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10t" IRS-MAG meeting — Geometric Performances (1/9)

 The IRS geometric performances relate to the following categories:
a. Coverage & clipping requirements

Dwell overlap & repeatability requirements

Line of Sight stability requirements

Spatial sampling requirements (SSD, SSE)

Inter-band co-registration requirement (RSPE)

Geolocation requirements (ASPKE, RSPKE, IDNE)
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e Categories a. to e. are realization requirements to be met at satellite level once
all the biases are calibrated in-flight

e Category f. are knowledge requirements at system level, i.e. taking into
account the Image Navigation & Registration (INR) ground processing
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10t" IRS-MAG meeting — Geometric Performances (2/9)

* Fine Pointing Mode (FPM) is a

Disturbance Sources of Line of Sight & control/countermeasures versus frequency
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Cryogenic Cooler

» INR domain < 0.002 Hz
» 0.002 Hz < FPM domain < 10 Hz Reaction Whels

Mechanisms exported |
forces/moments ) Scan; COM

» Micro-vibrations domain > 5 Hz

Solar Array Drive Mechanism

pvib domain

Elastomeric Filtering Element
Filtering range

Countermeasures < Reaction Wheel Isolator
Filtering range

AN Tuned Mass Damper
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10t" IRS-MAG meeting — Geometric Performances (3/9)

* How were INR performances
established for MTG-S Satellite CDR? s 7 S § 5o e e e,

| -Scan N/S & E/W target angles, i 1 | RALP injected at R_Sca frame. | | -RW frequencies torseur, |

| -SADM torque, Lo e e T T T | -SADM time series torseur, :
» Numerical models are used to simulate s T e e weamion fom R e} eerrery o ST
the platform FPM attitude, the scan T L v St SemDyreic oo Jvib analyses tool
. . . -including in Flexible multi-body Dynamics: Moc.lel Sat TFs (FEM), including Scan, COM.
a ng I es a n d t h e m | C ro_V| b ratl O n S zaRﬁai;ﬁ;gr‘&axes) Scan, (3-axes, Flexible modes) #Scan closed-loop Bandwidth modeled
transmitted to the LOS S R el ticson: G e

correction residual

» Platform attitude and scan angles time ] ‘

uvib metrics:
LOS w.r.t. R_Inertial

FPM metrics: Scan Pointing metrics:

Se ries’ LOS m Od eI a n d I N R gro u n d R_ACA attitude w.r.t. R_J2000 MO normal angles w.r.t. R_sca

Scan Angles

processing emulator (INR tool) are used P—

to derive the INR performances at Level 1 Conamane 8 5 |———— IR L _ TED& misaignment

catalogues »! tOOI -R_ACA, R_Sca
» FPM, scan and most of the micro- P ————

-focal uncertainty, ...

vibrations data and models are correlated ranging meastrement
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with equipment hardware test results [ LOS Knowledge merics |
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10t" IRS-MAG meeting — Geometric Performances (4/9)

e Absolute pointing and drift

contribute to: O O I
Apportionment of PL-IRS-080 — Coverage <21.1 <333 17.6 18.9 17% 43%
4 Covera ge — to Absolute Pointing Error (APE)
.1e Apportionment of PL-IRS-090 — Dwell <16.0 <12.0 3.1 0.8 81% 93%
v Dwell Overlap & repeatablllty Overlap — to Pointing Differential Error
(PDE) over 10s in EW or 400s in NS
v’ Integrated energy |
Apportionment of PL-IRS-100 — Dwell <30.5 <19.0 13.4 5.3 56% 72%

Repeatability — to Pointing Differential
Error (PDE) over 30 min.

* Pointing jitter contributes to: Apportionment of PL-IRS-300 — Integrated ~ <0.42  <0.43  0.17  0.08  59%  81%
Energy — to Pointing Differential Error
v' Line of Sight stability (PDE) over 9.7

v Integrated energy

NS EW NS EW NS EW
Jitter related budgets account for the  Expression of PL-IRS-290 - LoS stability = <0.30 <030 017 029  44% 3%
latest micro-vibration analysis (x2) as Relative Pointing Error (RPE)

. . Apportionment of PL-IRS-300 — Integrated  <0.27 <0.29 0.21 0.40 21% -38%
prOVIdEd at the MTG-S CDR colocation Energy — as Relative Pointing Error (RPE)
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10t" IRS-MAG meeting — Geometric Performances (5/9)

* Coverage & Clipping

v Coverage with 0% clipping = full visible LAC4 LAC1-3 LAC4 LACI-3
Earth surface above southern LAC PL-IRS-030 — Coverage (clipping) 0 <4 0.9 3.3

boundary and/or below the northern
LAC boundary

v" (Marginal) Non-Compliance from
optimization of dwell pattern

* Dwell overlap

v This is the overlap between adjacent
dwells within a LAC

* Dwell repeatability

v' This is the percentage of coverage NS EW NS EW NS EW
common to two dwells at the same PL-IRS-090 — Dwell overlap >4 >4 47 41  17% 3%
position separated by two repeat cycles

PL-IRS-100 — Dwell repeatability >92 97
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10t" IRS-MAG meeting — Geometric Performances (6/9)

e Spatial Sampling Distance

v' The distance d between adjacent samples shall
be 0.95 < d < 1.05 SSD

v" Non-Compliance caused by optical distortions
and sub-pixel de-selection (dominant)

e Spatial Sampling Error

v Evaluate as the difference between the
estimated grid (characterized on-ground) and the
actual grid at 68% confidence level

* Co-registration

v RSPE: Relative Sample Position Knowledge Error
at 68.26% confidence level

v' Specified i) within a spectral band and ii) between
spectral bands

v" Non-Compliance caused by alignment
uncertainty and chromatism

These requirements are fully allocated to the
instrument (i.e. no satellite or ground
processing contribution), cf. IRS CDR status

PL-IRS-270 — Spatial Sampling Distance

PL-IRS-090 — Spatial Sampling Error

PL-IRS-420 — Intra-band co-registration

PL-IRS-420 — Inter-band co-registration

100

<200

NS EW
<400 <400

<800 <800

79

186

NS EW
345 302

984 935

14%

NS EW
14% 24%

-23%  -17%
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10t" IRS-MAG meeting — Geometric Performances (7/9)

* INR performance scenarios

Nominal

Eclipse

Yaw-fljp manoeuvre
(results from IDCP)

NS manoeuvre
recovery

Increased
landmarks visibility

High inclination
(results from IDCP)

Winter time

-9° sun elevation

Spring equinox

Spring equinox

Winter solstice

Summer solstice

Winter time
-9° sun elevation

Nominal IRS scan (winter configuration)
over 24h starting at 0:00

Nominal IRS scan (winter configuration)
over 24h starting at 0:00

Nominal IRS scan (summer configuration)

starting at 9:30 and ending at noon on
the following day

Nominal IRS scan (winter configuration)
over 18h starting at 3:00

Nominal IRS scan (summer configuration)
over 24h starting at 0:00

Nominal IRS scan (winter configuration)

over 24h starting at 0:00

No manoeuvre
Nominal orbit data accuracy (without
ranging measurements)

No manoeuvre
Nominal orbit data accuracy (without
ranging measurements)

Yaw-flip manoeuvre at 9:00
Nominal orbit data accuracy (without
ranging measurements)

SKM ending at 2:30
Nominal orbit data (with ranging
measurements) and delta-V accuracy

No manoeuvre
Nominal orbit data accuracy (without
ranging measurements)

No manoeuvre
Nominal orbit data accuracy (without
ranging measurements)

Inclination = 1°
Eccentricity = 0.0004
Longitude = 0.05°

Inclination = 1°
Eccentricity = 0.0004
Longitude = 0.05°

Inclination = 1°
Eccentricity = 0.0004
Longitude = 0.05°

Inclination = 1°
Eccentricity = 0.0004
Longitude = 0.05°

Inclination = 1°
Eccentricity = 0.0004
Longitude = 0.05°

Inclination = 2.5°
Eccentricity = 0.001
Longitude = 0°
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10t" IRS-MAG meeting — Geometric Performances (8/9)

 INR simulation results

v' ASPKE: Absolute Sample Position
Knowledge Error at 99.73% confidence
level

v IDNE: Inter-Dwell Navigation Error at
95.45% confidence level

v' RSPKE: Relative Sample Position
Knowledge Position Knowledge Error at
99.73% confidence level

e Additional scenarios and sensitivity
analyses are not showing any
discrepancy or implying non-
conformances at system level; e.g.
recovery time after a manoeuvre

Requirement

IRS nominal performances caareil) Performance Margin
SROReq ©|  Reqtype  model i im | m e |
PLIRS-390 | ASPKE ower 1 LAC ﬂ":lg 23; ig; ::g? ézgg :g:: ZS::
PL-IRS-400 | ASPKE over 1 dwell 'ﬂfl:': ggi ggg ::gg 1?; 2?2,1; gg?}:
PLIRS 410 o R e s os [ e o
PL-IRS-430 | RSPKE between images Tﬁ: IlFT 312 312 ::gg ggg 2;:: ;g::

spocta bands (o i) || 089 0%0 | 027 028 | eow e

IRS eclipse performances RE?::;?:;EM Performance Margin
SROReq ©|  Reatype  model i ym | hm  m |
PL-IRS-390 | ASPKE ower 1 LAC T;‘:IE gg; gg; ::gg 13? ﬂx ﬁ
PL-IRS-400 | ASPKE over 1 dwell Tﬁ"? ggg ggi 122 1;2 ggi gﬁ
PLIRS 410 TR 20 20 e oo |——
PL-IRS-430 |RSPKE between images T;': IE 312 312 182 1?3 ggx ggi
(PL-IRS-420) smiﬁignzztﬁf? o) tm?ﬁ‘f 0,80 0,80 | 0,29 0,28 64% 65%
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10t" IRS-MAG meeting — Geometric Performances (9/9)

* Overview of geometric performances at MTG-S CDR (before close-out)

IRS Geometric Image Quality Status
IRS CDR: clipping C, Lac 4 small NC for west scenario (few points missing on earth im
JRS- p
i iiie = under worst case conditions). RFD: MTG-KT-IR-RFD-0216
dwell overlap PL-IRS-090 C IRS CDR: NC at instrument level, C at system level expected
dwell repeatability PL-IRS-100 C IRS CDR: C on instrument level, C on system level C w margin expected
_ ' IRS CDR: C for ~80% of the pixels (Typical: 90%). Reasons for NC are sub pixel
Spatial Sampling Distance |PL-IRS-270 NC deselection and optical imperfections. No MTG-S system level contributions. MTG-KT-IR-

RFD-0220 (Class A) raised

Spatial Sampling Error PL-IRS-280 C IRS CDR: compliance with small marain (~15m)

ASPKE LAC PL-IRS-390 C MTG-S CDR from analysis of nominal cases

ASPKE dwell PL-IRS-400 C MTG-S CDR from analysis of nominal cases

IDNE PL-IRS-410 C MTG-S CDR from analysis of nominal cases

RSPE IRS CDR: Interband coregistration is NC for worst case when using IA DEA commitment
(chgnne! co- PL-IRS-420 PC values, Intraband coregistration is C. Typical performance would be C for both. MTG-KT-IR-
registration) RFD-0263, i2 (Class A) raised

RSPKE (images) PL-IRS-430 C MTG-S CDR from analysis of nominal cases

Eclipse case PL-IRS-440 C MTG-S CDR from analysis of nominal cases
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