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I ntroduction

The motor axis control is a very common task in the industry application. Typical applications
include the control of processing machines, industrial process controls, industrial robots, plotting
and printing machines, packaging machines, tool machines, industrial weighing, agricultural
machinery, textile equipment, food processing, etc.

Typically a motor axis is provided with an inverter that drives the motor and controls the fast
current control loop and the slower position loop. This inverter needs a position reference signal
(given either with analog or digital signals) and a set of digital signals to control the motor
movement.

Clockwise

Counter
Clockwise

Counter
Clockwise

Figure 1 - Typical encoder signals: a) bidirectional unipolar encoder without zero signals, b)
bidirectional differential encoder without zero signals.

Moreover, in a complex system composed by many motor axes, each axis position must be
acquired to generate the correspondent position reference. The position can be obtained by using
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encoders or from the axis inverter that provides the position information by means of simulated
encoder signals built from the information obtained from an axial resolver.

The encoder signals depend of the encoder type and the electronic output stage. The encoders
can be:

e monodirectional;
* monodirectional with zero;
* bidirectional;
* bidirectional with zero.
The electronic output stage can be unipolar or differential.

The signals of bidirectional unipolar encoders without zero are depicted in Figure la. The
signals of bidirectional differential encoders without zero are depicted in Figure 1b.

Objective of this application note is to use the OpenDPS System (see [1] for more details) to
control three motor axes, eventually designing and realizing hardware and software modifications.

Technical specifications

For this particular application, a 3 motor axes system must be connected to the OpenDSP System.
In the following, the axes are respectively called AxisO, Axisl and Axis2. All changes are designed
for an OpenDSP System with box housing (see Figure 2).
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Figure 2 - The OpenDSP box housing.
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Each motor axis is completely defined by:

» 6signasof abidirectional differential encoder with zero. The signals are named A-A/, B-B/ and
z-z/ (see Figure 3 for more details about the z-z/ signals). The z-z/ signals are relative to the
zero encoder and they give a fixed position reference respect the physical 360-degree of the
angular rotation. The electrical specifications are:

levels according to the RS422 standard,
5V =5 % supply voltage,

300 mA maximum current supply,

1 MHz maximum frequency signal.

» 4 digital input signals with voltage levels of 0 V to the low level, 24 V to the high level. These
signals are namest, Reset, Auxiliary Input 1andAuxiliary Input 2.

» 3 digital output signals with voltage levels of 0 V for the low level, 24 V for the high level; the
outputs must be able to drive resistive loads with 0.5 A maximum current. These signals are
START (Start/Stop motor drivepuxiliary output 1 andAuxiliary Output 2.

* 1 analog output signal with £10 V voltage range, named used as reference to the motor
drive; the outputs must be able to drive resistive loads with 5 mA maximum current.

In addition to these specifications, a 0-24V digital input is provided. This line, ealte@nal

Latch, is used to trigger a latch that stores the value of the encoder counter that represents the
encoder position (see “PLD software” for more details).
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Figure 3 - Differential encoder signals sequence with clockwise rotation.
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| mplementation by using the OpenDSP System

In order to satisfy the technical specifications listed into the chapter “Technical specifications”, it is
necessary to use a board with both digital and analog signals.

The OpenDSP General Purpose I/0O ver. 1.1 accepts both digital and analog signals and
provides both digital and analog outputs (see [2] for more details). The electrical specifications of
the interfaces are quite different from that request for this specific application. These differences
require the realization of electronic interfaces.

Electronic interfaces

Based on the characteristics described in “Technical specifications”, it is possible to group the
electronic interfaces in:

» conversion of the digital input signals from 0-24V to 0-5V TTL compatible levels; this circuit
must be able to electrically insulate the internal board logic signals from the signals carried from
the field;

» conversion of the digital output signals from 0-5V TTL compatible levels to 0-24V; this
interface must be able to supply until 500 mA with resistive loads; this circuit must be able to
electrically insulate the internal board logic signals from the signals carried from the field;

» conversion of the analog output signals from x5V to £10V; this interface must be able to supply
until 5 mA with resistive loads;

» conversion of the differential encoder signals from RS422 compatible levels to
0-5V TTL compatible levels.

Digital Input Interfaces

The digital input interface can be implemented by using optocouplers. This interface guarantees the
required electrical insulation.

Each 0-24V digital input must be provided with its interface. The electronic scheme of a digital
input is shown in Figure 4b.

The chosen optocoupler is the HP 6N137; it has also an enable input that allows controlling the
external input by software. More details about the software implementation are in “PLD software”
and “DSP software”. The 6N137 internal scheme is shown in Figure 4a and its technical references
are in [3]; the main characteristics are reported in Table 1. The maximum reverse input voltage
allows 0V-undershoot until -5V.

As shown in Figure 4b, the electric scheme is very simple. The input resisoisRised to
polarize the 6N137 input diode. The pull-up resistor connected to the output is necessary because
the output is an open collector stage; the value is chosen according to the technical references. The
capacitor connected between the supply pins and placed near to the device is recommended by the
manufacturer to guarantee proper supply bypassing.

The enable input has also a pull-up resistor. This is required because all the axis enable inputs
are driven by the same PLD output and the PLD maximum output current is 25 mA, as described in
ALTERA technical references [4].
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Figure 4 - a) HP 6N 137 optocoupler internal scheme. b) Digital Input Interface.

Table 1 - 6N137 technical characteristics summary.
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Description min typ max | MU
Vcc — Power supply voltage 5 V|
lon — High level output current 55 100 pA
VoL — Low level output voltage 0.35 0.6 \
Ve — Input forward voltage 1.3 1.8 V
IrL — Input current, low level 0 250 pA
I,y — Input current, high level 5 15 mA
Rpy — Output pull-up resistor 300 400p Q
VgL — Low level enable voltage 0 0.8 \
Vey — High level enable voltage 2 5 \
leq — High level enable current -0.7 -1 m
I, — Low level enable current -0.9 16 m
Vg — Reverse input voltage 5 Vi
Digital Output Interfaces
Each 0-24V digital output requires a signal conditioning.
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In order to provide the required output current, the optocoupler use is advised against because it
requires additional power electronics.

a)
1
0-24 V Digital
Output to field
L?Ni ouTiE
D) rrlomeur <> DUTE‘;‘%% OuTPUT
S EN— Pev
TTh COMDQMWSWW c4 V reference
signals voltage

Figure5-a) RS817-117 reed relay internal schema. b) Digital output interface.

Table2 - RS 817-117 technical characteristics summary.

Description min typ max | MU
Isw — Switched current 0.5 A
Vsw — Switched voltage 100 \Y
Psw — Switched power 10 W
V\scc — Insulation voltage contact to contact 250 v
V\scw — Insulation voltage contact to wire 500

Rinc — Initial contact resistance 0.1% Q
Riscc — Insulation resistance contact to contact ° 10 Q
Riscw — Insulation resistance contact to wire °10 Q
tsw — Switching time 0.5 ms|
Rw — Wire resistance 500 Q

Being not important the output commutation speed, a reed relay can be used. The chosen
device has the RS Components part number 817-117; its outputs have normally open contacts.
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Figure 5a shows the internal schema and Table 2 reports its technical references; notice that the
insulation specifications are satisfied.

This device supplies a maximum output current of 500 mA and it can be driven by TTL
compatible signals. The input current is 10 mA, thus the PLD output can be connected directly to
the relay inputs. Figure 5b shows the electric scheme used.

The 24V power voltage and its relative ground reference must be supplied from the field on the
Digital Output connector. This external voltage reference is also used to generate the power supply
for the analog output interface, as described in the paragraph “Analog Output Interfaces”, then it is
necessary to connect always these external voltage reference.

Differential Encoder I nterfaces

Starting from the encoder differential signals, it is possible to obtain the TTL compatible signals by
using a RS422 line receiver.

Many manufacturers build devices containing more than one RS422 line receiver; typically
each Integrated Circuit (IC) contains 4 line receivers. The chosen IC is the Texas Instruments
SN75175, whose technical references are in [3] and whose relative pinout is reported in Figure 6a.
This device contains 4 line receivers that can be enabled in pairs. Also this feature allows
controlling the encoder inputs via software.
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z s a3
T 68 ;'A
B
R4 %IOOR Rsl lg 3A +5v
nz T8 I
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4B ct Imun

L
R3 flOOk
SN75175

R2 100k

Figure 6 - @) TI SN75175 4 R$422 line receivers pinout. b) Differential encoder interface.

Each motor axis can be interfaced with one SN75175 in which 3 line receivers are used to
obtain thea, B andz TTL compatible signals. The fourth line receiver is not used; in order to
minimize the noise, a polarization circuit is provided as shown in Figure 6b.
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In order to reduce the line reflections, matching impedance is provided for each differential
input; the chosen valueis 68 Q.

Notice that the enable lines have a pull-up resistor. This alowsthe PLD to drive the RS422 line
receivers enable and the Digital Input Interface of the External Latch signal.

Analog Output Interfaces

The OpenDSP General Purpose I/0O Board ver. 1.1 provides 8 analog outputs with +5V voltage
range. The specifications require analog voltage outputs range of +10V. Thus, a non-inverting
operational amplifier configuration is needed; obviously, the multiplier factor is 2.

No frequency band specifications are provided, thus an internally compensated operational
amplifier can be chosen. For the 3 axes, a 4 operational amplifier single chip can be used. The
LM348N, manufactured by National Instruments, has been chosen. Its technical references are in
[6] and its pinout is shown in Figure 7a.

The analog output interface is very simple, as shown in Figure 7b. The resistors connected to
the non-inverting pin are useful to reduce the effects of the operational amplifier bias and offset
currents.

Since the required voltage range is £10V, it is possible to supply the operational amplifier with
+15V: a d.c./d.c. converter is required. The TRACO NMA2415D is a device that converts 24V into
+15V; the IC pinout is shown in Figure 8a and the scheme to connect this device is really simple
and it is shown in Figure 8b.

F—r < [3¢] g
o) <.r + + 0? )
0 £ 2> 2 £ 0
3 LM348N
EEER LR
> Z2z zZ >
O @)
R10 %Rll £R12
+5V 1k
e Ut e
R9 g T ozt Vref0
y 1 Sl 7 zaf Vrefl
1k Rl sle+ P Vref2
4 AN ——— Sie- 74
b) = 1k 102,
e
Vref/2_INPUTO e 15v }j
v;iwe:mpum@ ﬁ4 < * =
Vref/2_INPUT2 100n
cL T 100n =
Rel Rl rel R7} rel v

R 3/

lk lk lk lk lk 1K

Figure 7 - @ Nationa Instruments LM348N 4 uA741 operational amplifiers pinout.
b) Analog output interface.
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Figure 8 - a) TRACO NMA2415D d.c./d.c. converter pinout. b) 24V supply circuitry.

Schematics

The dectricinterfaceisrealized in four boards;

* Analog Interface Board this board contains the 24V supply circuitry and the Analog Output
Interfaces. It is connected to the OpenDSP General Purpose I/O Board ver. 1.1 by using the
ANALOGIN cable and it is connected to the front panel by using the ANALOGOUT cable. The
first three analog outputs carried from the ANALOGIN cable are used for the analog output
interfaces inputs; the other analog outputs and all the analog inputs are connected directly to the
ANALOGOUT connector.

* AXxisO Interface Board this board contains the interfaces for the AxisO motor signals. In details,
this board contains:

1 Differential Encoder Interface;

1 Digital Input Interface for the External Latch signal;

4 Digital Input Interfaces for the 0-24V digital input signals,

3 Digital Output Interfaces for the 0-24V digital output signals.

It is connected to the OpenDSP General Purpose 1/O Board ver.1.1 by using the DIGIN1 and
DIGOUT1 cables and it is connected to the front panel by using the DIGITALINPUT and
DIGITALOUTPUT cables.
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» Axisl Interface Board this board is similar to the AxisO Interface Board and it is interfaces to
the Axisl motor signals. Also the connections to the OpenDSP General Purpose 1/0 Board
ver.1.1 and the front panel are the same of those described for the AxisO Interface Board.

* AXxis2 Interface Board this board is similar to the AxisO Interface Board and it is interfaces to
the Axis2 motor signals. Also the connections to the OpenDSP General Purpose 1/0 Board
ver.1.1 and the front panel are the same of those described for the AxisO Interface Board.

An additional cableis used to connect all the four interface boards. This cable named SUPPLY
Is connected to the SUPPLY connectors and it carries the 24V reference voltage and the 5V supply
voltage.

Blocks similar to those described in the “Electronic interfaces” section compose the
schematics. In addition, some connectors are used to allow the connection among each interface
board, the OpenDSP General Purpose I/0O Board ver. 1.1 and the front panel by means of the
ANALOGIN, ANALOGOUT, DIGIN1, DIGOUT1, DIGITALINPUT, DIGITALOUTPUT and
SUPPLY cables.

DIGINI cable

A 50-wire flat cable and four PCB female flat connectors compose this cable. It connects the
OpenDPS General Purpose /O Board ver.oltdinl connector with relate axis interface board
connectors.

In the original version of the OpenDSP General Purpose /O Board ver. 1.bidiel
connector contains 32 TTL compatible inputs; in this application, all these signals have a new
meaning listed in Table 3.

All pins named “Not Used” are connected to the connector and to the PLD on the OpenDSP
General Purpose /O Board ver. 1.1, but they are not routed in the boards that compose this
application. Thus, they are usable if the PLD program is changed and downloaded in the PLD and
the cable is connected to new boards.

Table 3 - DIGIN1 cable map.

OpenDSP OpenDSP
Pin General Pin General
Application board side| Purpose 1/0 Application board side| Purpose I/C
number number
Board ver. Board ver.
1.1 side 1.1 side
1 GND GND 26 AXISO_FC DATA_IN16
2 AXISO_IN_AUX1 DATA_INO 27 AXISO_ENC_A DATA_IN17
3 AXISO_ENC_Z DATA_IN1 28 GND GND
4 GND GND 29 AXISO_ENC_B DATA_IN18
5 AXTISO_IN_AUX2 DATA_IN?2 30 AXISO_RESET DATA_INI19
6 AXIS1_TIN_AUX2 DATA_IN3 31 GND GND
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Table 3 - Cont.
OpenDSP OpenDSP
Pin I : Generdl Pin — : General
AuMmber Application board side | Purpose /O Aumber Application board side | Purpose I/O
Board ver. Board ver.
1.1 side 1.1 side
7 | GND GND 32 |AXIS1_RESET DATA_IN20
8 |AXISI_IN_AUX1 DATA_IN4 33 |AXIS1_ENC_B DATA_IN21
9 |AXIS1_ENC_Z DATA_INS 34 |GND GND
10 |GND GND 35 |AXIS1_ENC_A DATA_IN22
11 |AXISO_XLATCH DATA_ING 36 |AXIS1_FC DATA_IN23
12 | AXIS1_XLATCH DATA_IN7 37 |GND GND
13 |GND GND 38 Not Used GND
14 |Not used DATA_IN8 39 GND GND
15 |AXIS2_XLATCH DATA_IN9 40 |AXIS2_FC DATA_IN24
16 |GND GND 4] |AXIS2_ENC_A DATA_IN25
17 |AXIS2_ENC_Z DATA_IN10 42 |GND GND
18 |AXIS2_IN_Aux1 DATA_IN11 43 |AXIS2_ENC_B DATA_IN26
19 |GND GND 44 | AXIS2_RESET DATA_IN27
20 | AXIS2_IN_AUX2 DATA_IN12 45 |GND GND
21 |Not used DATA_IN13 46 Not used DATA_IN28
22 |Not used GND 47 Not used DATA_IN29
23 |Not used DATA_IN14 48 Not used GND
24 |Not used DATA_IN15 49 Not used DATA_IN30
25 |Not used GND 50 Not used DATA_IN31

DIGOUTI cable

A 50-wire flat cable and four PCB female flat connectors compose this cable. It connects the
OpenDSP General Purpose 1/0 Board ver. 1.1 b1GouT1 connector with relate axis interface board
connectors.

In the origina version of the OpenDSP General Purpose 1/0O Board ver. 1.1, the p1GouTl
connector contains 32 TTL compatible outputs; in this application, all these signals have a new
meaning listed in Table 4.

All pins named “Not Used” are connected to the connector and to the PLD on the OpenDSP
General Purpose /O Board ver. 1.1, but they are not routed in the boards that compose this
application. Thus, they are usable if the PLD program is changed and downloaded in the PLD and
the cable is connected to new boards.
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Table4 - DIGOUT1 cable map.

OpenDSP OpenDSP
Pin I : General Pin — : General
AuMmber Application board side | Purpose /O Aumber Application board side | Purpose I/O
Board ver. Board ver.
1.1side 1.1side
1 GND GND 26  |AXISO START DATA_IN16
2 AXISO ENABLE ENCODER| DATA_INO 27  |AXISO AuxouTO DATA_IN17
3 AXISO ENABLE INPUT DATA_IN1 28 |GND GND
4 GND GND 29 |AXISO AuxouTl DATA_IN18
5 AXIS1 START DATA_IN2 30 |Not Used DATA_IN19
6 AXIS1 AuxOouTO DATA_IN3 31 |GND GND
7 GND GND 32 |AXIS1 ENABLE ENCODER| DATA_IN20
8 AXIS1 AuxouTl DATA_IN4 33 |AXIS1 ENABLE INPUT | DATA_IN21
9 Not Used DATA_INS 34 |GND GND
10 |GND GND 35 |Not Used DATA_IN22
11 |Not Used DATA_ING 36 |Not Used DATA_IN23
12 |Not Used DATA_IN7 37 Not used GND
13 |Not used GND 38 Not used GND
14 |Not used DATA_INS 39 Not used GND
15 |Not Used DATA_IN9 40 Not Used DATA_IN24
16 |Not used GND 41 Not Used DATA_IN25
17 |Not Used DATA_IN10 42 GND GND
18 |AXIS2 AuxouTl DATA_IN11 43 |AXIS2 ENABLE INPUT | DATA_IN26
19 |GND GND 44  |AXIS2 ENABLE ENCODER | DATA_IN27
20 |AXIS2 AuxouTO DATA_IN12 45 | GND GND
21 |AXIS2 START DATA_IN13 46 |Not used DATA_IN28
22 | GND GND 47 Not used DATA_IN29
23 |Not used DATA_IN14 48 Not used GND
24 |Not used DATA_IN15 49 |Not used DATA_IN30
25 |Not used GND 50 Not used DATA_IN31

DIGITALINPUT cable

A 50-wire flat cable, three PCB female flat connectors and a front panel flat connector compose this
cable. It connects the front panel DIGITAL INPUT connector with the DIGITALINPUT axis interface
board connectors.
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This particular application requires mapping again the signals on the cable and connectors.
Figure 9a shows the front panel connector map whereas Figure 9b shows the PCB connectors map.
Remember that the PCB connector is soldered on each single axis interface board: only the specific
signals are routed from these connectors. Notice that the GND signals are internally connected
together and they are connected to the +5V ground reference.
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Figure 9 - @) The front panel DIGITAL INPUT connector map b) the PCB connectors map.
The black color is used for the Axis 0 signals, the red color is used for the Axis 1 signals and
the blue color is used for the Axis2 signals.

DIGITALOUTPUT cable

A 50-wire flat cable, three PCB female flat connectors and a front panel connector compose this
cable. It connects the front panel DIGITAL OUTPUT connector with the DIGITALOUTPUT axis
Interface board connectors.

Also this cable requires mapping again the signals. Figure 10a shows the front panel connector
map with indication of signals and relate ground reference whereas Figure 10b shows the PCB
connectors map. Also this cable is connected to al single axis boards and only the specific signals
are routed from these connectors. Notice that the GND signals are internally connected together and
they are connected to the +24V ground reference; this ground reference is electrically insulated
from the +5V ground reference.

This connector is used to supply the +24V voltage, thus, in order to make the system run
properly, the 24vV_SUPPLY pin and the GND_SUPPLY pin depicted in Figure 10a must be
connected.
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Figure 10 - a) The front panel DIGITAL OUTPUT connector map b) the PCB connectors map.
The black color is used for the Axis 0 signals, the red color is used for the Axis 1 signals, the
blue color is used for the Axis 2 signals and the green color is used for the supply signals.

ANALOGIN cable

A 34-wire flat cable and two PCB female flat connectors compose this cable. It must be plugged
between the OpenDSP Genera Purpose 1/0 Board ver.1.1 ANALOG1 connector and the Analog
Interface Board. The first three analog outputs are used with the meanings of the reference voltage
Vrer. Table 5 shows the new meanings of the signals.

Table5- ANALOGIN cable map.

OpenDSP OpenDSP
Pin Generd Pin Genera
Application board side | Purpose 1/0 Application board side | Purpose /O
number number
Board ver. Board ver.
1.1side 1.1side
1 CHANNELO CHANNELO 26 | GND GND
2 GND GND 27 | CHANNEL1 CHANNEL1
3 CHANNEL?2 CHANNEL?2 28 | GND GND
4 GND GND 29 | CHANNEL3 CHANNEL 3
5 CHANNEL4 CHANNEL4 30 |GND GND
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Table5 — Cont.
OpenDSP OpenDSP
Pin Generd Pin General
Application board side | Purpose 1/0 Application board side | Purpose /O
number number
Board ver. Board ver.
1.1 side 1.1side
6 | GND GND 31 | CHANNELS CHANNEL5
7 CHANNEL6 CHANNEL6 32 |GND GND
8 |GND GND 33 | CHANNEL7Z CHANNEL7
9 |vcc e 34 |GND GND
10 | AXISO Verer/2 VoutA_DACO 35 |vcc vec
11 |GND GND 36 |AXIS1 Veer/2 VoutB_DACO
12 | AXIS2 Vger/2 VoutC_DACO 37 GND GND
13 | GND GND 38 | VoutD_DACO VoutD_DACO
14 | VoutA_DAC1 VOUtA_DAC1 39 GND GND
15 |GND GND 40 VoutB_DAC1 VoutB_DAC1
16 |VoutC_DAC1 VoutC_DAC1 41 GND GND
17 |GND GND 42 VoutD_DAC1 VoutD_DAC1

ANALOGOUT cable

A 34-wire flat cable, a 34-pins PCB female flat connector and a 37-pins front panel flat connector
compose this cable. It must be plugged between the front panel ANALOG 1I/0 connector and the
ANALOGOUT connector of the Analog Interface Board. The first three analog outputs are used to
generate the reference voltage Vrer. Figure 11a shows the front panel connector map, whereas the
Figure 11b shows the PCB connector.

SUPPLY cable

A 4-wire cable and four PCB female wire connectors compose this cable. It connects the single axis
interface board and the analog interface board suppLY connector among them. Table 6 shows the
new meanings of the signals.

Table 6 - SUPPLY cable map.

nuI:rl1rtl)er Description
1 +24 V
2 +24 V ground reference
3 +5V
4 +5V ground reference
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Figure 11 - a) The front panel ANALOGOUT connector map b) the PCB connectors map.

Figure 12 - The OpenDSP System boards mounted with the electronic interfaces designed and

realized for this application.
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Boards

Each interface board is realized to be directly mounted over the OpenDSP Genera Purpose 1/0O
Board ver. 1.1. The connectors layout eases the plugging of the cables; Figure 12 shows the
OpenDSP System boards mounted with the electronic interfaces boards. All components are
arranged in order to find the interfaces described in “Electronic interfaces” easily.

The quoted board layouts and the photos of the realized prototype are in “Appendix A — The
board layouts”.

PL D software

In order to interface the OpenDSP System to three motor axes according to the technical
specifications taken on here, some PLD software changes are required.

Before to start the detailed analysis of the changes, a brief discussion of the OpenDSP General
Purpose I/0 Board ver.1.1 PLD existing software is reported (see [2] for more details).
OpenDSP General Purpose /O Board ver. 1.1 original software ar chitecture

It is possible to highlight five main blocks in the original PLD software architecture of the
OpenDSP General Purpose 1/0O Board ver. 1.1, as shown in Figure 13.

= Clocks - Wait
5 Generator Generator
..2 A
o A\ 4 (2}
£ I
5
. ‘D
Control Unit g
=
< -
S X e
4§ %, v
8 5 T——
S 9 Bl dlrec_tlonal EOC Interrupt
L B BusLines Selectors
0 Controller

Figure 13 - OpenDSP General Purpose I/0O Board ver.1.1 original PLD software architecture.

As shown in figure, the blocks are:

* Clocks generator this block generates the PLD internal clock and the clock used to
synchronize the ADCs management; the Control Unit and the Wait Generator use these signals.
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EOC Interrupt Selectors the 1/0O Board can signal the ADC End Of Conversion (EOC) by
generating an interrupt that can be selected by means of DIP switches. This block provides four
signals to the Control Unit; only one at atimeis signaled, according to the interrupt selected.

Control Unit this block is the core of the PLD software architecture. This block controls the
accesses to and from the OpenDSP Bus, the Start Of Conversion (SOC) of ADCs and DACs,
the ADCs timings, the DACstimings, the ADC EOC signal generation.

Bi-directional Bus Lines Controller this block controls the bi-directiona bus lines (ADC
Data Bus and OpenDSP Data Bus); it controls also the auxiliary 1/0, present in the OpenDSP
Bus and not used in this board.

Wait Generator this block controls the MDB_nwAIT signal according to the timings of the
electronic devices mounted on board and controlled by the Control Unit. For more details about
the OpenDSP Bus signals, see[7].

The Control Unit

Some details about the Control Unit must be done. This block contains other blocks that carry out
specific jobs. The architecture of the Control Unit is shown in Figure 14.

\ 4
[, DAC SOC [ Bus b
Control Unit [ Arbiter — 9
7y — [ D&
— ] "0 & ]
»  ADC SOC % =
n » Control Unit Qg n
] Ooc 2,
5 - =
B> v | ‘D
..g,- ADC A A §
I= —> Control 8
Unit
| | OpenDSP Bus eoc [*
Write Manager Control Unit
) )

Figure 14 - The Control Unit architecture.

In details, each block performs the following function:

DAC SOC Control Unit this block controls the Start Of Conversion (SOC) for the DACs. It
generates three SOC signals, triggered by the Tciko, Teiki Signals (see [7] for more detalls
about the OpenDSP Bus signals) and via software.
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Bus Arbiter this block controls the direction of the ADC data bus, a signal used to control the
MDB_nWAIT line, the DACs control lines and the End Of Conversion (EOC) signal.

ADC SOC Control Unit this block controls the SOC for the ADC, generating it by the chosen
source: Tciko, TeLki Signals or via software.

ADC Control Unit this block controls the ADC by means of the ADC control lines, the ADC
data bus and the EOC signal. This block is strictly related to the IC of the ADC used.

EOC Control Unit this block generates the EOC signal used by the Bus Arbiter block to
generate the same signal used to generate an interrupt. It allows specifying until eight EOC
sources,; the EOC signal is generated if all the EOC sources selected has generated its signal.

OpenDSP Bus Write Manager this block is used to control an OpenDSP Bus write operation
and to set the internal registers according to the value written on the OpenDSP Data Bus. The
registers map isshownin Table 7.

OpenDSP Bus Read Manager this block is used to control an OpenDSP Bus read operation

based on the internal registers. The registers map is shownin Table 7.

Table 7 - The registers map of the OpenDSP General Purpose I/O ver. 1.1 original PLD software.

L ocation R/W Description

BASE + 0x00 R/W When read returns the ADC(0) value, when written sets the DAC(0)
value

BASE + 0xO01 R/W When read returns the ADC(1) value, when written sets the DAC(1)
value

BASE + 0x02 R/W When read returns the ADC(2) value, when written sets the DAC(2)
value

BASE + 0x03 R/W When read returns the ADC(3) value, when written sets the DAC(3)
value

BASE + 0x04 R/W When read returns the ADC(4) value, when written sets the DAC(4)
value

BASE + 005 R/W When read returns the ADC(5) value, when written sets the DAC(5)
value

BASE + 0X06 R/W When read returns the ADC(6) value, when written sets the DAC(6)
value

BASE + 0x07 R/W When read returns the ADC(7) value, when written sets the DAC(7)
value
When read returns the value of the DIGIN1 Bit15-BitO, when written

BASE + Ox08 R/ | sts the value of the DIGOUT1 Bit15-Bit0
When read returns the value of the DIGIN1 Bit31-Bit16, when written

0x09 . . '
BASE + OX R/W | sets the value of the DIGOUT1 Bit31-Bit16
BASE + Ox0A R/W | ADC Enable Register
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Table 7 — Cont.

L ocation R/W Description
BASE + OxOB R/W | ADC Configuration Register
BASE + 0x0C R/W | SOC/EOC Command Register

In order to minimize the work to interface the board with the existing system and focalize the
design only on new features, a designer needs to know how many blocks could be connected
together both in terms of number of logic gates and number of PLD pins used. Table 8 shows for
each block the number of logic cells (LCs) and the number of PLD pins used. Other functional
blocks can use some PLD pins also; the number of PLD pins used by other block is in brackets in
Table 8.

Table 8 - Number of logic cells and number of PLD pins used by each functional block in the PLD software. The
number of PLD pins used also by other functional blocks is in brackets.

Block name LCsused PLD pins
used
DAC SOC Control Unit 8 34 (34)
Bus Arbiter 18 26 (13)
ADC SOC Control Unit 7 34 (34)
ADC Control Unit 311 15 (2)
EOC Control Unit 19 1()
OpenDSP Bus Write Manager 77 29 (29)
OpenDSP Bus Read Manager 314 28 (12)

OpenDSP General Purpose I/0O Board ver. 1.1 softwar e ar chitectur e changes

In order to accomplish the technical specifications, some changes must be made to the PLD
software Control Unit block. These changes concern:

» thedigital 1/0 mapping;

» thecircuits to represent the encoders,

» theregisters used to represent the 1/0 board devices on the OpenDSP Bus.

All these changes can be grouped into a unique block named Encoder Controller and require
modifying the OpenDSP Read Manager, the OpenDSP Write Manager blocks and the main level of
the PLD software. The main level of the PLD software must be modified because the digital 1/0
mapping requires changing the type of the output stages and the PLD software designer allows this
operation only at thislevel.

Figure 15 shows as the new Encoder Controller block is inserted in the existing architecture of
the Control Unit.
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Figure 15 - The Control Unit with the changes required for the application object of these
Application Notes.

The changes listed can be justified by these considerations:

* thedigital /0 mapping each digital input and output line has a new meaning, as described in
“DIGINI cable” and “Implementation by using the OpenDSP System”, then the PLD internal
signals must change their names; moreover, in order to guarantee the drive capability of the
enable digital input and enable encoder lines, the PLD output stages must be changed in open
collector; also the digital inputs relative to the 0-24V Digital Input Interfaces must be
complemented because these signals are generated as described in “Digital Input Interfaces”.

» thecircuitsto represent the encoder s the encoder is used to measure the angular position of a
shaft; when the encoder is incremental, it is necessary to count the edges of the encoder signals
from a known time. This can be implemented by using a counter that can be reset (to get a
reference point) and that is incremented or decremented according to the rotation sense.

» theregisters each axis must contains:
« aregister for the counter that represents the encoder position;
« aregister for the latched value of the counter;

« a register to read the value of the 0-24V Digital Inputs and to set the value of the 0-24V
Digital Outputs;
+ aregister to enable the Digital Input Interfaces and the Differential Encoder Interfaces;

+ a register to force via software a latch command and a zero command of the encoder
counter.
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The new registers map isin Table 9.

Table 9 - The registers map of the OpenDSP General Purpose 1/0 ver. 1.1 PLD software for this application.

L ocation R/W Description
When read returns the ADC(0) value, when written sets the DAC(0)
S )

BASE + 0x00 R/W value that represents the AxisO Vrer

BASE + OxO1 R/W When read returns the AD_C(l) value, when written sets the DAC(1)
value that represents the Axisl Vgrer
When read returns the ADC(2) value, when written sets the DAC(2)

S 2 .

BASE + 0x0 R/W value that represents the AXis2 Vrer

BASE + 0x03 R/W When read returns the ADC(3) value, when written sets the DAC(3)
value

BASE + Ox04 R/W When read returns the ADC(4) value, when written sets the DAC(4)
value

BASE + OXO5 R/W When read returns the ADC(5) value, when written sets the DAC(5)
value

BASE + OXO06 R/W When read returns the ADC(6) value, when written sets the DAC(6)
value

BASE + OXO7 R/W When read returns the ADC(7) value, when written sets the DAC(7)
value

BASE + 0x08 - | Reserved

BASE + 0x09 - | Reserved

BASE + Ox0A R/W | ADC Enable Register

BASE + 0xO0B R/W | ADC Configuration Register

BASE + 0x0C R/W | SOC/EOC Command Register

BASE + Ox0D - | Reserved

BASE + OxOE R/W | Axes Configuration Register (default value 0x00)

BASE + OxOF R/W | Encoders Command Register (default value 0x00)

BASE + 0x10 R | AxisO Encoder Counter Current Value Register

BASE + Ox11 R | Axisl Encoder Counter Current Value Register

BASE + 0Ox12 R | Axis2 Encoder Counter Current Value Register

BASE + Ox13 - Reserved

BASE + Ox14 R | AxisO Encoder Counter Latched Value Register

BASE + Ox15 R | Axisl Encoder Counter Latched Value Register

BASE + 0x16 R | Axis2 Encoder Counter Latched Value Register

BASE + Ox17 - | Reserved
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Table9 — Cont.

L ocation R/W Description
BASE + 0x18 R/W | AxisO Digital 1/0 Register (default value 0x00)
BASE + 0x19 R/W | Axisl Digital 1/0 Register (default value 0x00)
BASE + Ox1A R/W | Axis2 Digital 1/0 Register (default value 0x00)
BASE + Ox1B - | Reserved
BASE + Ox1C

: - | Reserved
BASE + Ox1F

Having 32 registers mapped, the bIp_swITcH[0] isnot used. This DIP-SWITCH allows setting
the Bit5 base address of the OpenDSP General Purpose I/O Board ver. 1.1, that represents odd
addresses.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

a) - EDI2 EDI1 EDIO - EE2 EE1 EEOQ

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
b) - - L2 z2 L1 z1 LO z0

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
c) - OutAUX1|OutAUXO| Start | InAUX2 | InAUX1 | Reset FC

Figure 16 - a) The Axes Configuration Register bit meanings. b) The Encoders Command
Register bit meanings. c) The Axis0, Axis1 or Axis2 Digital I/O Register bit meanings.

The meanings of the Axes Configuration Register Bits are shown in Figure 16a. Set the Ee0 bit
to enable the AxisO Differential Encoder Interface, EE1 to enable the Axisl Differential Encoder
Interface, EE2 to enable the Axis2 Differential Encoder Interface. Similarly, set the ep10 bit to
enable the AxisO Digital Input Interface, EDI1 to enable the Axisl Digital Input Interface, EDI2 to
enable the Axis2 Digital Input Interface. Reset the bits to disable the relative interfaces.
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Figure 16b shows the meanings of the Encoders Command Register Bits. To force the reset of
the counter that represents the AxisO, Axisl or Axis2 encoder it is necessary to set and then reset
the Z0, Z1 or Z2 bit respectively. To force the latching of the counter that represents the Axis0,
AXxisl or Axis2 encoder it is necessary to set and then reset the LO, L1 or L2 bit respectively.

Figure 16¢ shows the meanings of the AxisO, Axisl or Axis2 Digital 1/0 Register Bits. Reading
this register, the most significant nibble is set to zero. Writing this register, the least significant
nibbleisignored.

The Encoder Controller

This block makes four functions:

» changes the assignment from internal registers to the DIGOUT1 connector;
» changes the assignment from the DIGIN1 connector to the internal registers;
* implements the counters to represent the encoders,

» generates the EOC signa according to the interface specifications of the EOC Control Unit
block.

The assignments are ssimply realized by changing the name of the signals.

The EOC signal is a pulse of duration 125 nsec, generated after 250 nsec from the edge of the
SOC,; the SOC signal isthe ADC SOC.

The signals of a bidirectional encoder are connected to an Encoder Unit block; more details
about this block are reported in “The Encoder Unit”. Notice that the latch command is generated
from the logic OR of the software command signal and the external digital signal, as required in
“Technical specifications”. The relative bit in the Axes Configuration Register controls the encoder
counter by means of thenc_ENABLE input (see “The Encoder Unit” for more details about the
interface of the Encoder Unit block).

The Encoder Unit

This block implements a counter that allows counting the edges of the A and B encoder signals in
order to provide information about the rotation of the encoder shatft.

This  block provides the counter value in a 16-bits output called
ENC_CURRENT_VALUE_REGISTER. It also provides the latched value in a 16-bits output named
ENC_LATCH_VALUE; the counter value is latched if a positive edge ofee LATCH_VALUE input
occurs. The counter value can be reset if a positive edge mi¢heero input occurs.

The encoder counter can be enabled or disabled according to the valuees€_theaBLE
input. Set the input to enable the encoder counter, reset it to disable the encoder counter.

The Encoder Unit block performs two main jobs. The first job, activated by a positive edge of
the clock, decides if the counter value must be incremented or decremented, according to the
sequence of the A and B encoder signals. The second job, activated by a negative edge of the clock,
increments or decrements the encoder counter, verify if a zero or latch commands are occurred and
performs the related operations. In both cases, if the board reset is asserted, the circuitry is reset.
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Thefirst job isrealized by mean of afinite state machine (FSM). Figure 17a showsthe A and B
encoder signals and the relate states of the FSM. Figure 17b shows the FSM; it is a Moore FSM.
The label on the oriented arcs indicates the combination of the encoder signals and, after the

commea, the sense of the count.

2 A

E \
8

o B

AB 10 1111 01 i00: 10 11101
State b c d a b c :d

a) b)

[}

g2 A

€32

S %5 —_

=N

06 B

AB 01 111 10 :00; 01 i11:10
State e f g h e fig

Figure 17 - &) The bidirectional encoder signals and the relate states of the finite state machine.
b) The finite state machine that implements the encoder counter.

The inputs are evaluated at each positive edge of the clock. If the inputs are not changed, the
state does not change and the counter is neither incremented nor decremented (in Figure 17b this
condition is not depicted). If the inputs change, the FSM goes in the new state and the counter is

incremented (+ in Figure 17b) or decremented (- in Figure 17b).
“Appendix B — The code of the Encoder Unit block” reports the source code of this block; it is
written in VHDL.

DSP software
Some changes are needed in the MatDSP ver. 3.2 in order to simplify the use of the new hardware.
However, these changes allow using all the software written for the MatDSP ver. 3.2; remember
that the first three analog outputs now have 10V output range.

MatDSP in Command Mode does not change, thus refer [8] for more information. Otherwise,
MatDSP in Programming Mode changes new constants, arrays and macros are provided.
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The constants

A new constant is defined for this application, see Table 10. This constant is added to the constants
defined for the OpenDSP General Purpose I/O ver. 1.1 (see [8] for more information).

Table 10 - Constants.

Constants Description

TOBOARD_NO_ENCODER This constant defines the number of encoders
(and then axes) present on board.

Thearrays

Some new arrays are defined for this application, see Table 11. These arrays are added to the
variables and arrays defined for the OpenDSP Genera Purpose I/O ver. 1.1 (see [8] for more
information).

Table 11 - Arrays.

Constants Description

ENC_CURRENT_CH[TOBOARD_NO_ENCODER] This array contains the encoder counters current
values, it can be update by caling the
read_current_value_enc() macro.

ENC_LATCHED_CH[TOBOARD_NO_ENCODER] This array contains the encoder counters latched
values, it can be update by caling the
read_latched_value_enc() macro.

ENC_DIGITAL_INPUT[IOBOARD_NO_ENCODER] | This array contains the Digital Inputs values; it
can be update by calling the
read_digital_input() macro.

The macros

Some new macros are defined for this application. These macros are added to the macros defined
for the OpenDSP General Purpose I/O ver. 1.1 (see [8] for more information).

The macros can be grouped in five sets:

* macros to configure the axes Differential Encoder Interfaces and the Digital Input Interfaces,
listed in Table 12;

* macros to force commands on the encoder counters, listed in Table 13;

* macros to read the encoder counters current and latched values and to read the digital inputs,
listed in Table 14;

* macrosto set and reset the digital outputs, listed in Table 15;
* macros to detect the configuration of the axes hardware, listed in Table 16.
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Each macro needs to specify only the axis that must be manipul ated.

Table 12 - Macros to configure the axes Differential Encoder Interfaces and the Digital Input | nterfaces.

Macro

Description

ENABLE_ENCODERS(ch)1?

This macro alows enabling the AxisO, Axisl or Axis2
Differentia Encoder Interface.

DISABLE_ENCODERS (ch)

This macro alows disabling the AxisO, Axisl or Axis2
Differential Encoder Interface.

ENABLE_DIAXIS(ch)

This macro alows enabling the AxisO, Axisl or Axis2
Digital Input Interface.

ENABLE_DIAXIS(ch)

This macro alows disabling the AxisO, Axisl or Axis2
Digital Input Interface.

SET_ENCODER_MODULE (ch,NumBits)

This macro sets the count module of the AxisO, Axisl or
AXis2 encoder counter; the module is a power of two and
NumBits specifies the exponent. The counter module is
set to OxFFFF by default if the 10BoardInit() function
is used.

Table 13 - Macros to force commands on the encoder counters.

Macro

Description

FORCE_ZERO_ENCODER (ch)?

This macro generates a pulse of the z0, z1 or z2 bit (see
Figure 16b for more details), according to the selected
axis.

FORCE_LATCH_ENCODER(ch)

This macro generates a pulse of the L0, L1 or L2 bit (see
Figure 16b for more details), according to the selected
axis.

1

ch=0,12

Possible values for the input arguments are:

NumBits =0,1,23,4,5/6,7,8,9 10, 11, 12, 13, 14, 15;

2 See footnote number 1 at page 28.
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Table 14 — Macros to read the encoder counters current and latched values and to read the digital inputs.

Macro

Description

read_current_value_enc(ch)3

This macro copies the AxisO, Axisl or Axis2 encoder
counter current value into the corresponding element of
the ENC_CURRENT_CH[] array.

read_latched_value_enc(ch)

This macro copies the AxisO, Axisl or Axis2 encoder
counter latched value into the corresponding element of
the ENC_LATCHED_CH[] array.

read_digital_input(ch)

This macro copies the AxisD, Axisl or Axis2 digital
inputs value into the corresponding element of the
ENC_DIGITAL_INPUT[] array.

Table 15 - Macros to set and reset the digital outputs.

Macro

Description

SET_START_BIT(ch)4

This macro sets the AxisO, Axisl or Axis2 start output
bit, according to the selected axis.

SET_OUTAUXO0_BIT(ch)

This macro sets the Axis0, Axisl or AXiS2 outAux0
output bit, according to the selected axis.

SET_OUTAUX1_BIT(ch)

This macro sets the AxisO, Axisl or AXis2 outAuxl
output bit, according to the selected axis.

RESET_START_BIT(ch)

This macro resets the AxisO, Axisl or AXis2 start
output bit, according to the selected axis.

RESET_OUTAUXO0_BIT(ch)

This macro resets the AxisO, Axisl or AXiS2 outAux0
output bit, according to the selected axis.

RESET_OUTAUX1_BIT(ch)

This macro resets the AxisO, Axisl or Axis2 outAuxl
output bit, according to the selected axis.

Table 16 - Macros to detect the configuration of the axes hardware.

Macro

Description

IS_ENC_ENABLED(ch)5

This macro returns 0x01 if the AxisO, Axisl or Axis2
Differential Encoder Interface is enabled, 0x00
otherwise.

4

5

See footnote number 1 at page 28.
See footnote number 1 at page 28.

See footnote number 1 at page 28.
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Table 16 — Cont.

Macro Description

IS_DIAXIS_ENABLED(ch) This macro returns 0x01 if the AxisO, Axisl or Axis2
Digital Input Interface is enabled, 0x00 otherwise.

An example of use
In order to illustrate how it is possible to use the macros given with this application, an example of
use is presented.

The program is named encecho.c and it is saved into the source directory of the MatDSP
library. It has been obtained by typing dspnew(‘encecho’) in the Matlab command window and
editing the obtained template file. The entire program source is reported in “Appendix C — The
source code of the MatDSP example”. In the next paragraphs, only the significant parts are
presented and commented.

Description of the program
The program must use all macros for each axis, in order to test each functionality. The test must be
controlled from the Matlab command window, by using the functions of the MatDSP toolbox.

The idea to use each macro consists to execute usérectr1() routine three operations:

+ read the encoder counter current values, the encoder counter latched value and set the axes
analog outputs;

» check the value of a variable changeable from the Matlab workspace and perform the
corresponding operation; this variable is narfiesiimand,;

* reset the value of thécommand variable, in order to detect a new command during the next
user_ctr1() call.

Notice that all the variables, changeable from the Matlab workspace, are float. This is due to
thedspvar () function of the MatDSP toolbox.

The user can be read and write the variables listed in Table 17.

Table 17 - Variables and arrays that can be read or written by the Matlab command window.

Variableor array Description

fEncCurrentvalue[] This array contains the encoder counters current values

fEncLatchedvalue[] This array contains the encoder counters latched values

fDigitalInput([] This array contains the digital inputs values

fCommand This variable forces the program to execute a particular
macro

fAnswer This variable is set after ams_ENC_ENABLED() of
IS_DIAXIS_ENABLED() macro execution.
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Variableor array Description
Arrayl[] This array is used to set the value of the axes analog
outputs.
Initialization

The source code executed during the user_init () iscomposed by three sections.
The first section initializes the encoder modules by using the SET_ENCODER_MODULE () macro:

/* Initialize the ADC on IOBOARD */
I0oBoardinit();
SET_ENCODER_MODULE(0,12)

The 10Boardinit() alows the initialization of the analog output gains and saturations as
described in [8]. This function call assures also that the encoder modules are initialized to OxFFFF.
In this example, the AxisO encoder module is set to 4095 because the exponential of power equal to
2 is set to 12. These operations must be performed always in order to set properly the encoder
modules.

The second section enables the Differential Encoder Interfaces and the Digital Input Interfaces
by using the ENABLE_ENCODERS () and ENABLE_DIAXIS() Macros:

/* Configure the axis digital inputs and encoders */
ENABLE_ENCODERS (0)

ENABLE_DIAXIS(0)

The third section initializes the array used to pass to Matlab the Digital Inputs values and
enables the interrupts generation.

Use of the macrosto read the encoder countersvalues

From this point, al the operations are performed in the user_ctr1() routine.

The user can use the read_current_value_enc() and read_Tlatched_value_enc() macros
to read the encoder counters current values and the encoder counters latched values. In the example,
these two macros are used asin aloop over al the axes:

/* Read all encoders */
for(i=0;i<IOBOARD_NO_ENCODER;i++)
{

read_current_value_enc(i);
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fEncCurrentvalue[i] = (float)ENC_CURRENT_CH[i];
read_latched_value_enc(i);
fEncLatchedvalue[i] = (float)ENC_LATCHED_CH[i];

Asdescribed in Table 14, the read_current_value_enc (i) storesthe encoder counter current
value in the ENC_CURRENT_CH[i] element. This can be passed to the Matlab workspace simply
assigning the value to afloat variable. Same steps can be performed for the latched value.

Use of the macrosto force commandsto the encoder counters

The user can use the FORCE_zZERO_ENCODER () and the FORCE_LATCH_ENCODER() macros to force
the reset of the encoder counters or to force the encoder counters latching. In the following, the
AXis0 encoder counter is reset and then the same counter is latched.

case 1: FORCE_ZERO_ENCODER(O);
break;

case 4: FORCE_LATCH_ENCODER(O);
break;

Use of the macrosto control the digital outputs

The user can use the SeT_START_BIT(), the RESET_START_BIT(), the SET_ouTAux0_BIT(), the
RESET_OUTAUXO0_BIT(), the seT_ouTAux1_BIT() and the SET_OUTAUX1_BIT() macros to set and
reset each Digital Outputs. In the following, the AxisO Digital Outputs are set and reset.

case 7: SET_START_BIT(0);
break;

case 8: RESET_START_BIT(0);
break;

case 13: SET_OUTAUXO_BIT(0);
break;

case 14: RESET_OUTAUXO_BIT(O);
break;

case 19: SET_OUTAUX1_BIT(O);
break;

case 20: RESET_OUTAUXl_BIT(O);
break;
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Use of the macrosto read the digital inputsvalues

The user can use the read_digital_input() macro to read the axes Digital Inputs value. In the
example, thismacro is used to read the AxisO Digital Inputs value:

case 25: read_digital_input(0);
fDigitalInput[0] = (float)ENC_DIGITAL_INPUT[O];
break;

As described in Table 14, the read_digital_input(i) stores the Digital Inputs value in the
ENC_DIGITAL_INPUT[i] element. This can be passed to the Matlab workspace ssmply assigning the
valueto afloat variable.

Use of the macros to enable and disable the Differential Encoder Interfaces and the Digital
Input Interfaces

The user can use the ENABLE_ENCODERS (), the DISABLE_ENCODERS (), the ENABLE_DIAXIS() and
the pIsABLE_DIAXIS() macros to enable and disable the Differential Encoder Interfaces and the
Digital Input Interfaces. In the following, the AxisO Differential Encoder Interface and the Digital
Input Interfaces are enabled and disabled.

case 28: ENABLE_ENCODERS(O);
break;

case 31: DISABLE_ENCODERS(O);
break;

case 34: ENABLE_DIAXIS(O);
break;

case 37: DISABLE_DIAXIS(0);
break;

Use of the macros to know the state of the Differential Encoder Interfaces and the Digital
Input Interfaces

The user can use the 1S_ENC_ENABLED() and the IS_DIAXIS_ENABLED() macros to know the state
of the Differential Encoder Interfaces and the Digital Input Interfaces. In the following, if the AxisO
Differential Encoder Interface is enabled the fAanswer variable is set to 0.1; if the Digital Input
Interfacesis enabled the fanswer variableis set to 0.4.

case 40: if (IS_ENC_ENABLED(0) == 1) fAnswer = 0.1;
break;
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case 43: if (IS_DIAXIS_ENABLED(0) == 1) fAnswer = 0.4;
break;

Usethetest program from the Matlab command window

Before to use the program, it is necessary to load and start the program executable in the OpenDSP
System. This can be done by typing in the Matlab command window:

* dspload(‘encecho’) this function is a MatDSP toolbox function that loads a program in the
OpenDSP System,

* dspstart this function is a MatDSP toolbox function that starts a program previous loaded in
the OpenDSP System.

Now it is possible to interact with the program in execution on the OpenDSP System.
For example, if the user want disable the Axisl Differential Encoder Interface, he must typein
the Matlab command window:

dspvar(‘fcommand’,32)

If the user want read the Axis2 Encoder counter current value, he must type in the Matlab
command window:

dspvar(‘fEncCurrentvalue’)
Notice that it is possible to use the dspscope to monitor this variable.
If the user want latch the Axisl Encoder counter and read its value, he must type in the Matlab

command window:

dspvar(‘fcommand’,5)
dspvar(‘fencLatchedvalue’)

If the user want reset the AxisO Encoder counter, he must type in the Matlab command
window:

dspvar(‘fcommand’, 1)
If the user want set the Axis2 Start output, he must type in the Matlab command window:
dspvar(‘fcommand’,12)

If the user want read the AxisO Digital Input value, he must type in Matlab command window:
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dspvar(‘fcommand’,25)
dspvar(‘fbigitalInput’)

If the user want know the state of the Axisl Digital Input Interfaces, he must type in the Matlab
command window:

dspvar(‘fAnswer’,0)
dspvar(‘fcommand’,44)
dspvar(‘fAnswer’)
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Appendix A — The board layouts
In this section the board layouts are presented. In each figure the sizes are in millimeters; in square
brackets sizesin mils are reported.

Figure 18 shows the AxisO Interface Board layout with the board sizes and the drills position.
Figure 19 shows the prototype realized and highlights functional blocks.

Figure 20 shows the Axis 1 Interface Board layout with the board sizes and the drills position.
Figure 21 shows the prototype realized and highlights functional blocks.

Figure 22 shows the Axis 2 Interface Board layout with the board sizes and the drills position.
Figure 23 shows the prototype realized and highlights functional blocks.

Figure 24 shows the Analog Interface Board layout with the board sizes and the drills position.
Figure 25a shows the component side of the prototype realized, whereas the Figure 25b shows the
solder side.
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Figure 18 - AxisO Interface Board layout. The measures are in millimeters (milsin brackets).
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Figure 19 - The AxisO Interfaces Board component side of the prototype realized for this
application.
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Figure 21 - The Axisl Interfaces Board component side of the prototype realized for this

application.
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Figure 23 - The Axis2 Interfaces Board component side of the prototype realized for this

application.
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Figure 24 - Analog Interface Board layout. The measures are in millimeters (milsin brackets).
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Figure 25 - a) The Analog Interfaces Board component side of the prototype realized for this
application. b) The Analog Interfaces Board solder side of the prototype realized for this
application.
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-- Politecnico di Torino - CSPP - LIM
Feded et S de kSt de e de e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ek e ek e ek ek

-- Encoderunit.vhd - Basic Unit to interface an encoder

-- Library block to control a single encoder. This block allows to control the 16-bit

-- counter, that represents the encoder, by using the A,B and z typical lines. The counter
-- 1is increased or decreased of one unit at each edge of the A or B lines, according to the
-- time sequence depicted in the following schemes:

-- The axis turns in clockwise sense -> the counter
-- must be increased

— A ————
-- — | | l— |

-- B - - - -
-- I — l— | l— |

-- The axis turns in counter clockwise sense -> the counter
-- must be decreased

- A N
-- | | | l— | | |

- B [

-- Other features are:
-- + possibility to disable the encoder machine;

-- + possibility to reset the counter if the z lines or an internal signal (i.e. control-
-- led by a register) has a positive edge.

Fededkdededefehdede ek dedede SRS d S hdedSehdeded e hdedde SRS d SR N ded e R deded SRS dSeSehded SN dede SR dedede e dede SN dede e dedede etk

-- rev. 1.0 - 28/10/1998 Andrea Delmastro

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_arith.all;

ENTITY Encoderunit IS

PORT
-- Board signals
CLK : IN STD_LOGIC;
-- Board clock
-- General Encoder Input signals
ENC_A_INPUT : IN STD_LOGIC;
-- Typical Encoder A signal
ENC_B_INPUT : IN STD_LOGIC;
-- Typical Encoder B signal
ENC_Z_INPUT : IN STD_LOGIC;
-- Typical Encoder z signal
-- Encoder Registers
ENC_CURRENT_VALUE_REGISTER : INOUT STD_LOGIC_VECTOR(15 downto 0); -- Current
value of the internal counter
ENC_LATCH_VALUE T ouT STD_LOGIC_VECTOR(15 downto 0); --

Internal counter Tatched value
-- Open-DSP Bus signals
ODSPB_NRESET :IN STD_LOGIC;
-- Main reset (Tow active)
-- Encoder Unit control signals

ENC_ENABLE . . _t IN STD_LOGIC;
-- If '0" the counter increments machine is disabled
ENC_LATCH L. . T IN STD_LOGIC;
-- A positive edge latches the internal counter value
-- into the latch register
ENC_ZERO L o _ ot IN STD_LOGIC
-- A positive edge force the initializzation of the counter
-- to 0x0000

) .
END Encodérunit;

ARCHITECTURE EncoderArchitecture OF Encoderunit IS
SIGNAL ENC_ZERO_OR_Z_INPUT ! STD_LOGIC;
-- Logic OR of the ENC_ZERO and ENC_Z_INPUT signals
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SIGNAL PREVIOUS_ZERO ] :
-- Memory of the previous value of the ENC_ZERO_OR_Z_INPUT
SIGNAL PREVIOUS_LATCH

-- Memory of the previous value of the ENC_LATCH 1ine

SIGNAL NOT_CLK

BEGIN

STD_LOGIC;
STD_LOGIC;

STD_LOGIC;

-- Invertion of the clock
SIGNAL  INCREMENT

STD_LOGIC;

-- A positive edge causes the increment of the internal counter
SIGNAL  DECREMENT :

STD_LOGIC;

-- A positive edge causes the decrement of the internal counter
SIGNAL STATE_COUNTER
Counter of the finite state machine

STD_LOGIC_VECTOR(2 downto 0);

-- Build the internal signals: the zero command and the clock source for the
-- finite state machine.
ENC_ZERO_OR_Z_INPUT <= ENC_ZERO OR (ENC_Z_INPUT AND ENC_ENABLE);
-- Invert the clock to sinchronize the the two processes.

NOT_CLK <= NOT CLK;

PROCESS (CLK, ODSPB_NnRESET)

BEGIN

IF (ODSPB_NRESET = '0') THEN

-- Set the state machine counter
STATE_COUNTER <= "000"

-- set the counter controllers
INCREMENT <= '0'

DECREMENT <= 'O';

ELSIF (CLK'EVENT AND CLK = '1') THEN

-- Manage the encoder A and B signals
IF (ENC_ENABLE = '1') THEN

Iif the encoder is enabled, it's possible to check
- the transitions of the typ1ca1 encoder signals, 1in
order to control the current value of the internal
counter. This is implemeted by means of a Finite
State Machine depicted into the documentation.

REMEMBER THAT: .
The ENC_A_INPUT and ENC_B_INPUT follows this rules:

The axis turns in clockwise sense -> the counter
must be increased

A - - - -
S [ | l— | |
B - - - -
I l— | l— | l— |
The axis turns in counter clockwise sense -> the counter
must be decreased
A - - - -
— [ [ l— |
B

The internal counter 1is controlled by means of a finite state ma-
chine (FsM) that controls two internal lines: INCREMENT and DECREMENT.
In the second process (see the end of this file), the internal

counter is incremented or decremented according to the value of

these Tines. Note that these lines are reset in this process

if the encoder is disabled or it's impossible to recognise a

correct transition of ENC_A_INPUT and ENC_B_INPUT for the particu-
lar state in which the FSM is stopped.

BEGIN OF THE FINITE STATE MACHINE IMPLEMENTATION

(ENC_A_INPUT = '1' AND ENC_B_INPUT = 'O' AND STATE_COUNTER = "000™) THEN

-- From A to B w1th one internal counter increment
INCREMENT <= H

DECREMENT <= '0';

STATE_COUNTER <= "001";

i

ar

ELSIF (ENC_A_INPUT = '1l' AND ENC_B_INPUT = '1' AND STATE_COUNTER = "001") THEN
-- From B to C with one internal counter increment
INCREMENT <= '1'
DECREMENT <= '0'
STATE_COUNTER <= "011";
ELSIF (ENC_A_INPUT = 'O' AND ENC_B_INPUT = 'l' AND STATE_COUNTER = "011") THEN
-- From C to D with one internal counter increment
INCREMENT <= '1';
DECREMENT <= '0';
STATE_COUNTER <= "010";
ELSIF (ENC_A_INPUT = 'O' AND ENC_B_INPUT = 'O' AND STATE_COUNTER = "010") THEN
-- From D to A with one internal counter increment
INCREMENT <= '1';
DECREMENT <= '0"';
STATE_COUNTER <= "000";
ELSIF (ENC_A_INPUT = 'O' AND ENC_B_INPUT = 'l' AND STATE_COUNTER = "000") THEN
Document Author(s):  Andrea Delmastro
Document Title: The OpenDSP General Purpose I/O ver. 1.1 to control three motor axes
File name: T:\o-dsp-en\verl.1\Docs\The OpenDSP General Purpose 10 ver. 1.1 to control three motor

Created: 10/11/98 19.29

Last editing: 23/12/98 18.28 Page 42 of 48



Center for Prototyping Services N
Mechatronics Laboratory

i

-- From A to E with one internal counter decrement
INCREMENT <= '0';
DECREMENT <= '1"';
STATE_COUNTER <= "100";
ELSIF (ENC_A_INPUT = '1' AND ENC_B_INPUT = '1' AND STATE_COUNTER = "100™) THEN
-- From E to F with one 1internal counter decrement
INCREMENT <= '0';
DECREMENT <= '1"';
STATE_COUNTER <= "110";
ELSIF (ENC_A_INPUT = '1' AND ENC_B_INPUT = 'O' AND STATE_COUNTER = "110™) THEN
-- From F to G with one internal counter decrement
INCREMENT <= '0';
DECREMENT <= '1"';
STATE_COUNTER <= "111";
ELSIF (ENC_A_INPUT = '0' AND ENC_B_INPUT = 'O' AND STATE_COUNTER = "111") THEN
-- From G to H with one internal counter decrement
INCREMENT <= '0';
DECREMENT <= '1"';
STATE_COUNTER <= "101";
ELSIF (ENC_A_INPUT = '0O' AND ENC_B_INPUT = '1' AND STATE_COUNTER = "101") THEN
-- From H to E w1th one 1internal counter decrement
INCREMENT <= '0'
DECREMENT <= '1'-
STATE_COUNTER <= "100";
ELSIF (ENC_A_INPUT = '1' AND ENC_B_INPUT = 'O' AND STATE_COUNTER = "101") THEN
-- From H to B w1th one 1internal counter decrement
INCREMENT <= '0'
DECREMENT <= '1'-
STATE_COUNTER <= "001";
ELSIF (ENC_A_INPUT = 'l1' AND ENC_B_INPUT = '1' AND STATE_COUNTER = "111") THEN
-- From G to C with one internal counter decrement
INCREMENT <= '0';
DECREMENT <= '1"';
STATE_COUNTER <= 011",
ELSIF (ENC_A_INPUT = '0' AND ENC_B_INPUT = '1' AND STATE_COUNTER = "110™) THEN
-- From F to D with one internal counter decrement
INCREMENT <= '0';
DECREMENT <= '1"';
STATE_COUNTER <= "010";
ELSIF (ENC_A_INPUT = '0' AND ENC_B_INPUT = 'O' AND STATE_COUNTER = "100™) THEN
-- From E to A with one internal counter increment
INCREMENT <= '1';
DECREMENT <= '0';
STATE_COUNTER <= "000";
ELSIF (ENC_A_INPUT = '1' AND ENC_B_INPUT = 'O' AND STATE_COUNTER = "011") THEN
-- From C to G with one internal counter decrement
INCREMENT <= '0';
DECREMENT <= '1"';
STATE_COUNTER <= "111";
ELSIF (ENC_A_INPUT = 'O' AND ENC_B_INPUT = 'O' AND STATE_COUNTER = "001") THEN
-- From B to H with one 1internal counter decrement
INCREMENT <= '0'
DECREMENT <= '1'-
STATE_COUNTER <= "101";
ELSIF (ENC_A_INPUT = 'l1' AND ENC_B_INPUT = '1' AND STATE_COUNTER = "010™) THEN
-- From D to F with one internal counter decrement
INCREMENT <= '0';
DECREMENT <= '1"';
STATE_COUNTER <= "110";
ELSE
INCREMENT <= '0';
DECREMENT <= '0';
END IF;

-- END OF THE FINITE STATE MACHINE IMPLEMENTATION

ELSE
INCREMENT <= '0';
DECREMENT <= '0';
END IF;
END IF;
END PROCESS;

-- This process is clocked by the inverted clock and it's purpose is update the
-- Tlatch and zero PREVIOUS signals and control the internal counter.
PROCESS (NOT_CLK, ODSPB_NRESET)
BEGIN
IF (ODSPB_NRESET = '0') THEN
-- At the reset, all the registers are initializzated
PREVIOUS_ZERO <= '0';
PREVIOUS_LATCH <= '0';
ENC_CURRENT_VALUE_REGISTER <= "0000000000000000";
ELSIF (NOT_CLK'EVENT AND NOT_CLK = '1') THEN
-- At each clock stroke, it updates the memory of the zZERO command
IF (ENC_ZERO_OR_Z_INPUT = '0O') THEN
PREVIOUS_ZERO <= ENC_ZERO_OR_Z_INPUT;
END IF;
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-- Manage the reset command

IF (ENC_ZERO_OR_Z_INPUT = '1' AND PREVIOUS_ZERO = 'O') THEN
-- If the reset command occurs, the internal counter must be reset.
ENC_CURRENT_VALUE_REGISTER <= "0000000000000000";
PREVIOUS_ZERO <= '1';

ELSIF (ENC_Z_INPUT = 'l' AND ENC_ENABLE = 'O') THEN
-- If the encoder is disabled and the encoder zero input 1is high, it's
-- necessary to delete the reset request.
PREVIOUS_ZERO <= '1';

ELSE
-- If no reset command occured, it's possible to manage the internal counter.
-- Manage the internal counter to increment its value.
IF (INCREMENT = '1') THEN

ENC_CURRENT_VALUE_REGISTER <= UNSIGNED(ENC_CURRENT_VALUE_REGISTER) + 1;
END IF;
-- Manage the internal counter to decrease its value.
IF (DECREMENT = '1') THEN
ENC_CURRENT_VALUE_REGISTER <= UNSIGNED(ENC_CURRENT_VALUE_REGISTER) - 1;

END IF;

END IF;

-- At each clock stroke, it updates the memory of the LATCH command

-- and eventually of the internal counter Tatch value

IF (ENC_LATCH = "'0') THEN
PREVIOUS_LATCH <= ENC_LATCH;

END IF;

IF (ENC_LATCH = '1l' AND PREVIOUS_LATCH = '0') THEN
ENC_LATCH_VALUE <= ENC_CURRENT_VALUE_REGISTER;
PREVIOUS_LATCH <= "1';

END IF;

END IF;
END PROCESS;

END EncoderArchitecture;
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Appendix C — The source code of the MatDSP example

/%

This template file was created by MatDSP v.3.2
*/

#include "matdsp.h"

/*
Authors: Andrea Argondizza, Andrea Delmastro
Date: 24/05/98
Last editing: 16/12/98
Purpose: Copy the three encoders values

/% # DO NOT EDIT THIS LINE */

Place here below your own INCLUDE and DEFINE

statements

/******************************************************i
[EEFEsdxxEt place here below your own GLOBAL VARIABLES *

*****************/
*****************/

float fEncCurrentvalue [ TOBOARD_NO_ENCODER] ;
float fEncLatchedvalue [ IOBOARD_NO_ENCODER] ;
float  fDigitalInput[IOBOARD_NO_ENCODER];
float fCcommand = 0, fAnswer = O;

[Fmmm - End of global variables section --------------—-—--coc——— */

Fedekdede ek dedede SRS d Sk ded e hdededeSehded SR ded SR N ded e dedde e hdede ekt h R

/*?***** :% user'§ INITIALIZATION ROUTINE T dededde St d
void user_init(void)

Fekhdede ek deded ekl d kX
*****************/

int i;

SET_TASK_ID(11); /* User encoder echo */
SET_SYSTEM;

/* Initialize the ADC on IOBOARD */
I0Boardinit();

IO1_AXIS_CONF_REG = 0x00;
SET_ENCODER_MODULE(0,12)
SET_ENCODER_MODULE(1,12)
SET_ENCODER_MODULE(2,12)

/* Configure the axis digital inputs and encoders */
ENABLE_ENCODERS (0)

ENABLE_ENCODERS (1)

ENABLE_ENCODERS (2)

ENABLE_DIAXIS(0)

ENABLE_DIAXIS(1)

ENABLE_DIAXIS(2)

/* Initialize the fDitalInput array */
for(i=0; 1 <ITOBOARD_NO_ENCODER; i++)
fbigitalInput[i] = 0.0;

/* Enable the INT2 and INT3 generation */
EnabTeINT23 = ENABLE_ODSPB_INT23;

1

VACEEEE T End of user_init() ---------—---—-——mm */
- /
/* User's INTERRUPT-CALLED ROUTINE (at any sampling time) * */

void user_ctrl(void)
int 1;

/* Read all encoders */
for(i=0;i<IOBOARD_NO_ENCODER; i++)
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read_current_value_enc(i);
fEncCurrentvalue[i] = (float)ENC_CURRENT_CHI[i];
read_latched_value_enc(i);
fEncLatchedvalue[i] = (float)ENC_LATCHED_CH[i];

/* Update DAC outputs */
OUT_CH[i] = arrayl[il;
write_da(i);

}

Each macro can be tested according to the value written into fCommand */
/* by the host. )
?witch ((int) fcommand)

case 1: FORCE_ZERO_ENCODER(0);

break;

case 2: FORCE_ZERO_ENCODER(1);
break;

case 3: FORCE_ZERO_ENCODER(2);
break;

case 4: FORCE_LATCH_ENCODER(0);
break;

case 5: FORCE_LATCH_ENCODER(1);
break;

case 6: FORCE_LATCH_ENCODER(2);
break;

case 7: SET_START_BIT(0);
break;

case 8: RESET_START_BIT(0);
break;

case 9: SET_START_BIT(1);
break;

case 10: RESET_START_BIT(1);
break;

case 11: SET_START_BIT(2);
break;

case 12: RESET_START_BIT(2);
break;

case 13: SET_OUTAUXO_BIT(0);
break;

case 14: RESET_OUTAUXO_BIT(0);
break;

case 15: SET_OUTAUXO_BIT(1);
break;

case 16: RESET_OUTAUXO_BIT(1);
break;

case 17: SET_OUTAUXO_BIT(2);
break;

case 18: RESET_OUTAUXO_BIT(2);
break;

case 19: SET_OUTAUX1_BIT(0);
break;

case 20: RESET_OUTAUX1_BIT(0);
break;

case 21: SET_OUTAUX1_BIT(1);
break;

case 22: RESET_OUTAUX1_BIT(1);
break;

case 23: SET_OUTAUX1_BIT(2);
break;

case 24: RESET_OUTAUX1_BIT(2);
break;

case 25: read_digital_input(0);
gDiglta1Input[0] = (float)ENC_DIGITAL_INPUT[O];
reak;
case 26: read_digital_input(1);
gDiglta1Input[l] = (float)ENC_DIGITAL_INPUT[1];
reak;
case 27: read_digital_input(2);
fDigitalInput[2] = (float)ENC_DIGITAL_INPUT[2];

break;

case 28: ENABLE_ENCODERS(0);
break;

case 29: ENABLE_ENCODERS(1);
break;

case 30: ENABLE_ENCODERS(2);
break;

case 31: DISABLE_ENCODERS(0);
break;

case 32: DISABLE_ENCODERS(1);
break;

case 33: DISABLE_ENCODERS(2);
break;

case 34: ENABLE_DIAXIS(0);
break;
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case 35: ENABLE_DIAXIS(1);

break;
case 36: ENABLE_DIAXIS(2);
break;
case 37: DISABLE_DIAXIS(0);
break;
case 38: DISABLE_DIAXIS(1);
break;
case 39: DISABLE_DIAXIS(2);
break;
case 40: if (IS_ENC_ENABLED(0Q) == 1) fanswer = 0.1;
break;
case 41: if (IS_ENC_ENABLED(1) == 1) fAnswer = 0.2;
break;
case 42: if (IS_ENC_ENABLED(2) == 1) fanswer = 0.3;
break;
case 43: nf (ﬁE_DIAXIS_ENABLED(O) == 1) fAnswer = 0.4;
reak;
case 44: nf (ﬁf_DIAXIS_ENABLED(l) == 1) fAnswer = 0.5;
reak;
case 45: if (IS_DIAXIS_ENABLED(2) == 1) fAnswer = 0.6;
break;
1
/* reset the command variable. %/
) fcommand = 0.0;
VACEETE T End of user_ctr1() ---------—--————mm - */
/ TR e.--,w.--,w.--,w.-f.--,w.--,w.--,&-,w.--,w.--,w.--,&-,w.--,w.--,w.-1.--,w.--,.w.--,w.-f.--,w.--,w.--,.&-,w.--,w.--,.w.--k-,
/ User's BACKGROUND ROUTINE (not related with sampling time)
¥oid user_background(void)

S dede ek dedede ek dede e ek dede ek dedede e dede ek dede SN ded e deded e ded etk

VA * User's STOP ROUTINE (called at dspstop command) ***
void user_stop(void)

* * User's RESTART ROUTINE (called at dspgo command) *¥#*%*%*
¥o1d user_restart(void)
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