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ABSTRACT TO THE DISCLOSURE

The present invention concerns an integrated bus simulator
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computer of the
software so as

aircraft.
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"Digital bus simulator integrated in a system for automatically

testing electronic packages embarked on an aircraft"

FIELD OF THE INVENTION
The present 1invention concerns a digital bus simulator

integrated 1n a system for automatically testing electronic

packages embarked on an aircraft.

BACKGROUND OF THE INVENTION

An aircratt contains various systems carrying out specific
functions : weather radar, processing of flight parameters,
electric generation, etc. These systems are composed of one ox
several electronic packages interconnected by communication
links known as "Buses" and which in the aeronautical field are
described by standards lodged at ARINC (Aeronautical
Standardization office). Thus, for example, the standard ARINC
708 describes the weather radar system and the standard 717
describes the flight parameters acquisition system. Other buses
comply with more general usage standards (for example, RS 232,
422 and 485 are standards published by the Electronic
Industries Association), certain systems internally comprising
buses particular to a package manutacturer.

A digital  Dbus is thus a device for transmitting
information between two systems. The information * to Dbe
transmitted is digitized and may be represented by a series of
O's and 1's.

The digital buses mainly differ from one another via the

following two characteristics :

-~ the physical level which concerns the nature of the

signals used and the way of coding binary information : for
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example, a condition 1 is represented by a voltage of 5 volts
and a condition 1 by a voltage of 0 volts;

- the protocol level which concerns additional information
added to the 1initial message : these enable the recipient
system to receive the initial information with the level of the
desired security, for example the adding of a parity bit

calculated from the transmitted binary information.

An automatic testing system intended to maintain
electronic packages embarked on an ailrcraft 1s able ¢to

determine if a given package is operational and 1f the digital

buses still observe thelr original specifications.
The following functions are required to veritfy the proper

functioning ot a bus :

- generation of information on the bus in accordance with
the protocol ;

- generation of information containing an error (non-
observance of the protocol or tolerances concerning the
signals) so as to check the proper functioning of the security
of the system under test ;

- recording of information derived from the system being
tested, said information being recovered by the computer of the
automatic test system and analysed by the test program ;

- recording of protocol errors derived from the tested
system; ’

- generation of synchronization signals so as to carry out

measurements relating to an event on the bus.

In order to maintain a fleet, an airline company needs to
have this automatic test system. A system of this type shall be
able to recreate around the package to be tested an environment

identical to the one existing on the aircraft.
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In order to test the packages embarked on an aircratt and
connected by digital buses complying with different standards,
the automatic test systems of the prior art are constituted by
integrating a large number of simulation instruments, each
being dediceated to a bus standard.

However, these systems have a 1large number of drawbacks
and in particular :

- the multiplication of the number of simulation
instruments is expressed by an increase of the cost of the test
system (each instrument has its own production cost) ;

- the reliability and availability rate of the system
deteriorates if the number of instruments increases ;

- a test system confronted during its functional life with
the appearance on the market of new packages having buses not
covered by the initial instruments shall of necessity integrate
an additional instrument ;

- the size of the test system is encumbered by the amount
ot instruments.

The invention concerns a digital bus simulator integrated
in an automatic test system able to carry out with a single
instrument the simulation of various types of the digital buses

of an aircraft.

SUMMARY OF THE INVENTION

To this effect, the present invention offers® a bus
simulator integrated in a system for automatically testing
electronic packages embarked on an aircraft including a
computer, wherein it is able to be reconfigured under the
control of the computer of the system by reconfigquring its
hardware and software so as to simulate the digital buses used

on the aircratt.

The software and hardware are preferably downloaded.
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Moreover, the bus simulator of the invention appears 1in the
form of a single instrument.

This instrument preferably comprises an electronic card
provided with two microprocessors, several memory banks and
reconfigqurable logic circuits. The first microprocessor ensures
communication with the computer of the test system by observing
the communication protocols ; the second microprocessor ensures
the management of the used bus by executing the applicative
software downloaded into the first memory ; a first interface
receives the system bus signals or VXI ; a similar second
interface is able to deliver simulated bus signals. Downloaded
into the volatile-memory configqurable circuits are wired 1logic
automata required to simulate the bus. The second memory 1is
accessible via the second microprocessor and the automata. The
logic required to embody the control of this second memory 1is
also implemented in a reconfigurable logic circuit.

The digital bus simulator of the invention 1is thus a
simulation instrument able to be reconfigured under the control
of the computer of the automatic test system (reconfiguration
of its hardware and software) so as to simulate a large number
of digital buses used on the aircratt.

The simulator of the invention is able to carry out with a
single instrument the simulation of several different buses
(several different standards can be simulated by the
instrument).

By only producing a single instrument, the cost® of the
system is optimized, as well as its spatial requirement. The
reliability of the system is improved and maintenance 1s
facilitated : replacements no 1longer <concern a single
instrument.

The simulator of the invention can be adapted to new bus
standards by merely modifying the reconfiguration information

downloaded by the computer of the system, this intervention

SP 8362.69 DB
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being without any common measurement with the integration of an

additional simulation instrument.

In one advantageous embodiment example, the simulator of
the invention includes

- A VXI Dbus 1interface module embodying the hardware

interfacing with a VXI bus ;

- a central unit communications module comprising the
circulits authorizing exchanges of information between the two
processors of the simulator and with the controller of the VXI
bus;

- an application central unit carrying out the

configuration and operational functions of the buses to be

simulated ;

- a bus simulation module which autonomously carries out
the transmission and receiving functions on the simulated
buses, as well as the function for storing the exchanged
information, this functional module being reconfigurable
according to the buses to be simulated ;

- an analog interface module embodying the analog material
adaptation of the buses ;
one first bus carrvying the hardware triggering signals between
the VXI bus and the application central processing unit, a
second bus carrying the hardware trigqgering signals between the
application central processing unit, the bus application

simulation module and the analog interface module.

The central processing unit communications module
comprises :

- a VXI shared memory ;

- a double port shared memory ;

- an asynchronous events module ;

- a "watchdog" module ;

- a control register.

SP 8362.69 DB
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This module containing the hardware elements allows for
the exchange of information between the VXI bus, the VXI
interface module and the application central processing unit.

The application central processing unit includes :

certral processing unit ;

local working memory ;

programmable variable clock module ;

module for processing exceptions ;

O o M QU D

system clock module and various ports ;

- a hardware triggering signal management module connected

to the first and second buses,

one output of this central processing unit being connected to
the central processing unit communications module and another
output being connected to the bus application simulation
module, this application central processing unit providing the
material resources required for exploiting the bus simulators,
as well as the bus processor which ensures the exploitation of
the simulated buses.

The digital bus simulation module comprises all the
hardware required to autonomously carry out information
exchanges on the simulated buses and includes :

- a bus insolation module, LCA bus decoding, and simulator
reglisters ;

- A DMA controller and dating clock module ;

- & reconfigurable bus simulation module ;

- an exchange memory ;

- a data bus translator module ;

- specialized peripheral units ;

- line adaptation circuits ;
the inputs and outputs of this module being connected
respectively to the application central processing unit, the
second bus of the material triggering signals and to the analog

interface card, the final output delivering the simulated bus

SP 8362.68 DB
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signals.

BRIEF DESCRIPTION OF THE DRAWINGS

- Figuxre 1 1llustrates an automatic test system of the
prior art ;
- Figures 2 to 5 illustrate an embodiment example of the

digital bus simulator of the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown on fiqure 1, an automatic test system includes in
particular :

- a computer 10 : this computer 1is provided with a
software which makes 1t possible to develop and execute the
test programmes. It 1s connected to the instrumentation 1it
controls via one or several system buses ;

- system buses 11, 13 : the computer 10 of the test system
communicates with the instrumentation 12, 14 via several buses,
for example via the following buses :

* an MXI 11 bus : bus developed by National
Instrument and designed to interconnect several VXI 12 chassis
and with various types of computers,

* an IEEE 488 13 bus : standard bus to communicate
with the instrumentation 14 ;

- instrumentation modules 12, 14 : the instruments
integrated on the test system for the most part comply with the
VXI standard (extension of the VME bus for the
instrumentation). These instruments appear in the form of
electronic cards or possibly in the traditional form of

laboratory instruments ;

- a switching module 15 : the switching complies for

example with the ARINC 608 standard ; it is able to switch the
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signals derived from the package under test towards the

instrumentation of the system.

The automatic test system defined above comprises a
digital bus -simulator.

The various digital buses used on an aircraft differ by
virtue of the physical characteristics of the signal (voltage,
frequency...) and by the protocol used (setting up o0f binary
information frames). Certain characteristics can be controlled
by a microprocessor ; the frames o0of the ARINC 708 system are,
for example, generated with a time interval of 7.82 ms. For
these characteristics, the adaptation to a new type o0f Dbus
assumes that the applicative software of the instrument be
changed depending on the bus to be simulated. Certain
characterstics can be controlled by a wired logic automaton
(for example, the binary information present on the WXR bus 1is
emitted at a flow of eight million pieces of information per
second). For these characteristics, the adaptation to a new
tyvype of bus assumes that the wired logic of the automaton be
changed.

According to the invention, the digital bus simulatox, as
shown on figure 2, comprises an electronic card 30 provided
with two microprocessors, several memory banks and
reconfigurable logic circuits.

The first microprocessor is integrated in an interface
module 31. The second microprocessor is integrated in a‘*central
processing unit module 34. The memory banks are distributed 1in
the interface module 31 and in the central processing unit
communication module 33, the application central processing
unit 34 module and the bus simulation module 35.

The first microprocessor ensures communication with the
computer of the test system by observing the communication

protocols, such as those defined by the VXI standard.
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The second microprocessor ensures management of the buses
used by executing the applicative software downlocaded into a
first memory.

The first module 31 receives the signals from a bus 32,
ftor example.a VXI type bus. An analog interface module 36 1is
able to deliver simulated bus signals 39.

Wired 1logic automata required to simulate the bus are
downloaded into the module 35. They may, for example, be of the
FPGA (Field Programmable Gate Array) ¢type able to Dbe
configured by a volatile memory (LCA component, that is "Logic
Cell Array" produced by XILINX).

A second memory is accessible by the second
microprocessor. The automata are wired 1logic automata. The
logic required to control this memory (DMA circuit) 1is also
implemented in a reconfigurable logic circuit. This
reconfiguration of the internal management mechanisms o0f the
bus simulator is required so as to be adapted to the speed
requirements specific to each simulated digital bus. (For
example, when the bus simulator is used for several RS 232
buses, i1t is necessary to download a DMA circuilt able to manage
8 channels with a cycle time of 800 nanoseconds. When the bus
simulator is used to simulate a WXR bus, it 1is necessary to
download a DMA circuit with a cycle time of 200 ns).

The architecture of the digital bus simulator is able to
download into the latter the applicative software and the wired
logic of the automata able to simulate a new digital bus.

Advantageously, the digital bus simulator of the invention
is a card complying with the VXI standard (VMEbus Xtensions for
instrumentation) able to simulate the digital buses RS 232, RS
422, RS 485, ARINC 708, ARINC 717, DSDL, WXR, IO discreet on
two channels simulataneously.

So as to embody a wired logic automaton on an electronic

card, there are a 1large number of means available : for
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example, via an assembling of packages ensuring the elementary
logic functions and connect these packages by the tracks of the
printed circuit.

As 1ntegration requirements are currently 1increasing,
there is al=s0o a search to integrate this logic inside PAL, GATE
ARRAY, FPGA or ASIC type circuits. All these families of
integrated circuits are intended to allow for the integration
of a logic function defined by the user. These circuits differ
by the complexity of the function able to be inteqgrated (number
of equivalent gates), the speed of operation, and the
"programming" mode making it possible to "etch"™ the function 1in
the integrated circuit (example : for the most complex, namely
the ASICS, it is necessary to use a silicon founder).

FPGA type volatile memory-configurable integrated circuits
are structured as follows. They have configurable logic blocks
and means to interconnect these blocks. Moreover, they possess
a configuration memory whose contents determine the 1logic
equations of each block, the links between blocks and the links
with the inputs and outputs of the circuit. Thus, 1t 1s
possible to establish correspondence between the contents of
the configuration memory and a 1logic function (automaton)
filled by the integrated circuit.

For the moment, it is assumed that the automatic test
system containing the bus simulator of the 1invention 1is
implemented : the computer of the automatic test system
executes a test program. This program implements the siiulation
of a particular digital bus. The computer contains in its bulk
memory a set of files. Each file represents the contents of the
confiquration memory of the FPGA circuit and is associated with
an automaton. Depending on the bus to be simulated, the
computer establishes the configuration of the bus simulator
with the corresponding set of ftiles.

A protocol for communication between the bus simulator and
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the computer of the test system is defined so that this file is
communicated to the microprocessor of this sub-system which is
in direct relation with the FPGA circuit. This microprocessor
receives the order to configure the FPGA circuit ; it then
carries out-a specific sequence on downloading (this sequence
1s described in the documentation of the component). It uses
the 1inputs and outputs of the FPGA circuit provided for this
function and transfers the data of the £file into the
configuration memory. When all the data has been transferred,
the FPGA circuit passes into the operational mode and fulfils
on 1its outputs and inputs the 1logic function defined by its
configuration memory.

In the embodiment example shown on figure 2, the digital
bus simulator of the invention is composed of several modules :

- a VXI bus 1interface module 31 which embodies the
hardware interfacing with a VXI bus 32. This module is embodied
around a DT9150 module from the Intertface Technology
manufacturer which is provided with a 68000 microprocessor ;

- a central processing unit module 33 which comprises the
circuits authorising the exchange of information between the
two processors of the simulator and with the controller of the
VXI bus;

- an application central processing unit 34 which 1s
architectured around a 68020 microprocessor, this module
carrying out the functions for configuring and exploiting the
buses to be simulated; ’

- a bus simulation module 35 which autonomously carries
out the emission and receiving functions on the simulated buses
and the function for storing the exchanged information ; this
functional module can be reconfigured depending on the buses to
be simulated ;

- an analog interface module 36 which carries out the

analog hardware adaptation of the A717, A708, WXR and DSDL
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buses. It consists of a card connected to the main card of the
bus simulator by means of several connectors.

A first bus 37 known as a "TTL Trigger" bus, carries the
hardware triggering signals between the VXI bus and the
application tentral processing unit 34.

A second bus 38, known as a “Trigger" bus, carries the
hardware triggering signals between the application central
processing unit 34, the bus application simulation module 35
and the analog interface module 36.

As shown on figure 3, the central processing unit
communications module 33 comprises :

- a VXI shared memory 41 of 64 K x 16 bits ;

- a twin port shared memory 42 of 2K x 16 bits ;

- an asynchronous events module 43 (based, for example, on
a 68901 type circuit) ;

- a "watchdog" module 44, for example a MAX 699 CPA
circuilt ; .

- a control register 45 (initialization of the central
processing unit module 34, management of the "watchdog").

This module 33 contains the hardware elements allowing for
the exchange of information between the VXI bus, the VXI
interface module and the application central processing unit.

The application central processing unit shown on figure 4
includes :

- a central processing unit 51 (for example, a 68020 type
microprocessor) and its decoding logic (based on PAL 22V10) ;

- a local working memory 52 of 256 K x 32 bits ;

- a programmable variable clock module 53 (for example, a
FPGA XC3090 circuit associated with voltage-controlled
oscillators) ;

- a module 54 for processing exceptions ;

- a system clock module 55 and various ports based on an
MC 68901 circuit ;

SP 8362.69 DB
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~ a hardware triggering signal management module 58 (for
example, an FPGA XC 3090 circuit) connected to two buses : to
the first "TTL Trigger" bus 37 and to the second "Trigger" bus
38.

The output 59 is connected to the central processing unit
communications module 33 and the output 60 is connected to the
bus application simulation module 35.

This application central processing unit furnishes the
material resources required for exploiting the bus simulators,
as well as the bus processor which ensures the exploitation ot

the simulated buses.

The digital bus simulation module 35 shown on figure 5
comprises all the hardware required to autonomously carry out
the exchanges of information on the simulated buses (without
the intervention of the 68020 microprocessor).

It includes :

- a bus isolation module 61, LCA bus decoding and
simulator registers ;

- a dating clock and DMA controller module 62, for example
a FPGA XC4005 circuit ;

- a reconfigurable bus simulation module 63, for example
two FPGA XC4005 circuits ;

- an exchange memory 64 of 256 K x 32 bits ;

- a data bus translator module 65 ; ’

- specialized ("Serial Communication Controller")
peripherals 66, for example ZC 16C30 ;

- line adaptation circuits 76 (Rs; input/output).

Its inputs and outputs 68,69 and 70 are respectively
connected to the application central processing unit module,
the "Trigger" bus and to the analog interface card, the latter

SP 8362.69 DB
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output delivering the simulated bus signals.

This module has been designed from three reconfigurable
circuits, one circuit providing thé DMA controller function,
the other two being configured independently for managing the
buses to be simulated. It comprises a memory receiving the
information exchanged on the simulated buses and two
specialized circuits for management of the RS 232 type buses.

The circuits of this module are interfaced to a Dbus
controlled by the DMA circuit as soon as the latter has been
configured. The simulation automata of the buses ask the DMA
circuit to ensure the transfer of data, both on emission and on
reception. Then the automaton autonomously ensures coupling to
the simulated bus.

The programming of the parameters required for each
automaton for managing the simulated bus is ensured by the
application central processing unit which asks the DMA circuit

to control the bus in order to carry out these operations.

SP 8362.69 DB
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WHAT IS CLAIMED IS:

1. . Digital bus simulator integrated in a test
system for automatilically testing electronic devices
embarked on a suitable aircraft so as to simulate
the digital buses used on the aircraft, which is
reconfigured under the control of a computer for the

test system by reconfiguring the test system

software and hardware, this reconfiguration being

requlred so as to be adapted to digital interface,
Coding, protocol and the speed requirements specific
to each simulated digital bus, and the architecture
of which is able to download into the latter the
applicative software and the wired logic of the
automata able to simulate a new digital bus:;
comprising:

at least a first and second processor, at least

a first and second memory bank and reconfigurable
logic circulits, whereiln

the first processor ensures communiéation with
the compﬁter for the test system by observing the
communlication protocols,

the second processor ensures management of the
buses used by'executing the applicative software to
be downloaded into said first memory for each
simulated digital bus; .

with the second memory bank being accessible by
the second processor and with the lbgic requlred to

control this memory bank being implemented in a

reconfigurable logic circuit;

a bus interface module embodying the hardware

interfacing for each digital bus on said aircraft
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and for receiving signals from said bus; the first
processor being integrated in this module;

a central proceseing unit communications module
comprising the circuits for authorizing exchanges of
information between said first and second processor.
and with‘acontroller_for said bus, with the second
processor being 1integrated in this module;

an appllcation central processing unit for

carrying out the configuration and operational
functions of each digital bus to be simulated;

a bus simulation module which autonomously'
carries out exchange of information on the simulated

bus, with said simulation module being

reconfigurable according to the bus to be simulated
wlth wired logic automata downloaded into this

module so as to adapt the architecture of the

hardware to the purpose of the bus to be simulated;
and '

an analog 1nterface module embodying the analog
material adaptation for the simulated bus for

delivering simulated bus signals.

2 . Simulator according to claim 1 and appearing in

the form of a single instrument.

3. Simulator according_to claim 2 wherein the

single instrument comprises an electronic card.

4, Simulator according to claim 3, wherein wired

logic automata required to carry out bus simulation

are downloaded into volatile-memory configurable

clrcuits.
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5. Simulator according to claim 1, wherein the
central processing unit communications module
comprises:

a VXI shared memory:;

a double port shared memory;

an asynchronoﬁs events module;

a "watchdog" module;

a control register,

this module containing the hardware elements

allowling for the exchange of information between the
VXI bus, the VXI 1interface module and the

application central processing unit.

6. Simulator according to claim 1, wherein the
application central processing unit includes:

a central processing unit;

a local working memory;

a programmable variable clock module;

a module for processing exceptions;

a system clock module and various ports;

a hardware triggering signal management module
connected to the first and second buses,
one output of this central processing unit being
connected to the central procéssing unilt
communications module and another output beilng
connected to the bus applicétion simulation module,

this_épplication central processing unit proViding

‘the material resources required for exploiting the

pbus simulators, as well as the bus processor which

ensures the exploitation of the simulated buses.
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7. Simulator accecrding to claim 1, wherein the
digital bus simulation module comprises all the

hardware reqgquired to autonomously carry out

exchanges of information on the simulated buses and

includes:

a bus isolation module, LCA bus decoding, and

simulator registers; '

a DMA controller and dating clock module;

a reconfigurable bus simulation module;

an exchange memory:;

a data bus translator module;

'specialiZed peripheral units;

line adaptation circuilts;
the i1nputs and outputs of this module beling
connected respectively to the application dentrai

processing unit, the second bus of the material

triggering signals and to the analog interface card,
the final output delivering the simulated bus

signals.




2135968




2135963




£135968

HG. 5




15



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

