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REAL-TIME SIMULATION FOR SYSTEM INTEGRATION

Michael P . Allen
Senior Scientist

CTA Incorporated
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Abstract

Functional integration and validation of complex systems in an operational
environment, prior to delivery or installation, can be expensive. Real-time simulation,
in a lab environment, can replace hardware subsystems to provide the interfaces
necessary to validate and or integrate the test article. The test article can be hardware,
software or firmware.

Multitasking simulations can provide modeling of subsystems and environmental
sensor data for complex system integration. The simulation presented provides the
capability to integrate 1553 remote terminals and provide validation of 1553 bus
controller software.
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Introduction

Simulation of subsystems is valuable as a tool for system development and
integration. Simulation provides a cost effective alterative to integration testing in an
operational environment. System integration at a functional level can be accomplished
in a controlled environment. Repeatability in the lab environment provides results that
can be reduced and compared with previous results for validation of systems.
Simulation is not limited to subsystems. Simulations may include environmental
models, discrete inputs, discrete outputs and communication links. Simulation can
provide a dynamic test environment for functional integration when actual hardware is
not available. Simulation of hardware that is still in the prototype phase provides the
capability of continued system development in parallel with subsystem development.



Simulation requirements.

The primary source of requirements for a simulation is in the system specification(s).
The software specification will also contain requirements the simulation must meet.
The system specification will also reference the 1553 interface specification and the
performance specification for each equipment to be simulated. The simulation must
provide input and output capabilities that satisfy the requirements or a subset of the
requirements in the interface specification. For example in a system utilizing a
MIL-STD 1553 bus the simulated remote terminal(s) or bus controller must conform
to the 1553 protocol as well as the specific message format contained in the interface
specification. In many cases the simulation will also be required to model some subset
of the internal behavior of the subsystem. The performance specification will provide
detail for the internal behaviors required in the software specification.

The simulation requirements for 1553 remote terminal integration are as follows:
1) Use current simulation of the operational environment.

a) Oblate spherical earth
b) Atmosphere
c) Aircraft motion

2) Simulate each of four remote terminals
a) Inertial navigation system (INS)
b) Global positioning system (GPS)
c) Two additional terminals

3) Simulate the following for each remote terminal:
a) 1553 bus interface
b) Environmental data
c) Internal logic
d) External discretes

5) Execute simulation in real-time.

The interface documents will yield message format and content as well as maximum
rates for the messages. The software requirements state that the simulations will only
simulate a subset of the messages and behaviors of the actual INS and GPS
subsystems. The simulations are also specifically required to exhibit asynchronous
behavior. These requirements will form the basis for all decisions pertaining to the
INS and GPS models. A result of these requirements is to also require an earth model,
atmosphere model and a motion model to provide data to the navigation models. In
this case these models already exist in the simulation used to provide data to the actual
hardware in the system under test.



Each simulation will require a set of conversion routines to pack data into the 1553
message format and to unpack data into the internal processor format. These routines
form the 1553 interface portion of the simulation. Unpacking is performed on
messages received during the previous cycle. This data is then used as input for the
current cycle. Packing is performed using model data generated in the current cycle.
The bus controller will read the data at the start of the next cycle. The simulation
execution cycle is discussed further in the System Architecture section.

Each simulation will need environmental data provided directly or derived from the
environmental models. The earth and atmosphere models provide data relating to the
physical environment at the current aircraft location. This data is used by the motion
model to update the simulated aircraft location. Aircraft location as well as velocity
and acceleration are used as inputs to the remote terminal simulations. This data is
either transferred directly or used to derive data for the 1553 interface routines. When
used to provide a basis for comparing test results the internally generated data can be
recorded along with the 1553 data. Used in this manner the simulated data is referred
to as 'truth' data. The truth data becomes the standard to which all other data is
compared.

Some internal logic is required for proper operation of the remote terminal simulation.
For example the ON to OFF and OFF to ON transitions as well as other modes of
operation will be required. The INS will be required to simulate alignment and
navigation modes of operation. The GPS will simulate navigation by providing 1553
data based upon the simulated aircraft position. Internal logic is also used to process
input discretes and condition output discretes.

In terms of system integration, real-time is that time increment that allows the
simulated environment to cycle at least once per system cycle while meeting the
functional and physical interface requirements. The simulation(s) must perform in a
manner that allows the system to function as if installed in an operational
environment. Any deviation from the operational environment due to the simulated
environment must be documented. This documentation allows the integration, test and
evaluation teams to concentrate on those items that are not adequately tested in the
lab. The importance of this documentation cannot be emphasized enough.

Figure 1 is a system level drawing showing a simulation host containing four 1553
remote terminal simulations. Two of the simulations have been designated INS
(Inertial Navigation System) and GPS (Global Positioning System). The requirements
for these two simulations refer to MIL-STD 1553, the respective system interface
documents and to the subsystem performance specifications for the INS and GPS
equipment.



Figure 1. Simplified Architecture

Simulation architecture.

Besides being a product of many factors including the processing platform, the
architecture of a simulation is usually driven by the interface requirements.
Decomposing the simulation into tasks and the tasks into models creates an
architecture that is maintained. The architecture must provide for valid data to be
transferred at the correct time.

Timing
A minimum timing requirement would be for the simulated environment to execute at
least once per system cycle. In example, if the system has a cycle time of 50
milliseconds (20 Hertz) then the simulation would complete at least one execution in
50 milliseconds while meeting the functional and physical interface requirements.
From this initial estimate the timing requirements can be derived and assigned to the
appropriate tasks and/or models. If a model needs to run more than once per cycle then
that model can be executed as many times as is necessary to meet the timing and
interface requirements. If many models have similar requirements then one possible
solution is to group those models within one task. The task would then be executed as



necessary to meet timing and interface requirements. There may also be routines such
as video display routines that only need to execute every 100 or 200 milliseconds.
Often processor resources can be more effectively allocated if routines such as the
video display example, do not execute every cycle.

Many cases will arise where synchronous simulation of asynchronous functions will
satisfy most if not all of the system test requirements. The key factor in this decision
is contained in the interface requirements. If the bus controller is a synchronous
process, then it is very likely that the input and output of data is also synchronous and
therefor the timing of these transfers is or can be accurately measured. On the other
hand, 1553 remote terminals are asynchronous and simulation of this behavior may be
required to fulfill an integration requirement. One method of generating simulated
asynchronous data is to run the model at a rate several times faster than the cycle time
of the bus controller. Multiprocessing is another method of generating asyncronous
data.

The simulation is initiated by an interrupt from the bus controller once per system
cycle. The interrupt occurs at the beginning of the bus controllers cycle. The remote
terminal simulations execute once per cycle. The bus controller interrupt provides
frequency control and stability to the simulation, as it occurs at fixed intervals.

The remote terminal simulations are run synchronously due to analysis of the required
behavior. Later the simulations may need to be asynchronous in order to meet future
test requirements. The consequence of synchronous behavior is that the simulated data
is valid for the same instant in time. Therefor there is no delta or bias between the INS
location and the GPS location.

Tasks
Tasking can be used to solve several problems in the simulated environment. Creating
several small tasks can make the simulation more maintainable. Models can be
grouped in a manner consistent with the operational environment. Asynchronous
behavior can be simulated. Utilizing tasking to run models or groups of models at
multiples or submultiples of the system cycle time is one method of simulating
asynchronous subsystems. Multitasking may require multiple processors to fulfill the
timing and interface requirements.

In Figure 1 the simulation host contains four simulation models. These four models
may be independent tasks or grouped together as a part of a single task. The
architecture is dependent upon the requirements for each individual model. If, for
example, the INS model is required to run at 125 hertz to provide the proper output
and the other models run between 1 and 20 hertz then the INS model may well be a



candidate for becoming a separate task. Whether or not the models need to be
asynchronous is another consideration.

Models
Modeling creates a modular architecture. Models can be added, deleted or moved
within the simulation. Models of subsystems usually start with a requirement or
requirements to accept a set of inputs and produce a set of outputs. The outputs may or
may not depend upon the inputs. The model's internal structure may emulate the actual
subsystem or simply provide enough computation and logic to simulate the subsystem
with the desired fidelity. Modeling of the physical environment i.e. temperature,
pressure, gravity, or modeling an electronic environment i.e. communication links,
also represent sets of inputs and outputs governed by requirements.

The fidelity of a simulation is an important decision. The requirements for a
subsystem simulation must precisely state the function or functions that the simulation
is intended to perform and to what degree the simulation should reproduce those
functions of the actual subsystem. More is not necessarily better in simulations.
Higher fidelity than is needed takes resources from other simulations or functions
running on the same host system, while providing no benefit. Another draw back of
providing higher fidelity than is necessary is higher cost. One goal of real-time
simulation is to provide the most benefit for the least amount of resources consumed.
Small simulation capabilities can often only be achieved at high cost. Cost vs.
capability trade off analysis must be performed.

Models of asynchronous systems may perform adequately as synchronous models. For
functional integration the synchronous model may provide the functionality necessary
to successfully integrate the system. However, a synchronous simulation would output
data with a fixed time step between data points. Two or more models in the same
synchronous task would output the same data at the same time. In order to accomplish
certain levels of integration testing the models should output data with varying deltas.
One solution is to use software to artificially 'vary' the output data, such as injecting
'drift' into one model. Another solution is to run the models asynchronously so the
output data will reflect the necessary characteristics.

The existing environmental models and the motion model are synchronous since the
motion model requires data from the environmental models to properly generate data
for the INS and GPS models. The task containing the environmental models and the
motion model executes once per system cycle. The environmental models may not
need to execute as often as the motion model depending on the capabilities of the
motion model. Since the changes in the environment are dependent on the motion



relative to the earth, the output of the environmental models may not change
significantly from cycle to cycle.

The remote terminal simulations are run synchronously due to analysis of the required
behavior. As discussed previously the consequence of synchronous behavior is that
the simulated data is valid for the same instant in time. Therefor there is no delta or
bias between the INS location and the GPS location. This will cause problems in the
future since the bus controller executes algorithms to determine the deltas and update
the INS position. With zero deltas these algorithms can not be checked in the
simulated environment. Later the simulations will need to be asynchronous in order to
meet future test requirements. The environmental task may be required to execute at
the rate of the fastest subsystem model in order to provide the necessary data, or the
subsystem models will need the capability to calculate the motion occurring between
executions of the motion model.

The INS model simulates the ON to OFF transistion by initializing internal flags and
variables. The INS model correctly simulates alignment, align to navigate transition
and navigation internal logic. These states are required to support the 1553 message
traffic. Data for the messages is obtained from the motion model and packed into the
1553 message buffer.

The GPS model simulates the ON to OFF transistion by initializing internal flags and
variables. The GPS model simulates a subset of the navigation internal logic. Data for
the messages is obtained from the motion model and packed into the 1553 message
buffer.

The remote terminal simulations can be modified and updated as the system
requirements change. This feature of real-time simulation makes it cost effective to
implement system level changes in the simulated environment. Debug test and
validation of new or modified system software can be done in the relative safety and
comfort of the lab prior to installation in the aircraft. Maintaining simulation
compatibility with a prototype remote terminal is yet another advantage of utilizing
real-time simulation for integration.

The remote terminal simulations can be disabled or placed in monitor mode
individually by the operator at simulation startup. This allows the actual hardware to
be inserted/ connected, in order to provide integration testing in the lab environment.
This level of flexibility provides the capabilty to quickly reconfigure the lab system to
support a variety of integration and test scenarios.



The 1553 message traffic for all of the remote terminals is handled via an off the shelf
1553 interface card capable of simulating thirty two remote terminals. Several
displays are available for monitoring data and inserting data anomalies, faults and
errors. These insertions are enterred and cleared manually by the operator. Input and
display are accomplished via touch screen.

Conclusion

Functional integration and validation of complex systems in an operational
environment, prior to delivery or installation, can be extremely expensive. Real-time
simulation, in a lab environment, can replace hardware subsystems to provide the
interfaces necessary to integrate and or validate the test article. Simulation software
can usually be modified to reflect changes in prototype equipment, in a timely manner.

Multitasking simulations can provide real-time modeling of subsystems and
environmental sensor data for complex system integration.

For the cost of a computer system and an engineering team, functional integration of
1553 remote terminals can be performed in a lab environment. A subset of the actual
aircraft systems are necessary to perform the integration. The savings are in the not
needing:

1) Aircraft
2) Flight crew
3) Ground crew
4) Range resources
5) Telemetry

At an estimated cost of $1000/hour for ground test and $10,000/hour for instrumented
flight tests.

The simulated environment may produce products that are useful for the life of the
aircraft. Thus further amortizing the original cost of development for the simulation.

1) Data reduction software
2) Test sets
3) Error insertion and detection tools
4) Facility for development and test of new systems or subsystems
5) Facility to verify defects and failure modes without compromising an

aircraft and aircrew.
6) Facility to update functionality of existing system hardware, software and

firmware.


