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RSAT is a 3-axis stabilized nanosatellite being designed and developed at PES University, Bangalore with Automatic Identification System 

(AIS) as a payload, to be placed in sun-synchronous orbit. RSAT is conceived to support the national cause of coastal surveillance and 

harbor traffic management. There are three modes of operation - Sun Acquisition, Sun Pointing, and Station Steering, which are achieved 

by using the Onboard control system with four reaction wheels and three magnetic torquers using sun sensors and IMU. The satellite 

payload receives AIS signals transmitted by ships in VHF band, stores onboard and transmits to the ground station in X-band through an 

antenna during ground station visibility period. Telecommand & Telemetry (TCTM) is done in S Band. The S-band Ground Station is in 

the visible region four times a day, for approximately 10 mins during each visibility pass. Therefore, it is critical for the Mission Team to 

have a tool that can be used to plan the sequence of events during each visibility period. This Paper gives an insight into the design aspects 

of a generic tool developed using Python to help the Mission Team to plan for the sequence of events for every visible pass, which gives 

flexibility in creating new plans or editing existing ones. The tool has been built over the command interface, which helps in sending 

Telecommand and receiving Telemetry data from the Satellite. The tool provides two modes -Automated Mode, where each event of the 

plan is executed sequentially at the scheduled time. It also supports the Manual Mode, where the user is allowed to skip to any event, he/she 

wishes to execute. In times of contingency, the tool loads the appropriate contingency recovery procedure to bring satellite into normal sun 

pointing mode or safe mode. This action is taken automatically by the interface during the visibility period. The tool has been made generic 

so that it can be used across multiple satellite missions. The tool can be easily configured to control the satellite in autonomous mode after 

initial acquisition and stabilization. 
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Nomenclature  

 

OBC  : On Board Computer 

TCTM  : Telecommand and      

Telemetry 

IMU  : Inertial Magnetic Unit 

RF  : Radio Frequency 

LAN  : Local Area Network 

USB/UART : Universal Serial Bus/   

Universal Asynchronous 

Receiver Transmitter 

VHF  : Very High Frequency 

PID(s)  : Process ID  

CSV : Comma Separated 

Variable (file type) 

1. Introduction 

  Visibility period is very critical to mission’s success 

hence proper planning of the sequence of events to be 

executed during each pass is important. As the visibility 

period is very short, this interface is required to be very 

dynamic, efficient in processing of data and should allow 

the user to modify as many aspects of the sequence of 

events as possible.(Section 2)‘Modes of Operations of 

RSAT’ shows the modes of operation for which various 

sequence of events can be programmed. (Section 4.1) 

‘Creating and Editing of Events and Plans’ covers how 

the Visibility Plan Interface allows creation of new plans 

and new events and how the interface also provides the 

option of editing previously configured plans and events. 

And (Section 4.2) ‘Integration with the Telecommand 

Telemetry Interface’ covers, the integration of the 

Interface with Telemetry and Telecommand Interface, to 

select the Telecommands to be added to each event. The 

interface will be used during the course of the mission 

and for testing on ground. (Section 5) ‘Reconfiguration 

for any satellite mission’ covers how the generic tool has 

been developed such that it can be re-configured across 

various missions. 

 

2. Modes of Operation of RSAT 

 



 
Figure 1: Different Modes of RSAT  

 

 

  After injection of the satellite into the 600 km Polar Sun 

Synchronous orbit, the satellite goes through various 

operational modes Transitions from one mode to another 

mode of operation may be either autonomous (i.e., 

decided by the on-board software without ground 

intervention) or commanded from the ground. Typical 

orbital routine has three types of orientation regimes viz. 

sun pointing, earth pointing and ground station tracking. 

As shown in Figure 1, the satellite first enters Suspended 

Mode. The satellite is in suspended mode on separation 

from the launcher and in the first few seconds after 

separation. After separation, solar panels are deployed. It 

then auto-transits to the Detumbling Mode, in which the 

body rates of the satellite are reduced before acquiring the 

satellite attitude with respect to the sun. Sun Ponting can 

be achieved by using the sun sensors and gyroscopes on 

the satellite. The Satellite is in Station Pointing during the 

visibility pass. Once the visibility pass elapses, the 

satellite automatically transits back to Sun Pointing 

Mode. The Detumbling Mode, Sun Acquisition Mode, 

and the Sun Pointing Mode can be entered by sending 

Telecommands from the ground station, depicted as 

‘telecommand switch’ in Figure 1.  

The generic Visibility Plan interface helps us create 

plans, i.e. sequence of events for each of the modes 

mentioned above. The transition from each mode can be 

automatic or manually controlled using the interface.  

 

3. Telemetry and Telecommand Interface  

 

 
Figure 2: Telemetry Interface 

 

 
Figure 3: Real Time Plot 

 

  Telemetry is the data received from the satellite to the 

ground station. This data contains information about the 

health of the satellite, status of all the subsystems and the 

received telecommand. Telemetry collects data from 

various subsystems of the satellite and randomizes, 

formats into a suitable form and encodes for transmitting 

to ground station through RF link. The Telemetry and 

Telecommand Interface provides the user with three 

modes of entering the data.  In Processed live data mode, 

the user enters the PIDS to monitor, and the user input is 

stored in the form of pages (i.e. .CSV files) as shown in 

Figure 2. The tool also allows the user to plot the live 

data, with respect to either satellite OBC time or system 

time. An example of a Real Time plot has been shown in 

Figure 3, where the accumulated angles, X axis, Y axis 

and Z axis of the Gyroscope have been plotted against 

time. In the Raw Data Mode, the raw data coming from 

the satellite can be viewed through the Interface. In 

Processed Offline Data, the user enters the time frame to 

playback the data received. The user can also view an 

offline plot for the same.  



 
Figure 4. Telecommand Interface 

 

  Telecommand is the data sent from ground station to the 

satellite. This data is used to perform certain operations 

on the satellite. The data is encoded and sent to the 

satellite where it is decoded and the on-board software 

executes the command. The Telemetry and 

Telecommand Interface provides the user to send 

telecommands via two modes. In the manual mode, the 

user enters the hexadecimal code of the telecommand, 

which then gets sent through the LAN.  In the select mode 

as shown in Figure 4, the user can select a single 

telecommand or a set of telecommands from a drop- 

down menu, which are pre-defined. The delay in between 

the commands to be sent can also be programmed by the 

user.  

 

4. Visibility Plan Interface  

 

  The satellite is visible to ground station four times per 

day and the visibility period is ten minutes. During 

visibility period, the telemetry which contains the health 

of the satellite is received. After receiving the telemetry, 

the Mission Director sends commands to take necessary 

actions. Hence, the Visibility Plan Interface has been 

Integrated with the Telecommand and Telemetry 

Interface. The Visibility Plan allows the user to create 

new plans, and new events, or also edit existing ones and 

also to execute the planned events during visibility. 

 

4.1. Creating and Editing of Events and Plans  

 

  The Visibility Plan Interface allows the user to create 

plans, which are a sequence of events. It also allows the 

user to edit existing events and plans. The basic Visibility 

Plan User Interface as shown in Figure 5, consists of a 

menu bar which has the Create and Edit options among 

others. The Event Search Panel has a list of all the Events 

that have already been created. Using the tool 

(workspace), the set of events of a plan can be configured 

by the user. The user can also configure each event and 

its attributes. The attributes of an event which the user 

can enter are Event Name, Time Difference between each 

event of the plan, Telecommands to be sent on call of the 

event, and the Comments to be displayed when the event 

gets executed. The telecommands can be chosen from a 

dropdown containing all the available commands. The 

Button Panel help the user save and finish creating 

required plans and events. As shown in Figure 5, there is 

a Log Panel at the bottom which tells the user about the 

actions taking place in the Interface as well as any errors 

that have occurred. Same commands can be added to 

various events, and same events can be inserted or reused 

in different sequence of events.  

 

Figure 5. Creating a Plan 

 

The Interface provides Edit Option using which the user 

can edit the plan name, and add/delete events from a plan. 

The user can also edit events, by changing any attributes 

of the event, and also add/delete commands from an 

event. The user can also edit the time of execution for the 

event. The button panel has buttons which are used to 

save the modified plan, add an event to the plan and save 

the modified event of the plan.  This feature is shown in 

Figure 6.  If the same event is used in more than one plan, 

modifying the event in one plan does not change that 

event in the other plans.  

 
Figure 6. Editing a Plan  

 



4.2. Integration with the Telecommand Telemetry 

Interface: 

 

  As shown in Figure 7, the Visibility Interface provides 

two modes of execution - Manual Mode and Automated 

Mode. In Manual Mode, the user has total control over 

the execution. The user is allowed to skip the immediate 

event or command that’s going to be executed or the user 

can also skip to any event or command, by providing the 

index number.  Thus, this mode provides the user to alter 

the plan while it’s in execution. In Automated Mode, as 

shown in Figure 8, the interface calculates the time 

entered by each user, and based on the time difference 

between events, system time/OBC Time is calculated and 

the events are executed automatically. The interface 

allows the user to transition from Automated Mode to 

Manual Mode. During execution of an event, the 

hexadecimal value for the user entered commands are 

fetched from the Telecommand list, the values are 

encoded and sent through the LAN to the Test 

system/CORTEX system.  

 

  
Figure 7. Execution of Sequence of Events 

 

 
Figure 8. Execution of Events according to System Time 

(Automated Mode) 

 

There is also a provision for Contingency Recovery 

Procedures. The user can select any Contingency Plan 

during execution, for safe recovery of the satellite, i.e. 

normal sun pointing mode or safe mode. This action can 

be taken either by the user or the Visibility Plan Interface 

during visibility.  

 

5. Reconfiguration for any satellite mission 

 

  Different missions differ in terms of attitude sensors 

used, Telecommand and telemetry frequency band and 

formats, actuators used and the Payload operations. For 

every satellite mission, sequence of events has to be 

planned during which a set of Telecommands have to be 

sent from the Ground Station to the satellite. By 

configuring the tool as per specific requirements, the tool 

can be used for any mission. Reconfiguration of the tool 

can be done very easily.  

The Visibility Plan Interface has been developed 

completely in Python thus, each plan or event is 

implemented using a generic class (Python class) with all 

the required attributes. Each time a plan is created an 

object of the class is instantiated and stored for further 

use. Furthermore, once an event is defined and saved 

during a creation of a plan, if another plan requires the 

same event, the user need not redefine it, the previously 

defined event can be reused multiple times. The interface 

that has been made with an aim to make it as easy to use 

as possible. To do so, it is key that different parameters 

of a plan or an event, once configured, can be 

reconfigured. An Edit option has been provided to the 

user so that editing of any prior configured plan or event 

is easy and the user doesn’t have to delete and create a 

new plan just to make a few changes. This option adds to 

the reconfigurability of the interface. During execution, 

each event to be executed is treated independently as each 

event is an object of the generic class. This means that the 

interface is independent of the type of plan or event or 

their specifications and is hence, made portable.  

 

6. Conclusion  

 

  A generic User Interface has been built using Python, to 

help the Mission Director plan and configure the 

sequence of events for any satellite mission. The 

Visibility Plan Interface can be configured for different 

TCTM systems, hence making it reconfigurable for 

various missions. Provisions have been provided to edit 

the configured plans and events. The User Interface can 

either be used in Manual Mode or Automated Mode, 

depending on the requirement. The Visibility Plan 

Interface has been built over the Telemetry and 

Telecommand Interface, making it easier to add 

commands to events, that have to be sent from the S Band 

Ground Station to the satellite during visibility. This tool 

thus aids the Mission Team in efficiently planning out the 

sequence of events with ease has been made keeping 

Satellite autonomy in mind, where no user intervention is 



required. This makes the Sequence of Events completely 

autonomous.  
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