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I. Introduction 

The Soil Moisture Active Passive (SMAP) Mission is a first tier mission in NASA’s Earth Science Decadal 
Survey. SMAP will provide a global mapping of soil moisture and its freeze/thaw states.  This mapping 
will be used to enhance the understanding of processes that link the terrestrial water, energy, and 
carbon cycles, and to enhance weather and forecast capabilities.  NASA’s Jet Propulsion Laboratory has 
been selected as the lead center for the development and operation of SMAP.   

The Jet Propulsion Laboratory (JPL) has an extensive history of successful deep space exploration. JPL 
missions have typically been large scale Class A missions with significant budget and staffing.   SMAP 
represents a new area of JPL focus towards low cost Earth science missions.   Success in this new area 
requires changes to the way that JPL has traditionally provided the Mission Operations System 
(MOS)/Ground Data System (GDS) functions.  The operation of SMAP requires more routine operations 
activities and support for higher data rates and data volumes than have been achieved in the past.   
These activities must be addressed by a reduced operations team and support staff.   To meet this 
challenge, the SMAP ground data system provides automation that will perform unattended operations, 
including automated commanding of the SMAP spacecraft.   

 

II. SMAP GDS Overview 

The SMAP Ground Data System (GDS) is the integrated set of ground hardware, software, facilities, and 
networks required to support mission operations.  Key functions performed by the GDS include 
sequence and command generation and uplink, real-time and playback telemetry processing, 
navigation, ephemeris generation and distribution, data management and accountability, time 
correlation, and station scheduling. The use of automation to reliably perform GDS functions is key to 
achieving lights-out operations for SMAP.    

The SMAP GDS is partitioned into nine subsystems that represent the top level system architecture.  
These subsystems are further decomposed into a set of functional elements to facilitate system 
development.  This system decomposition is consistent with prior JPL missions and allows SMAP to 
inherit GDS architecture, design, and implementation.  Figure 2.1 illustrates the SMAP GDS subsystems 
and elements.  

 



 

Figure 2.1 SMAP GDS Subsystems and Elements 

 

III. SMAP GDS Automation Patterns 

Ground Data System automation is not new for JPL missions.  The use of automation to support ground 
data system functions has been successfully demonstrated for over ten years by the Jason-1 and WISE 
missions that were operated by the JPL Earth Science Mission Center (ESMC).  Within the ESMC, a lights-
out approach to ground data system processing was successfully demonstrated for Jason-1.  Despite this 
accomplishment, both Jason-1 and WISE were staffed by 24/7 on-console operations personnel.  
Therefore, lights-out automation was never fully achieved for routine operations of these missions.   

Analysis of the automation approach used by Jason-1 and WISE has led to the discovery of common 
automation patterns.  An analysis of the Jason-1, WISE, and SMAP operational uses cases has revealed 
that the automation required for operations can be achieved through the use of file-based, pass-based, 
and time-based automation.  File-based automation involves data processing, transfer, and notification 
activities that are triggered by file system events.  Pass-based automation involves the orchestration of 
all activities necessary to perform unattended tracking passes including post-pass activities.  Time-based 
automation involves the ability to schedule and execute routinely occurring tasks at arbitrary times or 
intervals.   

 

IV. SMAP GDS Automation Software 











Successful operation of the SMAP mission requires the reliable use of robust GDS automation.  The 
automation software must be highly available, and automated procedures must be performed in a 
timely manner.  Therefore, system monitoring software will be used to detect and respond to 
anomalous system behavior.  A monitoring solution based on the open-source Zabbix and Nagios 
software will perform the system monitoring function for SMAP GDS.  This system will provide a means 
to monitor GDS automation resources, restart failed processes, and provide closed-loop notification to 
the GDS support team in the event of automation anomalies.   

 

VI. Conclusion 

As GDS development for SMAP continues towards a November 5, 2014 launch date, upcoming system 
tests will certify the readiness of the GDS automation software and architecture for lights-out operation.  
Although lights-out operation has been partially demonstrated in the past, SMAP represents the first JPL 
mission that will utilize a fully lights-out approach for routine operations.  The architecture and 
approaches used by SMAP will set the baseline for future JPL Earth science missions.  
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