EA-467 Sensors – Imaging, and Command and Control

(rev b) Fall 2007
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Elements:  Topics in this lab:
· Image Sensors, Field of View, Pixels, Resolution, defraction limit
· LABsat Remote-logon and on/off commanding of I/O discretes
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Introduction: This lab will add an imaging sensor to your LABsat to introduce some of the basic imaging principles as well as payload integration with the satellite bus and command and control.  The imaging sensor is a 400 x 400 pixel CCD color camera connected to the microwave transmitters we used in the Antenna Labs.  The cameras also have some sensitivity in the Infrared spectrum as well.  We have two types.  One at L-band, 1.2 GHz and the other at S-band, 2.4 GHz for frequency diversity.   


Link Budget, Bandwidth and Microwave Downlinks: An imaging sensor can not only do the obvious imaging of earth from space, but can also be used for watching a star or the Sun for attitude determination as well as other tasks (later ADCS lab).  But imaging to the ground requires orders of magnitude more bandwidth than simple telemetry and so we have to use a microwave transmitter operating at L or S band (1.2 or 2.4 GHz) to find enough bandwidth to get the image data from the LABsat to our ground station.  Here is a comparison in bandwidths:
LABsat 1200 bd telemetry –
15 KHz bandwidth. 120 bytes per minute.  2% duty cycle

PCSAT2 9600 Science 
    – 
15 KHz bandwidth.  7k bytes in 11 secs every 3 minutes.  3% duty cycle

LABsat imager   
    –
30 Mhz bandwidth.  525 lines of 240 pixels (24 bits)  100% duty cycle
· Since we know that the noise limit in the ground station receiver is proportional to bandwidth ( N=KTB ), then wider bandwidth means more link power required for the same SNR.  Compared to 1200 baud telemetry bandwidth, how many more dB of link performance must you obtain in your link budget to support an image downlink? __________.
· With that difference, assuming a LABsat can close the link for it’s telemetry using a 2 watt RF transmitter,  and 0 dB gain omni antenna, if we apply 10 dB of that needed budget requirement to antenna gain, how much additional TX power is required to make this link work?   ______ TX power.   
· In addition, if the imager and new transmitter is to be on all the time, then, what is the total impact on the electrical power system of the imager at 100% duty cycle compared to the TX power budget for the simple 1200 baud telemetry at its low 2% dutycycle? 
A factor of _____ increase.

· In the previous Antenna Lab, you measured the 5mW microwave transmitter’s useable range outdoors on the order of 1000 feet with a link margin of 24dB and received power of -78 dBm in the clear.  Indoors it will be much worse as you will see when you take your LABsat and camera for a walk.
Frequency Coordination:  There are four FCC frequencies for wireless cameras at L-band, 1080, 1120, 1160 and 1200 MHz and at S-band, 2415, 2435, 2455 and 2475 MHz.  So we can operate up to eight systems at the same time and still avoid mutual interference.  You will use an Icom R3 video receiver. You will operate the command and control/telemetry links for the L-band LABsats on 145.825 VHF, and for the S-band LABsats on 438.375 MHz.  Not only does this reduce the loading on the shared TDMA command channels, it also puts a greater spread between the command links and the image links to reduce electromagnetic interference from the harmonics of the control frequencies. 
· What  harmonic of each command link may appear near your image bandwidth? __________. 
SPYSAT DESIGN and ASSEMBLY:    In addition to the 5 channels of telemetry input exploited in previous Telemetry lab, the TNC also contains 2 discreet OUTPUTS called CTR-A and CTR-B.  There is a 3rd output called LEDS (on/off) which we will use to control the camera through a small control module consisting of a PNP transistor switch and R3.   NOTE: The logic of this command is inverted logic.  ON means OFF, and OFF means ON.  Connect your LABsat as shown in the following figure. 
1. Connect a 10k/2.4k (R1/R2) voltage divider on the telemetry side to monitor the battery voltage.

2. Connect the Control Cable and a 680 ohm resistor R3 on the LEDs on/off circuit as shown.

3. Plug in the Camera Control module (8v or 12v circuit depending on your camera)

4. Let the instructor plug in the camera and all battery connections after Acceptance Inspection!
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LABsat Commands:  Although there are nearly 100 commands to the LABsat TNC, most of them have to do with communications protocols.  Be careful what you type or you can really mess up the TNC operations.  You will use only a specific subset of the available commands.  Use the following commands to set up your LABsat for SPYsat operations:
· BText xxxxxxxxx
– Enter a Beacon Text xxxxxxx for your LABsat for periodic downlink

· B 5 


– Set the Beacon Text rate to once every 5 minutes

· LT  2  !DDMM.hhN/DDDMM.hhW$ - Sets Location Text 2 (#1 is for GPS if attached)

· BLT  2  E  00:05:00
- Set periodicity for the Location Text 2 in hours, minutes and seconds

· TE  6


- Set the Telemetry rate in N *10’s of seconds (60 seconds)
· CTRL A ON (OFF)
- Will be used later for turning the momentum wheel on or off.
· LEDS OFF

- Turns the LEDs circuit OFF which turns the CAMERA ON! (inverted)
Verify Image RF on the Lab’s spectrum analyzer at your SPYsat’s frequency.  Turn on the Icom R3 video receiver and find your signal using the instructions for the R3 receiver that are posted in the lab.
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Image Resolution:  The CCD Camera is rated at about 400 by 400 pixels, but we want to measure the actual resolution of your image sensor.   You will do this empirically by imaging a chart like the one shown here.  From the distance to the camera you can infer the resolution using simple trigonometry to determine the image area per pixel at that distance.
1) Hold the SPYsat “eyechart” several feet from your SPYsat.  Move it closer until your team can make out the letters of one of the middle sized hull numbers.  Measure this distance to the camera and the cross section of the letters to determine the image size for reading the hull number at that distance.
2) Point your SPYsat at the wall and observe the field of view (FOV) on the wall.  Estimate the distance to the wall and the actual field of view with a tape measure.  What area would this correspond to on Earth from 400 km up? ______?
3) Disconnect the PC serial port connections and have your partner carry the satellite down the hall and complete a full circle of the hallways to see what kind of range you can get.  He should point the camera in the direction of walking so that you can see where he is when signal is lost.  The effects of multipath on the signal will be very evident as the spacecraft is moved indoors.  Return the labsat to your workstation.

OPERATIONS:  Plug the PC back in and command your camera to turn off (LEDS on) to save power.  Now begin to configure yoru LABsat so that it can be operated remotely.  Add the radio transceiver to your spacecraft and plug it into the TNC.  Keep the radio off until you are ready to command it later.  After reading the following section and testing your command and control system, you will place your LABsat in a convenient location for observing the YP’s in the Severn River (if any) or take it down the hall within your previously established link range.  
Remote Commanding/Logon:   With the LABsat unplugged from your PC, you can no longer command the SPYsat directly, but must us an RF link and a satellite ground station.  The ground station consists of another TNC and radio, just like that in your satellite.  But now you will be using this TNC and the ground station as one end of a communications link with your spacecraft TNC system. There are several important mode control commands you will use for switching the ground station TNC back and forth between command mode (where you are communicating with it’s own processor) and the data stream (in connected mode).  Or in Unprotocol mode where you are transmitting in beacon mode.  You will use these commands from the ground station for connecting remotely and communicating with your LABsat.

· C CALL

- Point-to-Point Connect Request to another TNC (with the CALL callsign)

· D

- Disconnect from a point-to-point connection with another TNC 

· K

- Switch to CONVERSE mode (either connected or in beacon mode)

· ^C

- Used to break the current CONVERSE mode to get to the “cmd:” 




command prompt if needed to talk to the TNC

Remote Security:  To command your SPYsat by RF, you must use the Remote Command link .  Since this link can be monitored by others, the TNC has a password protected remote-logon capability that only the owner of the TNC can logon and send commands.  To access the command link, the ground station must send a connect-request to the LABsat’s remote logon port using it’s MYRemote callsign (in this case COMAND-N, where N is the number of your LABsat).  The response will be three random series of 6 digits as a password challenge.  

2 3 5 1 4 6 
3 2 1 5 5 1 
3 2 3 1 5 6 

To gain access, you have to send back the password corresponding to one of those three possibilities.  The correct password is determined by matching a secret seed string.  In this lab, the seed string is “gonavy” for all LABsats.  Therefore the responses to the three challenges above would be “onvgay”, nogvvg” or “nongvy”.  You only have to respond with one to logon.  There are three so that others watching do not know which you are responding to… further making it difficult to hack.  If you are successful you will receive the LABsat “prompt:”.

Remote Operations:   There are two portable command and control stations that we have used in the past for PCSAT1, 2, ANDE and RAFT, plus two console ground stations.    Each ground station is operating with the simple terminal program Hyperterm.  Proceed to the ground station and tune to 145.825 for the 2.4 GHz SPYsats or to 435.375 MHz for the 1.2 GHz SPYsats.  Then operate your satellite as follows:

1) Hit ^C to get the ground station’s TNC “cmd:” prompt.

2) Enter C COMAND-N  to connect to your LABsats “N”

3) Hopefully, you will see a *** Connected to COMAND-N *** and then the password challenge

4) Respond to the password challenge with the 6 characters from the “gonavy” password seed string.

5) If you are successful, then you should see the LABsat’s remote logon “prompt:”.

6) Turn on your camera with the LEDS OFF command and verify operation.

7) Watch your labsat’s channel 2 voltage telemetry and prepare to secure when your voltage drops to 10 volts.

8) Turn off your camera with a LEDS ON command and retrieve your SPYsat. 

9) When finished, disconnect with a ^C back to the ground station “cmd:” prompt and then “D”.
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Post Lab:  
Using the measurements and observations from the lab, make the following observations and calculations:
1. In the figure to the right, these same  YP numbers your camera observed during lab have been broken down into individual dots to correspond to pixels.  How many pixels does it appear to need to be able to resolve the  characters?  _______?

2. How many vertical pixels are involved in seeing the minimum resolvable hull number that you can see?  ________?  

3. If the resolution of the camera is specified at 400 by 400 pixels, what is the size of each of these pixels when projected  on Earth from 400km altitude? _____?

4. Assuming we want to be able to read the hull numbers on a YP which are 4 feet tall,  How far away can the YP be from your LABsat to identify it?  _______________.
Defraction Limit (post lab):  Resolution is also limited by the size of the lens used.  This angle (Theta in radians) is a function of the lens diameter and is given by

Theta = 1.22 * Wavelength / Lens Diameter

http://www.astro.cornell.edu/academics/courses/astro201/diff_limit.htm
Optical resolution is often given in arc-seconds where one radian equals 206,265 arc-seconds.   The Hubble telescope with it’s 2.4m aperture has a diffraction limit of  0.05 arc seconds.  What is the defraction limit of your 2mm lens with a focal length of 10mm?  _______?

Using basic trigonometery, what is the size lens your LABsat would need from orbit to resolve the 4 foot high YP hull numbers from 400km altitude?  Could the Hubble see them?

Swath Movement Considerations:  (post lab)  With the spacecraft moving at orbital velocity,  the image of the earth’s surface also moves in the field of view of the sensor.  How many meters/sec is it moving? ______?   The problem with this movement for a fixed pointed camera is a blur to the image from one pixel to another if the pixel has moved appreciably during it’s sampling.  The CCD camera uses the NTSC video standard of  525 lines per image and 30 images per second.  How many lines per second are being scanned? ______?  At that line scanning rate, what is the resolution limit in meters per pixel such that the pixel has only moved half its width in it’s sampling interval?  _______?   SMAD p268-271.

Laboratory Report:   Combine this report with the pervious Telemetry lab into an overall Telemetry Command and Control Lab report.    Describe the purpose of each aspect of the lab and provide a discussion of image sensors as they affect spacecraft design as guided by the many questions in this lab.
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