Ground Station Work Breakdown Structure
1. PC #1
1.1. Hardware
1.1.1. Install

1.1.2. Replace monitor

1.2. Software

1.2.1. Windows 98

1.2.2. NOVA tracking Program

1.2.2.1. Acquire Registration Code

1.2.2.2. Configure
1.2.2.3.  Insert CHIPSAT into satellite database
1.2.2.4. Integrate into Operator’s interface
2. PC #2

2.1. Hardware

2.1.1. Mount in rack
2.1.2. Acquire more memory for PC

2.2. Software

2.2.1. Linux
2.2.1.1.  Install

2.2.1.2.  Create user account 

2.2.1.3.  Terminal Program

2.2.1.3.1.  Identify Terminal program to communicate with bit synch and receiver
2.2.1.3.2. Read man pages on terminal program
2.2.1.4. Ground station equipment interface

2.2.1.4.1.1. Wiring harness
2.2.1.4.1.2. Software

2.2.1.4.1.2.1.  Receiver

2.2.1.4.1.2.1.1.  Evaluate manufacturer-supplied software

2.2.1.4.1.2.1.1.1.  Identify and evaluate current holdings

2.2.1.4.1.2.1.1.2.  Research available manufacturer software
2.2.1.4.1.2.1.2. Search manuals to identify and collect command scripts

2.2.1.4.1.2.1.3.  Program written for manual command testing 
2.2.1.4.1.2.1.4. Test by manual command

2.2.1.4.1.2.1.5.  Integrate

2.2.1.4.1.2.1.5.1. Write command script C-language programs

2.2.1.4.1.2.1.5.2. Test and debug 

2.2.1.4.1.2.1.6.  Install

2.2.1.4.1.2.2. Bit-synch

2.2.1.4.1.2.2.1.  Evaluate manufacturer-supplied software

2.2.1.4.1.2.2.1.1.  Identify and evaluate current holdings

2.2.1.4.1.2.2.1.2.  Research available manufacturer software
2.2.1.4.1.2.2.2. Search manuals to identify and collect command scripts

2.2.1.4.1.2.2.3.  Test by manual command

2.2.1.4.1.2.2.4.  Integrate

2.2.1.4.1.2.2.4.1. Write command script C-language programs

2.2.1.4.1.2.2.4.2. Test and debug 

2.2.1.4.1.2.2.5.  Install

2.2.1.4.1.2.3. Modulator

2.2.1.4.1.2.3.1.  Evaluate manufacturer-supplied software

2.2.1.4.1.2.3.1.1.  Identify and evaluate current holdings

2.2.1.4.1.2.3.1.2.  Research available manufacturer software
2.2.1.4.1.2.3.2. Search manuals to identify and collect command scripts

2.2.1.4.1.2.3.3. Install

2.2.2. Router software

2.2.3. Hub
2.3. Antenna

2.3.1.1.   Identify new antenna pedestal
2.3.1.2. M2 Inc.
2.3.1.2.1. Get fixed price quote from M2

2.3.1.2.2. Bring old pedestal down to ground station 

2.3.1.2.3. Send mounting pieces to M2 
2.3.1.2.4. Receive new pedestal

2.3.1.2.5. Mount on roof

2.3.1.2.6. Test

2.3.1.3.   Mount on roof

2.3.1.4.  Run cables to control room
2.3.1.5.  Install roof equipment box
2.3.2. Receiver 

2.3.2.1. Mount in rack

2.3.2.2.  Connect cables

2.3.2.3.  Test and evaluate 
2.3.2.4.  Integrate into Operator’s interface

2.4. Bit Synchronizer
2.4.1. Mount in rack

2.4.2.  Connect cables

2.4.3.  Test and evaluate 
2.4.4.  Integrate into Operator’s interface
2.5. Cisco Router 

2.5.1. Mount in rack

2.5.2.  Connect cables

2.5.3.  Test and evaluate 

2.5.4. Integrate into Operator’s interface

2.6. Az-El Antenna Controller
2.6.1.  Identify and order new antenna controller

2.6.2.  Mount in rack

2.6.3.  Connect cables

2.6.4.  Test and evaluate 
2.6.5. Integrate into Operator’s interface

2.7. RS 422 Converter
2.7.1. Mount in rack

2.7.2.  Connect cables

2.7.3.  Test and evaluate 
2.7.4.  Integrate into Operator’s interface
2.8. HP 8648 Signal Generator
2.8.1. Acquire

2.8.2.  Modify clock
2.8.2.1. DCE cables

2.8.3. Mount in rack

2.8.4.  Connect cables

2.8.5.  Test and evaluate 
2.8.6.  Integrate into Operator’s interface
2.9. Power Amplifier
2.9.1. Mount in rack

2.9.2.  Connect cables

2.9.3.  Test and evaluate 
2.9.4.  Integrate into Operator’s interface
2.10. Power Supply
2.10.1. Mount in rack

2.10.2.  Connect cables

2.10.3.  Test and evaluate 
2.10.4.  Integrate into Operator’s interface

2.11. Diplexer
2.11.1. Mount in equipment box

2.11.2.  Connect cables

2.11.3.  Test and evaluate
2.12. LNA
2.12.1.  Mount in equipment box

2.12.2.  Connect cables

2.12.3.  Test and evaluate
2.12.4.   Integrate into Operator’s interface
2.13. PC-104 spacecraft simulator

2.13.1. Mount in equipment box

2.13.2.  Connect cables

2.13.3.  Test and evaluate

2.13.4.   Integrate into Operator’s interface

3. PC #3

3.1. Hardware

3.1.1. Install

3.2. Software

3.2.1. Linux
3.2.1.1. Install

3.2.1.2. Test and Evaluate
3.2.2. PC#2 – to – PC#3 Interface

3.2.2.1.   Hard Line Connection 

3.2.2.2.  Configure

3.2.2.3.  Test

4. Operator Interface 

4.1. Equipment

4.1.1. PC Switch

4.1.1.1.  Research

4.1.1.2.  Order

4.1.1.3.  Install
4.1.2. Ground Station Set Up
4.1.2.1.  PC #1 - Windows

4.1.2.1.1. NOVA

4.1.2.1.2. Dedicated Monitor

4.1.2.2.  PC #2 - Linux

4.1.2.2.1. Equipment Interface

4.1.2.2.2. Dedicated Monitor

4.1.2.2.3. Programs

4.1.2.3.  PC #3 - Linux

4.1.2.3.1. Operator Interface

4.1.2.3.2. Dedicated Monitor

4.1.2.3.3. Programs

4.1.2.4.  PC #4 

4.1.2.4.1. Install Operating System

4.1.2.4.2. Web Server/ Database

4.1.2.4.3. Dedicated Monitor

4.1.2.4.4. Programs

4.1.3. Integrate

4.1.4. Test

4.1.5. Evaluate

5. Calibration
5.1.1.1.   G/T Measurements

5.1.1.1.1. Ensure feed horn is properly aligned 

5.1.1.1.2. Take G/T measurements for at least 10 different feed horn positions

5.1.1.1.3. Determine feed horn position that gives maximum G/T ratio

6. Document Design and Integration

6.1. Create basic data flow/interface diagram 

6.2. Create detailed figures of equipment connections
6.3. Create detailed diagram of ground station computer linkage

7. Ground System/MIDSTAR-1 Comm Check
7.1. Basic Data/Ops Test

7.1.1. Test HDLC serial interface on PC104 
7.1.2. Prepare router interface for basic packet delivery

7.1.3. Test DB/Web Server for full data flow

7.2. Ground RF Test

7.2.1. Determine next pass of target satellite that uses HDLC frames
7.2.2. Ensure proper connections of receiver, router, and Ops CPU  

7.2.3. Track satellite 

7.3. Space-to-Ground RF Test
7.4. Full E2E Parking Lot Test 
7.4.1. Ensure proper functioning of all equipment in ground station
7.4.2. Test comm. link between MIDSTAR-1 and ground station using an RF link
8. Frequency Allocation Request

8.1. Stage 2 application
8.2. Measure required performance parameters

8.3. Stage 3 application

8.4. Stage 4 application 
