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Background: Correlation Problem
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• Correlating large models has a reputation for being slow. 

• Parameters are methodically adjusted until model predictions match test data 

within an allowed error. 

Change parameters (e.g., contacts, e*s)

Fix errors (e.g., missing contacts)

Run model

Calculate RMS error

∆𝑇𝑟𝑚𝑠 =
σ𝑖=1

𝑛 𝑇𝑡𝑒𝑠𝑡 𝑖 − 𝑇𝑚𝑜𝑑𝑒𝑙(𝑖)
2

𝑛
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Parallelize between multiple analysts

Use software tools with optimization 

algorithms that automatically test 

parameters

Use reduced order models

• How to Speed up Correlation?
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Misses errors from missing contacts, 

incorrect power dissipations,  

and incorrect or oversimplified geometry.

May not be available.

How? 
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Correlation Problem: VIPER ITM
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• Volatiles Investigating Polar Exploration Rover 

(VIPER) TVAC in September - October 2024. 

• VIPER Integrated Thermal Model (ITM) 

correlation needed to be parallelized to meet 

schedule.

– Large model (no reduced order model)

– Long run times 10-40 minutes (pre-test)

– Model in work: updates to improve its fidelity 

overlapped with correlation timeline

– Thermal Radiant Heat Enclosure (TRHE) 

correlation overlapped with ITM correlation window

VIPER ITM Thermal Desktop Model

# Nodes: 20,019  

# Submodels: 97

# Contacts: 1,327

# Heaters & Heat loads: 186

# Sensors to Correlate: 141

# People (full time): 14 (8)

# Points to Correlate: Hot & Cold Thermal Balance

# Time allotted: 22 weeks

External

Internal

Aft LHP

TRHE

VIPER in TVAC support structure and TRHE



Outline
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• Correlation Problem

• Solution Overview: Veronica

• Creating Breakout Models

• Results

• Correlation Time Survey



How to Parallelize ITM Correlation? Introducing Veronica
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• New model correlation approach developed by VIPER thermal team.

• Specifies how multiple analysts can perform most correlation activities in parallel. 

• Veronica’s Key idea: 

– It is possible to split an ITM into smaller breakout models – each corresponding to a particular thermal 

zone that is mostly independent of other thermal zones.

– Each breakout model can match the ITM’s predictions, within a small error, and be used for correlating 

components within its thermal zone.

boundary

boundary

boundary

boundary

boundary

boundary

boundary



How to Parallelize ITM Correlation? Introducing Veronica

TFAWS 2025 – August 4-7, 2025 9

• Why can we use breakout models? 

– Observation #1: VIPER has several different ‘thermal zones’ that are mostly independent of each other.

– Observation #2: If component A is not a significant contributor to component B's thermal balance, then 

the accuracy of A’s temperature is not that important when predicting the temperature of B. 

boundary

boundary

boundary

Example: 0.4% heat leaving MSOLO goes to its MLI. A 25-35C drop 

in MSOLO MLI → ~3C drop in MSOLO temperatures. 

boundary

boundary

boundary

boundary



Veronica Overview
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#0: Correlate Test Env.

#1: Split ITM into Breakout Models 

#2: Correlate key components 

in each breakout model 

#3: Update ITM

#4: Are all error

targets met

#5: Re-correlate breakout models with key components 

whose error targets are not met, after updating any 

boundary conditions set to ITM predictions.

yes
Done!

no

Steps (some may overlap)
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Veronica Overview: Creating Breakout Models

• Breakout models are cut-down ITM copies.

Step #1: Group components together into mostly independent thermal zones.
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Veronica Overview: Creating Breakout Models

Step #2: Cut-out ‘unimportant components’ the model until it runs fast enough. 

• Replace cut components with boundary conditions set by uncorrelated ITM. 

• Verify predictions agree with the ITM.

Step #3: Define boundary conditions using test data and/or uncorrelated ITM 

predictions. 
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boundary

boundary

boundary boundary

boundary

boundary



Veronica Overview: Creating Breakout Models
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Important Components:

1. Account for the top ~98% of the heat into or out of key components.  

2. Act as reflectors/blockers of radiation between the key components and their 

radiation environment. 

Example: Wheel Well Breakout Model & Sorted Output of SINDA Subroutine Submap 

% 𝐼𝑛𝑖 =
𝑡𝑜𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑖𝑛𝑖

σ 𝑡𝑜𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑖𝑛𝑖 + 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 𝑟𝑎𝑡𝑒 𝑖𝑚𝑝𝑜𝑠𝑒𝑑
 

% 𝑂𝑢𝑡𝑖 =
𝑡𝑜𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑢𝑡𝑖

σ 𝑡𝑜𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑢𝑡𝑖

 



Veronica Overview: Creating Breakout Models

• VIPER ITM had 9 breakout models

TFAWS 2025 – August 4-7, 2025 15

Breakout Model Key Components % of Heat Flow Captured RMS Error ˚C to ITM* Approx. SINDA Runtime

Warmbox

Forward Heat Spreader, Aft Heat Spreader, 

Port Heat Spreader, Starboard Heat 

Spreader, and their Avionics 

>99% 0.5H, 1.2C ~1 minute

Mid-Upper 

Components
Solar Panels, Aft Cameras, Star Tracker >99.2% 0.5, 0.06, 0.1 ~4 minutes

Hazard Cameras and   

Lights
4 Hazard Cameras, 6 Hazard Lights >98%H 0.1 H, 0.8 H ~6.5 minutes

MSOLO and NIRVSS MSOLO and NIRVSS science instruments >99%H 0.85H

1.98C ~10.5 seconds

Gimbal Mast
Gimbal Communication Motors, Navigation 

Motors, and Navigation Lights
>99% 0.85H, 1.98C ~2.5 minutes

NSS NSS (enclosed in the Front Panel MLI)
100%, >99% Front Panel 

MLI H
0.4H ~6.5 minutes

Batteries Aft Battery, Forward Battery >95%
0.8H

4.8C ~30 seconds

Wheel Well Wheel Module, Mobility Module >98% 0.12 ~4.5 minutes

External Bottom Rover kits, Rover release mechanisms
>97% of heat in, >99% of 

heat out

1.8 H

2.0C ~2.2 minutes

% 𝑜𝑓 ℎ𝑒𝑎𝑡 𝑓𝑙𝑜𝑤 𝑐𝑎𝑝𝑡𝑢𝑟𝑒𝑑 = min of all key components in breakout model
σ 𝑄𝑘𝑒𝑦 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡′𝑠 𝑠𝑢𝑏𝑚𝑜𝑑𝑒𝑙→𝑠𝑢𝑏𝑚𝑜𝑑𝑒𝑙𝑠 𝑖𝑛 𝑏𝑟𝑒𝑎𝑘𝑜𝑢𝑡 𝑚𝑜𝑑𝑒𝑙 

σ 𝑄𝑘𝑒𝑦 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡′𝑠 𝑠𝑢𝑏𝑚𝑜𝑑𝑒𝑙→𝑠𝑢𝑏𝑚𝑜𝑑𝑒𝑙𝑠 𝑖𝑛 𝐼𝑇𝑀

*Unless otherwise noted (1) the RMS error is the highest error out of the cold and hot thermal cases, and (2) the percent of heat flow captured is the lowest out of each key 

component for both the cold and hot thermal balance cases. H Designates hot and C cold thermal balance. 



Example: Breakout Model Boundary Conditions

• Boundary surface temperature 

= TVAC sensor’s value:

– Change node directly

– Connect surface to a boundary 

node with a high conductor
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• Boundary set to uncorrelated 

ITM predictions

– No TVAC data available

• Boundary surface temperature

= offset + TVAC sensor’s value:

𝑇𝑁𝑜𝑑𝑒  =  𝑇𝑁𝑜𝑑𝑒  𝐼𝑇𝑀 𝑟𝑢𝑛 −  𝑆𝐸𝑁𝑆𝑂𝑅_𝑇𝐶. #𝐼𝑇𝑀 𝑟𝑢𝑛 + 𝑇𝐶#𝑇𝑉𝐴𝐶  

𝑜𝑓𝑓𝑠𝑒𝑡

Warmbox MLI Boundary

Structure Frame: Boundary  



Outline
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Results:
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#0: Correlate Test Env.

#1: Split ITM into Breakout Models 

#2: Correlate key components 

in each breakout model 

#3: Update ITM

#4: Are all error

targets met

#5: Re-correlate breakout models with key components 

whose error targets are not met, after updating any 

boundary conditions set to ITM predictions.

yes
Done!

no

Steps (some may overlap)

Completed #1 – 4 by 

March 2025 deadline



Results: Implemented Changes from Breakout Models
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• Overall RMS errors 9.99C Cold & 7.44C Hot

• Small increases in error from breakout models to ITM
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Results: Improvement in Correlation
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Overall RMS: 12.1C Overall RMS: 11.7C Overall RMS: 7.4C
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Results: Improvement in Correlation
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Overall RMS: 14.8C Overall RMS: 17.7C Overall RMS: 10.0C
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• Model correlation significantly 

improved after incorporating changes 

from breakout models correlation. 

• Changes included: 

– Updated power dissipations

– Added missing contactors

– MLI ε* adjustments

– Contact resistance adjustments

– Sensor location adjustments 

– Updated LHP and CCHP 

condensing/evaporating constants

– Node refinement of solar panels and 

FWD heat spreader

• “Sustainment Team” phase will look 

at further improving the correlation. 

Results: Improvement in Correlation
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Cold Thermal 

Balance
Hot Thermal Balance

37 key 
components

% 

<5C

% 

<10C 

% Within 

Error 

Goal

% 

<5C

% 

<10C 

% Within 

Error 

Goal

Pre-Correlation 35% 65% 32% 22% 46% 27%
Correlated 
TRHE

43% 62% 35% 16% 51% 19%

Post 
Correlation 

54% 81% 54% 65% 89% 59%



Correlation Time Survey
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• Model correlation has a reputation for being slow, but how exactly slow is it? 

• Polled thermal community for model correlate times and model parameters.

– 16 responses + 11 VIPER models 
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Mars 2020 Rover (2019-2020)

Mars 2020 Stacked Vehicle 

with Simulated Rover (2019)

  [Miller et al. 2022]

Not Shown: JWST Core: 12.9 weeks (~3 months) manual correlation*

Orion Crew and Service Module

Europa Clipper (2024)

NISAR instruments & Reflector

*JWST core semi-automatic correlation 

took 2 weeks [Cataldo et al. 2017]

Sage III ISS Payload 

[Amundsen et al. 2017]MMPACT terrestrial arm

~3 months

VIPER TRHE

VIPER ITM - overlapping TRHE 

correlation time (13 weeks)
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Orion Crew and Service Module

NISAR instruments & Reflector

Sage III ISS 

Payload 

# Sensors N/A: Europa Clipper, & Mars 2020 Models

# Conductors N/A: JWST Core

VIPER TRHE

VIPER ITM - overlapping TRHE correlation time (13 weeks)



QUESTIONS?
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BACKUP
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Example breakout models:
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Hazard Cameras and Hazard 

Lights Breakout Model, inside 

view (center), top view (right).

MSOLO and NIRVSS 

Breakout Model

Warmbox Breakout Model. MLI 

(left image) surrounds heat 

spreaders (right image) which 

are connected by CCHPs (in 

light blue) and cooled by LHPs 

(dark blue).
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