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ACRONYMS

CAN
CANopen®
DM

EA

ECU
EMI
ISO
LSB
MAP
OsSlI

PC
PGN
PID
PWM
RS-232
SAE J1939

uSB
utP

Controller Area Network

CAN-based higher layer protocol supported by CAN in Automation (CiA)
Diagnostic message. Defined in J1939/73 standard

The Axiomatic Electronic Assistant, P/Ns: AX070502 or AX070506K. The EA is
a PC application software from Axiomatic, primary designed to view and
program Axiomatic control setpoints through CAN bus using J1939 Memory
Access Protocol

Electronic Control Unit

Electromagnetic Interference

International Organization for Standardization

Less Significant Byte

Memory Access Protocol. Defined in J1939/73 standard

Open System Interconnection

Personal Computer

Parameter Group Number. Defined in J1939 standard
Proportional-integral-derivative (regulator)

Pulse-width modulation

PC serial port interface

CAN-based higher level protocol designed and supported by Society of
automobile Engineers (SAE)

Universal Serial Bus

Un-shielded twisted pair
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1 INTRODUCTION

The following manual describes the controller software architecture, network functionality, setpoint
and firmware programming of the 1 Analog Signal Input CAN Controller. The manual is intended to
provide users with all necessary information for programming of custom solutions on the base of
this controller.

The user should check whether the application firmware installed in the controller is covered by this
user manual. It can be done through CAN bus using Axiomatic Electronic Assistant (EA) software.
The user manual is valid for application firmware with the same major version number as the user
manual. For example, this user manual is valid for any converter application firmware V3.xx.
Updates specific to the user manual are done by adding letters: A, B, ..., Z to the user manual
version number.

The controller supports SAE J1939 CAN interface. It is assumed, that the user is familiar with the
J1939 group of standards; the terminology from these standards is widely used in this manual.
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2 CONTROLLER DESCRIPTION

The controller is designed to convert a physical signal from its universal input into one or several
J1939 CAN signals transmitted on the CAN bus. The universal input accepts: voltage, current,
resistance, frequency, PWM duty cycle, and discrete levels.

The 1 Analog Signal Input CAN Controller belongs to a family of Axiomatic user-customizable
smart controllers. The programmable internal architecture provides users with an ultimate flexibility,
allowing them to build their own custom controller with a required functionality from a set of
predefined internal functional blocks using PC-based Axiomatic EA software.

All application programming is performed through CAN interface, without disconnecting the
controller from the user’s system.

Besides reading control signals transmitted on the CAN bus, the controller can also transmit a CAN

application message carrying signals internally generated by the controller. This feature can be
used for monitoring and debugging purposes.
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3 CONTROLLER ARCHITECTURE

From the software prospective, the controller consists of a set of internal functional blocks, which
can be individually programmed and arbitrarily connected together to achieve the required system

............................................................................................................................

Voltage,

Current, | yniversal C Global
Re3|stance,§ Input Binary Parameters
Frequency, : I: Function

PWM, ——>
Discrete

Level :> | :I —

PID
Control
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Message
Y Conversion
Function

Im[

The default controller configuration can be
different from the one shown here. -

.
...........................................................................................................................

< J1939 CAN Bus v >

I Logical Input I:I Logical Output

As an example, the logical output of the Universal Input functional block is connected to the logical
input of the CAN Output Message functional block, providing a direct path for the input signal to the
controller CAN output.

Figure 1.The Controller Internal Structure

Each functional block is absolutely independent and has its own set of programmable parameters,
or setpoints. The setpoints can be viewed and changed through CAN using Axiomatic Electronic
Assistant (EA) software.
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There are two types of the controller functional blocks. One type represents the controller
hardware resources, for example the Universal Input functional block. The other type is purely
logical — these functional blocks are included to program the user defined functionality of the
controller. The number and functional diversity of these functional blocks are only limited by the
system resources of the internal microcontroller. They can be added or modified on the customer’s
request to accommodate user-specific requirements.

The user can build virtually any type of a custom control by logically connecting inputs and outputs
of the functional blocks. This approach gives the user an absolute freedom of customization and
an ability to fully utilize the controller hardware resources in a user’s application.

Depending on the block functionality, a functional block can have: logical inputs, logical outputs or
any combinations of them. The connection between logical inputs and outputs is defined by logical
input setpoints. The following rules apply:

e Alogical input can be connected to any logical output using a logical input setpoint.

e Two or more logical inputs can be connected to one logical output.

e Logical outputs do not have their own setpoints controlling their connectivity. They can only

be chosen as signal sources by logical inputs.

To provide data flow between logical inputs and outputs, all logical output signals are normalized to
[0;1] data range using the following equation:

Yn = (Y — Ymin) / (Ymax — Ymin),

where: Yn — normalized output value,
Y — original output value,
Ymax — maximum output value,
Ymin — minimum output value.

The original output values are restored, if necessary, at the logical inputs using the following
reverse linear transformation:

X =Xn ¢ (Xmax — Xmin) + Xmin,

where: X — original restored input value,
Xn — normalized input value, Xn=Yn,
Xmax — maximum input value, Xmax=Ymax,
Xmin — minimum input value, Xmin=Ymin.

All functional blocks have (Xmax, Xmin) and (Ymax, Ymin) setpoint pairs controlling the
normalization process. They will be called “normalization parameters” further in the setpoint
descriptions.

For discrete logical inputs and outputs the normalization parameters are not required, since the
discrete signals can take only two values: {0,1}. When a regular logical output of a functional block
is connected to a discrete logical input, it is assumed that the input values below 0.5 represent
state 0 and above 0.5 — state 1:

Discrete Logical Input | Logical State

<0.5 0
>0.5 1

UMAX030530. 1 Analog Signal Input CAN Controller. Version 3E. Page: 7-44



For additional flexibility, in a majority of functional blocks, logical input signals can be inverted
using the following inversion function:

Inv(Xn,l), le {Yes,No},
Inv(Xn,l)={1-Xn, if I=Yes; Xn, if I=No}
In addition to signal values in the range of [0;1], the logical inputs and outputs also carry

information on the state of the data source. This information can show that the source is not
available or there is an error in data, or the data source is in a special state.

When the data source does not carry a valid data, the output signal value is always set to 0 and
the inversion operation on the signal in suppressed. In this case, instead of the signal value, the
logical signal carries a signal state code, associated with its signal state, see the table below:

Signal State 333:' Xn Signal State Code [nFT e (AT
’ Xn’=Inv(Xn,Yes) Xn’=Inv(Xn,No)
Valid Data [0;1] 0 1-Xn Xn
Special 0 0...4294967295 0 0
(0...0xFFFFFFFF) —
Special State Code
Error 0 0...4294967295 0 0
(0...0xFFFFFFFF) —
Error Code
Not Available 0 0 0 0

The states of the data source other than the “Valid Data” are primary used by CAN functional
blocks to report that a CAN input signal is absent on the bus, is out of range, etc. Other functional
blocks usually use only the “Error” state to show an error condition.

3.1 Universal Input

The Universal Input functional block has one logical output providing a normalized input signal
from the physical input to other functional blocks of the controller.

Voltage, Current, Universal

Resistance, Input

Frequency, Universal

PWM,

Discrete Level Input .
>

|:>|:

The functional block setpoints are presented in the following table:

Default . .
Name Value Range Units | Description
Input Parameter Voltage {Input Disabled, Voltage, - Type of the universal input
Current, Resistance, electrical parameter to be
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Default

Name Y Range Units | Description
alue
Discrete Voltage Level, measured
Frequency, PWM Duty
Cycle}
Voltage Range Auto-range | {Auto-range, 0...10V, - Signal range for Voltage
0...5v,0...2.5V, 0...1V} measurements
Current Range Auto-range | {Auto-range, 0...20mA, - Signal range for Current
4...20mA} measurements
Resistance Range Auto Range | { Auto Range, 0...1500hm, | — Signal range for Resistance
0...8000hm, 0...2.5kOhm, measurements
0...8kOhm, 0...25kOhm,
0...80kOhm, 0...250kOhm}
Frequency Range 10Hz...1kHz | {10Hz...1kHz, - Signal frequency range for
100Hz...10kHz} Frequency and PWM Duty
Cycle measurements
Pull-Up/Pull-Down Disabled {Disabled, 10kOhm Pull-Up, | — Connection of the pull-up/pull-
Resistor 10kOhm Pull-Down} down resistor for: Discrete
Voltage Level, Frequency and
PWM Duty Cycle
measurements
Analog Input Filter Both: 50Hz | {Disabled, 50Hz noise - Input filter for: Voltage,
and 60Hz rejection, 60Hz noise Current and Resistance
noise rejection, Both: 50Hz and measurements
rejection 60Hz noise rejection}
Debounce Input 1.78us {Disabled, 111ns, 1.78us, - Debounce input digital filter
Filter 14.22ps} for Frequency and PWM Duty
Cycle measurements
Digital Input Polarity | Active High | {Active High, Active Low} - Input polarity for Discrete
Voltage Level and PWM Duty
Cycle measurements
Vmax — Maximum 5.0 [0...10], but Vmax>Vmin \% Normalization parameters for
Input Voltage Voltage measurements
Vmin — Minimum 0.0 [0...10], but Vmin<Vmax \%
Input Voltage
Imax — Maximum 20.0 [0...20], but Imax>Imin mA Normalization parameters for
Input Current Current measurements
Imin — Minimum 0.0 [0...20], but Imin<Imax mA
Input Current
Rmax — Maximum 250.0 [0...250], but Rmax>Rmin kOhm | Normalization parameters for
Input Resistance Resistance measurements
Rmin — Minimum 0.0’ [0...250], but Rmin<Rmax kOhm
Input Resistance
Fmax — Maximum 1000.0 [0...10000], but Fmax>Fmin | Hz Normalization parameters for
Input Frequency Frequency measurements
Fmin — Minimum 0.0? [0...10000], but Fmin<Fmax | Hz
Input Frequency
Dmax — Maximum 100.0 [0...100], but Dmax>Dmin % Normalization parameters for
Duty Cycle PWM Duty Cycle
Dmin — Minimum 0.0 [0...100], but Dmin<Dmax % measurements
Duty Cycle
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' Resistance bellow 20 Ohm is measured as 0 Ohm, when the Resistance Range is set to Auto Range or
0...1500hm range.
2 Frequencies bellow 9.5Hz for 10Hz...1kHz range (95Hz for 100Hz...10kHz range) are measured as 0 Hz.

Signal ranges should comply with the normalization parameters, unless the Auto-range is selected.
Setting, for example, voltage range to 0...1V and Vmin=5V, Vmax=10V will result in the logical
output being equal to 0.0 independently of the input voltage. In the Auto-range mode, the correct
range is selected automatically based on the normalization parameters for voltage and current
measurements or the actual resistance value for resistance measurements. For the previous
example, with Vmin=5V and Vmax=10V, the voltage range will be automatically set to 0...10V.

Please note, that the Auto-range is not available for the Frequency and PWM Duty Cycle
measurements. The user should choose a correct frequency range independently of the
normalization parameters. If the frequency of the input signal is beyond the specified frequency
range, the output signal of the functional block will be in the Error state.

3.1.1 Voltage Input

To acquire a voltage signal, the user should set: Input Parameter — to Voltage, Voltage Range — to
the expected signal range or Auto-range, Vmin and Vmax — to the minimum and maximum voltage
acquired by the functional block.

Usually, Vmin and Vmax are set to cover the entire signal range. For example, for Voltage Range
equal to 0...5V: Vmin=0 [V] and Vmax=5 [V]. For some applications, however, they can be set
inside the signal range. For example, if there is a +5V potentiometer input, setting Vmin=0.1[V] and
Vmax=4.9 [V] will ensure that the minimum and maximum potentiometer positions will be clearly
identified.

The voltage signal, as well as all other analog signals, is sampled every 1.1(1) ms. By default, it is
filtered by a running average filter, which is adjusted using the Analog Input Filter setpoint. The
parameters of the filter are provided below:

Analog Input Filter Number of points | Averaging Period [ms]
Disabled - .

50Hz noise rejection 18 20

60Hz noise rejection 15 16.6(6)

Both: 50Hz and 60Hz noise rejection | 90 100

3.1.2 Current Input

The current signal is acquired the same way as a voltage signal. The user should set: Input
Parameter — to Current, Current Range — to the expected current signal range or Auto-range, Imin
and Imax — to the minimum and maximum current that will be output as a logical signal by the
functional block.

The user should also define the filter type using the Analog Input Filter setpoint.
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Please, remember that the unit acquires current by measuring a voltage drop on an internal
1240hm reference resistor. The value of this resistor should be within the acceptable range for the
current source.

3.1.3 Resistance Input

The Universal Input functional block can be set to measure resistance by setting the Input
Parameter setpoint to Resistance, Resistance Range — to Auto Range or a specific range, and
Rmin, Rmax normalization parameters — to the required resistance range.

Analog input filter is also used for resistance measurements. It is recommended that the Analog
Input Filter setpoint be set to the value rejecting both: 50Hz and 60Hz industrial noise.

When the Resistance Range setpoint is set to Auto Range, a special algorithm is used to
dynamically switch between resistance ranges to ensure that the resistance value is measured
with the best accuracy and resolution, see the table below:

. . o Switching to

Resistance ek Vel ) rizhing !o it the Higher Initial Resistance

the Auto Range Lower Resistance .
Range Resistance Value

Mode Range R

ange

0...150 Ohm >150 Ohm - 150 Ohm <150 Ohm
0...800 Ohm 100 Ohm ...800 Ohm | 100 Ohm 800 Ohm 150 Ohm ...800 Ohm
0...2.5 kKOhm 500 Ohm ...2.5 kOhm | 500 Ohm 2.5 kOhm 800 Ohm... 2.5 kOhm
0...8 KOhm 1.5 kOhm ...8 kOhm 1.5 kOhm 8 kOhm 2.5 kOhm...8 kOhm
0...25 KOhm 5 kOhm ...25 KOhm 5 kOhm 25 kOhm 8 kOhm... 25 kOhm
0...80 kKOhm 15 kOhm...80 kOhm 15 kOhm 80 kOhm 25 kOhm...80 kOhm
0...250 kOhm | >50 kOhm 50 kOhm - > 80 kOhm

When the measurements start, the resistance range is first determined based on the initial
resistance value. Then, the resistance range is adjusted according to the results of the subsequent
measurements. The ranges overlap to avoid frequent switching in the vicinity of the range ends.

Switching from one resistance range to another takes some time. It should be taken into
consideration, since the logical output update of the Universal Input functional block is suppressed
during this time to avoid transients in the output data.

The switching time can be estimated as a sum of a resistance range switching delay, which is
equal to 150ms, and an averaging period of the Analog Input Filter. For the default 50Hz and 60Hz
noise rejection setting of the Analog Input Filter, the switching time is: 150ms+100ms=250ms.

When switching between resistance ranges is not desirable, the user can use one of the
predefined resistance ranges, which includes Rmin and Rmax values.

3.1.4 Frequency and PWM Input

The user can set the Universal Input to measure frequency or PWM input signal using the Input
Parameter setpoint. The user should define the frequency range of the input signal by the
Frequency Range setpoint and set the Fmin, Fmax or Dmin, Dmax normalization parameters.
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The polarity of the input signal is set by the Digital Input Polarity setpoint. The user can also apply
a pull-up or pull-down resistor by the Pull-Up/Pull-Down Resistor setpoint and change the
debounce input filter settings using the Debounce Input Filter setpoint to filter out parasitic spikes
that can be present in the noisy input signal.

Be aware, that the debounce filter settings can affect accuracy of the frequency and PWM signal
acquisition at high frequencies. For example, for the 10 kHz PWM signal, setting the Debounce
Input Filter to 14.22us will result in 14.22% additional error in the output data.

For the Frequency and PWM Duty Cycle input modes the Universal Input functional block will
output an error code if the frequency of the input signal is beyond the selected frequency range.
The signal value, in this case, will be 0.

Frequency Range Input Frequency Error Code
<9.155 Hz 0
10Hz...1kHz > 1.2 kHz 1
<91.55 Hz 0
100Hz...10kHz > 12 kKHz 1

This error code can be acquired through the CAN bus when the logical output of the Universal
Input is connected to the CAN Output Message functional block.

For the Duty Cycle measurements, a special algorithm will identify a loss of the PWM frequency
carrier as 0% or 100% valid PWM signal depending on the Digital Input Polarity setpoint and the
actual digital state of the input.

3.1.5 Discrete Voltage Level Input

The discrete voltage level input mode is the simplest mode of the Universal Input functional block.
It is intended to input control signals mainly from switches and buttons.

To activate this mode the user should set the Input Parameter setpoint to the Discrete Voltage
Level and define the polarity of the input signal by the Digital Input Polarity setpoint.

The user can also apply a pull-up or pull-down resistor by the Pull-Up/Pull-Down Resistor setpoint.
The debouncing time for the input signal in this mode is fixed and set to 100ms.
3.2 Conversion Function

The Conversion Function functional block allows the user to perform a linearization of an input
signal, apply a user-defined control profile, and to do a hotshot control, if necessary.

There are two Conversion Function blocks available in the current version of the controller. Each
function block one logical input, one output and implements a function:

Yn = F(Xn),

where:
Xn — normalized input signal (can be inverted by the inversion function),
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Yn — normalized output signal.

Conversion
Function #1,2

i I+

The function F(x) is defined using a piecewise linear approximation in up to 11 points. Each point is
presented by three parameters:

Pi = (Statei, Xni, Yny), i = 0... 10,

where: Pi — i-th point of the function F,
Statei— state of the i-th point. Statei € {Off, On},
Xni— normalized input value at the i-th point.
Yni— normalized output value at the i-th point.
If the Statei=0ff, the point is not active and is not used in the function approximation.

The function values between active points (with Statei=On) are defined the following way:
Yn=Aj*Xn+Bj,j=0...N,N<10,
Aj = (Ynj = Yng+1)) / (Xnj — Xng+1)) ,
Bj = (Yng+1) * Xnj = Yn;j ¢ Xng+1)) / (Xnj = Xng+1)) ,
Xn e [Xnj; Xng+1)[, State;=0n, State;+1)=0n.
where: Aj, Bj — linear approximation coefficients between j and (j+1) active points.

N — number of active points.

The Conversion Function functional block is also capable to implement a hotshot control. For this
purpose the user can specify two values for the last, 10-th, function point. The first value is a
normalized output value at the 10-th point and the second one is the value that will be assigned to
the output if the input remains Xn =1.0 for a hotshot time.

The Conversion Function functional block has the following set of setpoints:

Name 3::3:“ Range Units | Description
Input Source Not Any logical output of any - Defines a source of the input
Connected | functional block or “Not signal Xn
Connected”
Input Inversion No {Yes, No} - Specifies, whether the input
signal Xn is inverted
Point 0 State On - - Statey. Read only parameter
Point 0 X 0 - - Xno. Read only parameter
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Default

Name Range Units | Description
Value

Point0Y 0 [0;1] - Yno

Point 1 State Off {Off, On} - State+

Point 1 X 0.1 [Xno; Xn2] - Xn1

Point 1Y 0 [0;1] - Yni

Point 2 State Off {Off, On} - State>

Point 2 X 0.2 [Xn4; Xn3] - Xnz

Point 2 Y 0 [0;1] - Yn,

Point 3 State Off {Off, On} - States

Point 3 X 0.3 [Xn2; Xn4] - Xns

Point 3 Y 0 [0;1] - Yn3

Point 4 State Off {Off, On} - States

Point 4 X 0.4 [Xn3; Xns) - XNy

Point 4 Y 0 [0;1] - Yns

Point 5 State Off {Off, On} - States

Point 5 X 0.5 [Xn4; Xne) - Xns

Point5Y 0 [0;1] - Yns

Point 6 State Off {Off, On} - States

Point 6 X 0.6 [Xns; Xn7] - Xne

Point6'Y 0 [0;1] - Yns

Point 7 State Off {Off, On} - Stater

Point 7 X 0.7 [Xne; Xng] - Xnz

Point 7Y 0 [0;1] - Yny

Point 8 State Off {Off, On} - States

Point 8 X 0.8 [Xn7; Xng] - Xng

Point 8 Y 0 [0;1] - Yng

Point 9 State Off {Off, On} - Stateg

Point 9 X 0.9 [Xng; Xn1o] - Xng

Point9Y 0 [0;1] - Yno

Point 10 State On - - Stateqo. Read only parameter

Point 10 X 1 - - Xn1o. Read only parameter

Point 10 Y 0 [0;1] - Ynio

Hotshot Delay 0 0...10000 ms Undefined if 0

Hotshot Y 0 [0;1] - Yno, if Xn=1.0 for

Time>Hotshot Delay, and

Hotshot Delay # 0

3.3 PID Control

To provide the user with means to build generic closed loop PID regulators, two PID Control

functional blocks were added to the controller.
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A PID Control functional block has: setpoint and feedback inputs, manual control mode and a reset
input to bring the regulator into its initial state. The user can also adjust the time resolution for fast
or slow responding closed loop systems.

Xn(t i PID
9 Setpoint i control
Input P2
PVn(t) il Feedback i Yn(t)
Input : I: —>
PID Control
-------------------------- é Output
Rn(t) :
I Reset
Input

The normalized output of the PID Control functional block Yn(t), as a function of time, can be
described by the following formula:

Yn(t)=Clip(Y(t)),
Y(t) = Pe[ e(t) + 1/TieJe(t)dt - ToedPVn(t)/dt ],
where:
Clip(Y(®)={Y (1), if 0<Y(t)<1; 0, if Y(1)<0; 1, if Y(t)>1} — clipping function;
e(t) = Xn(t) — PVn(t) — error function, where
Xn(t) — normalized setpoint variable, set by the Setpoint Input,
PVn(t)— normalized process variable, set by the Feedback Input,
P — proportional gain,
Ti — integral time,
To— derivative time.

All PID Control logical inputs can be inverted.

To avoid saturation of the output due to the integral term of the PID regulator, an anti-windup
algorithm is implemented. The integrator is stopped when the output saturates and the error
function moves the output to further saturation:

e Y(t)>1 and e(t)>0 or

e Y(t)<0 and e(t)<O0.
When the Reset Input is activated, the integral part of the PID regulator is reset to zero and the
output of the PID Control functional block is brought to zero, too:

[e(t)dt=0, Y(t) =0, when Rn(t)>0.5,
where:
Rn(t) — normalized reset variable, set by the Reset Input.

Setpoints of the PID Control functional block are presented in the following table:
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Name \[;:r::" Range Units | Description
Setpoint Input Not Any logical output of any - Source of a setpoint input
Source Connected | functional block or “Not signal
Connected”
Setpoint Input No {Yes, No} - Specifies, whether to invert
Inversion the setpoint signal
Feedback Input Not Any logical output of any - Source of a feedback input
Source Connected | functional block or “Not signal
Connected”
Feedback Input No {Yes, No} - Specifies, whether to invert
Inversion the feedback signal
Reset Input Source | Not Any logical output of any - Source of a reset input signal.
Connected | functional block or “Not The signal brings the
Connected” regulator into its initial state.
Reset Input No {Yes, No} - Specifies, whether to invert
Inversion the reset signal
Manual Control No {Yes, No} - Put the PID control in a
manual control mode. In this
mode the PID regulator is off
and the PID output is equal to
the value of the “Manual
Control Output” setpoint
Manual Control 0.5 [0;1] - Output of the PID control in
Output the manual control mode
Proportional Gain 1.0 [0;100000] - Proportional PID parameter
Integral Time 0.1 [0;100000] S Integral PID parameter
Constant
Derivative Time 0.01 [0;100000] s Derivative PID parameter.
Constant Derivation from the process
variable is used.
Time Resolution 0.001 [0.001;10] s Time interval between PID
control cycles

3.4 Binary Function

There are five Binary Function functional blocks added to the controller to support advanced

control algorithms. Each Binary Function functional block takes two logical input signals, scales
them, and performs an arithmetic or logical operation. Then it outputs the result, which can be

scaled as well.

Xn1

Input #1

Aq

Xn2 I
Ao

Input #2

Binary

Function

#1...5 Yn
Aout —>
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The normalized output signal Yn of the Binary Function functional block can be presented by the
following formula:

Yn=Clip(Y),
Y = Aout'F[A1°Xn1, A2eXn2]
where:
Clip(Y)={Y, if 0<Y<1; 0, if Y<O0; 1, if Y>1} — clipping function;
Xn1, Xn2 — normalized signal values of the input sources (can be inverted);
A1, A2 — input scale coefficients;
Aout — output scale coefficient;
F[x, y] — binary function of the scaled input signals: x=A1eXn1, y=Az2*Xn2.

In case one of the input sources is not connected, the output signal of the functional block is not
available and its signal value is equal to Yn=0.

The Binary Function functional block has the following set of setpoints:

Name 3::3:“ Range Units | Description
Input #1 Source Not Any logical output of any - Source of the input #1 signal
Connected | functional block or “Not
Connected”
Input #1 Inversion No {Yes, No} - Specifies, whether to invert
the input #1 signal
Input #1 Scale 1.0 Any value - Input #1 signal scale
coefficient
Input #2 Source Not Any logical output of any - Source of the input #2 signal
Connected | functional block or “Not
Connected”
Input #2 Inversion No {Yes, No} - Specifies, whether to invert
the input #2 signal
Input #2 Scale 1.0 Any value - Input #2 signal scale
coefficient
Function + {+, *,+, Max, Min, OR, AND, | — Binary function of the input #1
XOR, <, 5, =, >, 2} scaled signal and the input #2
scaled signal
Output Scale 1.0 Any value - Output signal scale coefficient

The binary functions F[x,y] have the following implementation specifics.
In the division function, to avoid ambiguity in dividing by O, the dividend and the divisor are not
allowed to be less than &:
F&) [x,y] = max(x,5)/ max(y,d),
where: 6 =1.0E-6 is a specially introduced computational constant.
For logical functions {OR, AND, XOR} values Xi>0.5 (i=1,2) are treated as 1 (true) and Xi<0.5 — as
0 (false).
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To minimize influence of computational errors during normalization, comparison functions {<, =, >}
are defined the following way:

FO [x,y] = {1, if x < y+8; 0, if x> y+8 },
FO) [x,y] = {1, if [x-y|< §; 0, if |x-y|> &},
FO) [x,y] = {1, if x> y-8; 0, if x< y-5 }.

3.5 Global Parameters

The Global Parameters functional block gives the user access to the controller supply voltage and
the microcontroller internal temperature as well as to a set of four constant logical outputs. These
outputs can be used by other functional blocks as constant input sources. For example, they can
be used to set up threshold values in Binary Function functional blocks.

Global Supply Voltag:e
Parameters | |
=] Microcontroller Internal Temperature
Constant .................................... :
Output =0.0 :I [[| Constant Output #1
Constant —
Output =1.0 :I 7] Constant Output #2

Two out of four constant logical outputs are user programmable. Other two represent logical one
and logical zero outputs.

Please note, that the supply voltage, provided by the Global Parameters functional block, is not the
voltage on the controller power supply pins. It is an internal voltage measured after the reverse
polarity protection and filtering circuit. It is always less than the actual power supply voltage by
approximately 0.4...0.8 V.

The setpoints for the Global Parameters functional block are presented in the following table:

Name Default Value | Range Units | Description

Constant Output #1 | 0.0 [0...1] - Logical output with a constant
value.

Constant Output #2 | 0.0 [0...1] - Logical output with a constant
value.

Vsmax — Max 100 - \% Normalization parameters for

Supply Voltage the inclinometer supply

Vsmin — Min Supply | 0 - Vv voltage. Read only

Voltage parameters.

Tmax — Max 150 - °C Normalization parameters for

Microcontroller the microcontroller embedded
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Name Default Value | Range Units | Description

Temperature temperature sensor. Read
only parameters.

Tmin — Min 50 _ °C yp

Microcontroller

Temperature

3.6 CAN Input Signals

There are three CAN Input Signal functional blocks supported by the controller. Each functional
block can be programmed to read single-frame CAN messages and extract CAN signal data
presented in virtually any user-defined signal data format. The functional block then outputs the
signal data to its logical output for processing by other functional blocks of the controller.

A CAN Input CAN Input
Signal #1...3 I: Signal
> —

A\ J1939 CAN Bus

The CAN Input Signal functional block has an ability to filter out signals transmitted only from a
selected address. This way, it can be bound to a specific ECU on the CAN network. It can also
automatically reset the input signal data in case the signal has been absent or lost for more than a
specific period of time.

CAN application specific messages transmitted by the controller itself are also processed by this
functional block. The only difference in processing of the internal messages