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The conceptual design for the TCS3 was presented on 8-21-2003. This video conferenced meeting included Hilo, Manoa, and the IRTF summit. J.Harwood and Ev Irwin was also in attendances. These document summaries the issue raised at the meeting, and our responses.
1. Lab Motors ( was Servo Simulator )
Renamed Servo Simulator to Lab Motors.

The T3 project will build a simple model of the HA, and DEC axis. Our model would reproduce the gearing ratio and encoder resolution of the T3 system. There was a discussion on trying to make this model simulated the mechanical response of the TCS in term of inertia or ‘spring-e-ness’. We will consult with Tim if our simple mode can be improved (for example added a fly wheel). However, the Lab Motors is not a tool to tune our system for the summit, but a tool to allow us to run real motors in the lab. Our basic plan for the Lab Motors is unchanged.

2. Spares – Computer & Servo Controller
At what level should we spare the system, and how much online redundancy is needed was discussed. Most of the discussion centered on the computer and servo board. Originally our lab systems in Hilo would spare the summit computers and a spare servo board would be located at the summit. We will modify our plan to have a 2nd computer in the T3 electronic rack at is always online (computer & servo controller). In the event the PC fails, personnel at al the summit can change to the 2nd computer system.

3. Model the Servo or Quick test with PCI controller board
It was suggested what we bring the system ‘early’ for a quick test or model the system using the vendor Servo Tools. To run the system, we would need the computer, servo controller, and T3 Electronic. After these are built, our plan was to start Day Time Testing (Task 6). It is not actually possible to do an ‘early’ test, as a servo controller by itself cannot run our dual motor configuration.

Development of an Analytics model has been suggested. However, this work is outside expertise of the TCS3 core team (denault, keske, pantaleo, watanabe). Tim Bond could develop this model, and it would allow better advice to the T3 project on mechanical question (and helpful to the IRTF in general). We require a decision from the IRTF management.
4. T3 Manual Mode
There was some confusion with the intent of our ‘manual’ mode (It’s not the same as the T1 Manual mode). So we rename it to ‘emergency mode’. This mode allowed a joystick to control the velocity of the axis. There is no hardware servo, so the operator must monitor the position (and should not leave the controls). Many felt uncomfortable with this mode, and suggested a PID circuit be built in. We also discussed if this mode was actually needed. At the post-review meeting, it was decided to remove this T3 Emergency Manual Mode from the T3 Electronics.

5. T3 Safety Circuit
Additional Inputs to the safety circuit was recommended:
· Horizontal Limit will be included in the Emergency inputs.

· Over speed from TAC located on the motor shafts will be included in the Emergency.

· This Circuit will have will have addition unused input in the emergency and brake lockout for future improvements.

It was noted that all the emergency or lockout input will be visible from either the TO Panel or the software GUI.

6. Encoders & Frictional Drive
It was noted that frictional drives and the location of encoders at the bullgear were a continuous source of problems for TCS1. It was also suggest that a combinational absolution and incremental encoder on the main shaft should be considered. The T3 project (actually Tim Bond) was aware of these issues while developing the encoder design.
The best location of the incremental encoder is at the bullgear due to its larger radius arm. Improvement can be made to the frictional drives by using a larger wheel on the incremental encoder (now possible due to higher resolution encoders). Also Tim is investigating using tape encoding on the bullgear to elimination the friction wheel.

7. Encoder – Combining the ABS and INC.

We did look to see if combining the Incremental and absolute encoder was feasible. It was not. Absolute encoder at our incremental resolution (of 0.01) is not need. Forcing that spec on the absolute encoder should drive the cost and limit our selection to the very high or force us to go with custom manufactured equipment.
8. Encoders – Overflowing the position register with 100 count/AS resolution?
It was asked, if 100 counts/arcsecond would exceed the positional counter of the controller board.

100 count/as * 360 deg/revol * 3600 as/deg = 1,296,00,000 counts per revolution.

1,296,000,000 is less than 2**27.

So any servo control with greater than 27 bit position count will work.

The Galil 18x0 (and PMAC) have 32-bit position counter (+- 2,147,483,648). 
The PMAC has a 36-bit position register.

100 count/as is not an issue with these motor controllers.

9. Limitation of General Purpose Motor Controllers (specifically the Galil 18x0)

Because the current MCC is a custom build servo system for the IRTF, it was specify tailor for TCS control. Using a general purpose motion controller is a compromise (vs. redesigning a new hardware servo system). The T3 project looked at Galil 18x0 and PMAC. We recommend the Galil as it is the simpler of the two that can perform the servo task (Galil is a motor controller, while PMAC is a computer). We were asked to take a closer look at both, especially focusing on the resolution very slow speeds:
Assuming 100 count/as (1 count would equal 0.01 arcseconds):
Comments on Galil 18x0:
· Acceleration (AC) rate are rounded down to nearest factor of 1024. (resolutions of 10.24 AS/S)
· Velocity (or speed, SP) are rounded down to nears factor of 2 ( resolution of 0.02 AS).
· Error Limit Range (ER) is 1 to 32767 (327 AS).

· Increment Position (IP) command in the case of the jog mode will cause the motor to instantly move to a new position target. The SP and AC parameters have no effect.

Comments on PMAC.
· PMAC is not a conventional motor controllers – it servo abilities are provide by a DSP. This allows it to be very flexible and provide a wide range of option, but it is very complex and require careful and skillful programming. Parameters are not entered using command language, but in many instances the host computer writes directly into data RAM. Great care must be taken, as it is very easy to enter data that can cause a disaster (ie writing a 0 into RAM that PMAC may use as a divisor).

· The DSP does provide a floating point input for speed and acceleration. Internal registers are integer but contain a large fraction (60 bits). The PMAC engineer did not give me a low resolution limit, but indicated (or he thinks) 1 count per year is possible.
The current TCS has a 14-bit DAC for output to the amplifiers,

This give it a resolution of 20v/16384 = 0.0012.

The Galil has a 16 bit DAC. Which gives it a potential resolution of 20/65536 = 0.0003

If the DAC output was scaled to += 1200000 counts/s, then with the rounding limitation on velocity, the resolution would be: 20 / (1200 ac* 100c/as) = 0.00016. Overall resolution is 0.0003. So because of the increased encoder ratio, the Galil exceeds the current TCS3 resolution. And there is no issue preventing the selection of the Galil.
Although the above data may indicated either board is acceptable. The above data does not prove the Galil has the necessary resolution. Only testing with the actual hardware can determine this.

The only advantage for PMAC is it might have a software mode that runs the TCS better that JOG. It is unclear whether this is true.
10. Shutter Encoding
It was requested that shutter encoding be provided by the T3 computer. Currently the shutters are not encoded, and we have no plans to encode their position.  Replacement of the Shutter JBox will provide additional IO at the dome. In the future, if a shutter encoding device is installed, these unused IO points can be used to acquire the information into the TCS.

11. Network and Hacking

There was concern about network and hacking. Here are our thoughts:

The firewall is the IRTF’s first line of defense in hacking. However, we have relaxed policies due to our need for inter0island communication and sharing. Also remote observing need require us to public distribute passwords and document access to internal system.

Although the TCS computers run under the Linux OS, it role will be limited to the TCS application. Many of the exploitable services such as FTP, Telnet logins, web, file serving will be disabled. Also command sent to the TCS could be screen using and IP access list.

Facility IO hardware will be Ethernet based controllers. The TCS3 will try to install these types of devices using a 10.10.165.x network that is not routed via the gateway. The physical network would be the same as the 128.171.165.x, but just used internal IP’s  to ‘hide’ some IP devices. 
12. Remote diagnostics
All T3 GUI will be exportable to the internet (via ssh). Also any technical staff has the ability to log into the T3 computer via the internet. This allows complete access to the T3 software. This should allow for remote diagnostics in event of any night time calls. However, items required at the remove site are: broadband network access, Secured Shell, and an XWindow server.
13. Interaction with other observation system & Visitor instruments & Observation Control systems

The basic mode of communication will be based on the existing IRTF TCSD. Existing operations (beams switch, dithering, guiding corrections, and querying for TCS information) will be provided. Better integration for some of the move advance operations (like AO) can be improved, as the new TCS can integrate these concepts into its basic command language. 
However, the TCS is not an observatory control program. We will not try to make the TCS coordinate all the activities needed for observing. This is outside of telescope position control, and should be handling separately.

14. System Specifications

An overall specification document will be developed based on the original TCS specification.
15. Safety Review

A safety review will be planned.
16. Test Plan

IRTF Management has required us to develop a test plan. New Equipment must pass a lab test before being installed at the summit. And once installed, equipment must pass another before operational use. 

The Test plan will be part of the design documentation.

16. Documentation

All documentation will be located on the web page. And we will build the site as the project progress. Hopefully our implement we be better that past examples.

