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Abstract: For over ten years, Ford Vehicle Operations has utilized an Artificial
Intelligence (Al) system to assist in the creation and maintenance of process build
instructions for our vehicle assembly plants. This system, known as the Direct
Labor Management System, utilizes a restricted subset of English called Standard
Language as a tool for the writing of process build instructions for the North
American plants. The expansion of DLMS beyond North America as part of the
Global Study Process Allocation System (GSPAS) required us to develop a method
to translate these build instructions from English to other languages. This Machine
Translation process, developed in conjunction with SYSTRAN, has allowed us to
develop a system to automatically translate vehicle assembly build instructions for
our plants in Europe and South America.

1 Introduction

The Direct Labor Management System (DLMS) was developed at Ford Vehicle
Operations as a tool to assist in vehicle assembly process planning. The major input to
the DLMS system is a process sheet, which describes actual build instructions for a
vehicle. The process sheets are written in a controlled language, known as Standard
Language that was developed specifically for this application. The process sheets are
read by the DLMS system and utilized to create detailed work tasks for each step of the
assembly process. These work tasks are then released to the assembly plants where
specific workers are allocated for each task. With the expansion of DLMS to our plants
around the world, it became necessary to translate these instructions into the home
languages of our assembly plants in Germany, Belgium, Spain, Mexico and Brazil. It
was decided to utilize an automated translation solution due to the nature of the
controlled language, amount of data that needed to be translated, and the frequency in
which the data changes. A Machine Translation solution is more cost-effective than
manually translating all of our process instructions and it could be used to translate
process build instructions for other car lines into the target languages. In this paper we
discuss our experiences with implementing machine translation for the DLMS
application at Ford. We will include the following items: a discussion of the DLMS
system in more detail, Standard Language, a discussion of our experiences with



implementing language translation for DLMS and the architecture of our translation
system. The paper concludes with a summary of our experiences with machine
translation and describes future work.

2 The Direct Labor Management System

The Direct Labor Management System (DLMS) is an implemented system utilized by
Ford Motor Company's Vehicle Operations division to manage the use of labor on the
assembly lines throughout Ford's vehicle assembly plants. DLMS was designed to
improve the assembly process planning activity at Ford by achieving standardization
within the vehicle process build description and to provide a tool for accurately
estimating the labor time required to perform the actual vehicle assembly. In addition,
DLMS provides the framework for allocating the required work among various operators
at the plant and builds a foundation for automated machine translation of the process
descriptions into foreign languages.

The standard process-planning document known as a process sheet is the primary
vehicle for conveying the assembly information from the initial process planning activity
to the assemblplant. A process sheet contains the detailed instructions needed to build
a portion of a vehicle. A single vehicle may require thousands of process sheets to
describe its assembly. The process sheet is written by an engineer utilizing a restricted
subset of English known as SLANG (Standard LANGuage). Standard Langli@age
an engineer to write clear and concise assembly instructions that are machine-readable.
The DLMS system interprets these instructions and generates a list of detailed actions,
known as allocatable elements that are required to implement these instructions at the
assembly plant level. These allocatable elements are associatedM@IDAPTS
(MODular Arrangement of Predeterminddme Standards) codes that are used to
calculate the time required to perform these actions.

MODAPTS codes aretilized as a means of measuring the body movements that are
required to perform a physical action and have been accepted atidawerk
measurement system around the world [1]. DLMS is a powerful tool because it provides
timely information about the amount of direct labor that is required to assemble each
vehicle, as well as pointing out inefficiencies in the assembly process. A more complete
description of the DLMS system can be found in [2].

3 Standard Language

Standard Language was developed as a standard format for writing process
descriptions. Prior to the introduction of Standard Language, process sheets were written
in free form text, which caused major problems because of ambiguity and lack of
consistency. Standard Language was developed internally at Ford by systems people in



conjunction with industrial and manufacturing engineers. The use of Standard Language
has eliminated almost all ambiguity in process sheet instructions and has created a
standard format for writing process sheets across the corporation.

Standard Language is a controlled language that provides for the expression of
imperative English assembly instructions at any level of detail. All of the terms in
Standard Language with their pertinent attributes are stored in the DLMS knowledge
base in the form of a semantic network-based taxonomy. Verbs in the language are
associated with specific assembly instructions and are modified by significant adverbs
where appropriate. Information on tools and parts that are associated with each process
sheet is used to provide extra detail and context.

The Standard Language sentence is written in the imperative form and must contain a
verb phrase and a noun phrase that is used as the object of the verb. Any additional
terms that increase the level of detail, such as adverbs, adjuncts and prepositional phrases
are optional and may be included at the process writer’s discretion. The primary driver
of any sentence is the verb that describes the action that must be performed for this
instruction. The number of Standard Language verbs is limited and each verb has been
defined to describe a single particular action. The object of the verb phrase is usually a
noun phrase that describes a particular part of the vehicle, tool or fastener. The process
sheet writer may use prepositional phrases to add more detail to any sentence. Certain
prepositions have specific meaning in Standard Language and will be interpreted in a
predetermined manner when encountered in a sentence. Figure 1 shows how the
Standard Language sentence “Feed 2 150 mm wire assemblies through hole in liftgate
panel” is parsed into its constituent cases.

(S (VP (VERB FEED)) (NP (SIMPLE-NP (QUANTIFIER 2) (DIM
(QUANTIFIER 150) (DIM-UNIT-1 MM)) (ADJECTIVE WIRE) (NOUN
ASSEMBLY))) (S-PP (S-PREP THROUGH) (NP (SIMPLE-NP (NOUN
HOLE) (N-PP (N-PREP in) (NP (SIMPLE-NP (ADJECTIVE LIFTGATE)
(ADJECTIVE OUTER) (NOUN PANEL))))))))

Figure 1: Sample of parse tree structure in DLMS

Any errors are flagged by the system and returned to the engineer to be fixed before this
process sheet can be released to the assembly plant. The process engineers are also
trained in the proper way to write sheets in Standard Language. Other facilities, such as

a web-based help facility, training classes and support personnel are provided to assist
the process engineer in the writing of correct process sheets in Standard Language. The
vehicle assembly process is very dynamic; as new vehicles and assembly plants are added
to the system, it requires that Standard Language also evolve. Changes to Standard
Language are requested by process engineers and then approved by the Industrial
Engineering organization; these changes are then added into the system by updating the



DLMS knowledge base. The DLMS knowledge base and the Al system are maintained
by the internal Ford systems organization.

The greatest improvements to machine translation quality can be made by limiting
the expressiveness and grammar of the source text by imposing restrictions on that text.
This restricted language improves the quality of translation by limiting both the syntax
and vocabulary of the text that will be translated. These restrictions must be enforced
through the use of a checker that witkapt or reject text based on its cdigupce with
those rules. Controlled languages have been utilizedessfully in such diverse
applications as weather forecasting, airplane manufacturing, heavy equipment
manufacturing and automobile service technology [3].

4 Machine Translation in DLMS

The restricted grammar of Standard Language and its limited vocabulary made the
DLMS application a very strong candidate for machine translation. Similar applications
with controlled languages have successfully utilized machine translation with a very high
accuracy rate [4]. After an evaluation of the commercial translation packages available
at the time, we decided to work wi8¥ STRAN for our machine trataion needs. This
decision was based on the wide range of languages available, the high performance of the
SYSTRAN trankation software, the ability to run the software under the UNIX operating
system and the willingness 8¥ STRAN to custmize their products for our application.

The use of machine translation for Standard Language provided us with many unique
challenges. The amount of data we need to translate consists of about 50,000 records for
each vehicle and each language pair. Currently, we are translating over 15 such vehicle
language pairs. Each sentence of text is stored as a single record in an Oracle database,
which has to be retrieved, translated and then written back into the database. Issues with
performance and database integrity had to be addressed and an interface was developed
by SYSTRAN and Ford to improve the tréaton performance.

Standard Language has adopted some grammatical structures not found in general
English in order to optimize its ability to encode time and motion information. In
addition, translation of standard language terms has required that similarly well-defined
equivalents be designated in our target languages. Both of these have led to some
specific problems in implementing machine translation.

Many of the structural decisions that were made in the development of Standard
Language had a serious impact on the implementation of automated language translation
technology for this application. The sentence structure in Standard Language is always
imperative with the verb phrase in the beginning of the sentence. The verb phrase could
also use a modifier that could impact the meaning of the verb. This modifier is in the



form of an adverb, but in some cases, this word is a noun or an adjective that functions as
an adverb. For example, the term “Robot Spot-weld the Object” uses the word “Robot”
to modify the verb. These types of unconventional grammatical usage caused problems
for SYSTRAN, which was developed to work with common Englisimgnar.

A critical issue in our translation quality is in the use of part descriptions that are
represented as long noun phrases: (ex. Side member bracket assembly medium). If the
entire phrase is not present in our technical glossary, the system will translate the phrase
by splitting it up or on avord-by-word basis. In most cases, this translation is incorrect
and must be manually translated by our engineers at the assembly plants.

The Ford technical terminology raised the challenge of defining translation
equivalents for the well-defined terms of standard language. There are many terms that
describe automotive processes and parts that are utilized only within Ford Motor
Company. These terms include acronyms, abbreviations, Ford locations and other terms
that cannot be translated by anybody who is not familiar with Ford. It was found that
many of the terms were not understood by all of our people, as they may only be used
within one department in a plant. These terms all have to be identified and translated
manually so they can be added into ¥STRAN dictionaries correctly. Problems were
also caused by entries (ex: “shotgun”) that are used informally to describe tools or
equipment at the plant. Many other people may be unaware of what this term represents
and a literal translation of “shotgun” would make no sense to anybody in German or
Spanish. Technical glossaries, such as those published by the Society of Automotive
Engineers, are very useful in some cases, but they do not always contain a complete list
of terms and can become dated and obsolete due to the rapid pace of technological
progress.

Another issue with Standard Language deals with multiple spellings and misspellings
of various terms. The DLMS system has a utility to allow engineers to add new terms to
the system, as they are required. However, this also allows for multiple variations of the
same concept due to misspellings or inconsistent usage. For example, some people
would add acronyms without periods (ABS) and others would add the term with periods
(A.B.S.). Over time, the knowledge base would contain quite a number of these variable
spellings for the same object. Attempts were made periodically to clean up the
knowledge base, but multiple terms did not become an issue until they all had to be
translated.

As mentioned previously, the verbs in Standard Language are defined very concisely
and unambiguously to represent a single particular action. It was not always possible to
translate these verbs into other languages on a one-to-one basis to preserve their
consistent meanings. The translation was accomplished only after spending considerable
time on redefining their meanings in English and then translating the verb based on the
most common usage in the target language. In some cases, one single English verb
would have multiple translations based on its context or object that it was acting upon.
Another problem arose with the use of compound verbs, which are a creation of Standard



Language. A compound verb (ex: press-and-hold) was created to describe two actions
with one verb that often occur together. Their usage makes it simpler for the process
writers but causes complications in translations, as we are creating a new word in
another language. The entire issue of defining an equivalent Standard Language lexicon
for each of the target languages required considerable effort and is not entirely
completed.

In Standard Language the use of articles is optional and they are usually not written in
order to save time. This leads to sentence structures, which can be easily misinterpreted
by the language translation software as it is expecting complete English sentences. This
problem was partially solved by modifying the parser in the Al system to add articles into
the text where appropriate. Another extension to Standard Language allowed for the
usage of certain adjective modifiers after the noun in order to override some attribute of
the part. This structure also caused problems during translation and the parser was
modified to handle these problems also. Abbreviations are also expanded into their full
size before the translation to prevent similar errors with their meaning.

Another problem involves the use of comments within Standard Language. Any
comment or remark can be included into Standard Language if it is delimited from the
regular text with brackets. These comments are ignored by the Al system and do not
have to conform to the Standard Language rules. The translation of free-form text and
individual words is extremely unreliable and continues to cause problems. Often the
comments are valid terms that should be added into the Standard Language lexicon, but
the process writer uses the commenting feature to bypass the process of adding these new
terms into Standard Language.

Standard Language was never designed to produce regular grammatical sentences; the
goal was to develop a consistent and understandable means of communicating
engineering instructions. The initial implementation of Standard Language in our North
American assembly plants also encountered user resistance until the process engineers
were trained and learned how to use it effectively. It is not a surprise that the translation
of Standard Language is also being resisted, as the user community needs to have an
understanding of Standard Language before it can accept thesatimans In this case
the user community includes the plant personnel at the assembly plants that are building
our vehicles. The machine translation system cannot be expected to produce exact
grammatical translations in target languages and we have had some difficulties in getting
this point across to our users.

5 Implementation of Machine Translation

The machine translation system was implemented B®PAS through the
development of an interface into the Oracle database. Our translation programs extract
the data from an Oracle database, utilize SV&TRAN system to complete the actual
translation, and then write the data back out to the Oracle database.



Our user community is located globally. The translated text is displayed on the user’s
PC or workstation using a graphical user interface throughGBRAS system. The
translation software was developed and modified to our specificatiocB¥ BYRAN. It
runs on Hewlett Packard workstations under the HP UNIX operating system. The Ford
multi-targeted customized dictionary that contains Ford technical terminology was
developed in conjunction with SYSTRAN and Ford based on input from human
translators.

One of the most difficult issues in deploying any translation is the need to get
consistent and accurate evaluation of the quality of your translations (both manual and
machine). We are using the J2450 metric developed by the Society of Automotive
Engineers (SAE) as a guide for our translation evaluators [5]. The J2450 metric was
developed by an SAE committee consisting of representatives from the automobile
industry and the translation community as a standard measurement that can be applied to
grade the translation quality of automotive service information. This metric provides
guidelines for evaluators to follow and describes a set of error categories, weight of the
errors found and calculates a score for a given document. The metric does not attempt to
grade style, but focuses primarily on the understandability of the translated text. The
utilization of the SAE J2450 metric has given us a consistent and tangible method to
evaluate translation quality and identify which areas require the most improvement.

We have also spent substantial effort in analyzing the source text in order to identify
which terms are used most often in Standard Language so that we can concentrate our
resources on those most common terms. This was accomplished by using the parser from
our Al system to store parsed sentences as shown above etdbask. Periodically, we
run an analysis of our parsed sentences and create a table where our terminology is listed
in use of frequency. This table is then compared to the technical glossary to ensure that
the most-commonly used terms are being translated correctly. The frequency analysis
also allows us to calculate the number of terms that need to be translated correctly to
meet a certain translation accuracy threshold.

A machine translation system, suchS¥%STRAN's, tranktes sentence by sentence.

A single term by itself cannot be translated accurately because the system does not know
what part of speech it represents. Therefore, it is necessary to build sample test cases for
each word or phrase that we will need to test for translation accuracy. This test case
utilizes that term in its correct usage within the sentence. A file containing these
translated sentences (known as a test corpus) is used as a baseline for regression testing
of the translation dictionaries. After the dictionary is updated, the test corpus of
sentences is retranslated and compared against the baseline. Any discrepancies are
examined and a correction is made to either the baseline (if the new translation is
correct) or the dictionary (if the new translation is incorrect).

The translation quality is evaluated both ®YSTRAN linguists and the users of the
system. We have had difficulty in measuring our progress as opinions of translation
quality vary significantly between translation evaluators. We have also allowed the users



to manually override the translated text with their preferred translation. These manual
translations are namnodified by the system, but have Ib@ redone each time that the
process sheet is revised.

GSPAS Translation
Program: Source Tex ;

Oracle Database English/German | Translation software
English/Spanish SYSTRAN

English/Dutch
English/Portuguese

7'}
Target Text
T |Ford Customer Dictionary |
Translation
Parameters T
|Subject Glossary |

!

|Main SYSTRAN Dictionary |

Figure 2: Machine Translation in GSPAS
6 On-Line Dictionary Management

We have recently implemented a web-based dictionary manager from SYSTRAN that
allows us to update our technical glossaries in a timely fashion. The entire technical
glossary is stored within an Excel spreadsheet that is maintained by Ford people who are
proficient in both the technical terminology and the target language. These people can
add or change a translation of a specific word or phrase in the spreadsheet and submit
the spreadsheet to SYSTRAN through a web-based interface. A new dictionary for each
language is created and available for downloading within fifteen minutes. This new
dictionary can then be immediately used by the machine translation system to produce
the required results in the translation process. The linguistic coding required to modify
the spreadsheet is quite minimal and has been extensively used by our engineering
community. This rapid turnaround allows us to make changes to the technical glossaries
and improve the translation quality in a timely fashion.



7 Conclusions and Future Work

Standard Language and DLMS has been in use at Ford for over ten years and has
evolved from a prototype being tested at a single assembly plant to a fully-deployed
application that is being utilized at Ford’s assembly plants throughout the world, and has
become an integral part of Ford’'s assembly process planning business. The use of
machine translation in th@ SPAS projectllowed us to quickly translate large amounts
of Standard Language text into the target language. To date, we have translated more
than one million records in the four languages that we are currently processing.

The linguistic aspect of the Machine Translation has progressed much more slowly.
As mentioned previously, the use of various unconventional structures in Standard
Language had a very serious impact on the quality of the translations. The Standard
Language dictionary was also open to user updates and resulted in the addition of errors
and unnecessary terminology that caused errors in translation. To fix this problem, we
have instituted the following steps: all additions to the dictionary are reviewed for
correctness and applicability by a committee of representatives from various engineering
organizations and we have instituted a process to clean up the dictionary and remove all
unnecessary and incorrect terminology. We have very high hopes for the recently
deployed web-based customer dictionary update tool. Our biggest problem continues to
be the lack of bilingual engineers who understand the Ford technical language and can
spend time evaluating and correcting the translation output. These engineers have many
other responsibilities and it is very difficult to obtain their services for any length of time.
We have also had some success in hiring retired Ford engineers for these kinds of tasks.

The evaluation and correction of translation text is often time-consuming as the
participants live in Europe, Detroit and San Diego. The people at our European
assembly plants, who are best suited for evaluating and correcting translated text, are
also difficult to utilize due to their heavy workload. The useseptance of machine
translation also varies significantly; our goal is to deliver “understandable translations,”
but this means different things to differgmeople. The current translation accuracy as
informally measured by our user community is still coeptable in some cases and we
need to improve the performance of the system to gain user acceptance. We believe that
we can improve the translation accuracy by making corrections to the dictionary,
modifying the Standard Language text before translation and doing a better job of
translating the non-Standard Language comments. It is important to note that in some
ways, despite the restricted grammar, Standard Language is more difficult to translate
than regular colloquial English. This is due to the specialized terminology, the
ungrammatical sentence structure and the style of the text. We have also given our users
the ability to override the machine translation text when they feel that it is not



understandable. The number of manual overrides varies from 0% to as high as 75% in
cases (such as titles) where engineers frequently write incomplete sentences or phrases
with many abbreviations and terms that are not supported in Standard Language. Our
other plans include improving Standard Language training in Europe and incorporating
linguistic support for the translation evaluation process in Europe. There is still
considerable work to do to achieve our goal of 90% accuracy; nevertheless, we have
made substantial progress with our machine translation application and plan to continue
using this technology within Ford.

Acknowledgements

This project is a product of many people who have contributed to the system over the
years; therefore, | would like to give credit to the following people: Rick Keller, Michael
Rosen, Mike Boumansour, Randy Beckner, Jeff Miller, Juergen Koehler and a host of
others who lent their assistance. The SYSTRAN team included Laurie Gerber, Jin Yang,
Brian Avey, Carla Camargo-Diaz, Jean Senellart, Jean-Cedric Costa, Pierre-Yves
Foucou, Christiane Panissod and Denis Gachot. | would especially like to thank Reba
Rosenbluth who encouraged me to write this paper. Special thanks also go to the
anonymous referees whose many comments and suggestions improved this paper
immensely.

References

1. Industrial Engineering Services: Modapts Study Notes for Certifiedititmaer Training
(1988)

2. Rychtyckyj, N.: “DLMS: Ten Years of Al for Vehicle Assembly Process Planning,” AAAI-
99/IAAI-99 Proceedings, Orlando, FL, AAAI Pres909) 821-828

3. Mitamura, T. & Nyberg, E.: Proceedings of the Second International Workshop on Controlled
Language Applications, Carnegie Mellon University Language Technologies Instif®@) (

4. Isabelle, P.: “Machine Translation at the TAUM Group,” in M. King (ed.), Machine
Translation Today, Edinburgh University Press (1987) 247-277

5. Society of Automotive Engineers: J2450 (@ya Metric for Language Translation,
www.sae.org2002)



