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SCS is an internal calibration subsystem meant to improve quality and measurement 
offset of radiometric calibration using two calibration targets of known values 

Sentinel-6 Michael Freilich Satellite Advanced Microwave Radiometer 
- Climate Quality (AMR-C)

Supplemental Calibration System

AMR-C SCS

WHAT IS SCS?
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Trend-plots & Spreadsheets Querying, Processing, and Motion 
Detection

SCS Subsetter is an internal script designed to query SCS datasets, process 
the data, and identify SCS movements to produce statistical outputs

Gather SCS datasets (via Testing/
Flight)

WHAT IS SCS SUBsetter?
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iSSUES

01

02

03

04

05

Insufficient Runtime Speed

Insufficient Data Processing

Absence of Batching During Reading

Readability and Modularity

Extraction Anomalies
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INSUFFICIENT RUNTIME SPEED
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file
‘*kwrd*.csv’


str

Raw Recursion
Runtime: 2h 4m 55s Runtime: 0h 2m 4s

$
 fd -e csv “VOLTS” .

Parallelized Recursive Directory Traversal
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Insufficient Data Processing
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02

Original VOLT files accessed by the subsetter script
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Insufficient Data Processing
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Null Values

Duplicates

02

Original VOLT files accessed by the subsetter script
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03

Lack of read & write verification (REAL skip file estimate: ~1700)
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Absence of Batching During Reading
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03

1

2

4

3

Master TGSE File iteratively appends VOLT data

Master Spacecraft File iteratively appends VOLT data

Lack of parallelization for large repetitive tasks

No pre-processing (cleaning) of VOLT or GNSSRO data 

prior to motion extraction
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Absence of Batching During Reading
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Stack-overflow raised after maximum recursion depth is reached

03

stack overflow got RAM?
Excessively deep recursion Running out of RAM when loading vast data file
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Readability and Modularity
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04

1

2

4

5

3

Lack of modularity decreases developer efficiency

DRY: Do NOT Repeat Yourself

Long and Complex Scripts are hard to follow

Reusability is King. Group data and methods as classes.

Compile with all possible warnings active (The Power of 10 Rules)
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eXTRACTION ANOMALIES
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Good Good

05

Extracted Full Motion containing all identifiable statuses
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05

Extracted Full Motion containing all identifiable statuses

August 13th, 2024



eXTRACTION ANOMALIES
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05

Extracted Full Motion containing all identifiable statuses
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oBJECTIVE OF ASSIGNMENT

NASA Jet Propulsion Laboratory

California Institute of Technology

398D — INSTRUMENT OPERATIONS ENGINEERING

Refactor the unmodular and error-prone codebase to modularize and improve 
it, ensuring it is written in a way that other teams can utilize it effectively.

August 13th, 2024



Introduction 
to SCS-KNIT
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Sentinel-6A/B Supplemental Calibration System (SCS)
Know, navigate, integrate, TRACK (KNIT)

SCS-KNIT
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Statuses Motions Generators

Helpers

AB: Off Algorithms

Network Connector

...

...

...

AB: Sci Moving

AB: WCT

....

Colors

Helpers

Paths

Constants Models Utilities
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SCS-KNIT FEATURES: MODULARITY
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SCS-KNIT extends SCS Subsetter beyond modularity

1

2

4

3

Offers extensive Enum constants for ease development

Efficient data processing functions for such files

Data-classes for movement/motion extraction

Plotting & Console statistical tools
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SCS-KNIT FEATURES: Algorithms

Extract_motions
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SCS-KNIT offers a new way to extract and store motions
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Full calibration command sequences for Supplemental Calibration System (SCS) A or redundant B

Switch status IDENTIFIERS

A | B : Off

A | B : Off

A | B : Sci

1 2

A | B : Sci

A | B : Sci Moving

A | B : Sci Moving

A | B : No Switch

A | B : No Switch A | B : No Switch

A | B : No SwitchA | B : Space View Mirror (SVM)

A | B : Space View Mirror (SVM)

A | B : Warm Calibration Target (WCT) MovingA | B : Warm Calibration Target (WCT) Moving A | B : Warm Calibration Target (WCT) Flag

3 4 5 6

789

10 11 12 13 14 15
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Full calibration command (a | b)
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Full calibration command sequences for Supplemental Calibration System (SCS) A or redundant B

Switch status CODES

238

238

238

1 2

238

254 A | 254 B

254 A | 254 B

246 A | 126 B

246 A | 126 B 246 A | 126 B

246 A | 126 B242 A | 62 B

242 A | 62 B

244 A | 94 B244 A | 94 B 245 A | 95 B

3 4 5 6

7a 9

10 11 12 13 14 15
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Full calibration command (a | b)
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Half calibration command sequences for Supplemental Calibration System (SCS) A or redundant B.

Move the instrument to Warm Calibration Target (WCT).

Switch status IDENTIFIERS

A | B : Off A | B : Sci

1 2

A | B : Sci Moving A | B : No Switch A | B : No SwitchA | B : Space View Mirror (SVM)

A | B : Warm Calibration Target (WCT) MovingA | B : Warm Calibration Target (WCT)

3 4 5 6

7
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HALF calibration command (a | B)
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Half calibration command sequences for Supplemental Calibration System (SCS) A or redundant B.

Move the instrument to Warm Calibration Target (WCT).

Switch status CODES

238 238

1 2

254 A | 254 B 246 A | 126 B 246 A | 126 B242 A | 62 B

244 A | 94 B228 A | 78 B

3 4 5 6

78
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HALF calibration command (a | B)
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SCS-KNIT FEATURES: EfficiencySCS-KNIT FEATURES: EfficiencySCS-KNIT FEATURES: Efficiency
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SCS-KNIT can operate at speeds significantly faster 
than the original code

SCS-KNIT can operate at speeds significantly faster 
than the original code

SCS-KNIT can operate at speeds significantly faster 
than the original code
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SCS-KNIT FEATURES: Efficiency
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Benchmarks of the three most effective search approaches for looping, which represent only a portion 
of overall efficiency improvements, and are still faster than the original.
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SCS-KNIT FEATURES: Efficiency
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Benchmarks of the three most effective search approaches for looping, which represent only a portion 
of overall efficiency improvements, and are still faster than the original.

August 13th, 2024



SCS-KNIT FEATURES: Efficiency
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Benchmarks of the original methods employed for extracting files with VOLT in their filenames
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SCS-KNIT FEATURES: RESULTS
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SCS-KNIT provides comprehensive statistical plotting for any 
desired value (column), provided that the value is present.
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SCS-KNIT FEATURES: RESULTS
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Full motion extraction of a motor file
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SCS-KNIT FEATURES: RESULTS
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Full motion extraction features of a motor file

August 13th, 2024



SCS-KNIT FEATURES: RESULTS
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Full motion extraction features of a motor file
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SCS-KNIT FEATURES: RESULTS
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Full motion extraction features of a motor file
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SCS-KNIT FEATURES: RESULTS
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Full motion extraction of all motor file
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SCS-KNIT FEATURES: RESULTS
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Full motion extraction of all motor file

August 13th, 2024



SCS-KNIT FEATURES: RESULTS
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Full motion extraction of all motor file
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SCS-KNIT FEATURES: RESULTS
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Full motion extraction of all motor file

Full eXTRACTED mOTIONS
Total: 627

PORTABILITY
JSON & CSV Extraction

MODULARITY
Extract TGSE, Spacecraft, HK, 

or Motor files separately
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ROOM FOR IMPROVEMENT
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SCS-KNIT would immensely benefit from

01

02

03

04

05

Additive statistics with motion generation and extraction

Enhanced modularity during motion extraction

Command-line execution capability

Stronger CSV/XLSX exportability

STRICTER SOFTWARE/DATA STRUCTURE
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