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ABOUT THIS MANUAL

Up until the middle of 2011, the Astro-Physics GTO Servo Motor Drive System was described in a small section toward
the end of each individual mount manual. As time has passed and more options have become available - both in terms
of input devices and in terms of the capabilities of the servo itself - it has become apparent that the GTO Servo System
should have its own manual that would apply to all Astro-Physics GTO German Equatorial Mounts, as well as the OEM
mounts that employ our servo drive. To this end, we have prepared this manual.

One of the principal advantages of using a single manual for all the GTO Servo Drives is that we will be better able to keep
it current with all the latest information. This is especially important in the world of electronics and software where change
is the rule, and time to obsolescence often seems to be measured in minutes rather than years!

We will do our best to keep the manual updated on our website. We expect this manual to be a constant work-in-progress,
so check our Technical Support section often for the latest information.

PLeEaseE REcorD THE FoLLOWING INFORMATION FOR FUTURE REFERENCE

GTOCP4 Serial Number:

Purchase Date:




INTRODUCTION

Your mount is a unique combination of precision, intelligence and strength. The heavy-duty, CNC machined parts give the
mount the strength and rigidity to hold a load in a rock-steady fashion while exposed to the elements and while that entire
load is in motion. The precision of every component allows accuracies that are measured in fractional arcseconds. The
intelligence to control all of this is in the GTO Servo Motor Drive System.

There are three major sub-systems to the GTO Servo Drive:

1. The GTOCP4 Control Box This is the real “brain” of your mount. Please try to understand this from the outset. Your
mount is NOT controlled by the keypad or by your computer. They merely serve as input devices and convenient inter-
faces for you, the user. The GTOCP4 serves the following functions among others:

o It provides the voltage to drive the motors.

o It determines the motors’ rotational direction,
rotational speed and the total number of rotations
required to arrive at the destination coordinates
that are commanded.

o It maintains the accurate tracking speed that is
chosen and applies any needed corrections from
a periodic error curve that is stored in its memory.

o It takes the provided input and translates it into
the correct actions that fulfill our wishes.

o In mounts equipped with the Absolute Encoder
System or the Precision Encoder and Limit Switch
systems, the GTOCP4 seamlessly integrates the
encoder and limit functions with the regular servo
control functions for an unprecedented level of
control.

o It bears repeating: It is the GTOCP4 Control Box that controls the mount!

2. The Servo Motors with their integral high precision motor-encoders. These high-quality Swiss DC servo motors
are the work horses that actually move the mount. Their integral encoders provide the necessary feedback information
for the GTOCP4 Servo Control Box to perform its varied operations. The encoders working with the microprocessor in
the GTOCP4 operate to an accuracy of 0.05 arcseconds per step. These motors can be accurately controlled over a
speed range of 4800:1, which allows 0.25x sidereal for manual guiding to 1200x sidereal for 5 degree per second slew-
ing (Mach1GTO, 900GTO, 1100GTO, 1200GTO and 1600GTO). The top speed has been intentionally scaled back to
600x for the 3600GTO because its larger worm wheel has more teeth than the wheels on the three smaller mounts.
NOTE: The integral motor-encoders are NOT the same as the Absolute or Precision shaft encoders that we offer.

3. An external input device to interface with the user. The interface that we offer as an optional accessory for the
GTO Servo System is, of course, the GTO Keypad. In addition, the GTOCP4 control box has the versatility to commu-
nicate with just about every kind of electronic device imaginable. This obviously includes personal computers, but now
also includes numerous mobile smart devices, with more being developed all the time. In addition to the serial com-
munication, the GTOCP4 also offers USB, Ethernet and WiFi connectivity. The GTO Keypad has its own manual with
complete operational instructions. For more information on other external input devices, see the Controlling Your GTO
Mount section on page 18.

For the discussions that follow, we also divide the types of control functions that the GTOCP4 Control Box performs into
three principal categories that are discussed more fully in "Controlling Your GTO Mount" on page 18.

1. Primary Control Functions. Primary control functions include all the functions that define HOW the servo will make
decisions. In particular, these are the initialization functions - time, date and location - along with Park, Meridian Delay
and Sync.

2. GoTo/ Move Functions. GoTo / move functions include coordinates, move commands, and rate commands.

3. Hybrid and Other Functions. Hybrid and other functions include Periodic Error Management (PEM functions and the
Re-Calibrate function which has elements of both control and GoTo / Move.

To ensure the reliability of this control equipment, the Astro-Physics Servo Drive System uses industrial components. We
chose a sturdy industrial handheld computer as our keypad. These components are far more rugged than conventional
consumer electronics, and they will continue to function properly well below zero degrees F (-18 C). The keypad uses a
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vacuum fluorescent display that does not lose its speed or readability in the coldest winter conditions...all the way down to
-40 degrees F (-40 C). (However, if you plan to use your mount in extreme temperatures and conditions, please contact
Astro-Physics first.)

All of this control and sophistication is accomplished in an incredibly efficient manner. The Servo Drive System can
generally be operated from nominal 12-volt systems, although the larger mounts may benefit from slightly higher voltages.
In terms of energy consumed, the AP GTO mounts generally consume less wattage than a small compact fluorescent
bulb when tracking, and less than a small incandescent bulb when slewing. Power considerations are explained in detail
starting on page 38.



GTO SERVO DRIVE SYSTEM SPECIFICATIONS

Electronic components

Rated for industrial and rugged automotive applications

Motors: Mach1GTO,
900GTO and 1100GTO

Zero-cogging Swiss DC servo motors, enclosed in machined aluminum housing

Motors: 1200GTO,
1600GTO and 3600GTO

High-torque, zero-cogging Swiss DC servo motors, enclosed in machined aluminum housing

Motor encoder

2000 tic quadrature yielding an effective resolution of 0.050 arcseconds per tic for the
Mach1GTO, 900GTO, 1100GTO, 1200GTO and 1600GTO. The 3600GTO has an even tighter
resolution of 0.044 arcseconds. The 400GTO and 600EGTO have resolutions of 0.033 or
0.053 arcseconds depending on the gearbox.

Motor reduction gear train

57.6:1 gear reduction through a custom built set of large diameter, fine-toothed, precision, spur
gears for vastly superior performance (Except: 400GTO and 600EGTO which had 3.2:1 spur
gear reduction and either a 19.8:1 or 32:1 gear head on the motor)

Servo Motor Control Box

GTOCP4 Control Box, removable

Hand-held computer

Optional GTO Keypad to control all mount functions. Includes extensive databases and tour
features in a simple, intuitive interface. Software updates via internet

Power consumption

0.3 to 0.8 amps at the mount’s recommended voltage while tracking; 1.0 to 3.0 amps at the
mount’s recommended voltage - both motors slewing at the highest available slew speed. For
greater detail see the individual power specs for each mount in the Power Considerations
section starting on page 38.

Power requirements

12V to 18V DC at a minimum of 5 to 10 amps continuous recommended, depending on the
mount model, load and environmental factors. For specific details see the individual power
specs for each mount in the Power Considerations section starting on page 38.

GTOCP4 Dimensions

6.375” x4.9" x 1.8” (16.1 x 12.5 x 4.6 cm)

GTOCP4 weight

1.8 Ib. (0.8 kg)

Standards

Meets FCC and CE standards. Lead-free RoHS compliance

Maximum slew speed:
Mach1GTO, 900GTO,
1100GTO, 1200GTO and
1600GTO

5 degrees / second at 1200x sidereal

Maximum slew speed:
3600GTO

2.5 degrees / second at 600x sidereal




GTO CONTROL BOX - MODEL GTOCP4 - YOUR MOUNT’S BRAIN

The GTO control box contains all of the circuitry to drive the two servo motors and the logic required to navigate the sky.
It will be operational and track at the sidereal rate when connected to both motor/gearboxes of the mount and a power
source. In order to control the movement of the mount, you will need to connect at least one of these:

e GTO Keypad.

e Computer with a planetarium program or observatory control software. The "The Astro-Physics Command Center
(APCC)" on page 21 is highly recommended. Astro-Physics also has a fully supported ASCOM V2 Driver available.
A more detailed listing of software is in the "Controlling Your GTO Mount" on page 18. In addition, see the Website’s
ASCOM page and the APCC page for details on both APCC and the ASCOM driver.

e Mobile Smart Device with mount command functions that employ the Astro-Physics Command Protocol. NOTE: As
of this writing, some programs on mobile devices do not have a means of initializing the mount. For more information,
see "Initialization and Shut-down" on page 26.

e PC computer with PulseGuide™ by Sirius Imaging. The CD with this program is included with the mount. The CD
includes a complete user’s manual in PDF format. For the most updated version of the software, check out the
website www.pulseguide.com. Please refer to the section later in this manual for further information regarding the
capabilities of this program.

Please remember that this box contains advanced electronics and must be treated with the same care given to other fine
equipment. You can see that the unit is machined of aluminum and is built to be rugged; however, it is not indestructible.

Control Panel of GTOCP4 Control Box

GTOCP4 Control Box - Layout and Features

10-pin Receptacle for Servo Motors

AY-cable or servo extension cable with 10-pin male connectors plugs into this receptacle. Attach the connector to the
GTO Control Panel. Attach the short leg of the Y-cable to the R.A. motor housing and the long leg of the cable to the
Dec. motor housing. Be sure to screw on the knurled ring to lock it in place. Refer to the appropriate section on cable
management in your mount manual for further information about positioning the cables.

10-pin Receptacle for Absolute Encoders

The GTOCP4 incorporates the functionality of both the GTOAE and GTOELS into its design, thus eliminating the need for
these secondary boxes when using the 1100GTO and 1600GTO mounts with Absolute Encoders or the 3600GTO with
Precision Encoders. The encoder cables with 10-pin female connectors from these mounts will be connected directly into
this 10-pin receptacle.


http://www.astro-physics.com/products/accessories/software/ascom/ascom.htm
http://www.astro-physics.com/products/accessories/software/ascom/ascom.htm
http://www.astro-physics.com/products/accessories/software/apcc/apcc.htm
http://www.pulseguide.com

12-volt Locking Receptacle

Place the DC power cable’s 2-pin locking plug into the 2-pin receptacle marked 12V on the GTO Control Panel and lock in
place by a twist of the plug’s locking collar onto the receptacle. The other end of the power cable terminates with Anderson
Power Pole connectors which provide convenience when connecting to a number of different power connectors. Cigarette
plug and ring terminal adapters are provided with the mount’s power cable set. Several other connector types can be
found through the internet. The GTOCP4 receptacle is top pin (pin #1) positive (the orientation notch is to the right).
See photo on previous page.

We highly recommend either our 13.8 volt 5-amp power supply (PS138V5A) for most situations or our 15 volt 12-amp
supply (PS15V12AC) for the larger mounts, heavier loads and / or colder climates. DO NOT use "wall wart" or laptop
power supplies.

Please read the Appendix B: Power Considerations section starting on page 38 for more information. In short, using a
cheap or inadequate power supply with your mount is like buying cut-rate gas for a Ferrari.

There is no on-off switch on the GTOCP4, although on-off switches are found on most power supplies. We recommend
that you connect all of your cables to the GTOCP4 Servo Control Box before applying power, whether from a power supply
or from a battery. To turn the unit off, simply disconnect the power cable or flip the switch on the power supply.

Power Indicator Light

This red LED will remain illuminated when your system is powered up and operating properly. The red-colored LED
indicates proper functioning of the servo system. If the servo detects a problem, the LED will turn from red to amber. An
amber LED indicates that the servo has gone into “safe mode” or “motor stall” mode and is no longer trying to drive the
motors. The motors will be stopped and de-energized for safety. Position data is not lost during this condition. If the
voltage falls below about 10.5 volts, the power LED will go out completely. The keypad will also not function properly
below about 11 volts.

If you experience an amber LED, first check your power source to be sure it is delivering adequate voltage and current
to drive the system. Look for loose or corroded power connections. If your power supply is good, the amber LED means
that your motors are overloaded, probably due to an unbalanced load on your mount. It could also mean that your scope
or counterweights have hit an obstruction and stopped the motion of the axis. Refer to the troubleshooting section of the
manual for the solution.

Keypad Receptacle

Attach the 5-pin male connector plug on the end of the GTO Keypad’s coiled cable to this receptacle and lock it in place
(push in the knurled ring then turn). The keypad receptacle is actually a serial port with an added 12 volt power source.

Auxiliary Receptacle

The auxiliary receptacle will be used for future devices which will provide additional functionality to the mounts. Currently, it
is used for connection to the limit switches of the 3600GTO mount.

Autoguider Port Receptacle
This receptacle interfaces with the RJ-11-6 modular plug of an autoguider

cable, purchased separately or as part of a CCD Imaging Camera or GTOCP3 AutoGuider Port
Autoguider. The port uses the industry standard ST4 pinout as shown at RJ-11-6 Receptacle

right. Pin 1 NC

The autoguider will be functional and ready to go as soon as you plug it in. g SIXD_ = L Pin

Please refer to the appropriate manual from the manufacturer for operation
of the autoguider. As we explain more fully in "Autoguiding Tips and Notes"
on page 31, you mustn't confuse your guiding software's X and Y axes with
R.A. and Dec. They are NOT necessarily the same.

4 Dec. — 6 4 Positions

5 Dec. |'|'|'|'|'|'|] Jack 623k
6 R.A.

+

+

Communication Ports

The GTOCP4 introduces additional communication alternatives in addition to the venerable RS-232 serial ports. These
are USB, Ethernet and WiFi. Each will be discussed individually below, but a bit of introductory text is in order. First off,
you must understand that ALL control, information and operational data passing to and from the mount is in the form of
simple ASCII characters in text commands and responses. Whether you are controlling the mount from the keypad, from a
computer, or from a smart phone or tablet, an order to slew the mount will consist of the exact same commands, made up
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of these same ASCII characters, sent in the exact same order, and basically at the same speed.

Do not be duped into thinking that traditional serial communication is somehow inferior to USB, Ethernet or WiFi. Your goal
is to select the alternative or alternatives that best meet your needs with respect to your control device, and the distance
between the control device and the mount. Crash-proof dependability of the communication medium is FAR MORE
IMPORTANT than high speed!

Ethernet and WiFi can be thought of as the same thing in many respects. At its root, WiFi is simply Ethernet that uses
radio technology instead of twisted-pair cables to move data bits from point A to point B. Ethernet and WiFi control is still
under development with the authors of the various control software packages and planetarium programs that are available.
As these developments proceed, Ethernet and WiFi will become ever better choices for primary control of the mount. For
the present, WiFi and Ethernet have three major applications:

1. "The Astro-Physics Command Center (APCC)" on page 21 will connect directly to the GTOCP4 through either Ethernet
or WiFi. Cabled network and peer-to-peer as well as WiFi network (station) and Access Point modes are all supported.

2. Ethernet and WiFi can be used with virtual serial port software to create additional serial port options for normal mount
control with other software.

3. The GTOCP4 has a built in web interface that can be accessed by any browser or via our Ethernet-WiFi Poll utility.
Among other things, this is by far the best way to perform software upgrades to the control box.

4. They allow easy connection of mobile devices like smart phones and tablets. No additional dongle or device is re-
quired.

Regardless of the communication method, when you are controlling the position of the mount with a computer program
such as the Astro-Physics Command Center (APCC), DC3 Dreams’ ACP™ | or Simulation Curriculum Corp.’s Starry
Night™, there is constant communication between the computer and the microprocessor in the GTOCP4. The computer
software requests constant updates to the position and status of the mount, and the GTOCP4’s microprocessor chip
responds with continual R.A. and Dec. coordinate data via the cable or wireless connections to your computer. When
you use the software to give instructions to slew to a new object, the commands (R.A. and Dec. coordinates) are sent to
the mount. Please read the sections that follow entitled, “Controlling Your GTO Mount” and “Understanding the German
Equatorial Servo Logic” for additional information.

Choosing Your Communication Interfaces

One of the primary factors in choosing your connection method or methods will be the distance separating the control
device from the mount. (There are, of course, other important factors as well.) People who have their mounts close to
the controlling computer, and do not have network capabilities at hand, may find direct USB connection to be their most
convenient choice. Somewhat longer distances may be better served with peer-to-peer Ethernet, an installed serial card
or a USB to serial adapter and a longer serial cable. For remote control of a mount that is within 100 yards or so of the
controlling computer, we have found the Icron Technologies Ranger 2304 USB extender to be an excellent solution (more
below). Ethernet capabilities are available through "The Astro-Physics Command Center (APCC)" on page 21, but with
APCC's virtual ports, it is really the only mount connection needed. As network capabilities are written into other software
by the respective developers, direct or network connection with Ethernet and WiFi will also become ever more attractive
options.

More distantly remote observatories will generally require a computer or an IP addressable server in the remote
observatory itself, along with a high-speed internet connection for communication with your home computer. The Ethernet
and Wifi discussed below will prove helpful. Such complete long range solutions are beyond the scope of Astro-Physics to
supply or support. If you are oultfitting your observatory with a new computer, you might want to consider a small industrial
computer or “media player” computer like the Global Shuttle DS series (i.e. the DS57U), the Cincoze line, or the Moxa V
series among others. These computers are used to run the huge video billboards that are now everywhere, and they are
environmentally robust, even at low temperatures. They also come with multiple true serial ports, and many operate on 12
volts - perfect for the solar-powered observatory!

As with any computer electronics, change is the only real constant. Please check the Serial / USB Mount to Computer
Connectivity Devices, Adapters and Cables page of our website for the latest information on products for computer
connectivity that we carry!

USB Port

We have added a ruggedized USB 2.0 port to the GTOCP4. The USB port uses an on-board FTDI RS-232 serial UART

to seamlessly connect as if it were a true serial port. This device is powered both from the USB itself and

also from the power of the GTOCP4. One of the serious problems with external USB to serial adapters is

that USB is notorious for having “coughs, sneezes and hiccups”. Since the typical external USB to serial .'%’
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http://www.astro-physics.com/products/accessories/software/Serial_USB/serialusb.htm

devices are powered only through the USB, they crash when there is such a hiccup. Because the internal FTDI chipset in
the GTOCP4 remains powered, it will almost never crash, and it is able to recover when your computer’s USB develops
indigestion.

As with all USB devices, this one works best when common sense is applied.

e Use a high quality USB cable.

= e - the Semart TFT e Use the shortest cable that will work for your system.
e ] Rt Remember, USB is limited to about 15-16 ft. (5 meters).
I.‘.'._T e Connect directly to a primary USB port on your
Eﬂ Commants | computer if possible (generally these are located on the
— rear of a desktop computer).
e WHOL Cerified. Includes VCP and D2X0X
Ambleasasempemcmhleq-""' e Avoid using hubs or extenders if possible. If you must
\ Please read the Release Notes and Installation Guides use a hub, use a high quality hub that is powered. If you

must extend your USB range we highly recommend the
—— Icron Ranger 2304 USB extender which you can find

on the Serial / USB Mount to Computer Connectivity

— Devices, Adapters and Cables page of our website. The
~ ey Icron Ranger 2304 provides four USB ports, one of which
=, . . e ——— can be used for the mount, leaving 3 available USB

e ———t 1= A ports. The Icron Ranger 2304 supports isochronous data
[Comosnmsmimeme | misen | s | - | """ transfer and will therefore work with most CCD cameras.

IMPORTANT!! You MUST install the FTDI Driver onto your computer for this device to work properly. It is HIGHLY
recommended that you install this driver BEFORE you connect the GTOCP4’s USB port to your computer for the first time!
The latest driver can be found at http://www.ftdichip.com/Drivers/VCP.htm . Note also that the FTDI USB to Serial devices
are all uniquely serialized. Each one will be assigned its own COM port that will be remembered through power-cycles.

RS-232 Ports (2)
These are the traditional serial ports that have been used to connect your mount to an external computer for years.

"So, why would anyone still use an old-fashioned serial port?” you might

GTO Control Box

ask.

Serial RS-232 Ports
The answer is quite straight-forward. Traditional serial ports still have many DE-9 Female Jack
advantages. They are still highly recommended for their ruggedness and 5 4 3 2 1

reliability. One of the huge advantages of serial over USB is that serial cables

can be much longer. 100 ft. serial cables are generally not a problem, whereas @ O O O O O @

USB is limited to about 15 - 16 ft. (5 meters). Industrial and commercial

equipment control is still totally dominated by serial for its robust dependability. O O O O
9 8 7 6
You may provide your own straight-through (non-crossing) cables (from 1’ to 100’ 1 Empty
length) with a 9-pin (DE-9) male connector to interface with the GTO panel, or 2 Transmit from Servo Drive
you can purchase a 15 foot cable directly from us (and be assured that they are 3 Transmit from Computer to Servo
the correct type of cable!). Our DE-9 receptacles provided the locking posts to 4 Empty
. . 5 Ground
secure the cable firmly onto the control box. If your serial cable does not have a 6 Data Set Ready
9-pin connector, you can use a gender changer or adapter to convert it. 7 Empty
8 Empty
**FYIl — The DE-9 plug and receptacle are often mistakenly referred to as 9 Empty

DB-9s. The E or B represents the shell size of the plug or receptacle. The
B shell is the larger size used for the 25-pin DB-25 plug and receptacle,

but the smaller 9-pin version uses the E size shell and is therefore correctly
called a DE-9. Now you know!

Pins 2, 3, 5 & 6 are active.

Note: If making your own cable, a jumper
may be required between pins #4 and #6.

Please note: Make sure that your serial cable is wired straight-through! The use of “crossing”, “reversing”,
“null”, or “null modem” cables is a frequent source of communications failure and frustration.

We provide two RS-232 serial-port connections on the mount to give you added flexibility. The availability of a second port
also facilitates the backup COM port feature in the Astro-Physics Command Center (APCC). If you use APCC, you also
gain the benefit of its additional virtual serial ports.

Serial ports, by their nature cannot be Y-connected or split with hubs. Each physical serial connection that you use on the
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mount must have a corresponding unique COM port available on your computer. If you use a laptop, you will probably
need to purchase a USB to serial adapter to use one of the serial ports. In the past, we recommended and sold adapters
from Keyspan. These are still fine adapters, but we are now recommending and selling adapters from FTDI. A primary
reason for this change is that the GTOCP4’s on-board USB serial UART is also by FTDI. This way, you need only a single
driver to work with all of your USB to serial applications. Another reason for the switch is that the FTDI units have a wider
operating temperature range, especially important on cold nights under the stars. Unlike many lower quality devices, both
the FTDI and Keyspan adapters also maintain their COM assignments when plugged into different USB receptacles on any
given computer.

For desktop computers, we strongly recommend installing a multi-port PCI serial card directly onto your computer’s
motherboard. This is basically the same as the native serial ports that were standard on all computers back in the “old
days.”

Ethernet Port

The GTOCP4 introduces Ethernet connectivity to the Astro-Physics GTO Servo System. The interface is the
standard RJ45-8 receptacle for Cat 5 and higher cables. Ethernet (LAN) can be point-to-point (aka. peer-to-peer)

<. e with a computer, or networked without user configuration. Simply enter the IP address into the browser URL and
gain access to the GTOCP4 Web interface. An IP address takes the form: xxx.xxx.xxx.xxx where xxx is a value
between 0 and 255. A typical IP address on your home network might be 192.168.0.101

A handy ASCOM Ethernet WiFi Poll utility as well as the FindMounts.jar Java applet have been provided on our Technical
Support Page for divining the correct IP address for ASCOM users without the networking expertise to do this themselves.
The utility will even open up the GTOCP4 Web Interface in Internet Explorer if it is present on your system. Use the same
Username and Password as for a keypad firmware update. The Java applet will work from non-Windows computers,
but does require Oracle's Java Runtime Environment.

Additional IP address info can be found in the section
"More Information on IP addresses for Uploading new
Software" on page 13.

Serial No.: 3 Software Version: VCP43-E0Q-27

The GTOCP4 Web Interface will provide easy
configuration of your Ethernet and WiFi connections. GTOCP4 Available on Wired Ethernet al:
It also provides the best and easiest way to upload
software updates. A sample Main Page is shown at
right. The "Load New Software" button and a button
linking to the "Help with New Software Update" have
been circled. Additionally, since the Web interface

is built into the GTOCP4, you can access it on any
operating system that supports a Web browser without
having to install any special software.

If you plan to use the Ethernet connection with
Windows software that supports serial ports (including
the ASCOM V2 driver, TheSkyX™ and most software
available today), we suggest that you use "The Astro-
Physics Command Center (APCC)" on page 21. Connect
APCC directly and then use its built-in virtual serial
ports for other software.

TheSkyX also offers IP connectivity, but at the present, you will be limited to their native driver. Another possible
alternative is to use the "Eltima Serial to Ethernet Connector" software available from www.eltima.com. This
software effectively creates a virtual serial port over your Ethernet connection. This serial port acts like any other
serial port, but unlike a true serial port, it is not totally exclusive. You can continue to use other Ethernet data
capabilities while the virtual serial port is in use. For example, you can connect Voyager software from Carina

Software (page 23) through an Eltima virtual serial port and still use the Web Interface.

WiFi Connection

As mentioned earlier, at its basic level, WiFi is simply Ethernet over radio waves rather than over twisted-pair A
CAT 6 cables. However, the wireless nature does create a few characteristics unique to WiFi. Your GTOCP4 7 ===,
can be configured as either a station or as an access point. The station mode lets your GTOCP4 join an Ao
existing WiFi network. The Access Point mode allows your GTOCP4 to create its own network. L

The GTOCP4 is shipped with the default set to "Access Point." Both modes are configured for the most commonly used
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security protocol: WPA2-MIXED-PSK (Personal).

Configuration of the WiFi is most easily done from the web pages built into the GTOCP4. It is probably simplest to do this
the first time from the Ethernet based web pages described above. However, it can also be done pretty easily using the
default Access Point mode as described below under Getting Started. In either case, we have endeavored to make the
web pages self-explanatory, even for those of us who are not professional IT gurus.

Station Configuration:

When configured as a station, the GTOCP4 joins an existing wireless network like the wireless home networks that

many of us have. The existing wireless network has a wireless router that supervises the flow of data within the wireless
network. From the GTOCP4’s point of view, this is by far the most efficient and desirable wireless mode. It is what would
be typical for most people who have wireless networks for their various devices like computers, smart phones and tablets.
The GTOCP4 would then simply “join the network” in the same manner as your smart phone does.

Like your other smart devices, once you have configured your GTOCP4 for your home network, it will remember
the network and the password and will connect automatically every time it is powered up, as long as the network

n I I I is available. The GTOCP4, however, will not remember multiple networks. If you take your system to another
location with a different network, It will need to be re-configured to join that network.

It is assumed that you have a secure home network that you will be joining. Bear in mind that anyone with access to the
same network also will have access to your GTOCP4.

Access Point Configuration:

Your GTOCP4, however, has the added capability of acting as a WiFi access point. This will allow you to connect another
wireless device to your GTOCP4 even without the presence of a wireless router and established wireless network. As an
access point, the GTOCP4 must then take on some of the responsibilities normally carried by the wireless router. This is
why the access point mode is less efficient than station mode. However, since a WiFi router may not be available at a star
party or at some locations, the access point capability is quite a valuable asset.

Your Access Point WiFi Network Name will be GTOCP4_Net_XXXX,
where XXXX stands for the numeric portion of the serial number without B =
leading zeros. Because each network name includes the serial number, :
each GTOCP4 creates a unique access point network. As an example,
the screenshot at right is for serial number CP4-0092.

We have assigned an IP address for Access Point mode. That address
is: 172.31.0.1 We suggest that you not change this IP address unless
you have a compelling reason to do so. Multiple GTOCP4s in the same location will not conflict with each other even
though they share the same IP address. Remember that it is the network itself that is unique.

It is important that you consider security when using your GTOCP4 as an access point. We have provided a default
password that is reasonable for getting started, but you will probably want to change it to something more secure.

Keep in mind that the WiFi module in the GTOCP4 is NOT a router-class wireless device. Although it can take on some of
a router's duties in Access Point mode, it cannot be expected to substitute for a wireless router in supplying internet and
network connectivity to a large number of devices.

Getting Started
Configure your WiFi from the GTOCP4's built in web pages. If you can open the web page from a browser using an
Ethernet connection, please do so. It's probably the fastest and easiest. If you will be configuring from a wireless device,
start by joining the GTOCP4's wireless Access Point network.
1. In your wireless device (laptop, smartphone, tablet, etc.) open the device's wireless settings page.

2. Find the network for the GTOCP4 in your device's list. It will be named: GTOCP4_Net_XXXX as described earlier,
where the XXXX at the end represents the numeric portion of the CP4's serial number without leading zeros.

3. Connect your device to the network. You will be prompted for a password. The default password starting out will be:
XXXXadmin12345 where again, the XXXX represents the numeric portion of the serial number without leading zeros.
For the GTOCP4 on the previous page, the password would be: 92admin12345

4. Once your device shows that it is connected to the GTOCP4’s Access Point network, open the devices browser.
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5. In the browser’s URL address bar, enter the following IP address: 172.31.0.1 and then the equivalent of “Enter”

This will bring up the GTOCP4 Main Web page just like the Ethernet version. From this page, you can move on to the
Change Network Connection or Advanced WiFi pages. On these pages, you can choose the default WiFi connection, and
you can change the Access point Network Name if you wish. It is highly recommended that you change the password
to something more secure since anyone with access to this manual and knowledge of your serial number can
determine the factory default password. The new password will NOT take effect until the GTOCP4 is power-cycled.

Important Note: Most devices are smart enough to ask you for the new password when you try to connect after you
have made a password change. This is, unfortunately not the case with Windows 7 and some later versions as well.
Once a Windows computer has made a connection with your original password, it may simply fail to connect instead
of asking you for the new password. It won’t even have the courtesy to tell you why it failed to connect.

To remedy this in Win 7, click on the little WiFi symbol |I|I at the far right of the task bar. This will open a small
box with the listing of all the currently available WiFi Networks. Find the GTOCP4's WiFi name and right-click on

it. Select "Properties". In the next little window that opens, go to the Security Tab. Here, you can enter your new
password where it says "Network Security Key. To make it easier, check the box to show the characters - just
remember to un-check it when you are finished. Once the password is entered, click OK. Now you should be able
to connect using Windows.

In Win 10, You will want to access the Network & Internet section of the new Settings App. This can be done by
either opening the app or by clicking the same WiFi icon mentioned above for Win 7, and then clicking the settings
link at the bottom of the list. First, try connecting to the GTOCP4 from the settings page. It will hopefully then present
you with a request for additional information (this means the password). If it does not, then click Manage WiFi
Settings at the bottom, select the GTOCP4 from the list and tell Windows to forget it. Now power-cycle the GTOCP4,
allowing at least a minute or so between power-off and power-on. (Windows needs to lose, and then re-find the
“new” network.) Go back to the main WiFi page and you should see the GTOCP4 again. Now this time, it should
allow you to enter your password and connect. Why, nothing could be simpler! (ahem! cough! cough!)

More Information on IP addresses for Uploading new Software

Please see Appendix C for instructions. These instructions are also available in the Technical Support section of our Web
site. The text included here gives methods for determining the GTOCP4's IP address.

One of the advantages of the GTOCP4 over the previous GTOCP1-3 is that updates to the software can be made
electronically in the field by the customer. At this time, we require that you to update software using the Ethernet
connection. Currently, download over the WiFi is slower and more error prone, so we are not allowing WiFi updates. It is
therefore imperative that you be able to find the cabled IP address.
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Ethernet and WiFi Best Practice Recommendations

e [f you will be using Ethernet, but NOT WiFi, turn WiFi OFF from the “Change Network Connection” page of the
GTOCP4 internal web page set. This is a good practice anyway. After all, there is no way to hack a wireless
connection that is turned off!

e If you will be using WiFi, but NOT Ethernet, set the DHCP mode to OFF or CLIENT in the “Advanced Ethernet
Settings” page of the GTOCP4 internal web pages. This may already be set as a default.

e [fyou plan to use both Ethernet and WiFi, regarding Ethernet, set the DHCP mode to CLIENT to connect the GTOCP4
to a Local Area Network (LAN). Set the DHCP mode to SERVER ONLY if you will be connecting directly, peer-to-peer
with a computer. Change these on the “Advanced Ethernet Settings” page of the GTOCP4 internal web page set.

e [f you wish to set the DHCP mode to BOTH, understand that the GTOCP4 will start out in "client" mode, and then
switch to "server" mode if it is not assigned an IP address after a timeout period. Per IEEE standards, the switch to
server mode will take place after more than 30 seconds, so you may need to be patient if waiting to use the GTOCP4
as a peer-to-peer device when set to "both."

Pre-loaded PEMPro™ Curve

All Astro-Physics mounts are tested at our production facility with a special version of PEMPro™ Periodic Error
Management Software. After ensuring that the mount’s uncorrected periodic error is within that mount’s specifications, we
generate a unique optimized PE correction curve for your specific mount and then save it to the GTOCP4 control box for
your use. By turning PE on from the keypad, the Astro-Physics V2 ASCOM driver or from APCC, you can take advantage
of this PE curve the very first time you use your mount. This PE curve should remain valid for several months as your
gears “run in”.

The full version of PEMPro™ v.2.x has been included with the 900GTO, 1100GTO, 1200GTO, 1600GTO and 3600GTO,
should you want to make an updated or refined curve by running a larger number of worm cycles. 8-12 cycles are
recommended for smooth curves...the more cycles, the more accuracy. Mach1GTO owners can purchase PEMPro™ from
the CCDWare website: www.ccdware.com.

DO THIS FIRST!! When using PEMPro to redo your PE curve, it is suggested that you save the existing curve from the
control box to your computer before overwriting it with a new curve, just in case an error is made and the old curve is
needed to be re-entered.

Note: If you are upgrading to the GTOCP4 from an earlier control box, you cannot reuse the curve

from your GTOCP1/2/3. You will need to use PEMPro™ to generate a new PE curve for your mount.
Curves cannot be transferred from one control box to another, as they will end up out of phase.
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Removing and Installing the GTOCP4 Control Box

An important part of the design philosophy at Astro-Physics is to use a modular approach to the system components. In
the rare event of a failure, many components can be easily removed for repair, replacement or temporary swap-out. This
modular philosophy is exemplified by the GTOCP4 control box and its predecessors.

The GTO control box is integrated with the mount differently for the different
mounts that we offer. When using the 400GTO, 600EGTO, Mach1GTO, 1100GTO
and some of the OEM mounts that use the AP Servo Drive System, the GTOCP4
is not directly attached to the mount, but instead it is mounted onto a bracket that
is then affixed to the tripod or pier. Attachment and removal are straightforward.

On the 900GTO and 1200GTO, the GTOCP4 may be held in a dovetail bracket
on the top of the R.A. axis, or alternatively, on a bracket attached to the pier. The
1600GTO and 3600GTO have a dovetail bracket built onto the west polar fork
(east polar fork if you’re “down under”). The Mach1GTO, 400GTO and 600EGTO
use the bracket attachment system.

The GTOCP4 is secured into the dovetail (or bracket) by two #8-32 thumbscrews

Thumbscrews

(or two #8-32 set-screws). To remove the GTOCP4 simply loosen these Securing CP4
thumb-screws (or set screws) and then tilt and lift the box free from the dovetail Mach1GTO with CP4
connection. Reverse the procedure to install. Attached to Pier

Easy removal can be especially handy for mounts that are subject to extra environmental stresses. The GTOCP4 can be
removed and taken inside to a safer environment when not in use. Note: The photos show thumbscrews securing the
control box, but the mount may also use set screws.

Thumbscrews Securing CP4

1600GTO and 3600GTO Style

1100GTO and 1100GTO-AE/L with CP4 Attached to Polar For1k6006m houn

with CP4 Attached to Mount Base

Thumbscrews Securing CP4

400GTO and 600EGTO Style A \
900GTO and 1200GTO Style with CP4 Attached to Pier 900GTO and 1200GTO Style

with CP4 Attached to Pier 600EGTO shown with CP4 Attached to R.A. Axis
900GTO shown 1200GTO shown
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GTOCP4 and Absolute Encoders

1100GTO and 1600GTO mounts that are equipped with Absolute Encoders do not require a separate control box for
operation. The full functionality of the previous GTOAE box has been incorporated into the CP4. This dramatically
increases the processing speed of operations, as well as eliminating connection cables.

New Mount with GTOCP4

Once the CP4 is attached to the mount in place of the CP3, simply connect the Absolute Encoder cable from the mount to
the top right connector on the CP4 marked "Encoder". It is that easy!

Upgrade from Previous GTOCP3

Transitioning from the CP3 to the CP4 is very easy. All the mount operations are done through the one box. Start by
mounting the CP4 in place of the CP3 (which it replaces). Remove the GTOAE box from the mount, along with its cables,
and then connect the Absolute Encoder cable from the mount to the top right connector on the CP4 marked "Encoder". It
is that easy!

APAE Utility and Absolute Encoder Mounts

The APAE Utility is the stand-
alone Windows-based utility
which is used to turn on/off the
Absolute Encoders and to adjust
the Home and Limits settings.

You must have the newest version
to recognize and function properly
with the GTOCP4.

The APAE Utility needs to be
connected to the GTOCP4
through a separate COM port
from the one that is controlling
the mount. This connection can
be done through the GTOCP4’s second RS-232 serial port or through the USB connection (which is another form of serial
port). A straight-through serial cable was provided with the mount and can be used for this purpose.

Important: You cannot use an APCC virtual port for this connection...it must be a real port!
The APAE Utility is issued on a CD that ships with the Absolute Encoder version of the mount and with the Absolute

Encoder Kits. The utility is currently at version 2.0 or later. If you have an earlier version of the utility, you should update it
to version 2.0 or later. It is necessary to uninstall the original version before installing the new one.
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GTOCP4 and Precision Encoders

3600GTO mounts that are equipped with Precision Encoders do not require a separate control box for operation. The full
functionality of the previous GTOELS box has been incorporated into the CP4. This dramatically increases the processing
speed of operations, as well as eliminating some connection cables.

It will, however, require a new Encoder cable (CAB36PEF), as the connector on the CP4 has changed from the one
that was on the GTOELS box. Similarly, if the mount is equipped with Limit Switches, then a new Limit Switch cable
(CAB36LS4) will be needed.

Upgrade from Previous GTOCP3
Transitioning from the CP3 to the CP4 is very easy. All the mount operations are done through the one box. Remove the
GTOELS control box from the mount along with its cables. Connect the new Encoder Cable (CAB36PEF) from the rear

panel of the mount to the top right connector on the CP4 marked as "Encoder". It is that easy.

If you also have the Limit Switches, attach your new Limit Switches Cable (CAB36LS4) from the rear panel to the middle
connector on the CP4 bottom row marked "Aux".

W sk Ao Sorvrmaed Crster Fu =

Astro-Physics Command Center (APCC) To ey Tem WY

If you have a 3600GTOPE mount with the ma— e
Precision Encoders, the ELS tab in APCC will
be active and display. This is the preferred
way to manage the settings of your Precision
Encoders and Limit Switches, if you have
them. Please refer to the documentation in
APCC for more information.

Astro-Physics Absolute Encoder Mini Utility

If you don't have the Astro-Physics Command Center (APCC), you can use the Astro-Physics Absolute Encoder Mini Utility
(APAEMINIUTIL) to turn your Precision Encoders on and off. It does not have any additional Capability. Please Contact
Astro-Physics if you need the utility. You must have the newest version to
recognize the GTOCP4.

B et Ppnicn baoiute Lrcsdier Min-LUnieg L

[T

Installation, Settings and Operating Instructions for the Limit Switch
System (36LSS) and Precision Encoder System (on the 3600GTOPE),
dated March 27, 2013

This document has not yet been updated for the GTOCP4 and the present
cable arrangement. Please note the following: the vast majority of the
information is still relevant and current. Simply adapt the procedures by
substituting the GTOCP4 for all functions. We do not have any plans to update
this document in the near future.

If you do not have this document, please contact Astro-Physics.
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CONTROLLING YOUR GTO MOUNT

Your Astro-Physics GTO mount has a remarkable servo control system that combines with the precise mechanics of the
physical components to give the mount its superb performance. Contrary to popular assumption, the brains of the mount
are not found in the keypad, nor are they in an external computer that is used to send the mount pointing here or there.
The real brains of the Astro-Physics GTO Servo Control System are in the GTOCP4 control box. Simply think of your
keypad or computer as being an input device for the GTOCP4. If you understand this from the start, you will always have a
better concept of how things work, and you will be less likely to make operator errors.

As mentioned in the introduction, we divide the types of control functions that the GTOCP4 Control Box performs into three
principal categories. The parameters and values for these control functions along with the commands to execute certain
functions are given to the GTOCP4 control box by the input device or devices that are in use.

1.

Primary Control Functions. Primary control functions include all the functions that define HOW the servo will make
decisions. In particular, these are the initialization functions - time, date and location - along with Park, Meridian Delay
and Sync. These are the most important functions to get right. Primary control functions allow the servo to know
where the meridian is and to determine whether a slew requires a meridian flip.

It is of vital importance that your input device handles primary control functions correctly, and that input for primary
control is limited to just one device. Initialization is discussed further below under "Initialization and Shut-down" on
page 26

GoTo / Move Functions. GoTo / Move functions include coordinates, move commands, and rate commands. All of
the listed input devices provide some way to command the GTOCP4 to move the mount. Most provide pretty complete
movement inputs. The exception is the guider signals from a guide camera, which, of course, cannot command a GoTo
slew. Most of what you do during a typical night under the stars is to use the GoTo / Move functions.

Hybrid and Other Functions. The primary hybrid and other functions are related to periodic error management (PEM)
and the Re-Calibrate function which has elements of both control and GoTo / Move. Periodic error correction can be
accomplished as simply as using the GTOCP4 along with a device like the keypad to record and then play back a
simple, stored PE curve. The pinnacle of Periodic Error Management is the highly sophisticated "PEMPro™ by Sirius-
Imaging" on page 24 which creates statistically sound PE curves from multiple worm cycles. The ReCalibrate function
redefines the mount's pointing position, but it does NOT redefine the mount's orientation.

ControllOptions for Astro-RPhysics Mounts

APCC Features
. "}m‘:‘m""“"" Astro-PhysicsiCommand|Center:

Multiple
ASCOM
Client
Applications

ACP on Pad

ASCOM Compatible Software
« Starry Night Pro™ by Simulation Curriculum Corp.
* ACP™ by DC-3Dreams

+ CCD Autopilot™ "
AP GTOCP4 L D

* TheSkyX™ by Software Bisque
Servo Control Box

M
CompatibleSoftware

Non-ASCOM
Windows
Program

PC:

o PulseGuide
by Ray Gralak
© TheSky (recommend using as ASCOM

client for full control
by Software Bisque
* Mac:
o Starry Night Pro
by Simulation Curiculum Corp.
© TheSkyX
by Softwar Bisque
© Equinox Pro
by Microprojects

* Any ASCOM Compliant Software

Non-ASCOM
Mac
Program

 Other Software Available Auto-guider Inputs
from

Guide Camera

Keypad Features Apple;
* Multunction Computer \ L Androidi&:

’, \ ARGIO!
\\ ﬂ‘ “\ Keypad

+ Polar Align Mount (even in daytime)
+ Temperatures to -40° F./C.
* Free Firmware Internet

Windows! Apps
: . + SkySafari
Mobile Devices A S, e

« Self-conta
+ Use Common Names or Catalog Numbers
+ Tour Options

a“ \ & " S e
. ol inoculars
‘“ﬁi Directior: e ! e
Network Wi-Fil
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The flow chart on the previous page provides a summary of the many different approaches to providing input to the
GTOCP4 Servo Control Box. Some of these, like the Astro-Physics Command Center (APCC), the Astro-Physics V2
ASCOM Diriver, and the GTO Keypad will provide ALL of the “Primary Mount Control Functions,” the “GoTo and Move
Functions,” and last, but not least, all or most of the “Hybrid and Other Functions” to fully control the mount (APCC omits
a couple rather obsolete functions like analog focuser and reticle controls). Other control items in the chart may not fully
support all of the GTOCP4’s more important functions and capabilities.

GTO Keypad Operation

The keypad is all that you need to operate your mount. Even
advanced imagers can perform all of the necessary mount control
and GoTo functions with the keypad alone. With the keypad, a
DSLR and a stand-alone guider (such as the SBIG SG-4), you
can enjoy a full night of productive, guided imaging without the
need for a computer! Please refer to the separate manual for

the GTO Keypad Controller for complete instructions on Keypad
operation.

The keypad can perform all three types of control functions
including initialization and shut-down. See page 26 for more
details.

e The keypad can be set to automatically initialize the mount
upon power-up. Auto-connect = YES This is a very handy
method, and is preferred for any permanent setup where
another device is NOT also being used to control the mount.

e It can be set to allow manual selection of initialization
parameters. Auto-connect = NO This is the method for
portable setups that will be primarily controlled with the
keypad.

e It can be set to allow a different device like a computer to perform the initialization functions. Auto-connect = EXT
This method is recommended for users who will be using their computer or other devices for primary control of the
mount.

The keypad's full databases, and intuitive structure make it a joy to use. When people become familiar with the keypad
and its simple operation, they wonder why they ever needed to drag a computer into the field!

The Astro-Physics ASCOM V2 Driver

Astro-Physics began the development of a company-supported ASCOM V2 driver in 2009.
Please see the Astro-Physics website for current information on the ASCOM driver.
= Miaunt Infa; COME (& 5‘!3'::';1—2_

http://www.astro-physics.com/products/accessories/software/ascom/ascom.htm LT
LST
This driver provides full mount control for all of the Astro-Physics GTO mounts. It has been B RA
developed with remote operation in mind, and its functions were designed to be highly robust. DEC
It features a very user-friendly graphical user interface (GUI).
FALT
At publication time for this manual, The Astro-Physics V2 driver is in version 5.10.01. This AP AZ
V2 driver requires version 6.3 or higher of the ASCOM platform. TIME

TZ
Pier Side

http://ascom-standards.org/index.htm

The driver also provides fully automated initialization and shut-down functions. It is by far
the preferred method for controlling a mount with any PC based planetarium or other client
software. It is a driver, and per ASCOM rules, it is NOT a stand-alone program that can be
used by itself. It does, however, include several convenient utilities which make it usable
without other expensive software.

Almost all Windows based astronomy software that includes mount control is ASCOM
compliant and can therefore use the AP V2 Driver. The popularity and versatility of the ASCOM
Platform has had a large role in making Windows the dominant OS for astronomy. See a
partial list of compatible software on page 23.
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The question often arises: If | have a choice between using an external program's native driver (as in TheSkyX), or
connecting the software through the AP V2 ASCOM Driver, which should | choose? We strongly advise using the AP V2
ASCOM Driver!

Here are some reasons:

e The AP V2 ASCOM Diriver is a full fledged hub. It will accommodate a very large number of programs all connected at
the same time, and will do so without any problems. As a single hub, the driver will minimize the serial traffic between
the software and the mount by eliminating redundancy.

e The AP V2 ASCOM Driver takes advantage of the full set of Astro-Physics servo commands, many of which were
developed specifically for either the driver or for APCC. Since these new commands are not being published, the
native drivers found in other software will be limited to the older set of published commands.

e The AP V2 ASCOM Driver can create log files for troubleshooting any issues that you may have.

e We can provide a certain amount of support if you encounter issues with a program that uses the AP V2 ASCOM
Driver. We, of course, cannot fix a problem that is in someone else's software, but we may be able to figure out what
is happening to cause the problem. If you use a native driver, you will be limited to the support that the software
provider can give you. We can't support someone else's driver.
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The Astro-Physics Command Center (APCC)

The Astro-Physics Command Center (APCC) adds many features and extended functionality to the control system of the
mount and it will act as a serial hub for the use of additional applications. It takes remote operation to the next level with
safety and convenience that you won't want to be without. There are two versions: APCC Standard and APCC Pro.

APCC takes its place as the final arbiter between all of your software and the mount. It is the program to which the mount
directly connects, and everything else connects through APCC. It was designed from the beginning to integrate perfectly
with the AP V2 ASCOM Driver. APCC connects directly via Ethernet or WiFi.

APCC is the master when it comes to mount initialization and shut-down controls. See "Initialization and Shut-down" on
page 26. It should be the first piece of mount related software that is opened, and the last one that is shut down. Features
of APCC Standard include the following:

Direct Ethernet and / or WiFi connection to the mount from your PC. No Ethernet to serial emulators required!
Virtual Serial Ports to connect multiple applications. The first port is optimized for the AP V2 Driver.
Customizable Meridian Limits that work in conjunction with an improved meridian delay feature

Customizable Horizon Tracking Limits stop tracking or park mount when horizon is reached

Home and Limits for all non-Absolute Encoder AP GTO mounts

Errant Sync / ReCal prevention.

Editable and customizable 3-D viewer showing the orientation of the scope and mount for remote users - includes
warning for deviations over 5 degrees between mechanical and celestial coordinates.

GoTo - ReCal tab for custom RA/Dec, HA/Dec, and Alt/Az target coordinates with saveable targets for precise return to
that perfectly framed object

Horizons Program for tracking comets, asteroids and satellites

Complete mount control including terminal interface

Fark Status LI et




e Advanced logging features for troubleshooting
e Much more !

The APCC Pro version also includes the following:

e Highly sophisticated pointing model and variable tracking for both axes including the Astro-Physics Point Mapper
(APPM) for automated collection of pointing data.

[ SIS Sy p——— e ——
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Please keep an eye on the APCC page of the website and the ap-gto users group for updates and details.

Some APCC Thoughts
e APCC launches first.
e |t connects directly to the mount on its physical interface. RS232, USB, Ethernet or WiFi.
e It then creates one or more virtual COM ports for other programs (such as the AP ASCOM driver) to connect to.

e Since it can create multiple virtual COM ports, multiple programs can connect to the mount at the same time. Even
programs that don't normally want to share a connection to the same mount with other programs.
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Planetarium, Imaging and Observatory Software from Other Vendors

There are a number of planetarium and camera control programs that can be used to control the Astro-Physics GTO Servo
System. Many of these use the ASCOM interface and will take advantage of the V2 ASCOM driver mentioned previously.
Any software that can use the AP V2 ASCOM driver will have extensive mount control capabilities because of the driver’s
“virtual keypad” features. Other programs employ native drivers that the software designers wrote based on our publicly
available command set. The list that follows is certainly not exhaustive, but does offer some resources.

Resources for PC users:

e  Starry Night Pro/Pro Plus™ from Simulation Curriculum Corp. (Windows with ASCOM support) Currently v7.0.

e The Sky 6™ and The Sky X™ from Software Bisque. The Sky 6™ (Windows with ASCOM plug-in) and The Sky X™
(Windows with native driver and ASCOM support). Currently v10.5.0.

e The Earth Centered Universe™ from Nova Astronomics (Windows with ASCOM support). Currently v6.0.

e SkyMap Pro™ by Chris Marriott (Windows with ASCOM support). Currently v11.0.

e Sky Tools 3™ by Skyhound (Windows with ASCOM support).

e Voyager™ from Carina Software (Windows). This product does not use the ASCOM interface. Currently v4.5.
e MaxImDL™ from Diffraction Limited (Windows with ASCOM support). Currently v6.13.

e ACP™ Observatory Control Software by DC-3 Dreams (Windows with ASCOM support).

e Sequence Generator Pro by Main Sequence Software (Windows with ASCOM support).

e CCDWare Product Suite (Windows). The suite includes CCDNavigator™, PEMPro™, CCDInspector™,
FocusMax4 ™, CCDAutoPilot™ and CCDStack™ software. They all use the ASCOM interface. These
products can also be purchased individually.

e Any other ASCOM compliant software. Be sure to update to the most current AP V2 ASCOM driver (supported by
Astro-Physics).

Resources for Mac users:

e Starry Night Pro/Pro Plus™ from Simulation Curriculum Corp. (Mac version with native driver) Currently v7.0.

e The Sky X™ from Software Bisque. The Sky X™ (Mac version with native driver). Currently v10.5.0.

e Voyager™ from Carina Software (Mac version with native driver). Currently v4.5.

e Equinox Pro™ from Microprojects Astronomy Software (Mac version with native driver). Currently v7.2.2.
e SkySafari5™ for OS X by Simulation Curriculum Corp

In addition to the Mac software mentioned above, check out this resource of additional Mac software: The Mac
in Astronomy by David E. lllig. Website: http://www.primordial-light.com/macastronomer.html

Mobile Smart Devices:

e  SkySafari™ for iOS and Android by Simulation Curriculum Corp — This software is offered through the App
Stores in three versions. They do not use the ASCOM interface. Mount initialization is performed.

e Luminos™ for iOS by Wobbleworks LLC — This software is offered through their internet website. They do not
use the ASCOM interface. Mount initialization is performed.

Write your own computer program:

The Astro-Physics GTO protocol for the GTOCP3 Control Box through version Q is freely available to those
who would like to write their own computer program for controlling the mount. Note that this does not include
the command language for either the Precision Encoders or the Absolute Encoders. Please note that with our
substantial investment in both the Astro-Physics V2 ASCOM driver and in APCC, we cannot also provide free
technical support to anyone who wants to try their hand at mount control software. We strongly encourage all
customers to use the available software options, if possible.
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PEMPro™ by Sirius-Imaging
(Included with the 1100GTO, 1600GTO and 3600GTO mounts)
For a visual observer or an imager who takes short exposures, the native performance of your GTO mount will be without

additional periodic error correction. However, those of you who take long exposure images may wish to further refine your
mount’s performance. This may be especially important if your images are unguided.

PEMPro™ (Periodic Error Management _ : — e
Professional) is a Windows software application | 5o o — —
that makes it easy to characterize and reduce #IE | o Mt | B ok e
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PEMPro™ also provides a way to use a low-
cost webcam or video camera to perform all of
its functions. PEMPro™ has a Video interface
application that can work with any DirectShow or WDM compliant device including most capture cards and webcams (like
the Philips Toucam Pro and Meade LPI).
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The uncorrected periodic error of your mount is at or better than spec when it leaves our facility. We will have reduced
this already small native error significantly by loading the error curve from our extensive testing procedures into the
servo system. The resulting error that remains should be negligible, and will probably be satisfactory for all but the most
demanding applications. You can, however, reduce the error even further to maximize performance without auto-guiding
by recording a much longer run with PEMPro™ that will average more complete cycles of the worm.

The serious imager may wish to redo the PEMPro™ run once a year (more or less depending on usage) to compensate for
gear run-in. If you ever remove your motor/gearbox or manually turn the worm gear, you will also invalidate any previously
recorded corrections and will need to do a new PEMPro™ run. (Manually moving the telescope by loosening the clutches
does NOT turn the worm gear, so that is not a problem!) Complete documentation is provided in the help menu of the
installed program. Also, please read the Important Information HTML file on the CD before loading PEMPro™ onto your
computer.

PEMPro™ uses the ASCOM interface to control the mount. In addition to the functions available through the ASCOM
interface, PEMPro™ also includes a very handy and effective Polar Alignment Wizard, a Backlash Analysis Routine and a
StarFinder Routine.

Note: PEMPro™ v3.x may be released by the time that this manual has been printed. It will include more options

of compatible software and cameras, along with advanced features. Check with www.ccdware.com for more
information.
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PulseGuide™ by Sirius-Imaging
PulseGuide™ is a stand-alone Windows (XP, Vista, Windows 7, Windows 8 and 8.1 and Windows 10) based utility that
provides complete remote control of all Astro-Physics GTO mounts. "Stand-alone" means that it does not operate through
ASCOM, but via direct control of the mount. It was originally developed to provide the keypad's functionality from a
computer. Modern software has made it somewhat dated, though it does offer the ability to connect with the mount outside
of ASCOM and it has a backlash testing feature which is still beneficial.

It derives its name from its most distinctive feature,

pulse guiding, which can improve unguided tracking.
Specifically, it can help correct tracking errors caused by
polar misalignment and atmospheric refraction. You can
also train PulseGuide™ to track objects moving relative
to the stars, such as asteroids, comets, and the moon. In
addition to pulse guiding, PulseGuide™ also has many
useful utility features. PulseGuide™ was written by Ray
Gralak of Sirius-Imaging. The complete PulseGuide™

.. . | = I 5o on Timeou
user’'s manual is included on your PulseGuide™ CD (1200570 [ Cisable RA/Dec, Ab/Az b
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PulseGuide™ will correctly perform all of the mount’s L

primary control and other functions including initialization.
While it will also perform GoTo slews, it lacks a planetarium database. In general practice, PulseGuide has been
supplanted by APCC and the AP V2 ASCOM Diriver, but it can still prove to be a useful utility.

advantage of this powerful mount control software. See
www.pulseguide.com for the latest information.

Note: PulseGuide™ should not be confused with the terms "pulseguide” or "ASCOM pulseguide
which refer to the issuing of a timed move command by guide software.
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UNDERSTANDING THE GERMAN EQUATORIAL SERVO LOGIC

To avoid some of the more common operator errors that people make, we will attempt to describe and explain some
important aspects of the servo logic that govern the movement of the mount as you perform the various operations
involved in a night of astronomy. The discussion that follows will address several areas of the GTOCP4’s control logic and
tie those areas into the three control categories listed above:

e [nitialization and Shut-down

e The role of time and location data in the servo system

e Safety Slew Logic

e The concept of “pier side” as it relates to the servo

e How GoTo slews are performed

e The 360° right ascension axis

e The special cases of Tracking Past the Meridian and Meridian Delay or Meridian Advance
e Sync vs. Re-Calibrate

e Understanding the guider port inputs

e Non-sidereal tracking and variable tracking rates

e A brief discussion of the Astro-Physics Command Language

[This section is still under construction. As parts of this section are completed, the PDF file on the website will be
updated. Please check the website for the latest version of this document.]

Initialization and Shut-down

Initialization functions are probably the most important subset of the group of primary control functions. It is vitally
important that your mount be properly initialized when it is first powered on. There is nothing magical or mysterious about
proper initialization, but it is simply the process that allows the mount to recalculate its position and commence operations.
Initialization should only be performed once per power cycle when the mount is first powered ON. Full initialization should
not be repeated while a mount is powered on because it accesses information from the last power-down to determine its
current position. That information is no longer valid in the middle of a session.

For a proper full initialization, the mount must know its current location. The last location entered will be remembered
through a power-cycle, so this only needs to be sent if your location has changed. The same holds true for the GMT offset.
Finally, current local time and date are also required. Time and date, however, need to be supplied afresh each time the
mount is powered on. Time and date should be supplied by the control device that is being used for primary mount control.
Once the current local time and date have been sent to the mount, the initialization command uses the entered data along
with the saved data from the last shutdown and calculates the current pointing position. It also unparks the mount and
starts normal operations in motion.

For permanent setups, the mount will accurately calculate its current pointing position when initialized. You DO NOT need
to "home" the mount or perform some kind of a star-sync to get started. Portable mounts and mounts that have been
moved via loosened clutches will require an additional step to reestablish initial pointing. For this, we have a set of pre-
defined park positions that are easily recreated. A star-sync on a single star can also be used to reestablish pointing on
portable setups.

Because of the design of the Astro-Physics Servo System logic, no special shut down procedures are required. Although
many people choose to park the mount at the end of a session, this is entirely unnecessary from the mount's point of view.
If you wish, you can simply "pull the plug" and leave the mount where you left off. When you power back on, a proper full
initialization will restore the pointing without any further ado. Park positions can be handy, but they are not a requirement.
With the Astro-Physics system, think of "park" as a state where the drive motors are de-energized - not a "place" where the
mount goes. The park positions are simply convenient coordinate positions to use before entering that "parked" state.

The keypad, the AP V2 ASCOM driver, APCC and PulseGuide all fully handle all the initialization and shut-down tasks

discussed above. They do so in a manner that is simple, automatic, and virtually fool-proof. Other software can also
perform these tasks, but Astro-Physics cannot guarantee that they do so correctly all of the time.
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The role of Time and Location data in the Servo System

There seems to be an obsession among astronomers with accurate time and location data. Many of our customers use
Dimension4 or some other similar time server to keep their computer clock accurate to the millisecond. GPS units are
employed to precisely nail down time and location data down to the second. However, for most of your mount's operation,
accurate time and location are really somewhat irrelevant. You don't want to be way off, but you probably don't need to be
dead-on either. Here are some thoughts on time and location as it applies to the Astro-Physics servo system.

e The obsession with time and location accuracy probably comes from people who started with Alt/Az mounts. When a
mount is set up as an Alt/Az mount, it must convert its native Alt/Az system to RA/Dec for celestial viewing. To make
this conversion, the more accurate the time and location data, the more accurate the conversion. Time and location
are critical to the Alt/Az astronomical mount.

e Time and location come into play during initialization as discussed above. They are necessary for calculating the
current RA value at start-up. Precise time at power-off followed by precise time at the following initialization will lead to
a more accurate calculation of the RA. However, think about it: How important is to-the-second accuracy of your first
GoTo of the evening? If your first target is off by 30 seconds of RA, or even a minute, won't it still be within the field of
view? After centering and doing a ReCal, the time relevance is over.

e Time and location are used to determine the meridian (aka z-value, LST, overhead hour, etc.). They are also used
to then determine the horizons. Again, the more accurate time and location are, the more accurate the meridian and
horizon values will be. As above, the question to ask is how important is it if the calculated meridian or horizon is off
by a little bit. You would probably never know it during a normal observing or imaging run.

e Time and location accuracy is VERY important for satellite tracking, and for astrometry. If you are using APCC's
Horizons program, or you are doing research on NEOs, by all means, use a time server and GPS!!

e Once you are calibrated on a star, apart from determining the flip-point, precise time and location play almost NO
ROLE WHATSOEVER in normal GoTo slews or pointing accuracy.

Many client software programs like planetarium programs and observatory control programs will demand that the mount
time matches the computer clock. This is necessary for coordination among the programs. However, if you are away from
an internet connection or GPS unit, and your computer clock is off from the atomic time in Boulder, CO by a little bit, you
really shouldn't worry about it.

Safety Slew Logic

Safety Slew Logic is designed into the GTOCP4 Control Box firmware and functions with all of our GoTo mounts. lIts
purpose is to protect your scope from a possible crash into the pier when slewing out of some counterweight up positions.

Our mounts have the unique ability to track past the meridian while imaging, such that the counterweight will move
higher than the scope (counterweight up). Normally when a GoTo slew is made, both the R.A. and the Dec. axes begin
moving simultaneously. However, there are some counterweight up areas from which a slew with the Dec. axis moving
simultaneously with the R.A. axis would cause the scope to hit the pier before the R.A. axis can take it safely into a
counterweight down position.

The Safety Slew Logic knows when the mount is in a counterweight up position and will initiate an R.A. only slew to bring
the mount back into the counterweight down safe zone where it will pause momentarily. The mount will then automatically
make a second slew using both axes simultaneously to continue to your object.

Conversely, when using Meridian Delay to begin with a counterweight up imaging session, the reverse happens. A dual-
axis slew will take place until the meridian is reached where the R.A. will stop and the Dec. axis will continue to its position.
When the Dec. has reached its position and stops, the R.A. will make its second slew to the final position.

It is even possible that a three part slew may take place if you are slewing from a counterweight up position and into
another counterweight up position.

Having this firmware logic in the GTOCP4 control box means that it will work regardless of whether you are using computer
software or the keypad to control your mount.
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The Concept of “Pier Side” as it relates to the Servo

Pier side is something that would seem intuitively obvious at first glance, but it ends up getting confusing to many people.
The conventions and rules used for pier side are NOT the invention of Astro-Physics, but are standard through the industry
and are mandated by ASCOM as well. Pier side gets confusing because the correctly reported pier side can differ from
what your eyes are telling you if you look at the mount. The Astro-Physics reference Park 1 position is the classic example
of this. We have fielded countless support calls from frantic customers who were convinced that their mounts were lost
because the scope was most assuredly on the west side of the pier in Park 1, and yet the servo (and the control software)
were all reporting a pier side of East!

The reason for the confusion is that pier side has nothing to do with right ascension or hour angle. It is entirely a function
of Declination. The problem is that for any physical position of the mount's R.A. axis there can be two declination values.
This is apparent near the pole. Think of a Dec coordinate of 80 degrees. Without moving the R.A. axis, you can slew the
Dec from 80 to 85; cross the pole at 90; and then keep on going through 85 and back to 80. The two pointing positions
are 20 degrees apart, yet both have the same declination, and both share the same physical position of the R.A. axis. To
distinguish the two positions, we do two things: 1. We report one position as having a pier side of East, and the other as
having a pier side of West. 2. The R.A. value (and therefore also the hour angle) are different by exactly 12 hours.

In terms of the pier side, the reported side is what one would consider the "normal" side for a mount where the declination
was on that particular side of the pole. Most observing is done with the scope pointing above the pole, so that is
considered the normal side. For example:

1. Start with the mount in the classic German Equatorial pose (the Astro-Physics reference Park 3 - scope pointing at the
pole and counterweight shaft pointing down).

2. Rotate the declination toward the east (clockwise from above in the northern hemisphere, counterclockwise down
under).

3. You will immediately see that the "normal" orientation for the R.A. will be to rotate it to the west placing the scope on the
"West" side of the pier.

4. Likewise, if you rotate the Dec. to the west of the pole, you will want to take the scope to the east side.
5. Things only get backward when you are pointing below the pole as you do in the AP reference Park 1 position.

6. To see this, take a mount in the "normal position, and take the R.A. axis across the meridian without moving the Dec.
You will see that the scope is pointing below the pole.

The illustration below will hopefully help to clarify this. If it is still fuzzy, the easiest way to really grasp the concept is to
work with a mount and scope and actually run through the steps above.
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Tracking Past the Meridian

German Equatorial mounts have the characteristic that they require a “flip” at the meridian in order to follow an object in its
nightly journey across the sky. A visual observer will not be overly inconvenienced by the mechanics and delay of the flip;
however, this becomes much more complicated for an imager!

At the very least an imager needs to:

e Stop an imaging session; often with the loss of a 20 to 30 minute sub exposure that has reached 19 or 29 minutes
e Flip the mount and reposition cables

e Rotate the camera so that you can use the same guide star

e Re-center the object to your desired composition

e Re-acquire the guide star and then re-calibrate it

e Begin the new imaging session

Depending upon your chosen object’s position, this all becomes unnecessary with an Astro-Physics mount. Tracking
through the meridian is a unique function of AP mounts. Most objects that are located south of the zenith (northern
hemisphere) can be imaged without interruption from horizon to horizon. The mount will happily track with the
counterweights high in the air.

Remember, it is the GoTo slew that will flip the mount...not tracking!

Please note that with this wonderful feature comes the responsibility of preventing your scope and camera from striking the
pier when imaging an overhead object or one more northerly. Fortunately, we have the APCC software that safeguards
against this mishap! A custom contoured Meridian Limits outline can be created with APCC that keeps everything safe and
sound.

Meridian Delay or Meridian Advance

The Meridian Limits (Delay or Advance) are one of the most powerful and useful features of Astro-Physics mounts when
used in conjunction with the Astro-Physics Command Center (APCC). They open up the possibility of imaging on both
sides of the meridian WITHOUT wasting time on a pier flip at declinations where the scope will not strike the pier. The
limits, when properly configured, allow you to track safely past the meridian up to the limits you set based on your unique
instrument package. In addition, they allow you to begin an image ahead of the meridian by safely slewing you into a
counterweight-up position to start an imaging series that can then simply continue through the meridian. However, like any
powerful feature, you MUST understand how the meridian limits work. It is vital that you understand what they CANNOT
do as well as understanding what they can do!

PulseGuide, the AP V2 ASCOM Diriver, and the mount's keypad each have the ability to set a meridian delay which controls
the flip point of the mount. Starting with APCC and the Rev. "S" firmware in 2012, the method for employing this feature
has been changed in the GTO Servo Control Box. The delay is no longer accomplished by "fooling" the clock in the servo.
It is now an independent function with associated commands that does not change the mount's time.

APCC adds some powerful new capabilities. Three of these new features apply to West Meridian Limit points. The West
limits come into play when a scope's counterweight is in the up position (scope under the mount) and the scope is pointing
West of the meridian. This normally occurs when the scope is allowed to track past the meridian. The fourth feature below
applies to east meridian limits and provides a unique and powerful tool for safely starting images in the east from the east
side (counterweight up) using the meridian advance.

e Instead of just a single meridian limit for all declinations, you can configure an arbitrary number of different limits at
different declinations. This is useful because at each declination there can be a different hour angle at which the
telescope will touch the pier. In declination regions where the telescope can theoretically go the full 6 hours past in
the west, the meridian limits can establish horizon tracking limits for the practical distance past the meridian where you
can reasonably continue to work. Likewise, in the east, they can set the practical horizon ahead of the meridian where
you can reasonably start an image.

e When a meridian tracking limit is reached, tracking can be automatically stopped; the scope can be "flipped"; or the
scope can be parked.

e Meridian tracking limits can also be used to create a safe zone around your pier if it interferes with even reaching the
zenith, similar in a way to the safe zone in the Astro-Physics GTO keypad. The keypad's safe zone, however, is a
GoTo slew limit, rather than a tracking limit. Remember that an APCC Meridian Limits safe zone that does not allow
the scope to reach the Meridian must be stopped or parked. It cannot be flipped.
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e When east limits are properly configured and employed, slews to targets within the east limits will automatically be
made using meridian advance and APCC's safety slew logic to place the system in a counterweight-up position with
the scope on the east for uninterrupted imaging through the meridian. The safety slew logic ensures that all mount
movement with the counterweight up is with the RA only. Using the East Limits, the scope can image through the
meridian and on for another 6 hours before the telescope reaches the horizon.

e APier Flip button has been added to the APCC software that will allow an automatic flip to the other side of the mount
when the button is clicked. Provided that you are within the safe limits, you can flip and view the same object from
either side of the pier...either counterweight up or down.

The ability to work past the meridian into the west, or to start ahead of the meridian in the east has always been a hallmark
of Astro-Physics mounts. Both the keypad and the earlier PulseGuide program provided the ability to work beyond the
meridian. However, with both of these control methods, the user would want to be present at the mount for safety. APCC
creates meridian limits that can allow the user to safely exceed the meridian without hovering over the mount to protect
the scope and imaging equipment from a potential crash. Remotely controlled observatories can now also safely image
through the meridian (where declination permits it).
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AUTOGUIDING TIPS AND NOTES

Autoguiding is an art. It is the most complicated, yet most important, part of imaging. If it is not mastered, then images
will suffer. Anything that you can do to make your autoguider's job easier is a good thing. Here are some suggestions and
things to keep in mind.

Important Misconception on Autoguiding: The directions represented by the X+, X-, Y+ and Y- in your guiding
software do not necessarily correspond to any given cardinal or equatorial directions. To the guiding software, “X” and “Y”
simply refer to the rows and columns of pixels on the guide chip...nothing more. They do NOT mean R.A. and Dec.!

The act of calibration tells the guiding software how to relate a guide star’s drift along the columns and rows to move
directions in the mount, but it does not make it so that X is necessarily always right ascension and Y always declination. To
further complicate this, each time you alter the camera’s orientation, you effectively change the relationship between X /Y
and R.A. / Dec.

Your very first step in diagnosing any type of guiding problem should be to determine the actual current relationship
between the X and Y of the guiding software and the R.A. and Dec. of your mount. This is easily done in your guiding
software by making a manual move in one axis during an exposure and comparing this to a guide move from the keypad
(use the keypad — not your computer software!) where you know the axis and direction for certain.

We have seen customers waste countless hours (not to mention dollars) in trying to fix a guiding problem on an axis that
was performing perfectly. Meanwhile, their true problem remained, all because of this axis mix-up.

Another Important Note on Autoguiding: The autoguider port remains a popular way to use an autoguider system,

but you might want to consider making your guiding moves through the serial connections via the AP V2 ASCOM driver
instead. Guiding moves require millisecond timing to be accurate. When you guide through the autoguider port, you are
depending on the system to operate the guiding relays with this very accurate timing. Guiding through the AP V2 driver on
the other hand sends a timed move command. There are no relays to open and close at an exact moment in time. The
command itself contains the precise time interval in milliseconds for the move.

e Ensure that your autoguider calibration is a good one:

o  Perform the calibration near the meridian and celestial equator. As you move towards the pole, R.A.
becomes increasingly compressed and less accurate. This is a significant problem near the pole.

o  Calibrate for sufficient time so that the star travels at least 74 to %5 across the guide chip for a good
arcseconds / pixel calculation. Your software's calibration numbers should agree with the following numbers.
Guider calibration formula: Sidereal rate (arc sec / sec) x guide rate + guide system image scale
example: 15.04107 x 1.0x + guide system image scale (arc sec / pixel) = (pixels / second)

e Use a 3-5 second sub-exposure for guiding. This will reduce the scintillation effect of the air. If you have good polar
alignment, even longer sub-exposures can be used as long as a saturated star is not chosen.

e Choose a star in the brightness mid-range...not too dim and not saturated.
e Calibration and guiding should always be done at 1x guide rate.
e Turn all backlash to zero (Keypad and computer software) and turn off "stiction".

e The servo controller of all AP mounts is designed to work with PE correction on, even when getting autoguide signals
from your imaging software. The PE corrections do not fight the incoming autoguide corrections, rather they help the
autoguiding. With a good PE curve you can do longer exposures of the autoguider and guide on very faint stars.

e |f you have one of our absolute encoder mounts, then PE correction is no longer needed. The encoder eliminates all
periodic error, so no need for doing PE compensation. Autoguiding works superbly well with the encoder mounts.

How to test an Autoguider Port

Here is the test for the autoguider port. To perform the test, you will need a foot or so of 6 conductor flat phone cable

with a standard RJ11-6 plug on the end. Remove the insulating material from 3 — 4 inches of the bare end of the cable to
expose the six colored wires. Remove the insulation from about 1/4” to 3/8” of the ends of each of these wires, although
you could skip the wire corresponding to pin #1 if you wish. The #1 wire will typically be either the white or the blue,
depending on how the plug was attached. In addition to the cable I just described, | find a short test lead with alligator clips
on each end to be very handy.

Note the pinout on the following page.
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GTOCP3 AutoGuider Port
You may find it helpful to list the wire numbers and color codes before you RJ-11-6 Receptacle
start. Most likely, you will have: blue, yellow, green, red, black & white or Pin 1 NC
else the exact reverse of this. If you hold the test cable so that you are 2 GND ]
looking at the bottom of the plug, with the plug’s clip away from you, You 3IRA. — Pin
can see the colored wires in order exactly as they go into the jack illustrated a Déc. _ Positions
above. 5 Dec. + LLLLLL] Jack 623k

6 RA. +

To test:

1. Power up the mount.
2. Remove the covers from the gearboxes that cover the reduction spur gears.

3. If you have never done so before, set the keypad button rate to 1x and press the direction buttons to familiarize yourself
with just how slow the gears actually are turning at 1x. Note also that in the RA, you have default rotation at sidereal.
Pressing the EAST button at 1x simply stops the tracking rotation. Pressing the west turns the gears at 2x. The DEC
axis is more straightforward.

4. Set the guide rate to 1x

5. If you have a test lead, attach one of the alligator clips to the #2 wire of the cable you have made. Make sure that
none of the bare wires are touching.

6. Plug the cable into the auto-guider port of the AP Control Box.

7. Take the other end of the alligator clip test lead and clip it on the bare #6 wire from your test cable. (If you don’t have
the test lead, simply hold the #6 wire’s bare end in contact with the #2 wire’s bare end. This method goes for all the
steps below using the relevant wire and the #2 wire.)

8. Observe the gears in the RA axis gearbox. They should be stopped as you observed in step #3.
9. Remove the test lead from wire #6 and attach the alligator clip to wire #3 on your test cable.

10. Observe the RA gears again. They should be turning at 2x sidereal
in the same direction as normal sidereal tracking.

11. Remove the test lead from wire #3 and attach it to wire #4.

12. Observe the DEC gears for rotation at 1x. Be sure to note the direc-
tion of rotation.

13. Remove the test lead from wire #4 and attach it to wire #5. "%_

14. Observe the DEC gears for rotation at 1x. The direction of rotation !
should be opposite of the direction observed in step #12. -

15. Note any differences from the expected performance for communication with the technical staff at Astro-Physics. If the
mount performs as expected, then the issue must lie elsewhere.

All any ST-4 compatible guider does is to close the circuit to cause the desired motion and then open the circuit to stop the
motion. There is nothing more to it from the mount’s perspective. If the mount performs as expected, then the issue must
lie elsewhere.

e Autoguider port relay commands do not involve the driver or APCC at any level. They cannot be logged.

e  Autoguider commands that go through the AP V2 ASCOM driver are timed commands. The precise timing is a part of
the command itself so no external action to precisely stop a command is required.

e Autoguider commands through APCC can actually be isolated in the log window in real-time for troubleshooting. You

can watch the correction blip up on the guider graph and see the corresponding timed move command that is sent AS
IT HAPPENS!
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TROUBLESHOOTING, TIPS AND SUPPORT

Troubleshooting and Tips

Additional troubleshooting questions are in the individual mount manuals and in the GTO Keypad manual. Some of the
issues discussed in the keypad manual also relate to mount communication issues whether you use the keypad or control
the mount with a planetarium program or PulseGuide™. Please refer to them.

The LED on the GTO Control Box changes from red to yellow.
1. The voltage of your battery has probably gone below 10.5 to 11 volts.
The current rating of your AC-DC power supply is too low.
NOTE: The most common problems are due to inadequate power supply!

Additional explanation: During slewing under load, the two motors draw up to 3 amps from a 12-volt source. This may in-
crease when the temperature approaches freezing or below. It is recommended that your supply be rated at a minimum of
12 volts DC at 5 amps continuous. 12.3 to 16 volts with a capacity of 5 to 10 amps is recommended for best performance.
(Do NOT exceed a nominal 18 volt system. See the Power Considerations section beginning on page 38)

If you also power other equipment (CCD cameras, dew heaters, etc.) from the same source (NOT recommended!), you will
need a supply capable of up to 10 amps. The more equipment you have, the more current capability you will need. We
always recommend giving the mount its own supply and using additional supplies for other equipment. An air conditioner
turning on in the summer can cause the power to drop, if on the same circuit.

For portable applications, we recommend heavy-duty deep-cycle batteries designed for deep discharge applications (i.e.
marine, golf cart, fork lift, or wheel chair batteries - see page 39).

2. The motors are overloaded, probably due to an unbalanced load on your mount.

Rebalance your telescope, and then press one of the N-S-E-W buttons to reset the keypad. Re-enter the last object on
your keypad and the scope will slew to the correct position. Even though your motors had stopped, the logic in the control
box retained the scope position in memory. As long as you didn’t change the pointing position of the scope, you are still
calibrated.

If the scope was moved during re-balancing, simply enter a nearby bright star on the hand controller, press GOTO and
allow the mount to finish slewing. You can then move the scope manually or with the N-S-E-W buttons to center the star in
the eyepiece, and press the #9 RECAL button. This will recalibrate the mount.

Additional explanation: The GTO drive circuit includes logic for overload protection to prevent burning out the expensive
servomotors in case of severe overload on the two axes. The primary cause is an unbalanced load in R.A. If the extra
load opposes the motor rotation, the motor must work harder to track at the sidereal rate and the current will rise to high
levels. If the current exceeds the trip point for more than a minute, the logic will shut the motor off and tracking stops. It
typically takes about 4 Ib. of unbalance to trip the overload, but a very heavy load of scopes, accessories and counter-
weights on the mount can decrease this unbalance threshold.

The keypad reset (or locked up) when | plugged my CCD camera, PC (or other equipment) into the same
battery as the GTO mount was using. The battery has a meter, which shows 12V.

The meter is reading an average and will not show dips. Gel cells have internal resistance, which will cause voltage
drop when the load changes. When you connect an additional CCD camera and PC the load will drop below 9 volts and
the keypad will reset or it may affect the GTO circuit itself and cause the keypad to lock up. Please refer to the Power
Considerations section beginning on page 38.

We recommend that you use a large deep-cycle battery that is not a gel cell and hook everything up to it before calibrating
the GTO. Or, better yet, put the other equipment on a separate battery.

For polar alignment, | am using declination drift technique with stars on east & south. Now, | do not see
any drifts in declination on both sites (E & S), so the mount “should” be properly aligned. However, |
have still small drift in R.A. which looks like the R.A. motor is a bit faster than earth rotation. This drift
is something like 1.5 arcseconds during 1 minute or so & accumulates over time, so it doesn’t look like
periodic error.
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The sidereal tracking rate is exact in the mount (it is crystal controlled and checked here for accuracy). However, the stars
do not move at exactly the sidereal rate everywhere in the sky. The only place they move at that rate is straight overhead.
As soon as you depart from that point in the sky, the stars will be moving more slowly, especially as you approach the
horizons. Thus, it looks like the mount is moving slightly faster than the sidereal rate. Just because you have done a
classic drift alignment, does not mean that the stars will now be moving at the sidereal rate everywhere in the sky.

In order to increase the area of sky from the zenith that will give you fairly good tracking, you will need to offset the polar

axis by a small amount. The amount will depend on what your latitude is. The other approach is to vary the tracking rate
for different parts of the sky. Ray Gralak’s PulseGuide™ will allow you to dial in an exact tracking rate for any part of the

sky.

The Astro-Physics Command Center (APCC) includes tracking and pointing correction based on calculations from
atmospheric refraction all the way up to sophisticated real-world models based on plate-solve data for your specific
instrument package.

Initially, the mount was working fine. Then, suddenly the mount stopped tracking altogether!

Chances are that the motor was turning properly and driving the worm gear, but that your clutches might have been loose
and therefore the scope was not following the motion of the worm gear. The fact that the high slew rate did move the
scope does not change this, because Roland has seen this himself where the tracking rate did not overcome the slipping
clutches but the slew rate did.

If you are unsure of the motion of the motor, just remove the motor cover plate and look inside. You will see the motor
turning. Sometimes when you have the clutches loosely engaged and the counterweights are somewhat out of balance,
being heavy in the east, then the clutches might slip at the slow sidereal rate.

In any case, just to set your mind at ease, simply remove the motor cover next time something like this happens and
look at the motor shaft. If the motor is not turning, you will have some kind of electrical problem. If it is turning, then it is
mechanical.

The motors sound louder and more labored in cold weather.

As the temperature drops, we recommend that you reduce your slewing speed to the slowest slew rate. The cold causes
the lubricants to get stiff in the gearboxes. This can make the high- speed gears resonate and sound screechy. Lowering
the slew speed in winter will eliminate or reduce this. You might also want to add a drop or two of light machine oil to the
center posts of the individual gears. Just remove the cover on the gearbox and add the oil drops. The noise is nothing to
worry about. Refer to the section of this manual entitled: Slewing Your Mount in Below Freezing Temperatures.

The declination axis does not appear to be moving properly. How can | check it?

Please refer to your mount manual for the instruction sheet: “Characterizing the Dec. Axis Motions,” which explains how to
use Diffraction Limited’s MaxIm DL™ software to characterize your mount’s performance.

When | press the E button on my keypad, it takes forever for the star to finally stop. Adjusting the back-
lash control using the keypad helped, but the problem is still there.

First, the problem is most often caused by the worm and worm wheel not being in mesh (this is often the case when a
used mount is purchased and the previous owner never ever adjusted the worm mesh or the mesh was altered during
shipment). When the worm is out of mesh, it takes the motor many seconds to reverse the tooth contact from leading to
trailing edge because it is running at the very slow sidereal rate. One could simply dial in an appropriate amount of R.A.
backlash into the keypad in order to compensate for this. R.A. backlash compensation simply kicks the motor momentarily
in the opposite direction at high speed until the opposite teeth have made contact and sidereal tracking can take place.
The ideal solution is to adjust the worm backlash so that this delay does not occur. Please refer to the detailed information
in the technical support section of our website pertaining to your mount.

| am experiencing trailed stars after a slew and apparently a high, variable backlash.

Check to make sure that the spur gear that is attached to the end of the worm is not loose. Aloose screw will indeed
cause the axis to delay during reversal. In a few cases, we have seen that the set screw on this spur has backed off and
needs to be retightened. If you have any doubts about where this worm and spur gear is in the scheme of things, call
Astro-Physics and we will talk you through the procedure to check this.

Remember this: Any backlash or looseness in Dec. will NOT cause trailed stars after a slew. That is because the Dec. axis

does not move once it gets to its new position, so no trailing is possible. So, if you are getting trailed stars for a short time,
don’t look for something in the Dec. axis.
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However, the R.A. axis WILL cause trailed stars after a slew if the spur gear is loose. That is because this axis must move
at the sidereal rate immediately after getting to the new position. If the spur gear is loose on the worm shaft, it will turn
slowly at the sidereal rate without imparting this motion to the worm itself (because it is slipping). At some point, the set
screw will catch on the edge of the flat on the worm shaft and begin to drive the worm gear. So, this looks like classical
backlash, when in fact it is not backlash at all, and all attempts at setting the gear mesh on the worm are futile to correct
this lost motion.

A complete set of instructions has been posted on our website showing how to check for this loose gear condition. Even
without those instructions, you can take the cover off the motor gearbox and acquaint yourself with the spur gears inside.
Do not be afraid to move and wiggle things by hand to see how stuff works.

One more thing. Sometimes a person will be absolutely certain that it is the Dec. axis that is giving him a problem because
the CCD program he is using shows some improper function in the Y-axis, and he is absolutely certain that Y = Dec. After
much sending of equipment back and forth to our facility, it finally is determined that it was the other axis after all that

had the problem. PLEASE, please make sure that you have identified the proper axis. In the case of any kind of motion
problem like this, it would be really helpful if you removed your camera, inserted an eyepiece with crosshairs and actually
looked to see what was happening. You can then identify exactly which direction, R.A. or Dec., is moving after a slew.
Sometimes because of mix-ups in the CCD software (MaxImDL™, for instance), the axes are identified backwards.

When you are trouble shooting, remember, R.A. is the only axis that must move at the sidereal rate and is the only axis
that can trail a star if it is not moving correctly at that rate. The Dec. axis does not move after a slew and will not trail a
star except by a very slow long period drift due to polar misalignment, etc. It will not trail a star image EVEN if it has 10
degrees of backlash, so that analysis is definitely suspect.

I’m having a frustrating guiding problem with my mount and need to figure out my next steps.

To begin with, the directions represented by the X+, X—, Y+ and Y- in your guiding software do not necessarily correspond
to any given cardinal directions. To the guiding software, “X” and “Y” simply refer to the rows and columns of pixels on the
guide chip — nothing more.

The act of calibration tells the guiding software how to relate a guide star’s drift along the columns and rows to move
directions in the mount, but it does not make it so that X is necessarily always right ascension and Y always declination.

To further complicate this, each time you alter the camera’s orientation, you effectively change the relationship between X/
Y and R.A. / Dec.

Your very first step in diagnosing any type of guiding problem should be to determine the actual current relationship
between the X and Y of the guiding software and the R.A. and Dec. of your mount. This is easily done in your guiding
software by making a manual move in one axis during an exposure and comparing this to a guide move from the keypad
(use the keypad — not your computer software!) where you know the axis and direction for certain.

We have seen customers waste countless hours (not to mention dollars) in trying to fix a guiding problem on an axis that
was performing perfectly. Meanwhile, their true problem remained, all because of this axis mix-up.

Your next step would be to remove the camera and place a high power eyepiece with crosshair reticle into the focuser.
Then sit down and watch what happens to the guide star. With the eyepiece and reticle, you can see whether or not the
mount is tracking smoothly and how the periodic error is manifesting itself. Yes, you will have periodic error, and any good
CCD camera will pick it up to give you oval stars - that is a given. What you need to find out is whether this periodic error
is within limits (£ 3.5 arcseconds for the Mach1GTO, 900GTO and 1100GTO and * 2.5 arcseconds for the 1200GTO,
1600GTO and 3600GTO) and whether it is smoothly varying. You can also do some hand guiding using the 4 buttons on
the keypad. It will tell you how responsive the mount is to your guiding inputs and may even show some hidden problems
when you try to keep the star on the crosshairs.

Alternately, you can use PEMPro™ to characterize your periodic error. It will tell you things like the peak value and the
smoothness of the error.

You can also characterize your mount tracking and guiding abilities using the “Characterizing the Dec. Motions” test
outlined in the Technical Support section of our AP website and included in the back of this manual. Many times a problem
guiding in R.A. can be the result of a Dec. axis mechanical problem. Not knowing this, you will be forever chasing down
the problem on the R.A. axis, and never reaching a solution. Characterizing your Dec. Axis will at least show you that the
mount reacts properly to the 4 guide directions. If it shows a problem area, then at least we will know how to fix it.

Once you know that the mount is tracking in a normal fashion with normal periodic error profile, you can go from there to

begin setting up your guiding parameters. Once you know that the mount responds properly to the guide inputs, it should
be possible to set it up to work accurately.
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My GTOCPx Control Box does not appear to be working properly. Can | use the control box from my
other Astro-Physics mount with the mount that is having problems?

The answer depends on which model your other Astro-Physics mount is. The GTOCP4, GTOCP3 and/or GTOCP2
control boxes from your Mach1GTO, 900GTO, 1100GTO, 1200GTO or 1600GTO mount can all be interchanged. The
interchange works in either direction between any of these five mounts. Note, however, that GTOCP3 and GTOCP2
boxes do not inclulde Absolute and/or Precision Encoder functions. A GTOCP4 that is configured for encoders will still
control a non-encoder mount, and a GTOCP2 or 3 will still control an encoder mount, but without encoder functionality.

A GTOCP1 should not be used in an interchange without consulting Astro-Physics first. DO NOT interchange the control
boxes from 400GTO, 600EGTO, or 3600GTO mounts or from a mount purchased from an OEM partner that uses our GTO
system. These mounts employ different gearing in their servo drives and therefore use different personality parameters in
the servo controller.

As a final note, if you “borrow” another control box for your mount, you must disable the PEM since the PE curve in the
borrowed box will be for a different mount. You can always record a new PEM data set if you wish, and there is no reason
to preserve the PEM data set in the borrowed box since it will no longer be valid. Any time that you use a different control
box on a mount, the PEM data becomes out of phase and will need to be redone. This applies to both the borrowing
mount and the lending mount. It is something to consider before trading control boxes, especially if you have achieved a
particularly good PEM result with the mount that is to be the “lender.”

Additional Support

For additional information regarding the Astro-Physics GTO Servo Drive System, refer to the Technical Support Section
of our website. We also encourage you to participate in the ap-gto user group. The members of this group are very
knowledgeable about the operation of their mounts, CCD imaging and other related issues. The staff of Astro-Physics
also participates and you will find a wealth of information in the archives. To find the group, link from User Groups in our
website’s sidebar.

If any problems occur, please don’t hesitate to contact Astro-Physics for assistance.

We encourage you to submit your technical support questions directly to Astro-Physics by phone or e-mail: support@astro-
physics.com.

We may add additional troubleshooting tips to future versions of this manual or in a separate technical document. In such
an instance, we would add this information to the Technical Support section of our website as well.

ASTRO-PHYSICS, INC
11250 Forest Hills Road
Machesney Park, IL 61115
Telephone: (815)-282-1513
Fax: (815)-282-9847
support@astro-physics.com
www.astro-physics.com
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APPENDIX A: POWER SPECIFICATION TABLES

Power Specifications - Mach1GTO, 400GTO and 600EGTO

Power consumption

0.3 to 0.5 amps at 13.8 volts tracking; 1.0 to 2.2 amps at 13.8 volts - both motors slewing at top
speed of 1200x. (GTO Keypad connected; no load; room temperature)

Power requirements

12.0 to 16 volts DC at a minimum of 5 amps continuous recommended. (acceptable range: 11.5
volts at a minimum of 5 amps up to 16 volts at a maximum of 10 amps) Higher amperage supplies
should be fused at 7.5 or 10 amps for the mount’s power leads. Do NOT exceed a nominal 16 volt
system (i.e. two 8 volt batteries in series.)

Power Specifications - 900GTO (All) and 1200GTO (shipped prior to 2011)

(1200GTOs - Ser. # 1200956 & earlier)

Power consumption

0.3 to 0.5 amps at 13.8 volts tracking; 1.1 to 2.3 amps at 13.8 volts - both motors slewing at top
speed of 1200x. (GTO Keypad connected; no load; room temperature)

Power requirements

12.0 to 16 volts DC at a minimum of 5 amps continuous recommended. (acceptable range: 11.5
volts at a minimum of 5 amps up to 16 volts at a maximum of 10 amps) Higher amperage supplies
should be fused at 7.5 or 10 amps for the mount’s power leads. Do NOT exceed a nominal 16 volt
system (i.e. two 8 volt batteries in series.) Voltages in excess of 18 volts may cause motor jitter.

Power Specifications - 1100GTO, 1100GTO-AE and 1100GTO-AEL

Power consumption

0.3 to 0.6 amps at 13.8 volts tracking; 1.1 to 2.5 amps at 13.8 volts - both motors slewing at to