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Progress Since January, 2010 Team Meeting

Hardware built and tested.
– FPE Engineering Model board
– Telescope and supporting structure
– Functional Performance Model (FPM) – Assembly of Telescope and FPA
– SSM electrical and mechanical breadboard.
Pointing control requirement achieved

Phase I FPM testing completed.
Temperature control board successfully tested on blackbody
Flight arrays selected on schedule in April.

– Flight FPA in fabrication
Filter fabrication contract in place

– Filter spectral shape defined
CDR April 27-30, 2010
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TIRS Schedule

TIRS aggressively tracks and manages schedule.
Treat every subsystem as if they are on the critical path.

– Many have been in the last year.
Continually update and manipulate schedule as needed.

– Manage as if in I&T
– Change order of testing, etc., as availability of hardware changes.  
Heavy Ion testing done early.
Vibe vs. shimming on the FPM.

– Adopt new approach to regain slack.
Mechanisms changed to protoflight approach when encoder design 
approach changed and schedule lost 3 months.
MEB changed to protoflight approach
Electrical pre-integration deleted in favor of earlier testing using test beds.

Over last 1.5 years, invested 2 weeks of schedule reserve.
– 2.5 months remain.
– Critical path is the telescope with one day of slack.
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TIRS Master Schedule
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TIRS Block Diagram
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TIRS Overview
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TIRS on LDCM Spacecraft 
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Telescope

Status
• Engineering Models of 

telescope and FPA 
completed, tested, 
integrated, and tested 
as a unit in the FPM.

• Flight lenses and filter 
procurements awarded.

• Telescope temperature 
set point from 180 to 
185K

• Thermal focus control 
verified
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Focal Plane Array
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Status
• Epoxy pattern between silicon 

substrate and Invar changed from 
‘dots’ to more complete coverage

• Wire bonds changed from Aluminum 
to Gold.

• Filter Holder changed to move 
scattering surfaces  further from 
active rows 

• “Dark Mirror” surface treatment
• Similar to OLI design

• Flight Detectors selected.
• Engineering Models of telescope and 

FPA completed, tested, integrated, 
and tested as a unit in the FPM
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FPA Wire Bond Failure and  Path Forward

On March 10th, a vibration test was performed on the Functional Performance 
Model as part of the planned focus testing
– Following vibration, all three of the detectors were non-operational.
– Upon inspection, it was determined that several wire bonds failed

Design changes for flight FPA
– The epoxy pattern between the silicon substrate and the Invar baseplate was 

increased.
– Gold Wire Bonds will be used.  

A mass simulator of the FPA was built with flight design and processes to 
qualify gold wirebond process.
– This simulator was vibrated during the week of May 17 2010

Vibe test was successful
– All arrays operational after test
– Wirebond inspection showed no issues
– FRB  considers this test to have qualified flight wirebond process
– Flight FPA being fabricated with this process 
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Example of QWIP yield

12

Number of perfect rows meeting NEΔT ≤ 0.33K 

Number of rows and corresponding number
of non-compliant pixels not meeting NEΔT <0.33K 
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Scene Select Mechanism
Status

• Breadboard SSM operating 
and meeting the 2 arcsecond
requirement.

• Flight Housing and Spindle 
fabrication complete

• Lightweighted scan mirror 
changed to flat-back pocketed 
design to ease fabrication 
complexity.

• ¼-wave flatness achieved
• .BEI schedule continues to be 

a risk, but subsystem slack 
remains >30 days
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Focal Plane Electronics

Status
• Engineering Model 

completed.  
• Moved location of box 

from –Y to +Z side of 
structure

• EM Testing successfully 
produced images

• Final flight design ready 
for manufacturing

• Engineering Model ASIC 
Microcode delivered and 
operating.
•Crosstalk easily 
meets specs
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Cryogenic Subsystem
Status

• Component testing completed 
validating thermal model of 
conductance path between 
cryocooler cold tip and FPA.

• EM Cooler Delivered in place, 
December, 2010.

• FM build underway, flight 
delivery expected November, 
2010.

Currently working RFAs and risk 
of cryocooler reliability / life 
concerns.
Initial exported vibration level 

results indicate that the vibration 
disturbance may be higher than 
expected

• Change in vibration 
suppression code are being 
made with Goddard oversight
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Cryocooler Reliability  

The Engineering Model cryocooler, after an unrelated anomaly, was 
disassembled.  Areas of mechanical wear were found.
– The Engineering Model was not built for the TIRS project, but was a prototype 

built by Ball for their own use.  Strict workmanship and quality standards were 
not followed during the build.

– The TIRS Flight Cryocooler already incorporates design modifications that 
correct the design issues that were uncovered in the EM.  

The cryocooler thermo-mechanical unit has been designed for no mechanical 
wear and for infinite life.
– 544 has reviewed the design and concurs

As risk mitigation, additional oversight is planned at Ball
– Procedure reviews and GSFC cryo branch (552) personnel presence during 

all steps of assembly.  8 weeks of coverage planned.
– On-site GSFC badged Quality Engineer.

Presenter
Presentation Notes
Design has no life-limiting parts, designed for infinite lifeReview design changes that addressed all areas of concern from the EM cryocoolerProvide additional oversight at Ball during manufactureDocument in plan for GOLD Rule waiver and for CDR RFAAs back-up investigate potential for information from life test unit being performed for DoD project.
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Thermal Design
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Thermal Zones:
Warm End
-Scene Select Mechanism (273-293 K)
-Scene Select Mirror & Baffles (≤293K)

-Stability ±1K (35 sec)
-Stability ±2K (44Min)

-Blackbody Calibrator (270 to 320K)
-Stability ±0.1K (35 sec)

Cold End

-Tel Stage: Tel Assembly (185K)
-Stability ±0.1K (35 sec)
-Stability ±0.25K (44Min)

-Warm Stage: FPA Shroud (<100K)

-Cold Stage: FPA (<43K)
-Stability ±0.01K (35 sec)
-Stability ±0.02K (44 min)
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Thermal Design
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XY
Z

Status
• All major analyses, steady 

state and transient, 
completed.

• Design meets 
requirements

• Major procurements are 
released or planned.

Warm Stage FCL

Courtesy SDL

Tel Stage FCL

Courtesy SDL

Tel APG Bar

Courtesy Thermacore
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Earthshield Assembly
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XY
Z

Status
• ESDM:  ETU and FM 

hinge pieces begun 
fabrication.  Bearings and 
ERMs delivered.  Other 
procurements on order.
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Main Electronics Box (MEB)

Status
• Significant design changes 

throughout the MEB
• TCB was bang-bang control and 
now is digital controller 
implemented in an FPGA.

• Resulted in significant PCB and 
CDH Board changes as well.

• HSIB in fabrication
• Backplane in fabrication
• MCE ready for layout review, then 

fabrication.
• CDH, TCB finalizing detailed design
• PCB:  evaluating power margins and 

potential required design changes.
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6 Boards and a backplane
Redundant Mechanism Control 

Electronics (MCE – A, MCE – B)
High Speed Interface Board (HSIB)
Command and Data Handling (C&DH)
Thermal Control Board (TCB)
Power Control Board (PCB)
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6/1/2009 12/30/2011
7/09 10/09 1/10 4/10 7/10 10/10 1/11 4/11 7/11 10/11

TIRS PDR
5/27/2009

TIRS PSR
12/30/2011

FPM Testing I&T Margin

CSS 

• Structure design allows 
flexible Integration Flow

• Cost contingency for multiple 
shifts

                CSS
• GSE Cryorefridgerator
• FPA Test Unit
• Mounts / Structure
• Heat Straps

                FPM
• Telescope
• FPA
• Thermal Isolation System 

– FPA and Telescope
• Calibration GSE

TIRS CDR
4/2010

TIRS PER
5/2011

Component

Elect I/F

     Electrical I/F
• MEB Test Bed
• EM FPE
• FPA Test Unit
• I&T EGSE
• SIS

Thermal

            Thermal
• CSS configuration
• TCB BB
• Telescope EM
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System Risk Mitigation Testing
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CSS-Risk Mitigation Testing
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Integrate all Hardware  for Telescope and CSS (except Cryocooler) 
Measure End-to-End Thermal Performance 
Characterize Performance of Four Heater Control Zones (BB TCB)
Determine Parasitic Loading on Cold and Warm Stages
Modify Hardware if necessary
Correlate Thermal Models Dual Stage Test 

Cryorefrigerator

Bldg 7, Chamber 237

Test 
Article

Telescope & FPA 
isolation shells

Telescope 
(185 K)

FPA Thermal Unit 
(<43 K)

Thermal 
Shields/ 
Shells

All EM Heat 
Straps and 
APG Bar 
included
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FPA 80 micron bond

Cryo-Subsystem Component Testing

– Component-level tests of the cold path have been executed to validate 
thermal model assumptions, and so increase the confidence level in thermal 
model predictions.
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FPA 20 micron bond

FPA to heat strap end block
Cold-Stage Heat Strap

Coldtip to Heat Strap

Presenter
Presentation Notes
Change words of Pre-CDR mitigation to component level
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Electrical Interface Testing

Planned to start in November 2010
Includes all TIRS electronics with 
the exception of Cryocooler
Electronics.
• Investigating upgrades to 

Cryocooler EM that would allow 
use in this test.

Validates all interfaces with the 
MEB.
Allows early check-out of flight 
electrical integration procedures.
Minimizes time for Flight Electrical 
integration.

Certify STE Integrate MEB Test 
Bed

Integrate FPE EM
Integrate FPA 
Electrical test 

unit

Ambient Functional 
Test
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Presenter
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Update flow to show electrical integration.I&T flow chart instead.Maybe add some notes.
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Functional Performance Model (FPM) Test Purpose

 FPM testing is a risk reduction strategy involving subsystem testing in a flight 
or flight-like configuration
– Allows early identification and mitigation of design issues

 FPM configuration evolves as critical systems become available
– Initial FPM tests used flight like optics and focal plane assembly (FPA)
– Later phases will add systems such as the scene select mirror (SSM) and 

high fidelity focal plane electronics (FPE) 

 Preparation for flight performance testing and calibration
– Developing and testing GSE
– Experience with calibration equipment
– Develop algorithms and procedures
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Focus sweeps and fine pointing 
achieved by moving the 
blackbody light source with 
respect to the OAP focus. The 
ratio of cal GSE focus change to 
FPM focus change is ~ 33:1 (i.e. 
1 mm change in OAP focus 
corresponds to ~30 µm change 
in FPM focus) 

FPM 1 in Chamber with Calibration Equipment

Presenter
Presentation Notes
By moving the aperture with CGSE stage we move the system in and out of collimationWe always use aperture size to illuminate 2 pixels
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Summary of FPM 1Testing Results

FPM testing previewed many of the calibration and acceptance tests
– Calibration equipment operated by EGSE

Optical data obtained with 300 – 500 K blackbody target 
– Data flow path established
– Procedures developed

In-Chamber operational procedures developed
– Initial optical alignment maintained from room temperature to operational 

temperature
Use of lens temperature as focus adjust mechanism verified
Wavefront error (image quality) meets requirements
Required signal to noise ratio ~ 300 obtained on individual frames

– Better performance expected for flight FPA
Pathfinder FPA temperature elevated because of previously identified design issue - flight FPA fixes this

 Performance metrics validated
– Individual tests described on following charts
– Data obtained primarily with 500 K source

FPM1 testing ended with vibration anomaly
Cal GSE returned to ATK for update to Phase 2 system 
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Focus and Tilt results

Best focus position measured 
with through-focus sweep in 
TVAC test by changing 
collimation of incident light 
source
New set of shims machined 
and lapped to within 0.0002” of 
desired value to correct tip/tilt 
and piston of focal plane
Next focus test shows 
overcorrection of piston by 
~40% and incorrect tip/tilt. The 
magnitude of the tip/tilt change 
does not correspond to a 
+40% change.
Another round of shimming 
showed same piston over 
correction, but much better 
tip/tilt adjustment.
The cycle test, 1-D, shows 
very little shift if any.

1A 1B 1C 1D

Z (um) -246.9 +102.9 -45.7 -50.9*

Rx (rad) +0.002098 +0.001036 -0.001797 -0.001977*

Ry (rad) -0.001094 -0.001452 +0.000516 +0.000925*

*There is some evidence that this shift is real, although it is close to 
measurement error 
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Focus Results and Ongoing/Future Work

Focus meeting requirements can be obtained by thermal adjustment
– Focus offset can be compensated by lens temperature changes of ~

2.5°, well within ± 5° control range
TIRS team has done additional analysis and experiments to determine 
cause of focus overshoot
– Independent review team has provided input 
– At present no “smoking gun”

Have independent designer building optical model of system in non-
ZEMAX software
Continue testing with Phase 2 calibration GSE

– Carry out pull tests on thermal strap with known forces
– Carry out multiple cycle tests 
– Re-verify cal scaling (at temperature) at ATK
– Testing scheduled to start August, 2010



LANDSAT Data Continuity Mission
NASA GSFC / USGS EROS 30

0.13 Degree Circular “Hockey Puck” Target 
Placed on Window Edge

Expanded image scale
transects

0.13° extended target result of 0.5% scattering  is close to  
ghosting requirement  (<2% of a 300 K target at 30 pixels)

New filter holder design moves edges from active area 
and reduces scattering sources above filter

Flight  design has 10 more rows in active area
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Scattering Results and Ongoing/Future Work

Scattering performance appears to meet requirements 
– But scattering off window edge is of concern

Filter holder redesign eliminates scattering sites.
– Similar to design used for OLI filter holders
– Dark mirror coating low reflectance treatment improvement over Z307
– Distance from window edge to active rows increased

DMC

DMC
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FPM Path Forward

Phase 2 calibration system returned in mid-July, 2010
– Flight test system
– Includes uniform flood source and steering mirror
 Rebuild FPM using pathfinder FPA with redesigned filter holder
Redo vibration focus test

– Includes refocus and several thermal cycles
– Measure scattering behavior 
Establish root cause of focus anomaly
Add SSM and go to vertical configuration
Begin detailed pointing geometry measurements
Continue to improve GSE, algorithms and procedures
Incorporate additional flight-like systems as they become available 
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Calibration

Calibration tests are designed to 
understand the sensor behavior
Requirement verification is 
necessary but not sufficient for 
sensor characterization
– L 4 requirements
– Special Characterization Test 

Requirements (SCTR)
– Verify vendor-supplied test data

Calibration GSE requirements 
defined to satisfy calibration tests.
Calibration GSE is NIST 
traceable.
TIRS Performance measured at 
component, subsystem and 
system level.
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Component

Acceptance and
calibration tests

System
Subsystem

Calibration/Validation
Plan

Requirements

SCTR

NIST standards

Level 4
performance

     Test
definition

L4
Verification Matrix



LANDSAT Data Continuity Mission
NASA GSFC / USGS EROS

Calibration Tests
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Measurements 
TIRS Calibration Tests

Flood 
Source

Spectral 
Source

GeoRad
Source

On-Board 
Blackbody 

Spectral Responsivity X
Focus Position X

Stability X X
Uniformity X

Spatial Shape X
Radiometry X X

Cross Calibration of internal BB and 
NIST Cal BB X X

Stray Light X X
Bright Target Recovery X

Noise X
Thermal Dependence X
Geometric distortion X

Boresight X

Presenter
Presentation Notes
Combine into one chart with next chart
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TIRS Algorithms Design Summary

Reuse legacy knowledge, documentation, and software where possible from 
legacy missions
Mimic LDCM/OLI algorithm flows where possible
Create Algorithm Testbed system prior to FPM readiness

– Reuse DCL system design and experience in developing FPM data system
– Will mature along with the FPM toward the instrument calibration system
– Begin TIRS data processing and software version control

Create Algorithm Toolkit to process on-orbit TIRS data
– Algorithm descriptions and code available to project

Implement Algorithm Toolkit on Calibration Test System
– Support ground calibration and characterization
– Support in-flight commisioning activities

Deliver Algorithms to USGS
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Algorithm Team Coordination

TIRS Algorithm 
Implementation 

Team

LDCM 
Cal Val
Team

TIRS 
Calibration Team

•FPM and Pre-flight 
characterization and  
instrument testing.

•Characterization Requirements/Evaluation
•Coordination with OLI Development

TIRS 
I&T  Team

USGS
EROS Facility

 Pre-launch algorithms for testing and characterization : 

• Phase I and II Algorithms delivered

• Phase III Algorithms due October 2010

•Pre-flight characterization
•In-Flight instrument commissioning / calibration
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TIRS QWIP and Filter Response – 10.8 µm band
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TIRS Band 1 - Across Field Uniformity of Radiance from 
330K BB – Flat-fielded on 300K target

Detector spectral non-uniformity small contributor to overall 
non-uniformity in this example (requirement is 0.5%(1 sigma))
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Array Summary and remaining work

Sufficient rows can be found in each filter band to obtain 
100% operability 
• Many more combinations than shown here
Requirements met as defined now but system 
performance may be improved by: 
• Optimizing choice of rows

•Will use different rows in each array
• Within pixels that meet other requirements, selecting those that 

maximize spectral uniformity
Plan to carry out DIRSIG simulations that include 
measured spectral responses.
Approximately 10 arrays remain in wafer batch
Array characterization proceeding to identify flight spares 

Presenter
Presentation Notes
Telescope qual level vibed prior to test, FPA shells cyro cycled, FPA qual vibed and cryo cycled 
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TIRS Status and Upcoming work

All systems are meeting their requirements
Schedule, while aggressive, is being met

• Very active scrutiny

Over next 6 months.
• FPM tests will continue and start to include more flight-like 

configurations
• Flight I&T begins end of 2010
• Detailed thermal tests will be carried out 
• Flight focal plane will be coupled to flight filters
• Comprehensive review of electrical system on July 21
TIRS is benefitting greatly from active support of all partners
Open invitation to all science team members to tour facilities 

Presenter
Presentation Notes
Telescope qual level vibed prior to test, FPA shells cyro cycled, FPA qual vibed and cryo cycled 
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