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Introduction

General presentation

The Electronics Group at LLB, has integrated a number of devices which constitute the basic electronics of a spectrometer in a single functional unit (a portable sub-rack) :

· The counting of time and of pulses (up to 32 scalers with flipping options, see EuroScaler Unit by G.KOSKAS)

· The acquisition with multi-detectors and PSD’s, for time of flight or kinetics experiments (See SpecMaker Unit by G.KOSKAS)

· The operation of spectrometer

This manual will only cover this last aspect.
The system for operating or positioning

The system discribed below, results from studies which aimed to simplify the simultaneous positioning of motorized axes and to provide input/output of digital and analog signals. During the development work, the purpose has been to provide users with the highest flexibility possible from the point of view of the coupling of the system with motors and with position sensors placed on the various movements where feedback control is to be provided. An easy connection is also provided for any kind of computer.

The positioning system comes in the form of a double sub-rack or a simple sub-rack according to the number of axis to be piloted.  It comprises the following elements :

· The position encoding part with display of values

· The motor control part

· The power supply part

· The control part with communication with the user via standard links

The system makes it possible to use both stepping motors and DC motors within a broad power supply range (from 3V to 28V or more).  The system also accepts the connection to many types of position sensors. Consequently, for each axis, the user can select the type of motor and encoding which best feeds his requirements, depending on the desired performances (speed, precision etc.) and the restrictions (magnetic field, radiation, overall dimensions, pre-equipement, etc) which are imposed upon him.

The system can be connected to a computer either by the IEEE 488 (GPIB) bus or by the RS232 connection. Both are popular communication standards. Ethernet or USB connectivity can be added using GPIB-Ethernet bridges or GPIB-USB bridges (ex. NI GPIB-ENET/100 and NI-GPIB-USB-B from National Instruments).

Concerning the onboard firmware, the accent has been placed on easy use, by integrating several levels of automatic controls (positioning alogorithms, so called « dance-floor »  function, safeties, etc.).  For example, it enables the user to configure, manually or by computer, the parameters relative to each movement (accuracy, braking range, feedback control options, etc.), to active or deactivate all or part of the automatic controls etc..  The syntax of the langage in the device ( user dialog has been designed to be as simple as possible. It is based on mnemonic letters. Example :

T3=17 means : place axis 3 on Target position 17
A1,5 means : request the Angular values of axis 1,2,3,4,5
The messages constituting the dialog can be either sent manually by using a simple terminal, or by a piloting program run by a computer.

The manual control unit

It is possible to add a manual control unit to the positioning system. It is a pocket terminal which is used as a « push-button » control, with a LCD screen. The manipulation of this unit is not described in this manual. Briefly, it is used to select a particular movement, to pilot its direction, its speed, while continuously displaying its position on the LCD screen.

The system capabilities

Control of movements

The purpose of the device is to automatically position each axis of the mechanics on a position set point, identified by using position sensors. When driving the movements, air cushion system « dance-floor »  is fully taken in charge. 
Each axis is controlled by the system via a « motor board » and/or an « encoder board ».  There is no multiplexing, neither at the encoder level nor at the motor level.  Thanks to 17 locations in the double Europe sub-rack, at least 7 axis can be provided with feedback control at the same time (within the limits of the power supplies which is 600W).  
Naturally, the system is able to supply the position of non motorized movements and to shift non coded axis. If the spectrometer operation requires more than 17 boards, several sub-racks may be used.

The motor part

The user can associate any of the elements selected from within the list below.

Several types of motor boards are available for :

· DC motor with ramp (6 AMP)

· Control of 2 DC motors (2X2 AMP)

· Stepping motor with ramp (7 AMP)

Each board is equipped with LED indicator, indicating power on/off and the presence of end-switches.

Together, the motor power supplies can supply more than 600 W (a powerful motor drains 50W to 100W).

The encoding of position

The encoding accuracy of the position depends on the sensor used.  It is generally 1/100th of a degree and down to 1/1000th of a degree for multi-pole sensors and certain optical encoders.  The resolution provided by the encoding boards can be considerably higher (e.g. 2X10-4 deg. for magnetic encoders).  The onboard firmware processes values of up to 16,000,000 points but the 6 digits display imposes a practical limit of 1,000,000 points.

Several types of encoding boards are available for :

· Absolute optical sensor (parallel input, MCB type)

· Absolute optical sensor (serial input, IVO or HEINDENAIN type)

· Incremental optical sensor

· Magnetic sensor (with battery backed-up revolution counter system)

· Two magnetic sensors (coarse-fine, multi-turn system)

· Two potentiometric sensors (or analog to digital converter)

Each encoder board permanently displays the position value in 6 digits format.
Positioning speed and accuracy

Many parameters influence the positioning precision : the mechanical gearing and its precision, the power of the motor, the quality of the ground for movements on air cushion, etc. Given all these constraints, the positioning speed may reach several degrees per second

The onboard firmware

A single CPU board called « EuroMove » manages the whole system thanks to a flash memory resident firmware( which allows for easy update).  Each movement is assigned to a « logical number » from 1 to 25, to which are associated a number of hardware and software parameters (recorded in a segment of the flash memory) such as :

· Motor type

· Encoder type

· Feedback control algorithm type

· Zero shift

· Configuration of the solenoid valves

· Time limits

· 20 user-defined position targets

· etc.

Thanks to the position targets, the system can be requested to shift an axis either to a position value or to the value corresponding to one of its 20 pre-recorded targets.  This helps simplifying the positioning command for example in the use with automatic sample changers.

Apart from the feedback control and the position reading, the firmware allows to handle automatically all the sequences related to the control of pneumatic movements (see below) whenever it is necessary.  It provides integrated safety procedures which are associated with the movement.

The firmware permanently updates general registers values describing the status of the movements :

· Status for the termination of a movement

· Status of end-switches, ongoing feedback control, air fault, time out, etc.

Finally, the system computes the status of each movement to refine the information.  These indicators are used in order to simplify the generation of commands sent by a piloting program.

Control of pneumatic system

Control of pneumatic system is required to move certain axis ( « dance-floor », up and down, coupling, etc.). Air pressure is driven by solenoid valves and monitored by air pressure switches. Every axis is possibily associated with a specific configuration of solenoid valves and a specific response of air pressure switches.

When the user sends an order to move an axis which implies control of air pressure, the firmware triggers the required solenoid valves automaticaly and, as soon as the feed back of air pressure switches is correct, it sends power to the motor. When the motor stops, solenoid valves are automaticaly released.

There are commands (« V » and « R ») which allow for controlling the solenoid valves and for reading the status of pressure switches. These commands are useful to check the pneumatic system.

Solenoid valves and pressure switches are slow devices, they are associated with response timings managed by the onboard firmware of the CPU board. These timing parameters are stored in a configuration table and can be accessed and modified at any time :

· Maximal response time for the pressure switches

· Maximal air cut-off time

Safety mesures are taken before and during a move when a defect is detected.

Safety mesures

Many failures can be detected by software or by hardware, safety mesures are taken to minimize their consequences.

Hardware level

· Anormal current drain by motors ( fuses burn

· Stop switches reached ( prohibition of moving the axis in the wrong direction

Software level

· Air cut during positioning ( emergency stop

· wrong response of pressure switches ( move prohibited

· requirement for feedback positioning of non encoded axis ( prohibited

· requirement to go beyond end switches ( prohibited

· unstable position feedback ( move prohibited

· positioning time out ( movement stopped

· etc.

N.B. For safety reasons, the acceleration and braking ramps are managed by the motor boards themselves.

Digital and analog inputs/outputs

In order to enable the system to control various instruments or peripheral devices, input/output boards can be added :

· 24 TTL output (application : BCD writing, relay commands etc.)

· 24 TTL input (application : BCD reading, contact reading etc.)

· dual 12 bits ADC

· 16 bits ADC

· 16 bits DAC

· 8 channels analog multiplexor

· relay control

· etc.

Communications with the system

The IEEE 488 bus and the RS232 line are a natural choice for communication systems. Thanks to these two links, the multifunction sub-rak becomes a computer peripheral.

The primary IEEE address of the system is selectable with a 16 position rotactor. 

RS232 management contains network aspects (several peripherals can be connected to the same line). A minor syntax add-on allows for dispatching the command to the right peripheral.

Communications using IEEE 488 are 10 times faster than in RS232. Generally speaking, a transaction with the system (for example, a position reading command) lasts less than 4 msec. This time includes the execution of the instructions necessary to send the command plus the reception of data on the host computer. At any moment, the user can communicate with the system in order, for example, to display live data on the screen of its computer.

SYSTEM DESCRIPTION

According to the number of axis to be controlled, the system can be integrated in a double Europe sub-rak or even a single Europe sub-rak. The double Europe sub-rak is designed for large configurations with 8 axis with counting and data acquisition modules (EuroScaler, SpecMaker). The single Europe sub-rak is designed for small configurations with 4 to 5 axis which can be used as an extension of the double Europe sub-rak

Double Europe sub-rak

The dimensions of this rak are 25 X 50 cm (see figure 1). The on/off switch is on the front panel ; it is also used for emergency stop. contains A printed circuit carry all the logical signals, as well as the power supplies on back side of the rak.  There are also a series of jumpers which are used to power the motor boards individually at 14 V or 28 V according to motor characteristics.

The power supply part

In single Europe format, 5 locations are provided to receive filtered and stabilized power supplies of +5V,+/-15V for the electronics and +14V and/or +28 V for the power supplies of the motors. These two series of power supplies have no common ground in order to avoid any parasitic effects.

The control board part

In single Europe format, it has 16 locations intended for position encoding boards, motor control or analog input/output boards. The 8 locations to the right of this part are mainly intended to recive motor boards

The extension part

In single Europe format, this part is intended either to add encoding boards or other acquisition modules (EuroScaler, SpecMaker etc.)

The CPU part

It receives the EuroMove micro-processor board whose function is to manage the positioning system and to provide communication with the user.
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Figure 1. Diagram of the front panel of the double Europe sub-rak

The single Europe sub-rak

The system comes in a form of a single Europe sub-rak, 13x50 cm (see figure 2).

The power supplies part

Three locations are provided. One is for a triple power supply +5V,+/-15V intended for the electronics, and 2 others for the +14V and/or +28V power supplies for the motors. One of these 2 power supplies is optional. It overlaps on the control board part.

The control board part

It has 14 locations (10 if the second motor power supply is used) which can be used for control motor boards, position encoding boards, digital or analog I/O’s, and other modules. The 8 locations on the left are mainly intended for motor boards.

The CPU part

It receives the EuroMove controller

[image: image2.wmf]ON/OFF

COMMAND

EUROMOVE BOARD

CONTROL BOARDS

CONTROL

BOARDS

OR

MOTOR

POWER

SUPPLY

MOTOR

POWER

SUPPLY

LOGIC

 

POWER

SUPPLY


Figure 2. Diagram of the front panel of the single Europe sub-rak

GENERAL OPERATION

Encoding and display

The function of the various encoding boards is to convert the electrical signal coming from the position sensors into raw digital data. Part of the encoding board components is used to display a 6 digits value.  The EuroMove processor board retreives each set of raw position data and processes it to make it usable.  This data is then rewritten in the display circuits of the encoding board digit by digit.  The EuroMove board carries out this processing at least 100 times per second on each encoding board.  Several digital and logical operations may be carried out on the raw values to obtain a physical value.

Linearisation

Certain sensors supply electrical data which is not « proportional » to the physical value.  The raw digital value must be corrected by the the help of tables.  This is the case of the 31S4W PRECILEC magnetic sensors.  In this latter case a general table, valid for all the sensors of this type has been calculated.  The dispersion of their electrical characteristics leads to an error of about 1/100th of a degree.

Removing the ambiguity

When « coarse/fine » type sensors are used, the zero of the « coarse » and that of the « fine » never match.  The « coarse » is either in advance, or lagging behind the « fine ».  Lifting the ambiguity means correcting the value of the coarse thanks to the indications of the « fine ».

Bringing to scale

This means the transformation of the value range.  For example, the transformation of a value from 0 to 65535 into a value from 0 to 35999 rounded to the closest unit, is generally necessary to display units which have a physical significance (e.g. degree).

Zero shift

The final displayed value is computed as the difference of the actual value and a constant called the zero shift.  This allows to relate the zero of the absolute sensors to any mechanical zero point.

Display as target number

Under certain conditions, the firmware can display the target position numbers instead of the real values (position values) :

· This option has been requested

· The difference between the actual value and the value corresponding to a position target does not exceed a certain margin (the precision +1 encoding point).

Outside this range, it is the encoder value which is displayed.

Remark : to avoid confusion, the target numbers (from 1 to 20) are displayed without leading zeros contrary to the position values.

Positioning

During positioning, the system computes (100 times per second) the difference between the instantaneous position value and the requested set point. The absolute value of this difference determines the choice between the two available speeds : high speed or low speed, the sign of the difference determines the running direction. Both speeds are set by hardware on the motor board (although certain software settings are possible for stepping motors). The low speed is used if the difference is less than a defined braking range. The system stops the positioning if the difference is less than a precision range in units of encoder points. This process is independant from the type of motor or encoder used.

Three options can be selected and held on each axis concurrently (except the tracking mode which excludes automatic retry).  Their choice must be optimized based on the quality of the mechanism and the overall kinematic environment.

Remark : There are also a positioning command, without feed back control, enabling the user to monitor the movement directly without sending it to a position set point, and a command to drive the stepping motors using a number of steps to execute.

Acceleration and braking ramps

The acceleration and braking ramps are supplied by the motor boards, while the firmware determines the instant and the duration of the braking. The acceleration or braking range is therefore not a constant.  It is computed as a fraction of the difference between the start and stop value, taking into account a maximal and a minimal value which are specific to each movement.

Automatic retry

With this procedure, the feedback control is re-started once, after a stabilization time constant, to correct any effect such as elasticity of the mechanical transmission or not adapted low speed.  This option causes a second, automatic positioning.  The positioning end indicator is set at 1 once the firmware has completed its second attempt.

Tracking

In this mode, the system always monitors the movement and any difference after positioning is corrected.  The positioning end indicator is set to 1 when the movement comes to its destination and when the feed back control loop has sent 4 successive « Don’t move » order to the motor board.  This mode is sometimes useful for the air cushion movements.

Attention : This option may cause oscillations if the mechanical backlash is large. Also, any drift of the sensors is continually compensated by re-positioning.

HOW TO CONTROL THE SYSTEM

General

The system is controlled by means of commands : a command is a character string sent to the EuroMove.  Such a command is carried out either by the RS232 line or by the IEEE 488 bus.  To respond, the EuroMove board uses the channel on which the command has been issued.

Access to the system via IEEE 488

The positioning system is one of the peripherals, like the counting or temperature regulation device etc. present in the installation.  All these systems are connected in parallel, which means that they all receive the same command, even if it is not intended for them.  To route the message to the right device, it is necessary to indicate its address. With the IEEE 488 bus, this is done by hardware using the primary address. It is a number, which is proper to each peripheral.  It can be selected thanks to a 16 position rotactor (see « EuroMove hardware configuration »).

Access to the system via RS232

With RS232, nothing is provided to handle the routing function described above.  So it is necessary to complement the command by adding to it a code which indicates the destination.  This is done by using a lower case letter, specific to each system, at the head of the string of command characters. By default, this letter is lower case « t » for the first sub-rak.

In the example which is presented further, on under the heading « command formats », if the command were to be issued by the RS232 line, it would be necessary to send « tG1=1000<cr>» : « t » is the lower case indicating that the first sub-rak is addressed.  The following sub-raks are normally identified by the letters « u »,  « v », etc. See Table N°1.

Once this letter has been sent, the line is established only with the corresponding device.  On the other hand, the line is cut off from this device and established with another one if another lower case letter is sent.

The parameters programmed by default for the RS232 line are as follows :

· 9600 bauds

· EVEN parity

· 7 data bits

· 1 stop

	ROTACTOR POSITION
	PRIMARY IEEE ADDRESS
	RS232 ACCESS CODE

	0
	DEFAULT
	DEFAULT

	1
	1
	b

	2
	2
	d

	3
	3
	e

	4
	4
	f

	5
	5
	c

	6
	6
	x

	7
	7
	g

	8
	8
	h

	9 
	9 
	t

	A
	10
	u

	B
	11
	v

	C
	12
	w

	D
	13
	i

	E
	14
	j

	F
	15
	k


Table N°1

Exchange protocol

All the commands are reading commands, since the system, if it is correctly addressed, always sends back a response. To send a request, the host computer writes a string of characters to the EuroMove and reads a string of characters from it. Therefore the protocol is of « WRITE AND READ » type.

Command format

The character string consists of a mnemonic letter which is the actual command which may be followed by parameters separated by commas and terminated by an end delimiter : (return=ascii 13d).

Example : « G1=1000 <cr> » This command initiates movement « 1 » on position value « 1000 ».  The letter « G » is the mnemonic letter meaning « GO », « 1 » is the movement logic number parameter, « 1000 » is the position parameter and <cr> is the message and delimiter.

N.B. The commands are always upper case characters or special signs and the parameters are always ASCII numbers.

Response format

In general, a response covers a single line of characters, data are separated by blanks and terminated by return.  Some commands requires a response of several lines.  The host computer must carry out as many readings as there are lines sent.

Communication Time-out

It is imperative to read the response coming from the EuroMove, otherwise, the host computer will hang up.  This is especialy important when using the IEEE 488, because the concept of transmission requires that a peripheral must receive permission from the IEEE controller in order to send a message.  If this permission is not given, it may wait indefinitely. This is why a time-out of 5 seconds is programmed in the EuroMove communication driver, after which the transmission of the response is cancelled.

N.B. If the EuroMove receives an unfinished command without end delimiter, it also waits a maximum of 5 seconds after which the character string received is purely and simply rejected.

Command langage syntax

End of message delimiters

The normal end message delimiter is the « return » character (ascii code=13d).  A special « space » delimiter (ascii code=20d) is reserved for maintenance and test in RS232.  It activates the repetitive execution of the command.  This option is useful to obtain a list of values in real time (for example the evolution of a position) or to display on oscilloscopes signals which otherwise would be transient.  To stop this repetition, one must type any character.

Various types of messages

General

There are 4 type of messages allowed in the langage. Whenever a syntax error is made, or more generally whenever a command’s execution is impossible, this is immediately signaled by a « ? » complemented in manual mode by a « beep » sound signal.

If there has been a syntax error, it is stored in the « status » register which contains all the faults which the system has detected.  Bad syntax or a prohibited command is signaled by an odd value of this status (see further on for the « System status reading » command).

Conventions

In the dialog examples, the character ( will be used to indicate « command sent » and the character ( will be used to indicate « response ».  The exchanged characters apparear in bold face.  The end delimiter will not be indicated nor will the addressing code character in RS232 be indicated.

General message

The syntax of this message is very simple since it has no parameters. 

Example :

( M





: command to go over to manual mode
( MANUAL MODE EUROMOVE 5.31 18/01/2002
: response
( $





: re-initializing the whole configuration
( OK





: response

List message

This type of message contains 1 or 2 parameters of a single type L


La,Lb indicates execution on La,La+1, La+2..etc. up to Lb(Lb is optional)

Example:

( E3,7


: Read status of movements 3,4,5,6,7

( 00 01 00 00 C0

( B3


: Order to stop movement N°3

( OK

Assignment message

This message contains 1 or several groups of 2 parameters of different types D and V :

· D is the device

· V is the value assigned to the device

D1=V1, D2=V2, D3=V3 indicates that V1 is assigned to D1, V2 is assigned to D2  etc.

Example :



( G2=124,7=234670
: simultaneous positioning of axis 2 on 124 and of axis 7 on 234670

( OK



( >6=01

: modification of the 6th value of the configuration table ; new value 01

( OK

Special message

Here, the number of parameters is fixed and of the same type, 

Example :

( V01

: triggering solenoid valve N° 1
( OK

MAIN COMMANDS

Manual Mode « M »

General message

This command only makes sense in RS232 because only a computer or a test device can send IEEE 488 commands.  This function makes it possible for the operator to display what he is typing on the keyboard on a RS232 terminal.  The « M » command forces echo of typed characters and transmit a message with the firmware version reference. « M » validates the use of the partial cancel character « BACKSPACE ». These are the only differences from the « COMPUTER MODE »

Example :

( M

( MANUAL MODE EUROMOVE 5.31 18/01/2002

Computer Mode « C »

General message

This function eliminates the echo of the characters (the echo is a nuisance to process for the computer).  It transmits a message with the firmware version reference.

Example :

( C

( COMPUTER MODE EUROMOVE 5.31 18/01/2002

Remark : When the system is switched on, the computer mode is automatically selected

Reading of encoder positions « A »
List  message

Command « A » which stands for « ANGLE » returns the position values of the specified movements.  The output format on 5 or 6 digits depends on the value specified in the system table (see the «System table» further on).  If the movement is not correctly declared in the configuration tables, the value returned is 99999 (in format 5) or 999999 (in format 6) and the bit 2 of the system status is set to 1 (see the « System status read » command).  « A » gives the value of the position even if the mode « display by target number » has been validated.  The value returned by the « A » command and the display on the front panel of the encoding board matches, except if the mode « display by target number » has been choosen and if the movement is actually on a target position.

Example :

( A2



: read the position of the movement N°2 (5 digits format)
( 12345

( A1,3



: read of positions 1 through 3 (in 6 digits format)
( 010000 012345 999999
: encoding board 3 does not exist

Attention : In case the encoder value exceeds 99999 and the 5 digits format is being forced, only the 5 low-order digits will be returned.  On the other hand, the display on the encoder board, will read the full 6 digits. Conversely, if the encoder value is less then 99999 and the 6 digits is being forced, the value returned by the « A » command will be preceded by a « 0 » unlike the one displayed on the encoding board.

Reading of target number « N »

List  message

The « N » command allows to find on what target number the movements are found (case of automatic sample changers).  The target number is written as decimal value in 2 digits.  When the movement is not on a target position stored in its position table, the returned value is « 00 ».  When the movement is not correctly declared, the returned value is « 99 » and the bit 2 of the system status is set to 1 (see command « System status read »).

Example :

( N1,3



: read of positions 1 through 3 

( 07 00 99


: Movement 1 on target N°7, movement 2 not on any target

: encoding board 3 does not exist

N.B. The display of the front panel of the encoding board shows the target number only if the corresponding option has been choosen.  The range in which the display by target number takes over on the display by value is equal to the positioning precision declared in the standard table+1 encoder point.

General positioning command « G »

Assignment  message

« G » stands for « GO ».  Most of the axis positioning is done with the « G » command.  This command provides the positioning to a given value expressed in encoder points (often in 1/100th of a degree).  « G » uses the various positioning options selected in the standard table (ramp, tracking, automatic retry, etc.).  In fact « G » activates the movements which are to be executed.  It is only for the activated movements that the feed back control computes the order to be sent to the motors.  Of course, if the movement is at an end switch, the positioning stops (including in the case of tracking).

The « G » command will not be executed if the movement does not have an encoder board or if it does not have no motor board, in this case the bit 1 of the system status will be set to 1 (see command « System status read »). If the encoder is found unstable « G » will not move the motors either (see « Feedback control and coding options » of configuration table further on).

Once the movement is stopped (including in the case of a problem), the positioning end indicator is set to 1 (see command « Positioning end test »).

Example :



( G2=124,7=234670,6=354712
: simultaneous positioning of axis 2 on 124 and of axis 7 on 234670

( OK



: and of axis 6 on 354712

N.B. The set point value is limited to 999999 encoder points.

Positioning on target number « T »

Assignment  message

« T » is a positioning command which uses pre-recorded set points or targets in the form of number 1 through 20, instead of real positioning values.  The firmware first looks in the target tables to find the corresponding position value of these numbers and uses this value to position the motor.  This is particularly useful in the case of sample changers.  « T » uses the same positioning principles as « G » and performs the same checks.

Example :



( T5=1,2=19


: Place axis 5 on its target N°1 and axis 2 on its target N°19

( OK




Motor stop « B »

List  message

The « B » command is used to stop a specific movement and to de-activate it.  In particular, « B » makes it possible to stop any tracking.  If « B » is used without parameters, all the motors are stopped.
Example :

( B1,10


: stop movements of 1 through 10 

( OK



( B



: stop all the movements 

( OK




End of positioning test « F »
General message 

The « F » command returns an overall positioning end indicator.  It tests whether all the movements are in « home » position.  In this case the answer is « 01 ».  To be « home » is not equivalent to being stopped.  Actually, a movement can be activated and not moving because it is waiting for the presence of air cushion, or it is going to start again for a second attempt.  The « home » position criterion depends on feedback control options :

· In the simple case, it is when the feedback control loop orders the stop of the motor and de-activates the movement.

· In the case of automatic retry, it is at the end of the second attempt, when the feedback control loop definitely de-activates the movement.

· In the case of tracking, the movement is always activated.  It is only when the feedback control loop has sent 4 successive « don’t move » commands to the motor that the movement is said to be « home ».

Example :

( F



: at least 1 movement is not home 

( 00



( F



: all the movements are home

( 01


System status read « L »



General message

The status read command « L » returns a 2 hexadecimal characters, containing a 8 bit information about the system state.

· Bit 8 at 1(
At least 1 feedback control is activated

· Bit 7 at 1(
At least 1 motor is powered on

· Bit 6 at 1(
At least 1 movement has produced a time out (1)

· Bit 5 at 1(
anomaly in the pneumatic system (2)

· Bit 4 at 1(
last status of bit 5 (2)

· Bit 3 at 1(
At least 1 movement is at an end switch

· Bit 2 at 1(
at least 1 anomaly in reading position (3)

· Bit 1 at 1(
Impossible to execute the last command

(1) A positioning time out occurs when the gap between actual position and setpoint does not strictly decrease. The gap is measured every 5 seconds. When time out occurs, the movement is stopped.  This bit is the logical « or » of individual time out bits. Therefore, to clear this bit, it is necessary to read the status of all timed out movements (See « Movement status read » command). Command « G » or « T » also clear individual time out bit.

(2) When a fault is detected in the pneumatic system, for example a pressure switch response anomaly, the firmware triggers the safety procedure which stops all the movements and cut off all the solenoid valves. The anomaly can then disappear.  Bit 4 keeps tracks of the error fault while the bit 5 provides information about the instantaneous state.

(3) There is a transition to 1 when there is an attempt to read with command « A » or « N » an 

encoder which is not declared in the configuration tables or when an unstable encoder value is detected.


Example :

( L



: every thing is at stop and OK 

( 00



( L



: (C1=1100 0001)


( C1



: A feedback control is going on, one movement is moving, 






: the last command was not ebale to be executed.

( L



: (04=0000 0100) A movement is at end switch 

( 04



Movement status read « E »

List message

The movement status read command returns a 2 hexadecimal characters, containing a 8 bit information about the status of each movement.

· Bit 8 at 1(
Movement is activated (1)

· Bit 7 at 1(
Motor associated with the movement is powered on

· Bit 6 at 1(
Movement must be driven (2)

· Bit 5 at 1(
Movement is waiting for its 2nd attempt

· Bit 4 at 1(
Time out detected (3)

· Bit 3 at 1(
Encoding anomaly (4)

· Bit 2 at 1(
Movement is at end switch « - »

· Bit 1 at 1(
Movement is at end switch « + »

(1) Bit 8 at 1 means that this movement is controlled by the feedback control loop.  It always remains at 1 in case of « tracking » option.  

(2) Bit 6 at 1 means that the feedback control loop has decided that the movement must be shifted because it is outside its setpoint range.  This shift may not be immediatly possible, this is why bit 6 can be at 1 while bit 7 is still at 0.  On the other hand, when bit 7 is at 1, bit 6 is also at 1.

(3) Bit 5 at 1 means that variation of gap between actual position and set point has not decreased during at least 5 seconds. The « E » command shows this information and clears it.
(4) Bit 3 at 1 means that the variation of the position of a stopped movement is more than 3 encoder points for the last 10 samplings.

Example :

( E1,4



: Read status of movements 1 through 4

( 00 B0 01 80


: Movement 1 is at stop without being activated 






: Movement 2 is activated and is awaiting its 2nd attempt






: Movement 3 is at stop « + ». Movement 4 is undergoing






: feedback control without moving

Read of TTL data « D »

List message

The « D » command makes it possible to read the data on TTL input boards (24 bits) or ADC boards. The data are represented in hexadecimal form in 6 digits.  The boards are identified by their physical location in the Europe sub-rak expressed in decimal address.

Example :

( D2,4



: Reading of boards with address 2,3 and 4



( FFFFFF 000389 FFFCE6
: Data


Write of TTL data « W »

Assignment message

« W » is symetrical with « D ».  This makes it possible to write values on the TTL output boards.  The data must be in hexadecimal form with 6 digits.

Example :

( W4=E245F6,7=ABD428
: write in the boards with decimal address 4 and 7



( OK



CODING OF CONFIGURATION TABLES

Thanks to tables stored in battery backup memory, the firmware retreives all the general parameters and options which have been selected for the different axis.  Default tables are stored in a flash memory the user can modify. General parameters are stored in the system table and movement parameters are stored in the movement tables.

System table (Number #0)

This table contains 12 bytes.  To read this table, see the command « Read configuration tables ».  To modify it, see the command « Modification of configuration tables »

Example :

( *0

( 0C 20 10 00 00 00 00 00 01 00 00 25

· Byte 1 : hexadecimal address of the « Tanzboden » board location in the sub-rak

· Byte 2 : maximal response time for the pressure switches (unit=20 msec.)

· Byte 3 : maximal air cut-off time (unit=20 msec.)

· Byte 4..10 : reserved (byte 9 shows a default values change, byte 10 at 1 selects RS232 opt.)

· Byte 11 : at 0 forces the output format to 5 digits, at 1 to 6 digits

· Byte 12 : time base indicator

Movement table (Number #1 through #25)

Each table is divided into 2 sets of parameters

· The standard parameter set which is called « standard table »

· The pre-recorded target position values set which is called « target table »

The standard table

The standard table contains 12 hexadecimal bytes.  The data written in this table enable the firmware to find hardware characteristics of the movement in term of connections, of the mechanism, of the type of technology used for the sensors and motors etc.. Furthermore, the table is used to store certain operating parameters in memory

Example :

( *1

( 01 0A D9 0E 02 F0 00 00 01 00 00 01




:standard table
( 12000 00000 00000 00000 00000 00000 00000 00000 00000 00000
: target table

( 00000 00000 00000 00000 00000 23456 00000 00000 00000 00000 00000
: target table and zero shift
Byte 1
: physical location of the coding board location in the sub-rak

Byte 2
: physical location of the motor board location in the sub-rak

Byte 3
: feedback control and coding options

Byte 4
: position sensor driver number

Byte 5/6
: maximal braking range on 16 bits in encoder points

Byte 7
: desired precision in encoder points 

Byte 8
: configuration of solenoid valves

Byte 9
: minimal braking range in encoder points

Byte 10
: time between 2 attempts in units of 20 msec.

Byte 11/12
: reserved (coarse offset for certain multi-turn optical encoders)

The exact meaning of the information contained in each byte is explained in the following.

Physical locations

Byte 1 and 2 allow the firmware to know for each movement, the position of any connected motor and encoder board.  For example, when a move command is sent to movement N°1 (e.g. G1=23000), the firmware searches the movement table 1 to find out the address of the motor board and the encoder board.  A byte containing 00 means that the corresponding board does not exist or is not declared.  The movement is totally inexistant when the two bytes are at 0. But it is possible to have a coded and non-motorized movement or vice-versa.

N.B. Physical location N°1 occupies the leftmost position next to the EuroMove controller in the sub-rak.

Feedback control and coding options

The coded configuration contained in byte 3 is very important for the processing and the display of any movement.  Each bit has a particular meaning :

· Bit 8 at 1(
Tracking option is enabled

· Bit 7 at 1(
Ramp option is enabled

· Bit 6 at 1(
Automatic retry option is enabled

· Bit 5 at 1(
Time out detection is enabled

· Bit 4 at 1(
Watching of encoder is enabled

· Bit 3 at 1(
Extended range enabled

· Bit 2 at 1(
Zero shift enabled

· Bit 1 at 1(
Target number display enabled

Example : if byte 3 contains the hex. Value C3 (=binary 1100 0011), it means that tracking option, acceleration and braking ramp, zero shift and display by target number are selected.

Tracking option

In this case, the firmware is continously watching the position of the movement and activates the motor whenever it observes that position precision requirement is not fulfilled.

Ramp option

The effect of an enabled ramp can be seen in the following diagram for the examples of a long and a short displacement.  In the first case, the movement accelerates until the maximum speed is reached.  In the second one, deceleration starts before the maximum speed is reached.  The acceleration ramp as well as the maximum speed are set by hardware controls.
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Automatic retry

If this option is enabled, the firmware tries twice to adjust the movement to a given value (similar to tracking option, but only two attempts are used). The time between the two attempts is a parameter value accessible in the standard table (byte 10).

Time out

This option has been introduced to stop eventually too long lasting moves.  To detect this defect, the variation of the difference between the actual and the desired position is measured every 5 sec. In case of a non decreasing variation, the displacement is automatically stopped, bit 4 of the individual status and bit 6 of the system status are set to 1.

Watching of encoder

Certain defects in the encoding process can be detected (bad cable, bad encoder etc.). If the read back value is not stable, displacement is forbidden and the defect is transmitted to the system status (bit 2) and to the individual status (bit 3). The criterion used for encoder unstability is as follow : the variation of the position of a stopped movement must be more than 3 encoder points for the last 10 samplings.

Extended range option

It allows the firmware to perform calculations with 24 bits instead of 16, for certain encoder drivers which can manage more than 65536 points.

Zero shift option

If enabled, the firmware substracts the the zero shift (see « Target table ») from the position to obtain the final position result.

Target number display

If enabled, the firmware displays the target number N° 1…20 whenever, the encoder value is close (within a margin equal to the precision+1 point) to the value stored in the target table (see « Target table »).

Position sensor driver (byte 4)

Each position sensor has one or several firmware drivers allowing to interpret the physical signals according to its technology, its display parameters or the requested resolution.  The following list gives the hexadecimal code number of the available drivers.

Code N°
FIRMWARE DRIVER POSITION SENSOR


Extended range

00  : no sensor, value returned=0, no display on front panel of the coding board


01  : double resolver 36 revs 36 000 pts

02  : single resolver 1 rev 1000 pts

03  : multipole, speed 16 1 rev 36 000 pts

04  : potentiometer 4 096 pts channel 1

05  : potentiometer 4 096 pts channel 2

06  : potentiometer 1 000 pts channel 1

07  : potentiometer 1 000 pts channel 2

08  : incremental optical sensor 65 536 pts (16 bits)

09  : single resolver 1 rev 65 536 pts (16 bits)

0A
 : multipole, speed 16 1 rev 360 000 pts (example rod 426)
(


0B
 : potentiometer 1 000 pts channel 1 without channel 2

0C
 : potentiometer 1 000 pts channel 2 without channel 1

0D
 : single resolver multirev. 36 revs 36 000 pts with memory

0E
  : double resolver coarse fine 36 rev. 36 000 pts (PRECILEC 31S4W)

0F 
 : single resolver 1 rev. 1 000 pts (PRECILEC 31S4W)

010  : double standard resolver coarse/fine 36 000 pts

011  : absolute optical sensor, 14 bits parallel, Gray code, 12 800 pts

012  : absolute optical sensor, 14 bits parallel, Gray code, 12 800 pts inverted

013  : single standard resolver 1 rev. 1 000 pts

014  : optical incremental sensor with resolution divided by 16

015  : variable resistor

016  : single resolver 180 revs 36 000 pts with memory (1 rev.= 2°=200 pts)

017  : single standard resolver 1 rev. 4 000 pts

018  : single resolver 360 revs 36 000 pts with memory

019  : single resolver 360 revs 360 000 pts with memory
(


1A
 : incremental sensor 1 000 000 pts
(
1B
 : absolute serial optical sensor, 20 bits 1 000 000 pts, raw (ROC 417)
(
1C
 : single standard resolver with special ratio 36/35

1D
 : optical sensor coarse fine  1 rev.=1°=1000 pts (ROC 425)
(
1E
 : optical sensor coarse only 4 096 pts, raw (Haidenhain) 

1F
 : optical serial absolute sensor, Gray code, raw, (Haidenhain/IVO)
(
020  : ROC 425, Gray code, 1rev.=0.6°=600 pts

021  : ROC 425, Gray code, 1rev.=1°=100 pts

022  : ROC 425, Gray code, coarse only, 4 096 pts, raw

023  : ROC 417, Gray code 17 bits, 360 000 pts
(
024  : ROC 425, Gray code, 1rev.=1°=1 000 pts
(
025  : ROC 425, Gray code, 1rev.=0.6°=60 pts

026  : ROC 417, Gray code17 bits, 36 000 pts

027  : optical absolute sensor, 360 rev.,1rev.=100 pts (Haidenhain/IVO)

028  : optical absolute sensor, 180 rev.,1rev.=200 pts (Haidenhain/IVO)

029  : optical absolute sensor, Gray code, 14 bits parallel, 16 384 pts

2A
 : optical absolute sensor, Gray code, 14 bits parallel, 16 384 pts, inverted

2B
 : position switch sensor, 3 positions (HRPD)

2C 
 : ROC 425 1 rev.=1/6mm
(
2D
 : ROC 417, Gray code, 17 bits, 360 000 pts inverted
(
2E
 : ROC 417, Gary code, 17 bits, 36 000 pts inverted

2F
 : optical incremental sensor resolution divided par 40
(


030  : optical incremental sensor resolution divided by 400/3
(
031  : optical absolute sensor, 36 revs 1 rev.=1 000 pts

032  : optical absolute sensor, Gray code, 36 rev. 1 rev.=1 000 pts 

033  : optical absolute sensor, Gray code, 36 rev. 1 rev.=1 000 pts,inverted

034  : resolver Codinor coarse fine inverted 400 pts

035  : resolver Codinor coarse/fine inverted 200 pts

036  : ROC 425, Gray code, 360  revs, 1rev.= 100 pts, inverted
037  : incremental optical sensor 102400 steps , 36 000 pts 
( : value can exceed 16 bits (65536 points), use of extended range recommended

Braking range (byte 5,6 and 9)

Bytes 5 and 6 indicate the maximal braking range, that is, the value for the position difference at which braking will start while the movement is at full speed.  If the ramp option has been enabled, the difference value at start is compared to twice the maximal braking range :

· If the difference value is greater, the high speed is applied and the braking will occur once the gap with the set point is smaller than the maximum braking range.

· If it is lower, the high speed is applied and the braking will occur once the gap is reduced by 50%.

· If it is less than the minimal braking range (byte 9), the low speed is applied.
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Precision (byte 7)

Byte 7 indicates the tolerated difference (in encoder points) between the set point value and the position value after feedback control (default=00).

Configuration of solenoid valves (byte 8)

Byte 8 represents the binary value of the solenoid valves (1..8) which must be activated in order to enable the movement.  If the value is zero, no solenoid valve is required.

· Bit 8 : solenoid valve 8

· Bit 7 : solenoid valve 8

· Bit 1 : solenoid valve 1

Stabilization time (Byte 10)

This value is used only with the automatic retry option.  It determines the laps of time before the feedback control loop is going to initiate its 2nd attempt. (unit=20msec.)

Coarse offset (Byte 11 and 12)

This 16 bits value allows to enter a zero shift for the coarse of certain optical encoders in order to ease matching of mechanical zero, and encoder zero.

Target table

For each movement, 21 decimal values of pre-set positions or targets can be stored in memory. The 21st being the zero shift. When the command « T1=7 », for example, the firmware will use the 7th value of movement N°1 as its set point.

Example : Standard and Target tables of Movement N° 1

( *1

( 01 0A D9 0E 02 F0 00 00 01 00 00 01




:standard table
( 12000 00000 00000 00000 00000 00000 00000 00000 00000 00000
: target table

( 00000 00000 00000 00000 00000 23456 00000 00000 00000 00000 01745
: target table and zero shift

When the 21st value or zero shift is modified, the encoder value changes if the zero shift option has been enabled (if bit 2 of byte 3 of the standard table is set to 1).

AUXILIARY COMMANDS

Driving stepping motors using number of steps « P »

Assignment message

Certain axis using stepping motors are not equipped with encoders, therefore this command allows to send to stepping motor boards a number of steps to execute.  Because there is no feedback in this case, low speed is used with neither acceleration ramp nor deceleration ramp.

Example



( P1=+124,3=-234,6=500
: sending axis 1 124 steps forward , axis 3 234 steps backward

( OK



: and axis 6 500 steps forward

N.B. All on going feedback control take priority over « P » command

This command does not activate any related solenoid valves, although it checks the air pressure switch information and forbids the move in case of a wrong configuration.  If solenoid valves are associated to the movement, they can be triggered before, by using the « V » command.

Direct control of motors « H »

Assignment message 

Command « H » can be used to control DC and stepping motors as well directly without any feedback control.  In this case, low speed, high speed, shift direction and motor stop are available thanks to a code on 8 bits :

Bits 8..4
: reserved

Bit 3 at 1/0
: backward/forward direction 

Bit 2 at 1/0
: high/low speed

Bit 1 at 1/0
: start/stop

Example



( H2=01,5=07

: shift movement 2 low speed forward

( OK


: and movement 7 high speed backward (acceleration ramp is applied)

N.B. All on going feedback control take priority over « H » command.

This command does not activate any related solenoid valves, although it checks the air pressure switch information and forbids the move in case of a wrong configuration.  If solenoid valves are associated to the movement, they can be triggered before, by using the « V » command.

Read configuration tables « * »

Special message 

This command is used to select and read a complete configuration table.  It returns 1 line for the system table and 3 lines for movement tables.  The first line is the standard table and the following ones contains the 20 target positions and the zero shift.

Example



( *




: selects and read system table

( 0E 0F 07 00 00 00 00 00 00 00 01 45
: the table contains the following data

· Byte 1
0E
: The « Tanzboden board is at hex address 0E (location 14)

· Byte 2 
0F
: 15*200 msec are tolerated for the pressure switch response time

· Byte 3 
07
: 7*20 msec are tolerated for the air cut-off

· Byte 9
00
: no change has been made in the default configuration tables

· Byte 10
00
: default communication is IEEE 488 bus

· Byte 11 
01
: The output 6 digits format is choosen

· Byte 12
45
: The time base is operating

Example



( *2




: selects and read table of movement N° 2 

( 01 09 C4 19 01 C0 00 03 20 00 00 00
: standard table

( 001000 002000 003000 004000 005000 006000 007000 000000 000000 000000
: target positions

( 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000 252742 : and zero shift

· Byte 1 
01
: the coding board is in location 1

· Byte 2
09
: the motor board is in location 9

· Byte 3 
C4
: tracking, ramp, extended range, no zero shift nor display by target number

· Byte 4 
19
: the sensor is a single resolver 360 revs 360 000 pts with memory

· Byte 5/6
01C0
: the maximal braking range is 448 encoder points (1C0=448d)

· Byte 7
00
: no deviation from the set point is tolerated

· Byte 8
03
: Tanzboden movement with required valves 1 and 2

· Byte 9
20
: If the starting deviation is <32 points don’t apply high speed

In this last example, the target position table have values interpreted with 24 bits because of the extended range, and listed on 6 digits because of the general format choosen in the system table.  The zero shift is 252742 points.  It is not used.

Selection of configuration tables « # »

Special message 

The firmware manages one system table and 25 movement tables. This command allows to select that one on which you may make modifications with commands « > » or « S » (see below).

Example



( #0

: system table selection (you may use « # » alone)

( OK




( #7

: selection of movement table N°7

( OK


Modification of the standard tables « > »

Assignment message 

To change the standard table part of the configuration tables, use this command which is active on the table selected earlier by « # » or « * ».  The byte number is indicated in decimal with its new value in 2 hexadecimal characters.



( #

: system table selection 

( OK




( >11=00
: output format now on 5 digits 

( OK




( *1




: selects and read table of movement N° 1 

( 01 09 86 19 01 80 00 00 00 00 00 00
: standard table

( 00000 00000 00000 00000 00000 00000 23000 00000 00000 00000

( 00000 00000 00000 00000 00000 00000 83513 00000 00000 00000 72345 



( >3=C2,7=01



: tracking, ramp, zero shift, de-activating extended range 

( OK




: precision 1 encoder point



( *1




 

( 01 09 C2 19 01 80 01 00 00 00 00 00

( 00000 00000 00000 00000 00000 00000 23000 00000 00000 00000

( 00000 00000 00000 00000 00000 00000 17977 00000 00000 00000 06809
Remark : In this example, the value of position 17 and the value of the zero shift have been affected by the range change.  They are now interpreted as 16 bits values (modulo 65536).

Modification of target positions « S »

Assignment message 

To change the contents of the target positions table, use the « S » command which is active on the table selected earlier.  An error is detected if the value entered is greater than « 999999 ».

Example



( S21=124210,1=23512

: change zero shift and target 1

( OK


Reinitializing the tables « $ »
Special message 

Once a system configuration is choosen, all the configuration parameters may be defined as default values and programmed in a flash memory.

In order to allow modifications of the default values at any later stage, the system uses a battery saved RAM (Non-volatile RAM) for the storage of working configurations.  It is the content of this RAM which can be modified by the « S » and the « > » commands. 

If the user wants to overwrite the working configurations with the default configurations stored in the flash memory, he uses the « $ » command.  Conversely, if the user wants to overwrite the default configurations stored in flash memory with its working configurations, he uses the « $$ » command. Then a blue led on the front panel of the EuroMove must light on during a short while. 

The « $ » command also initates the following actions

· Stop of all movements

· Cut-off of all the solenoid valves

· Movement N° 1 selected by default



( $

: default configurations copied to working configurations 

( OK




( $$

: working configurations copied to default configurations 

( OK


Remark: At power on, the working configuration is retreived in the non-volatile RAM.

Initializing non absolute sensors « I »

Assignment message 

Among all the sensors recognised by the system, certain are not absolute, in particular the incremental optical sensors and the multirevolution resolver sensor (*) with memory.  To initialize such encoders to a new position value, a decimal value can be entered into the encoder board.

Depending on the sensor technology, this setting value represents the full encoder position value or only the setting of the revolution number.

(*)N.B. A multi-revolution resolver with memory is a single resolver, providing an absolute encoded value within a revolution, associated with an electronic system which takes in charge the counting of the number of revolutions. This number is kept in a non volatile electronic register.

Example with incremental encoders



( A5


 

( 23456
: current value



( I5=40000
: set encoder N°5 to new value=40000 

( OK



( A5

 

( 40000
: new current value


Example : encoder of movement 3 is a multi-revolution resolver with 36 000 points over 180 rev. (therefore 1 rev. is coded with 200 points)



( A3


 

( 12350
: current value = 61 rev + 150 pts



( I3=12
: change rev. number to 12 

( OK



( A3

 

( 2550

: new current value=12*200 + 150 pts


Attention: The new value may be immediately validated by the encoder card or it may be accepted only after external triggering, for example by a mechanical zero point switch.  This command may therefore be used to initialize encoder at a precise mechanical position by a default value.  Directly after the “I” command, the user, e.g. the computer program, must send a move command to activate the switch!

Triggering the solenoid valves « V »

Special message

« V » is used to control up to 8 solenoid valves.  The parameter used is one byte written in the form of 2 hexadecimal characters, each bit representing the desired status of the corresponding solenoid valve : « 1 » = « on », « 0 »= « off »

· Bit 8
: solenoid valve N°8

· Bit 7
: solenoid valve N°7

· Bit 1
: solenoid valve N°1

Example



( V41

: (41=0100 0001)
 

( OK

: activation of valves 1 and 7 de-activation of the others

Remark: When the system is automatically processing the configuration of the solenoid valves to position the tanzboden movements for example, the solenoid valves actually activated are those necessary for the movement “+” those indicated with the “V” command.  Therefore, the “V00” command is not dangerous during a tanzboden shift.  After the movement is completed, all the solenoid valves are released but those mentionned by the “V” command.

Reading the status of the solenoid valves and of the pressure switches « R »
Special message 

« R » sends back two bytes in the form of 4 hexadecimal values.  The first byte contains the requested settings of the solenoid valves and the second byte is the « answer » of the air pressure switches. The encoding of the pressure switches is the same than that of solenoid valves.



( R

:request status

 

( 0703

: 07=(0000 0111) 03=(0000 0011)



byte 1: solenoid valves 1,2,3 have been activated, byte 2: switches 1 and 2 are on 

N.B. If no valves are activated or connected the answer will be 00FF (all switches open)

Menu request « ? »

« ? » has the effect of listing all the available commands. It is intended to use it manually with a RS232 terminal in order to get friendly with all the commands.  Not recommanded with IEEE 488. 

( ?

( A 
----> READ POSITION VALUES

( F 
----> CHECK END OF MOVING

( N 
----> READ TARGET NUMBER

( G 
----> MOVE TO POSITION

( T 
----> MOVE TO TARGET

( B 
----> STOP MOVING

( # 
----> SELECT MOVEMENT (0=SYSTEM)

( * 
----> READ PARAMETERS

( > 
----> MODIFY PARAMETERS

( S 
----> MODIFY TARGETS

( L 
----> READ GLOBAL STATUS

( H 
----> CONTROL MOVEMENT DIRECTLY

( E 
----> READ MOVEMENT STATUS

( R 
----> READ AIR PRESSURE SWITCHES

( V 
----> SET AIR PRESSURE SWITCHES

( I 
----> SETUP ENCODERS

( W 
----> WRITE DATA

( D 
----> READ DATA

( P 
----> MOVE BY STEPS

(? 
----> MENU

( Q 
----> DEBUGGER

( C 
----> COMPUTER MODE

( M 
----> MANUAL MODE

( $ 
----> DEFAULT PARAMETERS

( & 
----> PUT/DUMP MEMORY

Other commands « Q » and « & »

These commands are reserved for maintenance. They must not be issued by inexperienced user.

RECOMMANDATIONS AND USEFUL INFORMATION

Errors

After each command, it is recommanded that the user makes sure of the validity of the transaction by issuing command « L » with a test of bit 1.  This bit indicates a syntax error or signals a command which is impossible to execute.

If a motor board is declared in the configurations table when it does not exist in the sub-rak, the movement status read will send back an indication of end switch « + » and « - ».  Consequently, bit 3 of the system status will be at 1.

It is normal that the solenoid valves configurations and the response of the air pressure switches don’t always match.  This is due to the slowness of the pneumatic system.  It is the overstepping of the response time which indicates an anomaly.

It is recommanded that a time out of at least 10 seconds be programmed on the piloting computer for the IEEE 488 communications.

Improvement of performances

Positioning

It should not be forgotten that this is a multi-task system (permanent reading and display of coding values, feedback control movements, checks triggered on clock, dialog with the user, etc.).  The fact of quering the system permanently (>200 times per second) can multiply its reaction by 2 and perform a more meticulous positioning.

If the mechanism is not of « good » quality an increase in the precision parameter (byte 8 of the standard movement table), if it is acceptable, makes it possible to avoid oscillations at the end of positioning.

If the coding values does not exceed 65536 points, it is preferable not to use the extended range option.  The firmware will process each movement faster, hence an increase in the control periodicity.

It is permissible to change the tables at any time.  In this way, one might consider a particular setup of the braking range or of precision to encounter an increasing friction in the mechanism.

Communication speed

When possible, it is preferable to work with IEEE 488. Communications are more reliable and faster by a factor of at least 10.

Command execution time includes the time of setting up the communication, including on the computer which is piloting the whole system.  So it is more advantageous to use a command with several parameters rather than several commands with a single parameter.  For example « A1 » takes 2 msec., while command « A1,10 » takes 9 msec.

If the coding amplitudes do not exceed 99999 points, it is possible to use the 5 digits output format which will reduce the command’s transmission time.

EXAMPLES OF PROGRAMMING ON PC

On PC’s or workstations, there are multiple boards for IEEE 488. They come with a driver which makes it possible to execute any type of transaction on the bus. National Instruments, Keithley are one of the leaders on this market . Nevertheless, in order to generalize the syntax, it was supposed that routines existed to make it possible to initialize the board (IEInit), to send a string of characters, and in return to read a string of characters (IELaunch) with an indicator of correct transaction.

Examples are written in Visual Basic and are easy to translate into another programming language.



IEInit



IELaunch (ie_address as integer, ie_command as string, ie_answer as string, ie_status as long)

where

ie_address is the IEEE primary address (choosen with the rotactor)

ie_command is the string which has to be sent (the string command)

ie_answer is the string received in return (for example « OK »)

ie_status is an error indicator of the IEEE 488 bus transaction 

Read system status

Program form

Indications are updated when pushing the button « refresh system status ». The IEEE 488 interface must be initialized prior to begin transactions on the bus.  This is done when the form is loaded, which triggers the event Form_Load. The IEEE primary address of the system is supposed to be 9.
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Program Source

Sub Form_Load ()

    Ieinit




:Initialization of IEEE 488 interface 
End Sub

Sub Update_Click ()

    IElaunch 9, "L", L$, e&


:sending of "L" and response reception
    L$ = "&H" + L$

    DECD% = Val(L$): PI% = 1

    For I = 1 To 8

        If (DECD% And PI%) <> 0 Then

            check1(I - 1).Value = 1


:controls update
        Else

            check1(I - 1).Value = 0

        End If

        PI% = PI% * 2

    Next I

End Sub

Positioning control

The principle of this example is very simple.  This involves controlling the movement N°1 with a set point, written in a text box.  The angular value is updated every 20 msec. by a timer event which is used also to display a message according to wether the movement is being positioned or stopped.  At any moment, it is possible to interrupt the positioning by clicking the STOP button.

Objects :

· Form

type :
 Form

name : 
Form

· Timer

type : 
Timer

name :
Timer1

· Angular value
type : 
Label

name :
Angle

· Set Point
type : 
TextBox
name :
SetPoint

· Stop

type : 
Button

name : 
Stop

· State

type :
Label

name : 
State

Program Form
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Program Source

Private Sub Form_Load()

    IEInit






:Initialization of IEEE 488 interface
    Timer1.Interval = 20




:Timer interrupt every 20 msec.
End Sub

Private Sub SetPoint_KeyPress(KeyAscii As Integer)

    If KeyAscii = 13 Then




:validation by « return »
        IELaunch 9, "G1=" & SetPoint.Text, resp$, e&

:initiates the positioning
    End If

End Sub

Private Sub Stop_Click()

    IELaunch 9, "B1", resp$, e&



:stop positioning
End Sub

Private Sub Timer1_Timer()

    Static lastf$

    IELaunch 9, "A1", a$, e&




:reading of movement 1 position
    Angle.Caption = a$




:updating the displayed value 
    IELaunch 9, "F", f$, e&




:positioning end test

    If f$ <> lastf$ Then

        If f$ = "01" Then





:selecting the state message
            State.Caption = "STOPPED"





        Else

            State.Caption = "MOVING..."

        End If

    End If

End Sub

CONNECTIONS AND MISCELLANOUS

EuroMove front panel
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RS232 connector

Female RS232 MINI DIN
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Back side system bus

The system bus, which is supported by a printed circuit, comprises :

· 24 read lines R1 to R24

· 16 write lines W1 to W16

· 23 address lines N1 to N23

· 1 sub-address Nbis

· 3 write strobe signals CB2-1 CB2-2 CB2-3

· 1 motor power supply

· 1 motor electrical ground

· 1 power supply 5V 10/12 Amp

· 1 power supply +15V 1 Amp

· 1 power supply –15 V 1 Amp

96 Points EuroMove board connector


c
b
a

1
* 

*
N1
*

2
* 
W2
*
N2
*
W1

3
* 
W4
*
N3
*
W3

4
* 
W6
*
N4
*
W5

5
* 
W8
*
N5
*
W7

6
* 
W10
*
N6
*
W9

7
* 
W12
*
N7
*
W11

8
* 
W14
*
N8
*
W13

9
* 
W16
*
N9
*
W15

10
* 
R2
*
N10
*
R1

11
* 
R4
*
N11
*
R3

12
* 
R6
*
N12
*
R5

13
* 
R8
*
N13
*
R7

14
* 
R10
*
N14
*
R9

15
* 
R12
*
N15
*
R11

16
* 
R14
*
N16
*
R13

17
* 
R16
*
N17
*
R15

18
* 
R18
*
N18
*
R17

19
* 
R20
*
N19
*
R19

20
* 
R22
*
N20
*
R21

21
* 
R24
*
N21
*
R23

22
* 
CB2-1
*
N22
*
Nbis

23
* 
CB2-2
*
N23
*
CB2-3

24
* 
MOTOR POWER SUPPLY
*
MOTOR POWER SUPPLY
*
MOTOR POWER SUPPLY

25
* 
MOTOR POWER SUPPLY
*
MOTOR POWER SUPPLY
* 
MOTOR POWER SUPPLY

26
* 
MOTOR GROUND
*
MOTOR GROUND
*
MOTOR GROUND

27
* 
MOTOR GROUND
*
MOTOR GROUND
*
MOTOR GROUND

28
* 
+5V
*
+5V
*
+5V

29
* 
+15V
*
+15V
*
+15V

30
* 
-15V
*
-15V
*
-15V

31
* 
GROUND
*
GROUND
*
GROUND

32
* 
GROUND
*
GROUND
*
GROUND

64 points slave board connector


c
a

1
* 
extended N (see note)

*
N

2
* 
W2

* 
W1

3
* 
W4

*
W3

4
* 
W6

*
W5

5
* 
W8

*
W7

6
* 
W10

*
W9

7
* 
W12

*
W11

8
* 
W14

*
W13

9
* 
W16

*
W15

10
* 
R2

*
R1

11
* 
R4

*
R3

12
* 
R6

*
R5

13
* 
R8

*
R7

14
* 
R10

*
R9

15
* 
R12

*
R11

16
* 
R14

*
R13

17
* 
R16

*
R15

18
* 
R18

*
R17

19
* 
R20

*
R19

20
* 
R22

*
R21

21
* 
R24

*
R23

22
* 
CB2-1

*
Nbis

23
* 
CB2-2

*
CB2-3

24
* 
MOTOR POWER SUPPLY

*
MOTOR POWER SUPPLY

25
* 
MOTOR POWER SUPPLY

 *
MOTOR POWER SUPPLY

26
* 
MOTOR GROUND

*
MOTOR GROUND

27
* 
MOTOR GROUND

*
MOTOR GROUND

28
* 
+5V

*
+5V

29
* 
+15V

*
+15V

30
* 
-15V

*
-15V

31
* 
GROUND

*
GROUND

32
* 
GROUND

*
GROUND

N.B. Extended N =N+9 for N beyond 8

SUMMARY

Summary of commands

	COMMAND
	MEANING
	MESSAGE
	EXAMPLE

	A
	READ POSITION VALUES
	LIST
	A1,10

	F
	CHECK END OF MOVING
	GENERAL
	F

	N
	READ TARGET NUMBER
	LIST
	N2,4

	G
	MOVE TO POSITION
	ASSIGNMENT
	G2=2000,7=8900

	T
	MOVE TO TARGET
	ASSIGNMENT
	T1=6,5=19

	B
	STOP MOVING
	LIST
	B1,7

	#
	SELECT CONFIGURATION TABLE 
	SPECIAL
	#5

	*
	READ CONFIGURATION TABLE 
	SPECIAL
	*4

	>
	MODIFY CONFIGURATION TABLE 
	ASSIGNMENT
	>1=01,2=09,8=01

	S
	MODIFY TARGETS
	ASSIGNMENT
	S7=236,21=12863

	L
	READ GLOBAL STATUS
	GENERAL
	L

	H
	CONTROL MOTOR DIRECTLY
	ASSIGNMENT
	H1=07,5=03

	E
	READ MOVEMENT STATUS
	LIST
	E3,9

	R
	READ PNEUMATIC SYSTEM
	GENERAL
	R

	V
	CONTROL SOLENOID VALVES 
	SPECIAL
	VF5

	I
	SETUP ENCODERS 
	ASSIGNMENT
	I1=120,3=45000

	W
	WRITE DATA
	ASSIGNMENT
	W1=345EAD,4=11134E

	D
	READ DATA
	LIST
	D4,8

	P
	MOVE BY STEP
	ASSIGNMENT
	P2=100,6=-700

	?
	MENU
	GENERAL
	?

	C
	COMPUTER MODE
	GENERAL
	C

	M
	MANUAL MODE
	GENERAL
	M

	Q
	ENTER DEBUGGER
	GENERAL
	Q


Address parameters

RS232 defaults :  9600 bauds, EVEN parity, 7 data bits, 1 stop

	ROTACTOR
	IEEE @
	RS232 CODE
	
	ROTACTOR
	IEEE@
	RS232 CODE

	0
	9
	t
	
	8
	8
	h

	1
	1
	b
	
	9
	9
	t

	2
	2
	d
	
	A
	10
	u

	3
	3
	e
	
	B
	11
	v

	4
	4
	f
	
	C
	12
	w

	5
	5
	c
	
	D
	13
	i

	6
	6
	x
	
	E
	14
	j

	7
	7
	g
	
	F
	15
	k


EuroMove hardware configuration

[image: image9.wmf]IEEE@ ROTACTOR

START SWITCHES

RS232 SWITCHES

DOWN

UP

PRGM

+5V POWER SUPPLY

BUS EXTENTION


IEEE 488 and RS232 settings

IEEE@ rotactor

Allows to choose IEEE 488 primary address and RS232 access code

RS232 switches

The leftmost switch allows to choose between « free » or « sync » position.

· Free position (default): In this case, EuroMove CTS is strapped with EuroMove DTR, host computer must always be ready to receive characters coming from EuroMove. This is a 3 wires connection : TXD, RXD, GND.

· Sync position : Host computer must send on EuroMove CTS a signal to allow EuroMove to transmit characters. The signal frequently used to give the permission is Host RTS or Host DTR. This is a 4 wires connection TXD, RXD, DTR/RTS, GND

The rightmost switch enables (position « f ») or disables (position « B ») a filter on EuroMove TXD signal in case of noisy connection. Default is filter disabled (position « B »).
+5V power supply

The EuroMove board alone drains 310 mA.

Miscellanous

Bus extension

For specific needs or add-on daughter boards like I2C devices.  All signals are buffered.

	PIN 1
	CPU DATA BUS D0
	PIN 2
	CPU DATA BUS D1

	PIN 3
	CPU DATA BUS D2
	PIN 4
	CPU DATA BUS D3

	PIN 5
	CPU DATA BUS D4
	PIN 6
	CPU DATA BUS D5

	PIN 7
	CPU DATA BUS D6
	PIN 8
	CPU DATA BUS D7

	PIN 9
	PSD PORTD BIT 0
	PIN 10
	PSD PORTD BIT 1

	PIN 11
	PSD PORTD BIT 2
	PIN 12
	PSD PORTD BIT 3

	PIN 13
	PSD PORTD BIT 4
	PIN 14
	PSD PORTD BIT 5

	PIN 15
	PSD PORTD BIT 6
	PIN 16
	PSD PORTD BIT 7

	PIN 17
	CPU ADDRESS BUS A00
	PIN 18
	CPU ADDRESS BUS A01

	PIN 19
	CPU ADDRESS BUS A02
	PIN 20
	CPU ADDRESS BUS A03

	PIN 21
	CPU SIGNAL Q
	PIN 22
	CPU SIGNAL E

	PIN 23
	CPU R/#W
	PIN 24
	#CHIP SELECT (F100-F1FF)

	PIN 25
	GND
	PIN 26
	+5V


Start switches

The flash memory is large enough to contain 2 versions of the positioning firmware and configuration tables : « POSUP » and « POSDOWN ».  Apart from the flash memory, an onboard reprom memory contains 2 other softwares : a sub-rak test « RAKTEST » and a debugger « DEBUG ». The sub-rak test is intended for maintenance and allows to test all the connections of the back side bus thanks to a specific board. The debugger is reserved for specific operations and allows for updating the firmwares contained in the flash memory. 

The start switches and one jumper allow to choose which software will be run when the EuroMove is powered on.

Jumper and leftmost switch

These jumper and switch are used only to select between POSUP and POSDOWN

Silkscreen reads 3 positions : UP, DOWN, PRG.

· Up position : POSUP is selected

· Down position : POSDOWN is selected

· PRG position : selection made by leftmost switch start (Default)

Leftmost switch is effective only in PRG jumper position. Otherwise the jumper imposes which software is selected.

· Position  1 : POSUP is selected   Position 0 : POSDOWN is selected (Default)

Finally the resulting positioning version software selected is called « POSITIONING »
Middle and rightmost switches 

These switches select between POSITIONING, RAKTEST and DEBUG which software will be run at power up.

	MIDDLE
	RIGHT
	SOFTWARE RUN AT POWER UP

	0
	0
	POSITIONING (DEFAULT)

	0
	1
	RAKTEST

	1
	0
	DEBUGGER

	1
	1
	NOT USED : FORBIDDEN


How to update the positioning firmware

Updating the positioning firmware is possible by using Hyperterminal Windows program and a serial RS232 cable connected to the EuroMove board. You need a « EuroMove.txt » updated file. 


N.B. The update will concern the firmware version selected by the jumper and the leftmost switch.

1) Enter a Hyperterminal session with these settings :

Connection> configuration : 9600 bds, even parity, 7 bits, 1 stop, flux control none.

Parameters> ASCII configuration : Nothing checked,  delay line :100 msec
2) Remove the IEEE 488 connection and connect the EuroMove to the PC using the serial cable

3) Determine the RS232 access code relatively to the IEEE@ (by default it is « t »).

4) Type with Hyperterminal the RS232 access code, then the letter Q  followed by return(enter) : 

Type the 3 letters : tQ(enter)
(if « t » is the RS232 access code)

You should get this message followed by a prompt meaning you have quit the EuroMove firmware and have entered the EuroMove Debugger which is waiting for a command :

EuroMonitor

>

5) Type : ZP(enter) (this will erase the flash memory)



then



    Type : ML 0 F(enter) (EuroMove is now waiting for the transfer of the file)

In the menu « Transfer » , choose the option « Send a text file » and select « EuroMove.txt ». The download must begin immediatly, showing the binary codes on the screen. The blue led of the        EuroMove front panel must light on. After download is completed you get back the prompt « > »

6)
Type then: PQ 8000(enter)

This command will allow the EuroMove board to quit the debugger and to enter the updated

positioning firmware. The Update is done.
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