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Abstract -This paper describes the plans, flows, key 
facilities, components and equipment necessary to fully 
integrate, functionally test, qualify and calibrate the 
Ocean Color Instrument (OCI) on the Plankton, Aerosols, 
Clouds, and oceans Ecosystem (PACE) observatory. 
PACE is currently in the design phase of mission 
development. It is scheduled to launch in 2022, extending 
and improving NASA's twenty-year record of satellite 
observations of global ocean biology, aerosols and 
clouds. PACE will advance the assessment of ocean 
health by measuring the distribution of phytoplankton, 
which are small plants and algae that sustain the marine 
food web. It will also continue systematic records of key 
atmospheric variables associated with air quality and the 
Earth's climate. PACE's primary sensor, the OCI, is a 
highly advanced optical spectrometer that will be used to 
measure properties of light over portions of the 
electromagnetic spectrum. It will enable continuous 
measurement of light at finer wavelength resolution than 
previous NASA satellite sensors, extending key system 
ocean color data records for climate studies. The color of 
the ocean is determined by the interaction of sunlight with 
substances or particles present in seawater such as 
chlorophyll. By monitoring global phytoplankton 
distribution and abundance with unprecedented detail, 
the OCI will contribute to a better understanding of the 
complex systems that drive ocean ecology and it’s impacts 
on global fisheries. This paper will focus on the Integration 
and Test (I&T) activities for OCI while it is at the NASA 
Goddard Space Flight Center. The OCI integration 
consists of assembly and alignment of the rotating 
telescope, electronics box integration, fixed deck assembly 
integration, thermal systems integration and the final 
assembly and testing. This I&T phase will be followed by 
the OCI calibration and characterization, environmental 
tests which include electromagnetic interference 
(EMI)/electromagnetic compatibility (EMC), vibration 
with sine sweep, acoustics, shock, thermal balance, 
thermal vacuum, mass properties and center of gravity. 
This paper will briefly discuss OCI shipment and delivery 
to the spacecraft vendor for observatory level I&T as well 
as some launch preparation activities 
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Table 1. PACE Mission Overview 

 

 

 
 
Figure 1. PACE observatory design concept. OCI 
is at top. Two polarimeters (HARP-2, SPEXone) 
are located at far right, below the OCI. Folded 
solar panels are shown at far left. The PACE 
observatory and OCI are being built by Goddard 
Space Flight Center. 

1.2 OCI Overview 

 
PACE's primary sensor, OCI, is a highly advanced 
optical spectrometer that will be used to measure 
properties of light over portions of the 
electromagnetic spectrum. It will enable continuous 
measurement of light at finer wavelength resolution 
than previous NASA satellite sensors, extending key 
system ocean color data records for climate studies. 
 
The color of the ocean is determined by the 
interaction of sunlight with substances or particles 
present in seawater such as chlorophyll, a green 
pigment found in most phytoplankton species. By 
monitoring global phytoplankton distribution and 
abundance with unprecedented detail, the OCI will 
help us to better understand the complex systems that 
drive ocean ecology. 
 
The OCI is being built at Goddard Space Flight 
Center. It will consist of a cross-track rotating 
telescope, thermal radiators, along with half-angle 
mirror and solar calibration mechanisms. The OCI's 
tilt will help avoid sun glint and single science 
detector design will inhibit image striping.  
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Its signal-to-noise ratios will rival or exceed previous 
ocean color instruments. 

 

The OCI will feature: 
- Cross track, 360° continuous rotating telescope 
- Two slit grating hyperspectral spectrographs  
- (ultraviolet to visible & visible to near-infrared, NIR) 
- Fiber-coupled multiband filter spectrograph  
  (NIR-to shortwave-infrared) 
 

 
 

  
 

Figure 2. OCI elements 
 

 
 

Table 2. OCI Overview
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2. INTEGRATION AND TEST 
GROUND SUPPORT EQUIPMENT  

The OCI Integration and Test (I&T) team worked 
with all the subsystem Product Design Leads (PDLs) 
and systems engineering to identify any non-flight 
Ground Support Equipment (GSE) required to 
support OCI I&T activities. This GSE falls into two 
categories; Standard GSE, which is typically used 
regardless of instrument specific requirements, and 
Instrument Unique GSE. The OCI unique GSE is 
specific to the type of instrument testing that OCI 
requires.  
The following are the categories of OCI unique GSE: 
• Mechanical GSE (MGSE) (Figure 3) 
• Optical GSE (OGSE) (Figure 8, 9 & 10) 
• Thermal GSE (Figure 5) 

 
Figure 3. An example of unique MGSE is the OCI 
Turnover Dolly that will be used to transport OCI 

between facilities. It rotates 360 Degrees 

All OCI test equipment shall be periodically 
calibrated, and will have certification procedures 
performed prior to operation per the equipment 
manufacturer’s instructions and GPR 8730.1I, 
Calibration and Metrology.  When EGSE is moved 
and reconfigured, for example prior to start of 
environmental testing, an EGSE certification 
procedure will be performed.  All equipment 
requiring calibration shall have a calibration sticker 
that indicates that the unit is in calibration if before 
the calibration due date. Tracking and scheduling the 
calibration of this equipment will be performed by 
the OCI I&T Manager.  
 
To avoid accidental power off of power supplies, all 
critical power supply On/Off switches shall be 
covered with a spring-loaded cover. To avoid 
accidental shorting from external objects of internal 
power busses, all in-house manufactured or 
commercial equipment shall have protective covers. 
All EGSE that interfaces directly with flight 
equipment shall have a Failure Modes and Effects 
Analysis (FMEA) performed to ensure that no failure 
of the EGSE can cause a failure or an overstressed 
condition of flight hardware. All EGSE connectors 
mating to flight hardware will be flight connectors. 
 

3. OCI I&T GROUND SYSTEM 
The PACE Project and OCI will use Integrated Test 
and Operations System (ITOS) software as a 
common I&T Ground System for testing during OCI 
I&T [3]. ITOS provides real-time command and 
control of the OCI Instrument through all mission 
phases. The software for ITOS comprises several 
major subsystems: telemetry and command database, 

display pages, and the Systems Test and Operations 
Language (STOL) interpreter. 
 
This ground system consists of computer 
workstations and a customized system as the primary 
interface to the OCI Instrument via the Spacecraft 
Interface Simulator (SIS) to perform telemetry 
processing and command encoding. 
 
The OCI Instrument I&T Local Area Network (LAN) 
serves as the interface between the ITOS 
workstations, and other OCI EGSE. It will be utilized 
during all OCI Instrument powered testing operations 
prior to observatory level integration. 

3.1 Integrated Test and Operations 
System (ITOS) 

The Integrated Test and Operations System (ITOS) 
software is Government Off The Shelf (GOTS) 
software and provides real time command and control 
of the spacecraft and associated GSE. ITOS provides 
a STOL interpreter which can execute procedures and 
includes various directives for controlling the logical 
flow of the procedure and for controlling ITOS or 
other GSE.  ITOS provides a graphical user interface 
for displaying telemetry values, and displays both 
numeric and graphical elements.  Telemetry can be 
archived and played back, or exported to other tools 
for analysis.  ITOS receives telemetry and transmits 
commands to the instrument through the SIS using a 
Transmission Control Protocol/Internet Protocol 
(TCP/IP) interface. 



To be published in the proceedings of the IEEE Aerospace Conference 2019, Big Sky, MT, March 2-9, 2019. 

 6 

3.2 Front End Data System (FEDS) 

All telemetry data received through the ITOS 
workstation is stored in ITOS telemetry archives on a 
local storage array with a minimum size of 500 TB.  
The file system on the storage array will be shared 
with other workstations so that any workstation may 
access and play back telemetry archives. The storage 
array used by OCI will be a Front End Data System 
(FEDS). 

3.3 Real-Time Science Processing 
Workstation 

The Real-Time Science Processing Workstation will 
provide the capability to receive, process and verify 
OCI science data packets during OCI I&T. It will 
receive science data files through the FEDS during 
OCI I&T operations and will be able to display 
science data in near real-time. It will provide a 
“Quick Look” at OCI by performing a quick 
calculation of Time-Of -Flight (TOF) data to assess 
that testing was successful and OCI can break 
configuration and move on to the next test. The 
Science Processing Workstation will receive science 
data files through the Ocean Data Processing System 
during OCI I&T operations and will be able to 
display TOF data in near real-time. 

3.4 OCI Integrated Trending and Plotting 
System (ITPS) 

The OCI Integrated Trending and Plotting System 
(ITPS) workstation receives telemetry from the 
FEDS and provides the necessary telemetry 
processing functions to create and maintain an OCI 
engineering performance archive. The ITPS includes 
tools to be used by the OCI Test Conductors and 
systems engineering team to create engineering plots, 
compute telemetry statistics, and to trend and analyze 
selected housekeeping telemetry parameters from the 
telemetry archive. Throughout the OCI I&T effort, 
various telemetry points and parameters will be 
trended and analyzed. The OCI I&T team will work 
with the systems and science teams to develop the list 
of telemetry and parameters which require trending. 

 

4. OCI INSTRUMENT INTEGRATION 
AND CALIBRATION  

The start of OCI instrument integration begins with 
the delivery of OCI components to the OCI I&T 
clean room [4], the GSFC Calibration Integration and 
Alignment Facility (CIAF) shown in Figure 4.  

 

 
 

Figure 4. GSFC CIAF 
 
The integration and test process begins with receiving 
the OCI I&T spacecraft simulator and the Integrated 
Test and Operations System (ITOS) software. These 
two systems are integrated together and functionally 
tested as the OCI Main Electrical Ground Station 
System (MEGS). Then the MEGS is certified via a 
procedure which will verify electrically and 
functionally all interfaces to the OCI instrument. 
 
Once the MEGS is certified, I&T is ready to receive 
the Instrument Control and Data Unit (ICDU), the 
Avionics Interface Plate (AIP) and the Instrument 
Harness Assembly (IHA). The ICDU is mechanically 
integrated to the AIP and then electrically integrated 
to the MEGS via a Safe to Mate (STM) Procedure. 
Next the Motor Control Electronics (MCE) is 
received, mechanically integrated to the AIP, and 
then electrically integrated to the ICDU as per its 
STM Procedure. After successful functional testing at 
this level of assembly the system is ready to receive 
the Main Optics Bench (MOB). 
 
The MOB is mechanically integrated to a Mechanical 
Ground Support Equipment (MGSE) structure that 
will be used for transportation and checkout of the 
Rotating Telescope and Half Angle Mirror. The 
MOB is electrically integrated to the MCE and then 
functionally tested. The MOB is the main structure to 
which the Ultraviolet Near InfraRed Spectrograph 
(UVNIRS) and Short Wavelength InfraRed Aft 
Optics Box (SAOB) are mounted.  
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Prior to receiving and integration of the UVNIRS and 
SAOB the Data Acquisition (DAU) unit is received 
and integrated. The DAU is first mechanically 
integrated to the AIP and then electrically integrated 
to the ICDU and MCE. After electrical integration is 
complete, a functional test is performed to verify data 
flow from the DAU to the ICDU and the timing 
between the DAU and MCE. Once the tests are 
complete then the system is ready for the integration 
of the UVNIRS and SAOB. 
 
The first detectors to be integrated are the UVNIRS. 
This unit is mechanically integrated to the MOB and 
then a series of initial optical alignments, 
adjustments, and checks are performed. Next the 
UNVIRS is electrically integrated to the DAU and an 
initial functional test is performed after which the 
final optical alignments and adjustments are 
completed. The SAOB is then mechanically 
integrated to the MOB and once again initial 
alignment, adjustments, and checks are performed. 
The SAOB is then electrically integrated and a 
functional test is performed. However, full functional 
testing and final alignment verification cannot be 
performed for the SAOB until the instrument is under 
vacuum and the SAOB is at its nominal operating 
temperature.  
 
At this time the radiator simulators (for ETU) or 
radiators (for flight) are installed and the instrument 
is ready to begin the characterization and calibration 
program which is performed initially at ambient and 
then completed in vacuum. All of the OCI calibration 
activities and Thermal Balance/Thermal Vacuum 
testing will be performed in building 5 OCI 
Calibration Lab (OCL). The OCL includes a TVAC 
chamber, reported in Figure 5, a Class 10K Laminar 
Flow clean tent, reported in Figure 6, as well as 2 
black-out clean tents for laser operations. Due to 
optical stability challenges in I&T, the chamber is 
being modified to permit shutting off the cryopumps 
and running only on Turbopumps which provides a 
stable optics for the instrument when in vacuum. 

 

  

 

 
 

Figure 6. OCL Clean tent in building 5 
 
Features of the OCL include (but are not limited to): 
   - Fixed / Dedicated / Permanent Clean tent facility 
   - Secure area with access control 
   - Class 10K Vertical Laminar Flow Clean tent 
   - Adequately large enough for the OCI I&T effort 
   - 2 black-out tents available for Laser Safety 
   - Ample area just outside the clean tent for EGSE 
   - EGSE could possibly remain in place for OCI 
EMI/EMC test 
   - Openings in the clean room wall act as a pass-
through for items to be passed into the clean tent. 
   - An overhead crane 
   - A large fixed garment changing area 
   - A nearby large roll-up door 
 

5. OCI INSTRUMENT CALIBRATION 
CHALLENGES DURING I&T 

5.1 Calibration Sources 

In order for OCI to have the spectral resolution 
needed for determining the concentrations of the 
different types of phytoplankton and other 
constituents of interest, a stable and accurate 
calibration at every observable wavelength must be 
performed.  To achieve this a wide diversity of 
calibrated stable narrowband and broadband sources 
at several different radiance levels and in the 
Shortwave-Infrared (SWIR) Bands must be provided.  
Source requirements are reported in Table 3.

Figure 5. OCL Chamber in building 5 
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The calibration team will employ a 20” integrating 
sphere (reported in Figure 8) outfitted with Halogen 
lamps, an EQ400 Laser-Driven Light-Source 
(LSDS), Xenon Arc lamps, and calibrated 
radiometers as the needed broadband calibrated light 
source that GLAMR cannot provide.  In all 
calibration scenarios where non-coherent and / or 
non-collimated light is used an integrating sphere is 
used to create uniform radiance from a source or 
sources.   For wavelengths shorter than 340nm, the 
extrapolation of discreet source lines (Mercury-
Argon arc lamps) in combination with narrowband 
filters may be required for narrowband calibration. 

 
Figure 8. 20" I&T Integrating Sphere 

Configuration Diagram 

5.2 Line Spread Function (LSF) Bench  
During flight operations, the OCI instrument will be 
required to measure the ocean’s constituents under 
varying cloud coverage conditions.  The most 
extreme measurement scenario is measuring the 
ocean’s constituents through a hole in a fully opaque 
very bright cloud. This requires the calibration team 
to measure and verify the ability of OCI to separate 
and measure dark targets when close to or surrounded 
by very bright objects.  The calibration team’s answer 
to achieving this measurement is the Line Spread 
Function (LSF) bench reported in Figure 9.  The LSF 
bench is an aligned optical projection system that 
consists of a 2” integrating sphere, various sources, 
precise masks (normally projected as 1 science 
pixel), a high-quality 8” off axis parabola (OAP), and 
a tip-tilt platform. Unlike an integrating sphere, this 
system will project a bright and collimated precision 
image into OCI.  By looking at the OCI data from 
this precision incident image, we can determine how 
well OCI can resolve the features of the image and 
thus determine how OCI will perform under adverse 
observing conditions (obstructing clouds). 

 
Figure 9. OCI LSF Bench 

5.3 Stray-Light 
Optical instruments normally employ Anti-Reflective 
(AR) coatings on all of the optical surfaces involved 
in target observation.  This reduces anomalous signal 
or stray-light within the optical system and increases 
target signal.  It is obviously an advantage to employ 
AR coatings when attempting to achieve high 
contrast observations, measure low signal variability, 
or observe targets with low signal to noise ratios.  
The OCI instrument examines a wavelength range 
beginning at the Ultra-Violet and extending to Short-
wavelength infrared (SWIR).  Unfortunately, AR 
coatings have effective range limits and no available 
AR coatings have the extensive wavelength range 
that the OCI instrument observes.  This has resulted 
in a design that has no AR coatings in the primary 
optical path of the refractive optics and causes a loss 
of 5% to 6% of the total signal.  This along with 
scattering light inherent within the instrument 
increases the need for stray-light mitigation and 
causes the calibration source stray-light tolerances to 
be extremely limited. 

5.4 Snapshot Mode and Telescope Rotation 

Most optical systems have a fixed primary mirror 
with downstream optical elements securely fixed in 
stable focused or optimal positions. The OCI 
instrument primary mirror assembly or Rotation-
Telescope (RT) rotates at 6 Hertz.  At this rotation-
rate, the RT assembly is subject to a constant 
centripetal force of approximately 30 Gs. The 
centripetal force during OCI flight operation requires 
the RT system be assembled in a pre-determined 
centripetal force influenced optimal position. This 
presents multiple design, alignment, and calibration 
challenges.  The two different modes of data 














	1. Introduction
	1.1 PACE Mission Overview
	1.2 OCI Overview

	2. Integration and Test Ground Support Equipment
	3. OCI I&T Ground System
	


