CDELT1 (scale factor in X)
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SFPRex

dx = Ajj+ A1y +A;3y° +Agy’ +Ag X +Apxy + Apzxy’ +Agyxy”
2.2 2.3 3
+A31x2+A32x2y +A33XTYT + A3g X7y +A1X

FAp XY+ A0y + Aggxy?

3
dy = Bi1+B1ay +Bj3y> +B4y> +By1x +Byxy+Byyxy” +Bogxy

2.2 2.3 3
+B31x2+B32x2y +B33X7y" + B3g x7yT +B41x

+B42X3Y+ 1343?63y2 +Bygx 3y

= used in distortion fit but not in pipeline = not used in 2MASS processing

SFPRex Peer Review — December 13, 2007 5
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SFPRex

'X 'X . . cos('9) sin('0)|('s, X,

Y,) \'v,) \=sin(0) cos(O))\ s, ¥,

X, X offset 1n arcsec of band-frame origin from U-system origin
Y, Y offset in arcsec of band-frame origin from U-system origin
0 Rotation in degrees of band-frame axes relative to U-system
s X scale factor to convert from band-frame to U-system

S, Y scale factor to convert from band-frame to U-system

SFPRex Peer Review — December 13, 2007 6
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Califomia Institute of Technology Covariance tO U_System S SFPR e
i cosf sin6 CO-SIGMA XY = Oy, Vi =03
= ] B 5
J " |=sin® cos6 Vir = Oxyr|Oxyf] Vi =0y

v. V

‘ l/t

2
Q . xyu | (T u)T Sx ‘/xf
V. Vv ! 5|V SV, g
AYU yu y| " xf
Oyy = 1/qu = s% Vs cos? 6 + s2 y Vyr sin® 6 - 2|sx y|nyf sinf cos 0
Oyy = ‘\/Vyu = \/s)z, Vir cos? 6 + s% Vis sin® 0 + 2|sx sy|nyf sinf) cos 0
Viyu (sx f % Vyr)sinb cos 6 + |sx y| of (cos - sin28)
Oyyu = sign(nyu) |nyu|
SFPRex Peer Review — December 13, 2007 7
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Frame Adjustment - 1

&SWISE

o

SFPRex

For each W1 detection, find W2, W3, & W4 detections withinr__.Reject alldetections having

W1
Detections

TS

W2 W3
Detections Detections

SFPRex Peer Review — December 13, 2007

more than 1 match
within Boci & Compute

mean position off-
sets relative to W1,
AX ,AY czxn ; ozyn ;
n=W2, W3, W4.
Require dispersions
to be reasonable
relative to source
position
uncertainties.

W4

Detections

8
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BE) Jet Propulsion Laboratory Frame AdeStment - 2

Califomia Institute of Technology e

SFPRex

* Intended primarily for |OC
* Must have at least MinMatch (3) matches per
band (if not, expand r _ by 10% and try again,

up to 100 times)

« RMS Dispersions must be <= Z*RMS Source
Uncertainties (if not, repeat with cases rejected
when offsets > Z*RMS Dispersion from 1*
pass)

 Mean position offsets are subtracted from
source coordinates when computing ¥~ for
merge-group match test only

 Mean position offsets are returned for use in
band-frame position correction

SFPRex Peer Review — December 13, 2007 9
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Califomia Institute of Technology

o

SFPRex

All cross-band pairings of sources are tested for position matching via 2-D x? test
For source #m in band i and source #n in band j:
AX: (iXm B 5xi)_ (an B 6xj)
A= (X = 09, )= 0= 05,)

A=(AX,AY)
1 j inm ; V\‘ m / V\‘n : V\‘ n V\ V\‘\'
Q = IQ m + jQ n = pos j N - i v = .
: V.\‘ym : an . V\jvn . V\'n Vx:\' V\'
1 l Vv B V\‘v W\' W\‘v 2
Ws=Q = — ‘ T = ‘ >, D=V.V, -V
D - V\:\' V\‘ W\‘_\‘ W\' - . h

2P=AWAT =W AX?+ W AY? + 2W AXAY
VAX?+ V. AY? - 2V AXAY
) D

Source pair is a match if x* < szax (6; implies 5% real matches sacrificed for
reliability)

@ SFPRex Peer Review — December 13, 2007 10
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¥ Jet Propuision Laboratory Merge Group Generation -2 — =

Califomia Institute of Technology

o

SFPRex

* Each source in a merge group must match at least one other source in
that group

« No source may have more than one match in another band; if any
does, all sources are rejected from membership in any group

« Merge groups are bookkept in arrays of source indexes, MG(Ng,4); for

example, if group #17 consists of W1 source #21 and W3 source #9,
then MG(17,n), n=1to 4,is {21, 0, 9, 0}

« Denoting the members of a given group as {G}, position refinement is
performed to obtain the group position and uncertainties as follows:

i i
W = i Q -1 ati 1 V) - V\'_V
= - . . . 2 . .
i€ G} 1‘526} lVr IVv B IV\‘_V - IV\‘_V IV\'
-1
refined = W
;
X o Q i Q -1 X
Y - refined 2 - y
refined i< G}
SFPRex Peer Review — December 13, 2007 1"
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Ao atios and Spce 2MASS Stars Selected for 4wisSE

Y Jet Propulsion Laboratory

Califomia Institute of Technology Use as AStI'()metI'iC References SR e

SFPRex

e Current Selection Criteria
— Taken from Point Source Catalog (PSC)
— Clean (Unconfused, not a known asteroid, ..)
— Have Ks magnitudes between 5.5 and 12.0
— Results in 30 million sources
— Counts per frame vary with sky position (average 446)

« Some Uncertainty- % 2MASS Sources Visible/ WISE Band

« Seclection Can Be Expanded to Increase 2MASS References
— Can increase Ks magnitude range to 4.5 to 14.5
— Still retain 0.1 arc-second accuracy

SFPRex Peer Review — December 13, 2007 12
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wamnenon o 2MASS Positional Accuracy @WISE

Califomia Institute of Technology VS Ma nltude e
g SFPRex
= T T T T T T
! " i KEY

@ - .
= i Tycho-2(1)
=
3 I Tycho-2(2)
n . cho-
,._SI:‘: 8 1 : ti Y

[AV] |
N _:.:HT‘I:’ e
n i
§ ."“ 7 ZMAS S
> i1 OverLaps
ko) !
(] DA
.2 . I:’“

o) _
P ] l ] ! ] |
2 4 G a 10 12 14 1G
K Magnitude
@ SFPRex Peer Review — December 13, 2007 13
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SFPRex

Set up Separation Bars Between Pairs of Sources

— Consider all possible bars within 2MASS & WISE Merge Group sets
» Brightest Idepth (set to 99) sources
* Minimun separation of sepmin (set to 60 asec)

« Set up Bar Match Candidates Between 2MASS and WISE

— Max difference in PA between candidate bar pairs of toldpa (set to 4000 asec)

— Max difference from 1.0 of bar length ratio = tolds (set to .015)
» Force Exact Alignment of Candidate Separation Bar Pairs

— Use Two-Peg approach from 2MASS to Torque WISE Merge Group Set

— Compute and save source match counts & required adjustments AX, AY, 6, sf
» Evaluate Probability That All Source Matches Spurious
* Option controlled by useals:

— Compute trimmed average of adjustments for bar pairs with best source match counts
* Option controlled by twkmch:

— Do 5-parameter fit using all source match => (x, dy, do, dsx, dsy

SFPRex Peer Review — December 13, 2007 14
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Separation Bar Matching

& WISE

o

SFPRex

(Simplified Illustration)
®*
WISE o
o
¢ ®
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WISE & 2MASS
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o Two Peg Source Match Counts ©wiISE

Y Jet Propulsion Laboratory

Califomia Institute of Technology Identify GOOd Sep_Bar MatCh RN e

SFPRex

*x %

WISE Merged Groups

SRR

2MASS Reference Stars Source Match Count => Good Bar Match

@ SFPRex Peer Review — December 13, 2007 16
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5 ﬁitriﬁfi'?a?i?ﬁ atﬁc:a"d Space Two Peg Solution L&SWISE
et_ ropu sior_n aboratory . T e
Califomia Institute of Technology Merge Group AdJUStmentS - e

Force Merge Group Position to Match Reference Star Position at PEG Point 1

8X,1| (AX) (cos6 sin6 st X 1 "X 1
= + —
8y, ) \AY) \-sinf cosO)\ sf *Yr1 ) |7y,

Force Merge Group Position to Match Reference Star Position at PEG Point 2

8X,5| (AX) (cosO sinO\sf*Xp) (Tx ,
= + =
8y, | \AY) \-sin@ cosO)\ sf *Y¢r | |y ,

Provides 4 Equations in 4 Unknowns => AX,AY ,H,Sf

Note: This solution does not depend on the parameters being small
It does assume equal scales in X and Y

SFPRex Peer Review — December 13, 2007 17
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Admnaon Probability All Matches &HWISE

Y Jet Propulsion Laboratory

Califomia Institute of Technolo .
gy Spurious a

SFPRex

Poisson probability for n events given an average of m events 1s

e m"
P(nl m) =
n!
Probability that no random match will occur 1s
e_Nrand 0
P(Ol Nrand) = o rand = e_Nrand

Probability that at least one random match will occur 1s
P01 N,y ) =1- e Nrand

It N, are found, the probability all of them are spurious 1s

e_N rand NN matches
rand

atches

P(N matchesl N rand ) = |
N matches:

SFPRex Peer Review — December 13, 2007 18
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Admnaon Linking Band-to-Band HWISE

/' Jet Propulsion Laboratory

Califomia Institute of Technology and Band'tO'Ref o e

SFPRex
Wl VS REF Wl VS W2 Wl Vs W3 Wl Vs W4
W2 vs REF W2vs W3 W2 vs W4
) W3 VSKREF W3 Vs W4
W4 vs

@ SFPRex Peer Review — December 13, 2007
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\ Administratio_n Small AdeStment "‘@’WISO/E
~- éztlifzﬁgullzlsot?tbfebg:a 'F:gmology Paramet ers YRR .

SFPRex

l l l . . :
Au0 <= .X”O +. AX ‘s, =5, (1+ ldsx)
lYuO < ZYMO + lAY .
l

l l
; ; ; Sy <= Sy(1+ dsy)
0<= "6+ 'AO
P = 'AX,Py =AY, Py =00, Py = 'ds,, Ps = lds,

Ps = *AX,P; = “AY, Py = *A0, Py = °ds,,, Pj = “ds,

Pll = 3AX, P12 = 3AY, P13 = 3A6, P14 = 3de,P15 = 3dSy

P16 = 4AX, P17 = 4AY, P18 = 4A9, P19 = 4de,P20 = 4dSy

SFPRex Peer Review — December 13, 2007 20
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Califomia Institute of Technology o

y Jet Propuision Laboratory
E quathIlS SFPRe);

2 2 2 2 2
X =Xwwt Xwr T Xaw T Xar
szvw = Xz sum of all WISE - to - WISE (band - to - band) differences

ng = Xz sum of all WISE - to - Ref differences

ng = X2 sum of parameter changes from apriori values

Xﬁ,, = Xz sum reflecting changes in apriori band - to - band alignments

2
5
X _0,n=110 20
oP,

Provides 20 Equations in 20 Unknowns

SFPRex Peer Review — December 13, 2007 21
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Admnraion X Summation & WISE

Y Jet Propulsion Laboratory

Califomia Institute of Technology (WISE tO WISE) SR e

SFPRex

B . . 2 . . . 2
JZW)le(lXun — ]Xum) + ]iWynr/lz(lYun — JYum)

i=1 j=i+1 n=1 m=1|7 2 JlW)gfln(lXun - ]Xum)(lYun - ]Yum)

[ = primary band number
j = secondary band number
n = WISE source number within primary band

m = corresponding WISE source number within secondary band

SFPRex Peer Review — December 13, 2007 22
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N ﬁgt Pro:m:sion Laboratory X Welghtlng FaCtorS ,,QWISE
Califomia Institute of Technology S e
SFPRex
l J
iwm _ Yy, + "Vyu,
ixn T . . . . . 2
l l l
( qun t Jqum )( Vyun t ]Vyum ) - ( nyun t ]nyum )
l J
ij _ qun + qum
AT j i j : j 2
( Vi, + "V, )( Viu + "V ) - ( Viu, + "Viyu, )
_[? J
jyym ( Vayu, * " Vayu, )
T j ; j : j 2
( Vi, + " Viu, )( Yyu, + " Vyu, ) - ( Viyu, + " Vayu, )
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SFPRex

--i k i r 2 ivizk [1 r 2
: Wxn(Xun_ Xuk) T Wyn(Yun_ Yuk)

(s |
i=1 k=1n=1|*%2 lnyn(lXun = rXuk)(lYun - rYuk)

i = band number
n = WISE source number within band

k = corresponding reference (2MASS) source number
W =0 when no match; otherwise as with WISE - to - WISE

SFPRex Peer Review — December 13, 2007 24
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Y Jet Propulsion Laboratory

Califomia Institute of Technology ( Aprlori _ Parameters) ! SFPR o
) o liax? iav? iae? fgs 2 ldsy”
Xar = e N A

i1 i Vx0 VyO Voo Vdsx0 VdsyO |

'K qr = user supplied multipler for band 1

ion = apriori variance AX of band 1
ion = apriori variance AY of band 1
ion = apriori variance Af of band i
insx() = apriori variance dsy of band 1

i o .
Visyo = apriori variance dsy of band i

SFPRex Peer Review — December 13, 2007 25
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Manually Inserted

Aiﬁﬁﬂf‘s't’?a?f.f_’r? auliesnd Space Pseudo S @WIE/E
B Lo Propion Lot ey seudo sSources 7
SFPRex
\ * \
> X
v\
W3 > 4
x X,
W4 x
> >3
Iy =512.0 x ly. =8533x
pofl : x> pifl ' y
lv 1 ly 1
pXf2 =2164x sy, pYpp =3413x s,
lv 1 ly 1
. pXr3 =807.6 x sy, plp3 =3413x s,
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Califomia Institute of Technolo . . - - o
R e RS (Apriori - band to band) _—
3 4 3 . . . 5 . . 5T
. n l n l
X2, = E E TK E Wox pXun=pXun) ™+ Wiy (Yun=hYun)
=1 j=i+1 n=1 _+2]iW];lxy(plXun_p]Xun)(];Yun_]])Yun)

i = primary band number

Jj = secondary band number

n = manually inserted proxy source number

; K ,,, = user supplied multiplier on band 1 to band j coupling

JiWI'}x = x component weight of band 1 vs j for manually inserted point n

SFPRex Peer Review — December 13, 2007 27
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Assigning Uncertainties to oo

ational Aeronautics and Space 27 : .

.y Administration ‘,‘;@’ WI S E
=y Jet Propulsion Laboratory the 20 Parameters = ——

Califomia Institute of Technology SRR e

SFPRex

The matrix equation for the Xz minimization takes the form:

Ax=0b

The equation can be solved by taking the inverse of matrix A

X = A_lb

Fortunately for a linear system the the error covariance matrix Qp 1s just A inverse

-1
Q2,=A4

Taking square - roots of the diagonal elements of Q, provides sigmas for all parameters

SFPRex Peer Review — December 13, 2007 28
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(au A, Az Ay alS\(AX\ (bl\

dy Uy, Ay Ay Uy AY b,
dy dy Uiz Uy Ui AO |=|b 3
a, 4y, 4y 4y G|l ds, b,

\ds51 Usp ds3 dsy ass/\dsy/ \Ds |
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SFPRex

Assume it 1s desired to fix ds, and ds, at their a priori
values ds,, and ds,,; the reduced matrix equation becomes:

/an d, a13\ (AX) b - a,ds,— a; dSyO \

A, A, A4y ||AY

b, — a,,ds., — ay dSy()

\ U431 U3 A3 \AG \b3 = Ay, dS,y — Ass dSyo/
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Califomia Institute of Technology (Constrained: de — dSy ) : e

SFPRex

Consider forcing the x and y scale changes to be equal
(solving for ds = ds, = ds )

Achieved by adding together the rows and the columns
associated with scale changes

[ a, a, a., a, +a. \(AX) ([ b, )
) Ay Ay3 Ay T dys AY'| b,
s as, 53 Ay, + Ay A6 b,

\dy T a5, Ay tds, A+ dg a44+a45+a54+a55)\ds/ \b4+b5)
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o Testing and Parameter Tuning @ wiISE

SFPRex

e Testing:
— Robustness testing of pattern matcher
» High and low source densities
» Large apriori position errors
 Sensitivity to brightest WISE sources matching brightest 2MASS
— Testing of 20-parameter frameset fitter
» Explore band-to-band and band-to-ref count parameter space

* (Consider effect of no band-to-ref counts for band 4

e Parameter Tuning:
— Set pattern match parameters such that
« Unlikely a good match will be rejected
» Very unlikely a bad match will be accepted
— Set K, weighting factors
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» The 20-parameter fit not yet implemented in SFPRex.

* Qutlier detection and rejection algorithms have not yet been designed.
» SIS’s have not yet been written for any output files.

» How to handle lack of proper motions in 2MASS PSC

» Uncertainties coming out of pattern matcher (apriori inputs to frameset fitter)
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