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Abstract

This White Paper describes the
methodology followed to develop a
software-based Emulator and Simulator
System for engineering and
maintenance of mechanical equipments
required for the upkeep of elevators
manufactured by client.
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1. Business Challenges

The client, a manufacturer of elevators and escalators, has a long history of employing embedded

Electronic Control Systems for the maintenance of mechanical equipments required for the

upkeep of el evator s. Since the customerds business
innate nature of these equipments, which have a minimum desired service life of 30 years, it has

to provide engineering and maintenance support to them over decades.

The main objective of this project was to design and build a software-based Elevator Emulator
and Simulator System to support the equipments and tools required for the maintenance of
elevators manufactured by the customer.

Sonata has been associated with this customer since 2003, and has executed various projects for
its Elevator Control Systems and development environment. With the aim of participating in the
cust omer 6 s e ryle rBenata had lgeenl honing its technology-driven processes and
capability since 2006.

There were certain unique chall enygees in the cust ome

. The customer needed to retain the engineering information and software that had been
created over the last 20 years, so that the existing installations could be maintained and
supported in the future.

. Over the years, the customer had deployed highly cost- and time-efficient software
development environments. While upgrading its development environments, the
customer had to ensure portability of engineering data, such as code and configuration,
to the future hardware and software environments, without changing the engineering data
stored in systems that were installed in the late 80s.

. Elevators are high-risk, high-liability equipments and any change in their configuration
must be rigorously tested, no matter how small the change is. Traditionally, the original
equipments (elevator mechanicals, electricals as well as the Control System) were
required to pass through several tests. However, if the customer were to entrust the
Control System software maintenance to Sonata, then the latter would have to install the
original equipment to do the test, which would require prohibitive investments in
equipment and space.

2. Solution Delivered

In 2006, Sonata proposed a software-based Emulator and Simulator System to the customer,
which was capable of:

. Running the complete object code of the custo
Simulator software, without changing the engineering data.

) Emulating the behaviour of the entire Control System hardware.

) Performing real-time simulation of the mechanical as well as electrical systems of
elevators, so that they behaved precisely as real elevator systems for tests by the Control
System software.

. This system was designed to replace the erstwhile hardware-based Elevator Emulator
and Simulator System used by the customer.
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3. Technology Landscape

As the desired life of the Control Systems and development environment was to exceed the life of
t he c ust oipmentsptise folowing decisions were taken:

. Linux would be the OS of the platform to be used for development of the software-based
Emulator and Simulator System. Since Linux has a humongous open source support
community in place, it would insulate the environment from lack of support in the future.
Also, it would enable the customer to benefit from the future advances in computing, as
the open source community would ensure that the engineering information supported by
older platforms is supported by the new platforms as well.

. All software would be developed using ANSI C and C++ to ensure its compatibility with
the future platforms.

. Instead of creating a new CPU Emulator, an open source Emulator System will be
customized for the project requirements and used for 6809 microcontroller.

) A hardware-independent Simulator System will be developed to ensure portability of
engineering data to future hardware environments.

. The Emulator and Simulator System will be so designed as to ensure its compatibility
with the other elevator lines from the customer -- present as well as future.

Based on this assessment, Sonata engineered a software-based Elevator Emulator and
Simulator System for the customer. It consisted of:

. Emulator for the execution of the microcontroller and peripheral hardware used in the
Elevator Control System hardware. This included:
o} CPU / Microcontroller.
o} Peripherals (UART, RTC, etc.)
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Figure 1: MIC300 Emulator Controller System
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. Simulator for real-time simulation of the complete behaviour of an elevator, including its
electrical and mechanical properties and behaviour. Simulator included:
o} Cage Dynamics and Speed Control.
o] Door System.
o} Hoist Way Interfaces.
0 Hall and Car Interfaces.
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Figure 2: RSDN Simulator Elevator System
) Electrical / Mechanical Circuit Simulator: This included:
0 Cage dynamics and Speed Control.
o Door System.
0 Hoist Way Interfaces.
o} Hall and Car Interfaces.

. User interface for elevator operation: This comprised various parts and components
through which users could control the elevator or gain information related to it, such as:

0 Hall Call Buttons, Car Calls, Indicators, etc.

o] Door Gate Switches, Load Cells, etc.

o] Direct I / O Interface.

o] Parametric configuration of elevator elements.

o} Board-level configuration.
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o} Displays for the run-time status of elevator position, direction, status of 1/O
signals and error code, etc.
. Linux as the platform OS.
. Software developed using ANSI C and C++.
. Emulator based on open source emulators for 6809, 68000, etc.
) Hardware-independent Simulator System to ensure portability of engineering data.

An important consideration was that the Emulator and Simulator System should be able to
support other elevator lines from the customer equally well.

4. Value Proposition: What was special / unique about this project?

This was the first project of its kind to be undertaken by Sonata. With this project, Sonata forayed

into new areas, such as.

) Elevator Control Software.

. System Simulators.

o Emulators for microcontroller-based hardware.

While executing this project, Sonata realized that the requirement of supporting hardware for

offshore maintenance of Control Software was drastically reduced. It also attained deep

knowledge and understanding of the issues concerning long-term maintenance and
enhancements of complex systems and software. Sonata followed a cooperative problem-solving
approach for adding value to the customerds
the customer reduce costs and adopt the latest technology without disturbing its operations.

5. Specific Value Proposition

The development of the software-based Elevator Emulator and Simulator System had the following

highlights:

. Win-win proposition for the customer as well as Sonata:

0 Low-cost application development and engineering for the customer worldwide.
0 Laid the basis for breakthrough engineering work at Sonata (maintenance and
enhancement of the Core Elevator Control Software).

. Platform developed for the Emulator and Simulator System specifically suitable for
maintenance of the cust omer 6 s equi pments and tool s
commercial / technical dependence on any third-party software. Some of the highlights of
the platformds devel opment are:
0 No proprietary software used
o} All third-party components open source
o} Standards-based development:

o ANSI C / C++.

. GNU development environment
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. Emulator and Simulator System equally suitable for deployment in Japan (primary
engineering) as well as India (maintenance and enhancements). This was enabled by the
systemoOs:

o} Multi-lingual interface (supports English and Japanese currently).
o} Configurator for different elevators and 10 complements.
. Emul ator and Simulator Systemds capability

Group on one PC i.e. Group Control in real time. Only one Group Control required for as
many as 8 elevators.
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Figure 3: GSO (Group Controller System) System with Main Computer
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. Record and Pl a-hoo tedtirg ofiedquipments.f or ad

. Introduction of innovative techniques to improve the development, enhancement and
maintenance of the Core Elevator Control Software. It involved the following:

o} Single-step execution

o} Memory Watch

o] Break Points
. Lesser development turn-around time.
) Improved operational efficiency and reduced costs.
) Improved customer retention.

6. Risks

Sonata faced only one risk during the execution of the project, that being the use of a foreign

language by the client in all interactions. To mitigatether i sk of mi sinterpretation
communication, Sonata roped in an intern with that language as her native tongue, who was

involved throughout the development life cycle of the project.

7. Business Benefits

The software-based Elevator Emulator and Simulator System developed by Sonata offered
significant business benefits to the client:

. Low-cost simulator to support engineering and testing of the Elevator Control Software.

. Complete replacement of the Control System hardware (Control Board and Terminal
Monitor Systems) and Elevator System (series of elevators) in test setup.

. Hardware-in-the-Loop Simulation (HIL) as a way of substituting / supplementing cost-
intensive hardware test setup.

. Cost and time savings for testing.

. Faster application development / maintenance.

. Easy debugging of the application.

. Substantial savings in engineering and maintenance efforts.

Both, the customer and Sonata recognized that if a software-based Emulator and Simulator
System was available, Sonata would be able to maintain such software and equipments
efficiently and seamlessly.

8. Benefits to the End Users

The Elevator Emulator and Simulator System not only benefitted the client and Sonata, but also
the end-users. Some of its benefits to the end-users are listed below:

. Automation of Control Software debugging and testing:

0 Record & Play method: Easy to capture the sequence of elevator operations and
repeat / analyze the same.

o} Programming of | / O sequence operation.
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o} Parametric configuration of the Elevator Emulator and Simulator System.

9. Customer Satisfaction

The project executed by Sonata not only met but exceeded the expectations of the customer; it
fulfiled all the requirements of the customer for testing and maintenance of its elevator
equipments.

10. Kudos from Customer

MIC-300 Emulator

AiwWe are now using the MIC300 Emulator for testing Vv
to work correctly, and we are impressed by the quality. We have found very close agreement with
the behavior of the physical system. o

RSDN Simulator

AThe i mprovements are quite impressive; congratul at

11. Acronyms and Glossary

o OS: Operating System

. ODC: Offshore Development Centre (ODC)
. ROI: Return on Investment

. GSO: Group Supervisory Operation

12. References (If Any)
. Case study for MIC300-Emulator System
. Case Study for RSDN Simulator System
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