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This microcontroller was developed to fit into the electronic control 
circuit of a telescope, between an ARDUINO master controller and a 
motor power driver. 
 
This chip contains in itself many hardware devices and many 
functions to control a telescope, which simplifies electronics and 
programming for those who wish to venture into the construction of 
a telescope control circuit. 
 
The SKYPIKIT can be used to control DC motors with quadrature 
encoders as well as stepper motors. It can be adapted to many 
models of motor power drivers, therefore to motors of various 
powers. 
 
Controlling a telescope is complex and demanding on circuit 
performance. The positioning and tracking precision must be done 
within a few seconds of arc. The speed and position of the telescope 
must be checked and corrected at very short intervals (1000 times 
per second in the case of the SKYPIKIT) to obtain the desired 
accuracy. 
 

The SKYPIKIT microcontroller is a 28-pin chip that specializes in 
controlling the motors of an astronomical telescope mount. 

The frequency of pulses returned by a quadrature position encoder 
with 2000 steps / revolution can be very high when the motor is 
running at full speed (10000 RPM), and each pulse must absolutely 
be read. The SKYPIKIT is able to follow the position of the motor 
with its 32-bit quadrature signal counter integrated in hardware. 
 
A 32-bit counter allows you to count from -2147483648 to 
+2147483648. It would take several nights to reach the limits of 
such a counter. The SKYPIKIT also contains a 32-bit sidereal clock 
and a 32-bit position counter. 
 
The SKYPIKIT is capable of automatically GOTO to a celestial object 
with acceleration and deceleration ramps. In right ascension, the 
target will be reached with precision even if the object moved 
during the movement of the telescope due to the Earth's rotation. 
You just have to indicate the target to reach. 
 
If you want more security, the SKYPIKIT can automatically stop the 
motor by detecting the state of limit switches or the excessive 
current of a motor. 
 
In astrophotography, the SKYPIKIT is capable of automatic 
telescope autoguiding without the need for additional 
programming. Signals from an autoguiding camera connect directly 
to pins on the chip. There is also an Index pin which could be used 
to detect the start of a Periodic Error Correction (PEC) sequence. 
 
 

Next page … 

The SKYPIKIT 
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All the functions of the SKYPIKIT are configurable in order to be able 
to control several models of motors and to be able to operate for 
any reduction in the gears of the mount. You can adjust the speed of 
autoguiding corrections as well as acceleration, GOTO and tracking 
speeds, PID control gains, and many other parameters. 
 
To send the parameters to the SKYPIKIT and tell it what to do, we 
send it commands on an I2C serial link. For example, the command 
":B&G480466#" tells motor "B" to go to position 480466 step 
(calculated in encoder step for a DC motor or in micro-step for a 
stepper motor). The command ":A&r36382#" indicates to the motor 
controller "A" that the sidereal speed corresponds to 36.382 steps / 
second (we send 1000 times the sidereal speed for more precision). 
 
In a telescope control circuit, several SKYPIKIT microcontrollers can 
be used, one per motor to be controlled. You can have one SKYPIKIT 
for the right ascension motor, one for the declination motor, one for 
the focuser motor, etc. 
 
You can theoretically have up to 15 SKYPIKITs on the same I2C 
network. Each SKYPIKIT has a separate I2C address (which can be 
from 64 to 79 inclusive). On the I2C network, the SKYPIKITs 
configured as slaves must be connected to a master controller which 
controls the communication, that is to say which sends the 
commands and receives in return the information from each 
SKYPIKIT: position of the motor, states of the switches limits, state of 
control (doing a GOTO, tracking, etc.), etc. 
 
The master controller can be any controller that has the ability to 
communicate over an I2C link. Ideally, we suggest using an ARDUINO 
or compatible microcontroller for several reasons. 
 

ARDUINO UNO 

ARDUINO is an open-source and flexible electronic prototyping 
platform based on easy-to-use hardware and software. It is 
intended for artists, designers, amateurs and anyone interested in 
creating interactive objects or environments. It is therefore a highly 
documented platform on the Internet and used by DIY and 
electronic DIY enthusiasts around the world. Besides, it's relatively 
cheap. 
 
In a telescope control circuit, the ARDUINO microcontroller 
receives commands from a computer containing astronomy 
software over its USB link. It then distributes these commands to 
the SKYPIKITs on the I2C network. 
 
The ARDUINO is programmed with a simplified C language since it 
can be used by amateurs and in schools for initiation to robotics. In 
addition, programming is even simpler because the complex 
control functions are all implemented in SKYPIKITs. ARDUINO also 
has a "Wire" library of ready-made functions for I2C 
communication. 
 
 

Next page … 
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The SKYPIKIT microcontroller is supplied with a voltage of 3.3 volts. 
For most pins, this voltage should not be exceeded, otherwise the 
chip may be damaged. However, several pins support a voltage up to 
5 volts, like those which receive signals from a autoguiding camera 
and a quadrature encoder. 
 
To control an motor, the SKYPIKIT is mounted on a printed circuit 
board containing a power driver and other components depending 
on the motor model. 
 

The SKYPIKIT MOTOR TESTER TUNER application is described in 
detail in another document. 

The SKYPIKIT comes with tools to assist the user. The free 
application "SKYPIKIT MOTOR TESTER TUNER" allows you to 
operate the SKYPIKIT and the motor before inserting it into the 
telescope mount. This application also makes it possible to find the 
parameters that will give the best performance, to graphically 
analyze the behavior of the motor, to calculate the sidereal and 
GOTO speeds according to the reduction in gears and the number 
of steps per revolution of the encoder, etc. 

MAIA-3 board for DC motor with encoder. 
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Input tolerates 5 volts Bidirectional tolerates 5 volts Open-drain output tolerates 5 volts 
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Pin Name Dir V max Description 

1 MCLR* / VPP IN 3.3V Restart the SKYPIKIT firmware and reset the counters (sidereal, encoder, position), when 
this pin goes from 0 to 3.3 V. 
(VPP signal during programming). 

2 ADDR0 IN PU 3.3V Bit 0 of the I2C address offset. Internal pull-up. Activated when put to GND. Weight = 1. 

3 ADDR1 IN PU 3.3V Bit 1 of the I2C address offset. Internal pull-up. Activated when put to GND. Weight = 2. 

4 ADDR2 IN PU 3.3V Bit 2 of the I2C address offset. Internal pull-up. Activated when put to GND. Weight = 4. 

5 ADDR3 IN PU 3.3V Bit 3 of the I2C address offset. Internal pull-up. Activated when put to GND. Weight = 8. 

6 INDEX / PGEC IN 3.3V Detects the rising or falling transition (depending on the corresponding polarity bit) of the 
INDEX signal which can be used to indicate a HOME position or to start a periodic error 
correction (PEC) sequence. If this signal comes from an encoder operating at 5 volts, you 
must make sure that this signal does not exceed 3.3 volts on the SKYPIKIT pin using a 
voltage divider. 
(PGEC signal during programming). 

7 SENSOR / PGED IN AN 3.3V Analog input that can measure a voltage between 0 and 3.3 volts (which must not be 
exceeded). This input is connected to an internal 10-bit analog-digital converter (3.3 volts 
gives the digital value 1023). This input can be used to measure the current flowing in the 
motor. The motor is stopped if the voltage exceeds a voltage corresponding to a 
numerical value configurable by the &hnn command. 
(PGED signal during programming). 

8 VSS Power GND GND power supply. 

9 OSC1 Pin 1 of the 10 MHz crystal. 

10 OSC2 Pin 2 of the 10 MHz crystal. 

PIN DESCRIPTION 
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Pin Name Dir V max Description 

11 GUIDE+ IN 5V Autoguiding pulse which increases the value of the celestial coordinate: towards east in 
R.A. or north in declination. Inactive at 5V with external pull-up at 5V. Guide while the pin 
is put to GND by the RA+ or DE+ signal from the autoguiding camera. 

12 MOTOR SELECT IN 3.3V Selection of the motor type: pin to GND for a DC motor with quadrature encoder; pin to 
3.3 volts for a stepper motor. 

13 VDD Power 3.3V 3.3 volts power supply to the chip 

14 SDA BIDIR 5V SDA signal for the I2C interface: data. 

15 SCL BIDIR 5V SCL signal for the I2C interface: clock. 

16 LIMIT+ IN 3.3V Stops the movement towards east in R.A. or north in declination, when the LIMIT+ switch 
is activated. External pull-up at 3.3V. Activated at 0V or 3.3V depending on the state of 
the corresponding polarity bit. 

17 LIMIT- IN 3.3V Stops the movement towards west in R.A. or south in declination, when the limit switch is 
activated. External pull-up at 3.3V. Activated at 0V or 3.3V depending on the state of the 
corresponding polarity bit. 

18 GUIDE- IN 5V Autoguiding pulse that decreases the value of the celestial coordinate: towards west in 
R.A. or south in declination. Inactive at 5V with external pull-up at 5V. Guide while the pin 
is put to GND by the RA- or DE- signal from the autoguiding camera. 

19 VSS Power GND GND power supply. 

20 VCAP Connected to the positive side of a 10µF tantalum capacitor. 

21 QEA IN 5V Pin receiving signal A from the quadrature encoder. 

22 QEB IN 5V Pin receiving signal B from the quadrature encoder. 
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Pin Name Dir V max Description 

23 IN1 / DIR OUT 5V Signal sent to the motor power driver. Open-drain with external pull-up. 
DC motor: IN1 determines the direction of movement with the pin IN2; 
Stepper motor: DIR determines the direction of movement. 

24 IN2 / STEP OUT 5V Signal sent to the motor power driver. Open-drain with external pull-up. 
DC motor: IN2 determines the direction of movement with the pin IN1; 
Stepper motor: STEP pulse to advance one step (or micro-step). 
The duration of the STEP pulse (2 to 10 µs) is adjustable with the &unn command. 

25 PWM OUT 5V Signal sent to the motor power driver. Open-drain with external pull-up. 
DC motor: PWM signal "pulse width modulation" which determines the voltage that the 
driver supplies to the motor. 

26 ENABLE OUT 5V Signal sent to the motor power driver. Open-drain with external pull-up. 
DC or stepper motor: signal used to activate or disconnect the motor. Active at 0 volts or 
5 volts depending on the state of the corresponding polarity bit. 

27 AVSS Power GND Low reference voltage for SENSOR analog input (pin 7). Always put to GND with the 
SKYPIKIT. Corresponds to the digital value 0. 

28 AVDD Power 3.3V High reference voltage for the SENSOR analog input (pin 7). Always set to 3.3 volts with 
the SKYPIKIT. Corresponds to the digital value 1023. 
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The descriptions on this page refer to the diagram on the previous 
page. 
 
In the PLEIADES set of boards, the MAIA-3 board contains what is 
needed to control a DC motor with quadrature encoder. It contains 
the SKYPIKIT microcontroller connected to the other necessary 
components. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The SDA and SCL pins are connected to the I2C bus which makes the 
link with the master controller (for example ARDUINO). 
 
The pins ADDR0 to ADDR3 allow you to configure the I2C address of 
the SKYPIKIT by inserting jumpers connecting them to the GND. 
 
The pins OSC1 and OSC2 are connected to a precision crystal of 10 
MHz. A PLL internal SKYPIKIT circuit multiplies this frequency so that it 
operates at 60 MHz. 
 
The MOTOR SELECT pin is set to GND to choose a DC servo motor with 
encoder for this board. It would be set to 3.3 volts to control a 
stepper motor. 

At the output, the SKYPIKIT controls a DC motor power driver. This 
driver is a TB67H303HG from Toshiba. This driver is capable 
to provide a maximum current of 4 amps continuously. The 
SKYPIKIT sends signals on pins IN1 and IN2 to indicate the direction of 
rotation. The Enable pin indicates whether the motor is connected or 
released. The PWM (pulse width modulation) pin determines the 
speed of the motor by providing the signal necessary for the driver. 
The motor is connected to pins M1 and M2 of the PS3 connector. 
 
The QEA and QEB pins receive signals from the quadrature encoder 
installed on the motor shaft. Inside the SKYPIKIT, a 32-bit quadrature 
decoder lets you know the position, speed and direction of rotation of 
the motor using these signals. 
 
The GUIDE+ and GUIDE- pins receive signals from an autoguiding 
camera. These are the RA+ and RA- signals if the board is used to 
control a right ascension motor. These are the DE+ and DE- signals if it 
is used to control a declination motor. 
 
There are also pins that detect the states of limit switches. The INDEX, 
SENSOR and ENABLE pins are not used in the MAIA board. The MCLR * 
pin performs a reset of the microcontroller when it goes from 0 to 3.3 
volts, which occurs upon power up. 
 
The connector ICSP contains the signals which could be used to 
program or reprogram the firmware of the SKYPIKIT. 
 
The power supplies come from outside the board and are on another 
board in the PLEIADES system. VMOT is a voltage of 12 volts for the 
motor. The 5 volts comes from a LM7805 regulator and the 3.3 volts 
comes from a LM3940 regulator. 
 
Other sections of this document explain in more detail the meaning 
and use of the signals described on this page. 
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USB 

USB 

Autoguiding signals 

I2C network encoder 

encoder 

motor 

motor 

Moteur A. D. 

Moteur décl. 

Arduino 

Skypikit 

Skypikit 

Autoguiding camera 

A minimal system can include: 
A computer with astronomy software, the ASCOM platform and 
autoguiding software (such as PHD Guiding); 
An autoguiding camera; 
An ARDUINO or other microcontroller which can communicate by I2C; 
Two control boards with SKYPIKIT and power driver; 
Two motors which can be different: one for right ascension and another 
for declination. 



SKYPIKIT microcontroller: Technical manual and user’s guide 

Specifications and performance 13 

Object DC servo motors Stepper motors 

Operating temperature -40°C  to  +85°C same 

MOTOR SELECT pin voltage (pin 12) 0 volt 3.3 volts 

Maximum frequency of responses to status requests and 
receipt of commands from the master controller 

10 times / second same 

Firmware execution frequency 60 MHz (10 MHz crystal) same 

Frequency of position readings and updates of commands to 
motor drivers 

1000 times / second same 

Maximum reading frequency of quadrature encoder steps 500 kHz idem if used 

PWM signal frequency "pulse width modulation" 15.0 kHz not used 

Limits of 32-bit counters for sidereal time, motor position and 
quadrature encoder 

+/-   2 147 483 647 steps same 

Maximum speed of motors controlled by the SKYPIKIT 250000 steps/second 
or limited by the motor 

60000 micro-steps / second 
or limited by the motor or by 
the width of the STEP signal 

Sidereal speed and tracking speed 
(offset tracking: 0 to +/- 10 X sidereal speed) 

recommanded 30 to 500 steps / 
second 

recommanded 40 to 500 steps / 
second 

Maximum error (position reached - position requested) 
following a GOTO in the fixed reference system 

zero 0.05% of maximum speed in 
micro-steps 

Maximum error (sidereal position reached - sidereal position 
requested) following a GOTO in the sidereal reference system 

+/- 1 micro-step 0.05% of maximum speed in 
micro-steps 

TABLE OF SPECIFICATIONS AND PERFORMANCE 

Suite page suivante … 
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Object DC servo motors Stepper motors 

Maximum displacement error following a one-second Pulse 
Guide in the fixed reference system 
(guide speed 20 to 1000 steps / second) 

< 2% of the guide speed 
in steps + 1 step, 
corresponds to 0.3 arc-second 

same in micro-steps 

Maximum displacement error following a 1 second Pulse Guide 
in the sidereal reference system 
(guide speed 20 to 1000 steps / second) 

< 2% of the guide speed 
in steps + 1 step, 
corresponds to 0.3 arc-second 

same in micro-steps 

Typical normal deviation, caused only by motor control, during 
tracking in the sidereal reference system 

0.03 to 0.3 arc-seconds 
depending on the motor, the 
sidereal speed and the settings 

0.04 to 0.4 arc-seconds 
depending on the motor, the 
sidereal speed and the settings 

Internal sidereal clock accuracy 10 to 100 ppm (depends on the 
accuracy of the 10 MHz crystal) 

same 

TABLE OF SPECIFICATIONS AND PERFORMANCE (continuation) 

Note: 
These performances are achieved only if the control parameters 
are adjusted correctly. You can use the SKYPIKIT MOTOR TESTER 
TUNER app to adjust these parameters. 
 
These same adjustments will have to be reintroduced in the 
control panel of the SKYPIKIT FEX application once the mount is 
functional. Another document describes SKYPIKIT FEX. 
 
The SKYPIKIT controller is actually an integrated microcontroller 
circuit from the company Microchip Technologies, in which the 
author of this document has programmed on-board firmware to 
perform specialized functions in controlling telescope motors. 

The raw integrated circuit can be one of the following: 
 
    pic24ep64mc202 SPK-vvvA  
    pic24ep128mc202 SPK-vvvB 
    pic24ep256mc202 SPK-vvvC 
    dspic33ep64mc202 SPK-vvvD 
    dspic33ep128mc202 SPK-vvvE 
    dspic33ep256mc202 SPK-vvvF 
    dspic33ep64mc502 SPK-vvvG 
    dspic33ep128mc502 SPK-vvvH 
    dspic33ep256mc502 SPK-vvvK 
 
Detailed specifications (data sheets) for these circuits can be 
found on the web if you want to know more. 
 
Microchip website: http://www.microchip.com/ 
 

http://www.microchip.com/
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The Inter-Integrated-Circuit (I2C) interface was designed by the Philips 
company in 1982 to allow the exchange of information between 
microcontrollers and peripherals over short distances and at low 
speeds. This interface is for example used by the company SBIG to 
communicate between a CCD camera and a filter wheel. 
 
This serial interface is very simple and contains only two bidirectional 
lines connecting open-drain pins. The SDA line is used to transmit data 
bits (DATA) in both directions between the controllers. The SCL line 
contains the clock pulses (CLOCK) generated by the master controller. 
 
The normal transmission speed is 100 kHz. One bit is transmitted per 
cycle and 8 bits plus 1 or 2 bits of the protocol are required to 
transmit each character. The SKYPIKIT and ARDUINO are fortunately 
capable of operating at this speed and even more, which allows rapid 
transmission of commands by the master and reception of responses 
from slave controllers. 
 

The maximum transmission speed is affected by the speed of change of 
state of the SDA or SCL signal. This speed is limited by the capacity "C" 
of each line (SDA or SCL). This capacity is the sum of that of the SDA or 
SCL input-output of the controllers, traces on the printed circuits and 
cables connecting the controllers. Capacity is reduced by shortening the 
length of traces and cables. This capacity is like a capacitor which is 
charged by the current which passes through a pull-up resistor "R". 
 
For example, the time that the SCL signal will take to make a transition 
from 0 volts to 5 volts is the time that the capacity of the SCL line will 
take to charge through the resistor R1 (on the diagram). The transition 
time is proportional to the product R1 times C. A low line capacity 
combined with a low pull-up resistance decreases the time of this rising 
transition. 
 
The time it will take for the SCL signal to transition from 5 volts to 0 
volts depends on the maximum current that the SCL pin of a controller 
is able to absorb to discharge the capacity of the SCL line.  

The maximum recommended current is approximately 8 
milliamps for SKYPIKIT and ARDUINO. 
 
In order not to exceed this current, it is recommended to 
choose a pull-up resistor which lets a current "I" pass 
between 1 and 5 milliamps. As here (I = 5V / R1), this gives a 
resistance between 1000 ohms and 5000 ohms. We suggest 
a pull-up resistor of 4.7K if there is only one slave controller, 
and 3.3K if there are two as in the diagram. 
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ADDR0 ADDR1 ADDR2 ADDR3 Adresse offset Adresse I2C Character Reserved (recommended) 

0 64 @ Do not use 

1 1 65 A Right ascension or azimuth 

2 2 66 B Declination or altitude 

1 2 3 67 C Field rotator or 3rd axis 

4 4 68 D Motorized focuser 

1 4 5 69 E 

2 4 6 70 F 

1 2 4 7 71 G 

8 8 72 H 

1 8 9 73 I 

2 8 10 74 J 

1 2 8 11 75 K 

4 8 12 76 L 

1 4 8 13 77 M 

2 4 8 14 78 N 

1 2 4 8 15 79 O 

The brown boxes indicate the pins which must be put to GND with 
jumpers to code the I2C address of the SKYPIKIT. It is not necessary to 
connect the other pins to 3.3 volts since it is done by internal pull-up 
resistors in the SKYPIKIT chip. 
 
The numbers in the brown boxes give the weight of each address pin. 
The offset address (0 to 15) is the sum of these weights. The SKYPIKIT 
firmware adds 64 to this offset to obtain its real I2C address. The 
"Character" column gives the character that has the numerical ASCII 
value of the I2C address. 

It is thus possible to code 16 different I2C addresses, from 64 to 79. 
In an I2C network, each SKYPIKIT or other slave controller must 
absolutely have a different address from the others. 
 
The 7-bit I2C standard allows you to choose any address from 8 to 
119, but you must limit yourself to addresses from 64 to 90 to avoid 
conflicts. The addresses 64 to 79 are reserved for SKYPIKITs, but 
among these addresses, those which are not used by SKYPIKITs could 
be used by other types of controllers, for example an anti-dew 
heating controller which does not use from SKYPIKIT. 
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Command Description Use 

&Q0 Command the SKYPIKIT to return its status followed by the 
values of the sidereal counter and the position of the motor. 

Request sent several times per second by the master 
controller. The SKYPIKIT returns each time a character string 
giving its state and that of the motor. 

&Q1 Command the SKYPIKIT to return its status followed by the 
values of the sidereal counter and the quadrature encoder of 
the DC servo motor or of a quadrature encoder placed 
elsewhere on the mount. 

Can also be used with a stepper motor if there is a quadrature 
encoder placed on the mount. 

&C0 Activates the SKYPIKIT and commands it to operate in the 
fixed reference system. Reset the counters. 

Used for example at start-up for a declination motor or 
focuser. 

&C1 Activates the SKYPIKIT and commands it to function in the 
sidereal reference system. Reset the counters. 

Used at start for a right ascension motor. We explain 
elsewhere in this document how we use these two reference 
systems. 

&Z Disables the SKYPIKIT and frees the motor. A free motor no longer has a potential difference between its 
terminals and can be turned freely by hand. Command to 
send when you stop controlling the telescope. 

&R Reset. Resets the sidereal counter, encoder step counter, 
and motor position values. 

Can be used during a SYNC of the telescope on a reference 
celestial object. 

&hnn 

 

The motor is stopped if the digital value of the analog 
SENSOR signal reaches or exceeds the threshold (tn) nn. This 
command indicates this threshold to the SKYPIKIT. The motor 
is never stopped by the SENSOR signal if the threshold is 
1023. 

The signal at the SENSOR input is a voltage between 0 and 3.3 
volts which gives the digital values 0 and 1023 respectively 
when converted by an internal 10-bit A / D converter. This 
signal can for example detect the too high current of a motor. 

COMMANDS SENT BY A MASTER CONTROLLER TO THE SKYPIKIT 
Warning: commands are case sensitive, the uppercase R does not give the same command as the lowercase r. 
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Command Description Use 

&snn Tells the SKYPIKIT that the current GOTO speed is equal to nn steps 
/ sec. Note: this is lowercase s. 

Absolute value. Used by the command which makes GOTO (&G) and 
moves by steps (&D). 

&wss Tells the SKYPIKIT that the current “slew” movement speed is equal 
to ss steps / s. 
Note: this is the lowercase w. 

Used by the move command (&M). Allows you to modify the speed 
even if a movement is in progress, for example to follow an artificial 
satellite. 

&ann Tells the SKYPIKIT that the acceleration value for the acceleration-
deceleration ramps is equal to nn steps / sec². Absolute value. 

Used by GOTO, move and stop commands. 

&S Command the motor to stop using the current acceleration-
deceleration ramp. 

Used when the movement buttons are raised or for an emergency 
stop when a "stop" button is pressed. 

&F Command the motor to stop using the current acceleration-
deceleration ramp and then release the voltage to the motor (free). 

Used to remove voltage to the motor when not in use, for example 
for a focuser motor. 

&Gss Command the motor to go to the ss step position, using the current 
GOTO speed and the current acceleration-deceleration ramp. 

Used to do GOTO, to go to the ss position from the current position. 

&Mss Command the motor to move at a max speed of ss steps/ sec using 
the current acceleration ramp. 

Used to respond to the handbox movement buttons, while the 
finger or mouse button is held down on the movement button. 

&Dss Command the motor to make a displacement of ss steps  at 25% the 
current GOTO speed and using the current acceleration-
deceleration ramp. 

Used to make moves by steps. The displacement can be negative. 

&fss Tells SKYPIKIT that the final approach to a GOTO is ss steps in the 
direction of the ss sign: east or north if positive, west or south if 
negative. 
Acts with the GOTO &Gss command only. 

Used to end a GOTO always in the same direction. Used to avoid the 
effects of backlash caused by play in the gears. No effect if ss is zero 
or if the final approach is in the same direction as the GOTO 
movement. 

&unn Tells the SKYPIKIT that the duration of the STEP pulse (pin 24) which 
advances a stepper motor by one micro-step is equal to nn 
microseconds (value which must be between 2 and 10 µs). 
Note: this is the lower case u. 

This value is normally left at 2 µs for drivers of small stepper motors 
like the A4988, but it may be necessary to increase it and reduce the 
pull-up resistance for certain power drivers which have lower input 
impedances. See the documentation for the SKYPIKIT MOTOR 
TESTER TUNER application. 

In the following commands, replace the nn by a string representing an absolute whole number and the ss by a signed or positive 
integer (for example "&wss" can represent "&w-3200"). 
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Command Description Use 

&pnn Tells the SKYPIKIT that the proportional gain KP is equal to 
nn. Note: this is the lowercase p. 

The voltage correction sent to the motor is proportional to 
the "error" signal. 

&inn Tells the SKYPIKIT that the integral gain KI is equal to nn. 
Note: this is the lower case i. 

If the motor stops slightly beside the target position due to 
friction, this slight “error” signal is integrated (1000 times per 
second) and accumulates over time, and the motor ends up 
placing itself exactly on the target so that it no longer 
accumulates. 

&enn Tells the SKYPIKIT that the maximum value of the error is 
limited to nn in the proportional control calculations. 

Used to avoid over-corrections in case of large position 
errors. The motor stops if the error exceeds this limit value. 

&jnn Tells the SKYPIKIT that the maximum value of the integrated 
error is limited to nn in the calculations of the integral 
control. 
Note: this is the lowercase j. 

Used to avoid over-corrections in the event of large 
integrations of position errors. The motor stops if the 
integrated error exceeds this limit value. 

&knn Tells the SKYPIKIT that the maximum motor speed in steps / 
sec is limited to nn in the calculations of the integral control. 

The "error" signal is integrated only if the speed is below nn. 
The integration is reset if the speed exceeds nn. This is so that 
the correction related to the integration is done only when 
the speed is low, when the motor position is close to the 
target position. 

In the following commands, replace the nn with a string representing an absolute whole number (for example "&pnn" can represent 
"&p20"). 
 
These commands are only for controlling DC motors with encoders and are not used with stepper motors. 
 
The “error” signal is the difference between the desired position of the motor calculated by the firmware (1000 times per second) and 
the actual position of the motor returned by its quadrature encoder. The SKYPIKIT tries to correct this position error by continuously 
changing the voltage sent to the motor terminals. 

You will find in the document on the SKYPIKIT MOTOR TESTER TUNER application all the information to find and test the right parameters for PI control 
of DC servo motors: KP, KI and other parameters. 
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Command Description Use 

&rnn Tells the SKYPIKIT that the sidereal speed is equal to nn / 
1000 steps / sec. 

nn is an absolute value equal to 1000 times the sidereal 
speed. 

&T Tells the SKYPIKIT to start tracking (tracking = ON) at tracking 
speed. 

The motor starts tracking. 
Following this command, the tracking speed is the sum of the 
default tracking speed plus the offsetTrackSpeed added by 
the &tss command. 
The default tracking speed, in steps / second, is equal to the 
sidereal speed in the sidereal reference system and is zero in 
the fixed reference system. 

&N Tells the SKYPIKIT to stop tracking (tracking = OFF). The motor stops tracking. 

&tss Tells the SKYPIKIT to add an offsetTrackSpeed of ss / 1000 
steps / sec to the default tracking speed. 

ss is a value equal to 1000 times the offsetTrackSpeed. 
Allows you to change the tracking speed during tracking to 
make periodic error corrections (PEC), or to track a body that 
moves slowly in the sky like the Moon, the Sun, a comet, an 
asteroid ... 

&gnn Tells the SKYPIKIT that the guide speed is equal to nn / 1000 
steps / sec. 

nn is an absolute value equal to 1000 times the guide speed. 
Used for autoguiding corrections with the PulseGuide 
command or with a autoguiding camera. 

&Pss PulseGuide. Instructs the motor to move at guide speed for 
ss milliseconds. 
(do not exceed 2 X the sidereal speed). 

Moves in the direction which increases the celestial 
coordinate if ss is positive and in the direction which makes it 
decrease if ss is negative. Used to make "pulse guiding". 

&J Sets the detection of an INDEX signal transition to "false" so 
that a next transition can be detected. 

An INDEX signal transition can be used to start a periodic 
error correction (PEC) sequence, or to indicate a HOME 
position. 

In the following commands, replace the nn with a string representing an absolute whole number and the ss by a signed or positive 
integer (for example "&Pss" can represent "&P-4000"). 

Important convention: In a fixed reference system, the positive direction is always towards the north (declination which increases). In a sidereal 
reference system, the positive direction is always towards east (increasing right ascension). This applies to all signed commands (offsetTrackSpeed, 
GoTo, Slew, PulseGuide, final approach ...) and to the effects of autoguiding signals and limit switches. 
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Bit State 0 State 1 Decimal value at state 1 

Bit 0 Normally open positive direction limit 
switch. 

Normally closed positive direction limit 
switch. 

1 

Bit 1 Normally open negative direction limit 
switch. 

Normally closed negative direction limit 
switch. 

2 

Bit 2 The ENABLE signal sent to the motor 
power driver is active at 0 volts. 

The ENABLE signal sent to the motor power 
driver is active at 5 volts. 

4 

Bit 3 Does not invert the DIR signal sent to the 
motor power driver. 

Invert the DIR signal sent to the motor 
power driver. 

8 

Bit 4 Does not automatically release the motor 
when a stop request is made. 

Always releases the motor (FREE) each time 
the motor is stopped. 

16 

Bit 5 The change of state of the INDEX signal is 
detected only at its falling transition. 

The change of state of the INDEX signal is 
detected only at its rising transition. 

32 

Bit 6 The change of state of the INDEX signal 
does not "reset". 

The change of state of the INDEX signal does 
a "reset": sets the motor position, the 
quadrature encoder counter and the sidereal 
time counter to zero. 

64 

The polarity bits are used to determine in which state certain signals are active.. 

Command Description Use 

&ynn Sends the polarity bits to the SKYPIKIT as a block. 
nn is the sum of the decimal values at state 1. 
For example, the command is "&y40" 
to have bits 3 and 5 in state 1 and the others in state 0: 
40 = 8 + 32. 

We send this command at the start when connecting. You can 
also send this command during execution, for example to 
change the DIR signal when we do a meridian flip. This 
command also does a reset. 

The polarity command 
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Object Number of characters Description of the characters 

I2C address 1 ASCII character corresponding to the I2C address of the SKYPIKIT: 
"@" For 64, "A" for 65, "B" for 66, up to "O" for 79. 

Motor type 1 "0" for a DC servo motor; 
"1" for a stepper motor. 

Current action 1 Character corresponding to what the controller or the motor is doing (see table on next 
page). 

Internal step 1 ASCII character corresponding to the numeric value of the current Grafcet step (1 to 182) 
internal to the SKYPIKIT. Useful for factory debugging. 

INDEX signal 1 "0" = false = not detected;    "1" = true = rising or falling transition detected according to 
the corresponding polarity bit. 

Sidereal counter 1 to 11 Decimal value of the sidereal time counter converted into steps. This value increases at the 
sidereal speed chosen in steps / second. Range from "0" to "+2147483647". 

Delimiter A 1 Delimiter character  « A » 

Position 1 to 11 With &Q0 command: motor position in steps or micro-steps. 
With &Q1 command: position of the quadrature encoder in steps. 
See the section on reference systems to understand how to interpret the positions of the 
motor and the encoder in these two reference systems. 
Range in both cases: from “-2147483647” to “+2147483647”. 

Delimiter B 1 Delimiter character  « B » 

SENSOR signal 1 to 4 Value of the SENSOR analog signal converted to decimal digital value. 
Range from "0" for 0 volts to "1023" for 3.3 volts. 

Delimiter C 1 Delimiter character  « C » 

Termination 1 NULL character, ASCII value = 0, to indicate the end of the string. 

Table giving in order the characters of the string returned by the SKYPIKIT 
in response to request commands &Q0 or &Q1 from the master controller 
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According to the table on the previous page, the SKYPIKIT 
returns a character string which can go up to 35 characters, in 
response to commands &Q0 or &Q1 from a master controller, 
for example an ARDUINO or compatible. So the program in the 
ARDUINO should expect to receive a string of up to 35 
characters. 
 
This channel gives information about the state of the SKYPIKIT: 
its I2C address, the type of motor, the current action, the 

current step, the state of the INDEX signal, the value of the 
sidereal clock, the position of the motor, the value of the 
SENSOR signal, etc. 
 
The table on the previous page gives details of this string in the 
order in which the characters are transmitted. 
 
The following table gives the meaning of the third character of 
the string, the one that gives information on the current action. 

Character Current action Description 

« S » STOPPED and LOCKED Motor stopped and locked, which returns to its stopped position if moved manually. 

« F » STOPPED and FREE Motor stopped and free. Zero motor voltage. Can be moved manually without forcing. 

« X » RELEASED and FREE Controller disabled. Motor stopped and free. The controller must be reactivated to operate. 

« M » MOVING The motor is running to move the telescope (GOTO or SLEW or STEP MOVE). 

« T » TRACKING The motor is running to TRACK at the selected tracking speed. 

« G » GUIDING + The motor is in the process of making a guiding correction in the positive direction (east in R.A. or north in decl.) 
In response to the autoguiding pulses coming from the Pulse Guide control or from an autoguiding camera. 

« g » GUIDING - The motor is in the process of making a guiding correction  in the negative direction (west in R.A. or south in 
decl.) In response to the autoguiding pulses coming from the Pulse Guide control or from an autoguiding 
camera. 

« W » LIMIT SWITCH + Limit position reached in positive direction (east in R.A. or north in decl.). Motor stopped. 

« w » LIMIT SWITCH - Limit position reached in negative direction (west in R.A. or south in decl.). Motor stopped. 

« U » SENSOR OVER TRHLD The voltage at the SENSOR pin exceeds the selected threshold (with the &hnn command). The motor is 
stopped. 

« E » ERROR LIMIT For a DC motor in PI control, the position error is greater than "Error Limit" or "Integral Limit". The motor is 
stopped and free. The controller is disabled. 
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The code below is an example taken from the SKYPIKIT MOTOR 
TESTER TUNER application to show how to communicate with the 
ARDUINO from a computer program (here in C# with Visual 
Studio). 
 
The code shows the event that occurs when the "GOTO" button is 
clicked. This code successively sends the &s and &G commands to 
the ARDUINO controller on the USB port. 
 
The character "#" is automatically added at the end of each 
command in place of a NewLine character (with ASCII value 
decimal 10), with the instruction serialPort1.NewLine = ‘’ # ’’; sent 
at the time of connection. 
 
The NULL character is always sent at the end of the string by the 
instruction serialPort1.WriteLine (…) ;. 

Instruction to add the character “#” 
instead of the character NewLine at 
the end of each command. 
 
 
Here we show the code of the event 
that occurs when we click on the 
"GOTO" button. 
This code sends the &s and &G 
commands to the ARDUINO 
controller on the USB serial port. 

THE SKYPIKIT PROTOCOL 
 

The astronomy program which is in the computer must follow the 
SKYPIKIT protocol to send a command to the ARDUINO on the USB 
serial port, so that the program which is in the ARDUINO can 
interpret it correctly. 
 
In this protocol, the command (eg "&G-4200") must be preceded by 
the character ":" and the I2C address of the SKYPIKIT, then followed 
by the characters "#" and NULL, which would give 

 

«:A&G-4200#» + NULL character  
 
The character "A" in this example here corresponds to the I2C 
address 65 of the SKYPIKIT. The ASCII code for "A" has a decimal 
value of 65. It would be the character "B" for address 66 and so on. 
The NULL character has an ASCII code equal to 0 and denotes the 
end of the character string. 
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ARDUINO MINIMAL SKETCH 
 
An ARDUINO program written in simplified C language is called 
a SKETCH. The ARDUINO sketch on the following pages has 
been verified using the SKYPIKIT MOTOR TESTER TUNER app. 
It's a minimal sketch that simply interfaces between a computer 
program and a SKYPIKIT. The ARDUINO is the master I2C 
controller and the SKYPIKIT is the slave. 
 
The computer sends the command to the ARDUINO on the USB 
port. ARDUINO adapts this command and transmits it to the 
SKYPIKIT on the I2C bus. 
 
If the command is a request command (&Q0 or &Q1), the 
SKYPIKIT responds by sending the character string describing its 
state, which was explained in a previous section. 
 
Examine the comments carefully after each line of instruction in 
the program. This will help you understand it. 
 
Also, you can go to the ARDUINO website where you will find all 
the information to program a sketch. 
 
Sites ARDUINO : 
    https://www.arduino.cc/ 
    http://playground.arduino.cc/Reference 
 
 

https://www.arduino.cc/
http://playground.arduino.cc/French/Reference
http://playground.arduino.cc/French/Reference
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ARDUINO MINIMAL SKETCH 
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The command string sent by the computer to ARDUINO contains 

the termination characters ":" and "#". Take for example, the string: 

«:A&G-4200#» + NULL character 
explained in the previous section. 

 

These termination characters are not retained in the command 

chain which will then be sent by ARDUINO to SKYPIKIT on the I2C 

network. The ARDUINO sketch removes them. 

 

Then, the ARDUINO sketch extracts the first character of the 

remaining string, the character "A", whose ASCII value, ie 65, 

becomes the I2C address of the SKYPIKIT to whom we want to 

send the command. 

 

In the function at the top of this page, the instruction 

Wire.beginTransmission (i2c_addr); 

prepares the sending of the characters of the command string to 

the address I2C 65, and sends the character "A" on the I2C 

network. 

The Wire.write (st [i]) instruction; send all other characters in the 

command string 

and the instruction Wire.write (0); sends the NULL character. 

 

So, this is the command chain: 

« A&G-4200 » + NULL character 
which is sent at the same time to all SKYPIKITs and to all the other 

controllers which are on the I2C network. 

 

All SKYPIKITs and all controllers receive this chain and check it. 

 

But it is only the one whose address corresponds to 65, the value of 

the first character "A" in the string, which takes this into account and 

executes the command &G-4200. The others do nothing. 

 

Note for I2C network experts: the explanation here is a bit 

simplified. The detailed way in which characters are transmitted 

over the network and how the I2C protocol works can be found on 

the Internet. 
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POWER DRIVER CONTROL 
The SKYPIKIT is capable of controlling several types of power 
drivers, both for stepper motors and for DC motors with 
encoder. 
 
These controls are made with the four output pins 23 to 26, 
which are connected to the corresponding inputs of the power 
drivers. These pins have different functions depending on the 
type of motor. 
 
SKYPIKIT outputs 23 to 26 are open-drain. It is therefore 
necessary to add pull-up resistors at 5 volts so that the output 
signals can alternate between 0 volts and 5 volts. 
 
The resistance values depend on the properties of the inputs 
of the power drivers. It can be between 2 K and 10 K. 

Pin# DC motor with 
encoder 

Stepper motor 

23 IN1 DIR 

24 IN2 STEP 

25 PWM (not used) 

26 ENABLE ENABLE 
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POWER DRIVER CONTROL FOR 
DC MOTOR WITH ENCODER 
 
For a DC motor with encoder, the signals IN1 and IN2 (pins 23 
and 24) are used to control the direction of rotation: 

IN1 IN2 InvertDir Command 

0 0 X FREE motor 

0 1 0 counterclockwise 

0 1 1 clockwise 

1 0 0 clockwise 

1 0 1 counterclockwise 

1 1 X (does not happen) 

For IN1 and IN2, 0 means that the output is at 0 volts and 1 
means that the output is at the voltage of the pull-up resistors 
(maximum 5 volts). 
 
InvertDir corresponds to the polarity bit Invert Dir, which is set 
to 1 to reverse the direction of rotation. X means it has no 
effect in this condition. 
 

The ENABLE signal (pin 26) is used to connect or disconnect 
the power driver outputs connected to the motor coil. When 
the outputs are connected, the motor operates normally. 
When the outputs are disconnected, the motor is released 
(FREE) and can be turned by hand without forcing. 
 
The effect of the ENABLE signal can be reversed by the 
"Enable or Brake voltage" polarity bit. The result depends on 
the properties of the driver pin to which the ENABLE signal is 
connected. 
 
For some drivers like the TB6612, there is no need to use the 
ENABLE signal since the driver is at FREE when the signals IN1 
and IN2 are at 0. 
 
For others, like the TB67H303HG, shown on the previous 
page, the ENABLE signal must be used. 
 
 
The PWM signal (pin 25) is used to control the voltage sent to 
the motor, and thus its speed. This periodic signal sends pulses 
at a frequency of 15 KHz, the width of which can vary between 
0% and 100% of the period. The motor voltage is proportional 
to the width of the pulse and reaches the maximum of VMOT 
(12 volts) when the pulse width is 100% of the period. 
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CONTROL OF POWER DRIVER  
FOR STEPPER MOTOR 
 

For a stepper motor, the DIR signal (pin 23) determines the 
direction of rotation. You can set the Invert_Dir polarity bit to 
1 to reverse the direction of rotation. 
 
 
The STEP signal (pin 24) advances the motor one step or one 
micro-step with each pulse. The pulse duration can be 
adjusted between 2 µs and 10 µs with the &u command. It is 
normally left at 2 µs. 
 
 
The PWM signal (pin 25) is not used. 

The ENABLE signal (pin 26) is used to connect or disconnect 
the power driver outputs connected to the motor coil. When 
the outputs are connected, the motor operates normally. 
When the outputs are disconnected, the motor is released 
(FREE) and can be turned by hand without forcing. 
 
The effect of the ENABLE signal can be reversed by the 
"Enable or Brake voltage" polarity bit. The result depends on 
the properties of the driver pin to which the ENABLE signal is 
connected. The image here shows the case of an A4988 driver. 
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The SKYPIKIT contains an internal circuit capable of decoding the 
quadrature signals QEA and QEB and automatically generating the 
four steps per period. This circuit also provides an indication of the 
direction of rotation depending on whether the QEB signal is ahead 
or behind the QEA signal. 
 
An internal 32-bit counter uses this information to count steps and 
give the position of the motor. The position obtained can be 
between -2147483647 and + 2147483647 steps. 
 
The internal circuit of the SKYPIKIT uses this value of the position 
counter to calculate the signals to send to the power driver of the DC 
motor. See the section of this document on controlling DC servo 
motors for more information. 
 
The maximum length of the encoder A and B signal wires is limited 
by the frequency of these signals. We can go up to 1 or 2 meters if 
the frequency is low (<50000 steps / s). It is recommended not to 
exceed 40 cm at high frequency (<500000 steps / s). In addition, the 
frequency is limited to 500000 steps / s by the decoder circuit in the 
SKYPIKIT. 
 
An encoder at 64 steps / revolution on a motor running at 8000 rpm 
gives a frequency of 8533 steps / second. 
 
An encoder at 2000 steps / revolution on a motor running at 10000 
rpm gives a frequency of 333333 steps / second. 

USE AND CONNECTION OF A QUADRATURE ENCODER 
 
See the document "Calculations and choice of motors and gears" to 
understand the operation of a DC motor with quadrature encoder. 
 
A quadrature encoder normally includes a four-pin connector: 5-volt 
power, signal A, Ground, and signal B. 
 
Some encoders additionally have an Index pin which is not necessary 
to use with the SKYPIKIT. We explain in another section of this 
document the use of the SKYPIKIT INDEX input. 
 
Signal A from the encoder connects directly to the QEA pin of the 
SKYPIKIT. Likewise, signal B connects to pin QEB. 
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« On-camera » method 
With this method, the telescope is connected directly to the guide 
camera using a cable that supports the "ST-4" standard. This standard 
comes from the name of the first amateur CCD camera from SBIG, 
which could also be used for autoguiding. 
 
The autoguiding software sends the correction commands to the guide 
camera on a USB port. The camera relays the correction signals to the 
telescope on the ST-4 cable. Planetarium-type software can also send 
other commands to the telescope (GOTO, PARK, SLEW, etc.) on 
another USB port. 

AUTOGUIDING 
 
A very popular model of autoguiding camera is the "StarShoot Auto 
Guider" from the company Orion Telescopes. An autoguiding camera 
is installed at the focus of a guide scope mounted in parallel on the 
main optical tube or close to the main camera in "off-axis guiding" or 
"on-axis-guiding" mode. 
 
By keeping a guide star in the same position on the sensor of the 
autoguiding camera, this star is supposed to remain in the same 
position on the sensor of the main camera for the duration of the 
photo. 

A guide camera is controlled by autoguiding software like the 
popular "PHD2 Guiding". The autoguiding software controls the 
guide camera so that it continuously takes images at short intervals, 
for example one second per image. The software transfers these 
images to the computer and examines them. If the guide star has 
moved over an image, the software sends a command to the 
telescope to change the speed of the motors to bring the guide star 
back to the reference pixel. In reality, the autoguiding software 
allows much better accuracy, for example to the tenth of a pixel. 
 
There are two methods to control a telescope in autoguiding and the 
SKYPIKIT is able to support these two methods. 

USB ST-4 

USB 

Wire number Color Use 

1 white NC  (never connected if used with the SKYPIKIT) 

2 black Ground 

3 red RA+  (right ascension correction to the east) 

4 green DE+  (declination correction towards the north) 

5 yellow DE-  (declination correction towards the south) 

6 blue RA-  (right ascension correction to the west) 

Use of the six wires of a modular ST-4 cable 
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It is also necessary to interpret in which directions the telescope will 
move when it will receive each of the correction signals from the 
guide camera. These directions depend on the reference system that 
has been indicated to the SKYPIKIT with the command "&C0" (fixed) 
or the command "&C1" (sidereal). 
 
For an equatorial mount, the SKYPIKIT controller for right ascension 
must be placed in the sidereal reference system and the SKYPIKIT 
declination controller must be placed in the fixed reference system. 
 
Also, the telescope must absolutely be tracking for the correction 
signals to act. The “TRACKING” must be ON for both SKYPIKITs, even 
for the declination one, which is done with the “&T” command. 
 
To do the guiding at sidereal speed, the offset tracking speed is 
adjusted to zero "&t0" in R.A. and in declination. 
 
The following table gives the results obtained with, for example, a 
sidereal speed of 40 steps / s and a guide speed adjusted to 30% of 
the sidereal speed (12 steps / s) with the command "&g12". 

The ST-4 cable is a modular 6-wire RJ-12 cable (telephone type). 
Each wire is color coded and care must be taken not to reverse the 
connections. It is necessary to connect pin 1 of the camera to pin 1 
of the telescope and the same for the other pins. 
 
The following diagram shows how to connect the camera signals to 
the two SKYPIKIT telescope controllers: the right ascension SKYPIKIT 
(R.A.) and the declination SKYPIKIT (DECL.). For example, the RA+ 
signal from the guide camera connects to the GUIDE+ pin of the right 
ascension SKYPIKIT. 

When the camera does not send a guiding correction, each signal is 
retained at 5 volts through a pull-up resistor (10K to 20K). When the 
camera sends a correction pulse to one of the signals, it puts this 
signal at Ground (at 0 volts) for the duration of the correction. 

Signal Ref. syst. Result 

RA+ sidereal The tracking speed is reduced by 30% so that the 
telescope is directed towards the east relative to the 
stars, so that the right ascension increases. 
The tracking speed therefore becomes equal to 28 
steps / s. 

RA- sidereal The tracking speed is increased by 30% so that the 
telescope is directed towards the west compared to 
the stars, so that the right ascension decreases. 
The tracking speed therefore becomes equal to 52 
steps / s. 

DE+ fixed The telescope moves at 30% of the sidereal speed 
towards the north, that is at a speed of +12 steps / s. 

DE- fixed The telescope moves at 30% of the sidereal speed 
towards the south, that is at a speed of -12 steps / s. 
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Let’s take the example of using planetarium-type astronomy software 
to control the skypikitized telescope and PHD2 Guiding to autoguide 
this telescope at the same time. These two programs simultaneously 
control the telescope via the ASCOM platform. 
 
The ASCOM platform is a program installed in the computer that 
allows any astronomy or other program to control any device or 
model of telescope. 
 
Using this platform, the designer of an astronomy software does not 
need to know the protocols and commands specific to each of the 
different models of telescopes that he would like to control. All they 
need to do is go through ASCOM and know the standard commands 
that ASCOM recognizes to perform the same controls. 
 
In addition to its astronomy software and PHD2 Guiding, the user 
must simply install the ASCOM program and the ASCOM driver  
specific to the precise model of his telescope or device. 

Autoguiding with ASCOM and "PulseGuide“ 
In this method, the autoguiding software controls the guide camera 
via a USB port on the computer and sends the autoguiding 
corrections directly to the telescope through another USB port. The 
ST-4 cable is not used. 

USB USB 

Commands sent by autoguiding software 
When it detects that a star has moved on the image taken with the 
guide camera, the PHD2 Guiding program sends for example the 
following ASCOM command to the ASCOM program: 

T1.PulseGuide(guideWest, 240); 
 
This ASCOM command tells the T1 telescope to move west for 240 
milliseconds at guide speed, to bring the guide star back to the 
reference pixel. For PHD2 Guiding, the command would be the same, 
regardless of the telescope model. 
 
The SKYPIKIT ASCOM driver (SKYPIKIT ASCOM DRIVER) will interpret 
this command and transform it into a SKYPIKIT protocol command, 
which will give: 

«:A&P-240#» + NULL character 
 
The command is intended for the right ascension SKYPIKIT at the I2C 
address 65 (character "A") since a movement to the west is requested. 
The value -240 of the &P command indicates a displacement of a 
duration of 240 milliseconds at the guide speed in the direction which 
decreases the right ascension, therefore towards the west. 
 
This command has exactly the same effect as the RA- pulse on the ST-
4 cable of a guide camera in On-camera mode. See the table on the 
previous page. As in the case of On-camera mode, if the sidereal 
speed is equal to 40 steps / s and if the guide speed is equal to 30% of 
the sidereal speed, the resulting speed of the right ascension motor 
will be 52 steps / s during the displacement pulse in this example. 
 
It is important to note that the tracking must be active (TRACKING = 
ON) for the &P command to act. 
 
ASCOM site: http://www.ascom-standards.org/ 
PHD Guiding site: http://www.stark-labs.com/ 
PHD2 Guiding site: http://openphdguiding.org/ 

http://www.ascom-standards.org/
http://www.ascom-standards.org/
http://www.ascom-standards.org/
http://www.stark-labs.com/
http://www.stark-labs.com/
http://www.stark-labs.com/
http://www.stark-labs.com/
http://openphdguiding.org/
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LIMIT+ 
Towards  
the north  
or the east 

LIMIT- 
Towards  
the south  
or the west 

Example shown with 
normally open  
limit switches. 

LIMIT+  (pin 16) 
Stops the movement towards east in R.A. or north in declination, when 
the limit switch + is activated. External pull-up at 3.3V. 
 
LIMIT-  (pin17) 
Stops the movement towards west in R.A. or south in declination, when 
the limit switch is activated. External pull-up at 3.3V. 
 
Activated at 0 volts if Normally Open is selected with the corresponding 
polarity bit. 
 
Activated at 3.3 volts if Normally Closed is selected with the 
corresponding polarity bit. 
 
When a limit switch is detected, the motor stops and the SKYPIKIT sends 
a "W" or "w" character in its status string. To restart the motor, you must 
request a movement in the opposite direction to that which made it 
touch the limit switch. 
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INDEX SIGNAL 
Pin 6 detects the rising or falling transition (depending on the 
corresponding polarity bit) of the INDEX signal which can be 
used to indicate a HOME position or to start a periodic error 
correction (PEC) sequence. 
 
If this signal comes from an encoder operating at 5 volts, you 
must make sure that this signal does not exceed 3.3 volts on 
the SKYPIKIT pin using a voltage divider as below. 

ANALOG SENSOR INPUT 
Pin 7 SENSOR is an analog input that can measure a voltage 
between 0 and 3.3 volts (which must not be exceeded). This 
input is connected to an internal 10-bit analog-digital 
converter (3.3 volts gives the digital value 1023). This input 
can be used to measure the current flowing in the motor. 
The motor is stopped if the voltage exceeds a voltage 
corresponding to a numerical value configurable by the 
&hnn command. 
 
It must be ensured that this signal never exceeds 3.3 volts 
on pin 7 of the SKYPIKIT. Use a voltage divider as for the 
INDEX signal if necessary. 
 
 
 

ICSP CONNECTOR 
These two signals are connected to pins of the ICSP 
connector found on boards containing a SKYPIKIT. The 
INDEX signal is connected to pin 5 (PGC) and the SENSOR 
signal is connected to pin 4 (PGD) of this connector. The ICSP 
connector is used to program the SKYPIKIT firmware at the 
factory. When reprogramming the firmware, do not forget 
to disconnect any circuit added for the SENSOR signal and 
for the INDEX signal. 
 
If the SENSOR signal is not used, it is good practice to set it 
to 0 volts by installing a jumper between pins 3 and 4 of the 
ICSP connector. 
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END 


