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Model-Based System Specification With Tesperanto:
Readable Text From Formal Graphics

Alex Blekhman, Juan P. Wachs, and Dov Dori, Senior Member, IEEE

Abstract—Technical reports and papers may be represented by
a fundamental model, which can take the form of a block dia-
gram, a state-machine, a flow diagram, or alternatively some
ad hoc chart. This basic scheme can convey better the true
value of otherwise verbose and potentially encumbered narrative-
based specifications. We present a model-based methodology for
authoring technical documents. The underlying idea is to first
formalize the system to be specified using a conceptual model,
and then automatically generate from the tested and verified
model a humanly-readable text in a subset of English we call
Tesperanto. This technical documents’ authoring methodology
is carried out in an integrated bimodal text-graphics document
authoring environment. The methodology was evaluated with the
International Organization for Standardization standards and
a medical robotics case study. The evaluation resulted in tangi-
ble improvements in the quality and consistency of international
standards. Further, it can serve to document complex dynamics
among agents, such as interaction between an operation room
technician robot and the surgeon, suggesting that it could be
applied to represent and bring value to other types of technical
documents.

Index Terms—Enterprise standards, medical treatment, mod-
eling, object-process methodology (OPM), requirements, systems
engineering (SE), technical documents.

I. INTRODUCTION

SYSTEMS engineering body of knowledge defines sys-
tems engineering (SE) as “. . . an interdisciplinary approach

and means to enable the realization of successful sys-
tems,” and states that “. . . successful systems must satisfy the
needs of their customers, users and other stakeholders” [1].
Accordingly, technical specifications, which constitute a cen-
tral part of a systems engineer’s work, must contain a clear,
unambiguous, and complete representation of the required
function, structure, and behavior of the system, product, or
service in demand.
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Growing system complexities have underscored the need
for a natural and still formal approach of analyzing needs and
articulating conceptual designs of novel systems, as well as
stating technical specifications over a wide range, including
systems’ characterization, components, services, manufactur-
ing and testing processes, operation guidelines, and technical
manuals.

A figure of the level of complexity of common technical
narratives is illustrated in Fig. 1. It presents the functional
enterprise-control interface and related procedures, as a key
component of the IEC 62264 Standard. Fig. 1 presents a large
amount of components, displayed in a free and informal
form, which makes nearly impossible maintaining the consis-
tency. We conducted a detailed manual analysis which revealed
numerous inconsistencies in the IEC 62264 current free-text
standard specification. Some of these flaws were discussed
in [2]. Also, early model-based systems specifying techniques
were applied to indicate several cases of inconsistencies found
in real-published standards (refer to [3]).

A. General Knowledge Representation Approaches

Knowledge representation and ontologies is a field of inten-
sive research. Examples of these representations are medical
dictionaries and taxonomies and software-related resources,
(e.g., application-based domain modeling approach [4] and
core components technical specification [5]). They specify
high level rules and metamodels required to describe the
fundamental structure and conceptual contents, processes,
physical/logical data, and information exchange models.

In the field of system modeling techniques, we have
examined UML [6], xUML [7], SysML [8], Modelica [9],
object-process methodology (OPM) [10], and model-based
dependability analysis [11].

UML and xUML were discarded as being software-oriented
and not quite appropriate for modeling systems. In contrast,
SysML was designed for modeling general systems [8]. The
notation modifies a subset of UML diagrams and adds two
new diagrams: 1) requirements diagram and 2) parametric dia-
gram. Like UML, the SysML notation is comprised of multiple
diagram types that provide mainly aspect decomposition [8].
Hierarchical breakdown is supported for a subset of the dia-
gram types. The multiple-view model of SysML makes it
difficult to get a good grasp of the whole system, compromis-
ing one of the major tenets of conceptual design. Moreover,
unlike xUML, the notation does not use formal activity spec-
ifications, and it allows free text in parametric diagrams for
equation descriptions [7]. This informality makes it impossible
to define SysML model-based execution without changing the
notation significantly.
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Fig. 1. Complex specifications in IEC 62264-1 functional enterprise-control model.

Modelica and MATLAB/Simulink are most fit for the
detailed design phase [9]. Indeed, Simulink has been com-
bined with OPM to perform computations within an OPM
model [12], but these languages are too technical for the
conceptual modeling phase and for use by a wide user
community.

B. Current Specification Modeling and Requirement
Engineering Techniques

Specifications and requirement statements are often guided
by manuals and templates that mostly specify the structure
of the document, without reference to the desired con-
tents, except for syntactic and deontic rules, e.g., using
“shall” instead of “may,” etc. Most of these guides pre-
scribe only generic principles for creating good requirement
documents. For example, IEEE Standard 830-1998, which
relates to software requirement specification (SRS), states
that it should be “. . . correct, unambiguous, complete, con-
sistent, ranked for importance and/or stability, verifiable,
modifiable and traceable” [13, Sec. 4.3, p. 4]. While these
principles appear to be intuitive and concise, summarizing
years of common experience, it is often difficult to trans-
late them into practical implementation, as the requirements
engineer is given very little, if any, concrete guidance, tool,
or procedure.

Representation tools, requirement methods, and lan-
guages can be categorized into object-oriented [14], [15],
process-oriented [16], and behavioral [17]. Each of these has
its advantages and pitfalls. Yet, current representation schemes

of technical requirements are not mature enough to cope
with problems of consistency and other deficiencies described
above. Suffering from ambiguity and lacking a clear and direct
translation of customer needs/wants into precise specifications,
the early lifecycle stages of most project-product systems are
by and large incoherent and unstructured.

C. Existing Computer-Aided Tools

Several tools and environments for visual modeling or pro-
gramming exist. Graphic editors, such as Microsoft Visual
Studio (http://msdn.microsoft.com/vstudio/) and web design
tools, such as Adobe Dreamweaver (http://www.adobe.com/
products/dreamweaver/) allow simultaneous text and graphics
editing. Metafor [18] and other text-to-code environments pro-
vide functionality for dual text and code viewing, scripting,
and editing.

Visual paradigm for UML (http://www.visual-paradigm.
com/product/vpuml/) provides means for manual editing of
use cases with a limited text analysis utility that allows manual
markup and extraction of keywords from text.

Numerous works (see [19], [20]) discuss transforming
natural language into code. Natural language processing
approaches and tools are often used as aids in these
tasks.

Other works have previously addressed text generation from
relational databases and mathematical documents.

Fakas [21] concerns with the generation of a complete and
consistent set of information from data that contains cross-
links and relations. The authors use label lists in order to

http://msdn.microsoft.com/vstudio/
http://www.adobe.com/products/dreamweaver/
http://www.adobe.com/products/dreamweaver/
http://www.visual-paradigm.com/product/vpuml/
http://www.visual-paradigm.com/product/vpuml/
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deal with the intersections and introduce schema compliant
mechanisms with certain regulations and formats.

Barzilay and Lapata [22] and Barzilay and Lee [23]
introduced various methods for text-to-text generation using
automatically-induced models of text structure and other
constructs. While their methods constitute state-of-the-art
approaches, she rightfully states that “. . . most concept-to-text
generation systems operate in limited domains, using a set
of deterministic rules is a feasible way to capture patterns
in content organization.” This is also the general path of our
research.

O’Donnell and Knott [24] stated that “. . . A database by
itself does not provide enough information to produce text.
Domain semantics is required.” This gap is addressed in our
case with Tesperanto construction rules.

The development of technical documents often involves
adding pictorial and diagrammatic references to the text’s nar-
rative. Yet, the main modality of expression is the written word,
and we firmly believe will remain. With this in mind, this paper
was set to enhance the quality, coherence, and completeness
of technical reports and documents by modeling the implicit
scheme supporting the technical document narrative. Instead of
interpreting the free textual content with its respective figures
and informal charts, the text will be created from the recovered
model. The integration of an core model and text associated with
that model and reflects it textually allows a clear presentation
of the document’s content, offering an analytical demonstra-
tion of the author’s intention. Our claims is that building on
formal model as a fundamental step can enable the rendering,
authoring, and analysis of documents in a much simpler and
unencumbered way. Such a model can act as a consistent, solid,
and unambiguous basis for analyzing the system, comparing
it to models of other systems, and even generate code for the
relevant software-intensive portions of the system.

In the same vein of the model-based SE (MBSE) approach
and the ideas previously discussed, the first version of
Technical Esperanto (Tesperanto) methodology and language
was created.

The rest of this paper is organized as follows. Section II
introduces the principle involved in model-based system
specification (MBSS) and Tesperanto, along with an appli-
cation to requirements specifications. Section III discusses
the validation of the aforementioned paradigm through
industrial, medical, and the International Organization for
Standardization (ISO)-related case studies. Section IV dis-
cusses the conclusion.

II. PRINCIPLES OF MBSS

A. Specifying Goals of the Model-Based Systems and the
Fundamental Formalism

The model-based systems specifying methodology (and sub-
sequently Tesperanto) was originated by ISO. ISO standards,
as well as those of other standardization organizations, are
often criticized as being difficult to use for a variety of rea-
sons, including inter and intra standard inconsistency, low
accessibility, poor traceability, and ambiguity [25].

We claim, that the major root cause for this state of
affairs is that technical documents in general, and standards

in particular, are built with no comprehensive base reference
with which to measure the coherence of the technical content
they convey. Technical documents are expressed as clauses or
statements in free text, possibly accompanied by figures that
sometimes do not match the text or conflict with other fig-
ures. The lack of an underlying analytical process that would
accompany the creation and maintenance of technical doc-
uments, such as requirement specifications, directives, and
standards, and ensure their quality, is a serious limiting factor.
This process deficiency also limits the length and complexity
of a comprehensible document.

Therefore, through the development of Tesporanto, we try
to expose and work with the actual scheme underlying the
technical document text, rather than interpret clauses or state-
ments in free text, possibly accompanied by disparate figures
and mostly informal diagrams that sometimes do not match
the text or conflict with other figures. We therefore sug-
gest, that converting textual information to a model-based
structured form helps pinpoint missing elements and resolve
ambiguities. The combination of model and text should allow
for the document content to be presented in an unequivocal
manner, providing an analytical representation of its author’s
intent.

The Tesperanto ontology represents a mapping from text to
concrete concepts and relations. It provides practical guidance
for the following OPM principles that ensure consistent system
presentation and gradual exposure of details.

The modeling framework—both the methodology and the
language—underlying the Tesperanto approach must be gen-
eral enough to cater to a wide variety of domains and simple
and intuitive enough to be used by experts from various fields.
Further requirements include expressiveness of the notation
for defining common conceptual models, a high level of for-
malism, and clear, unambiguous, and nonredundant semantics.
The concept of the modeling framework we built follows gen-
eral SE approaches that emphasize the dynamic aspects of
systems, such as soft systems methodology [26] and structural
modeling technique [27].

Following the survey of knowledge representation
approaches in [3], which included concept maps, semantic
networks, conceptual graphs, knowledge interchange format,
the common logic standard initiative, and OPM, we stick
to the observations made there in favor of OPM and it was
selected as the underlying conceptual modeling language
for Tesperanto. The main features of OPM that support the
selection are as follows.

1) OPM is a visual methodology that incorporates the
static-structural and dynamic-procedural aspects of
a system into a unifying model, which is presented
in its entirety using a single diagram type. This is
achieved by treating both objects and processes as
equally important things (entities). By using a single
model at varying levels of detail, clutter, and incompat-
ibilities are likely to be avoided even in highly complex
systems.

2) OPM is designed to express triggering events, guarding
conditions, timing constraints, timing exceptions, and
flow-of-control constructs. These features are the basic
elements required for exceptional behavior design.
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TABLE I
SYSTEM ENGINEERING AND REQUIREMENTS AUTHORING PHASES

3) OPM has proven to be an efficient methodology for
modeling complex dynamic behavior patterns in general
and temporal exceptions in particular.

4) OPM was shown to be significantly better in specifica-
tion quality, compared with object modeling technique
and UMLs main predecessor.

B. Document-as-Product Principle

Following [3], we propose to treat the technical document
as the end system to be delivered and the process of tech-
nical document authoring as the function of the system that
delivers the technical document. This approach renders author-
ing of technical documents systematic and structured. Treating
the document as a system, we apply known SE techniques
(as brought, see [28]) to the domain of technical writing [3].
Just as the whole system is the outcome of the SE process,
the specification or standard is the outcome of the technical
document authoring process. Like any system, the technical
document needs to be architected and designed prior to its
production, i.e., its actual writing. Moreover, as a system, its
complete lifecycle must be addressed.

Continuing the analogy between SE and technical docu-
ments authoring, during its lifecycle, a typical system under-
goes phases of conceiving and requirements specification,
design, construction, (implementation or coding in software
systems), validation (integration, testing, and debugging in
software systems), installation and maintenance, and retire-
ment. These stages, listed in the left column of Table I,
occur regardless of the system’s lifecycle management
methodology, possibly iterating and expanding several times,
as in the spiral model. Analogously, technical document
authoring consists of document definition, document design,
document drafting, document checking, document mainte-
nance, and document disposal. These are listed in the right
column of Table I, next to their SE counterparts, and modeled
in Fig. 2.

Viewing the technical document as a system in its own
right, we obviously need to first state its “raison d’être,” the
main purpose for its existence—the value it delivers via its
function. Specifically, we need to define for the document
being authored its scope, goal, objectives, stakeholders, and
expected benefit or value for each stakeholder, possibly refer-
encing to relevant prior material. Calling this stage document

Fig. 2. OPM-based documents authoring model.

defining, we consider it to be the counterpart of requirements
specification phase in a classical system lifecycle.

Document designing, which follows document defining,
resembles the design phase of a generic system. Document
designing combines elements of functional decomposition,
abstraction, basic problem definition, and later stages of
concept analysis.

Having designed the document, it is time to move from
blueprints to bricks and mortar in the implementation phase.
In our case, the bricks and mortar are words, sentences, and
paragraphs or clauses arranged in a hierarchy. In the domain
of technical documents authoring, we call this phase the docu-
ment drafting process, and its outcome is the object technical
document draft.

But have we gotten this technical document draft all right?
Here is where document checking plays an important role: it
enables us to check the outcomes of the document drafting
phase and compare them to the outcomes of the previous doc-
ument designing phase, yielding the technical document as the
product to be delivered.

Once delivered and used, document maintaining of our tech-
nical document that is now in use is akin to maintenance
of a generic system, until the document disposing stage is
reached. The technical document needs to be considered for
updates stemming from such drivers as the ever-changing
stakeholder demands, new required capabilities, and new tech-
nologies. These require constant change of the document
design and consequent change of the product—the docu-
ment itself, effectively yielding a development model that
is equivalent to the spiral model in a system development
lifecycle.

Based on this “document-as-a-product” idea, we have pro-
duced an OPM model of a document authoring system whose
function is the process of producing technical documents.
This model was put to test iteratively reviewed and improved
by lessons learned from authoring real-life sizeable technical
documents.



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

BLEKHMAN et al.: MBSS WITH TESPERANTO: READABLE TEXT FROM FORMAL GRAPHICS 5

Fig. 3. Tesperanto paragraph for OPM-based documents authoring process.

Consider the following “meta-example” expressed in the
OPM model of the proposed OPM-based documents authoring
methodology. This model was created by examining the text
in the above section and analyzing it by following OPM mod-
eling conventions. Among other outcomes, the OPM modeling
process has encouraged turning all the process names to their
gerund form and aligning the processes from top to bottom
according to their timeline within the context of the in-zoomed
OPM process called OPM-based document authoring.

During the modeling phase, we have gained deeper under-
standing of the subject matter along with better distinction
between central parts and irrelevant details that can be omit-
ted or moved to lower-level diagrams. As a result, we have
added more elaborate objects (like document designing), we
moved objects, such as scope, to lower-level diagrams, made
the roles of the different items in the diagram more explicit,
and consolidated the overall hierarchy of the process and its
attributes. Using this improved model, we have automatically
generated the Tesperanto text in Fig. 3.

C. Model-Based Systems Specifying Process

The model-based systems specification (MBSS) method-
ology and tool set consist of the Tesperanto ontology and
language, MBSS process guidelines and document templates,
and the model-based authoring of specifications environ-
ment (MBASE) software package.

The MBSS development process is modeled in Fig. 4. It
is corresponding Tesperanto paragraph is brought in Fig. 5.
This paragraph was automatically generated from the model
in Fig. 4 by the MBSS methodology itself and the tools it
describes.

D. Model-Based Systems Specifying Principles

The objective of the MBSS methodology is creating consis-
tent and well-structured specifications either from scratch or by
analyzing existing material. A typical MBSS-based workflow
includes the following steps.

1) Creating an OPM model of the technical content to be
documented, either as new material or based on some
existing textual specification, possibly with accompany-
ing graphics.

2) Automatically generating a Tesperanto text skeleton
from the OPM model using MBASE.

Fig. 4. MBSS and tools developing.

Fig. 5. Tesperanto paragraph for model-based systems specifying and tools
developing process.

Fig. 6. Basic welding process specification.

3) For an existing document, replacing its free text spec-
ification with corresponding newly created Tesperanto
specification and its corresponding OPM model.

4) If and where required, manually adjusting the Tesperanto
text skeleton to form a structured specification. MBASE
tracks changes and assures that the edited text remains
consistent with the model at all times.

To illustrate the application of MBSS, consider the fol-
lowing simple process specification in Fig. 6. This sentence
is presented as the object-process diagram in Fig. 7. Using
MBASE to convert the model in Fig. 7 back to text, we get the
Tesperanto paragraph in Fig. 8. If, for example, it is important
to specify the fact that a gas metal arc is needed for this pro-
cess, the model will change accordingly, as shown in Fig. 9.
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Fig. 7. OPD for a basic welding process.

Fig. 8. Tesperanto paragraph for a basic welding process.

Fig. 9. OPM diagram for welding with a gas metal arc process.

Fig. 10. Tesperanto paragraph for welding with a gas metal arc process.

The Tesperanto text corresponding to Fig. 9 will automati-
cally reflect the introduced change, as expressed in the text
in Fig. 10.

A more realistic example of the application of the
stated above principles was brought in [3], where a part of
IEC 62264 Standard was modeled. Consider the source spec-
ification in Table II, which illustrates some typical problems
of combining free text with graphic specifications.

1) Inconsistency Between Figure Notation and Notation in
Text: For example, specific personnel (text of this para-
graph) versus person (in the model and later in the text)
or qualifications of personnel (in the text of this para-
graph) versus person property (in the model and later in
the text).

2) Incomplete Text (Information in the Model is Not Present
in the Text): For example, the relation “records the exe-
cution of” between qualification test result and person
property.

3) Incomplete Figure (Information in the Text is Not
Present in the Figure): For example, correspondence to
ISO 15704 and ISO 15531-1.

Only a few of these issues are resolved later in the standard’s
text, while the majority must be inferred from context.

TABLE II
CORRESPONDING TEXT AND FIGURE FRAGMENT OF PARAGRAPH

7.5.1.1—PERSONNEL MODEL OF ISO/IEC 62264

TABLE III
MODEL-BASED VERSION OF IEC 62264 EXCERPT IN TABLE II

We converted the text and figure for IEC 62264 paragraph
7.5.1.1—personnel model (see Table II) to OPM model and
Tesperanto text. The resulting model and paragraph are shown
in Table III. Now, the text conveys complete information in
a consistent form and is fully aligned with the model. The
text is composed of simple, light, and unambiguous sentences
that, in addition to its simplicity and explicit nature, are also
likely to significantly facilitate automated, yet reliable, transla-
tions to natural languages other than English. Further detailed
information, which causes confusion in the original specifica-
tion, is hidden in in-zoomed paragraphs for specific personnel,
qualifications of personnel and classes of personnel.

E. Tesperanto Overview

The MBSS methodology, and Tesperanto as part of it,
follows MBSE principles and is based on corresponding
and simultaneous bimodal representation of the OPM model
with text and graphics [10]. A cornerstone of the MBSS
methodology is the Tesperanto language.
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Tesperanto is designed as a language alternative to, and on
top of OPL. OPL is too detailed, technical, mechanical, and
repetitive. It is structured in a way that makes long text diffi-
cult for humans to follow due to repetition of basic constructs.
According to [10], “. . . OPL is a dual-purpose language. First,
it serves domain experts and system architects engaged in ana-
lyzing and designing a system, such as an electronic commerce
system or a web-based enterprise resource planning system.
Second, it provides a firm basis for automatically generating
the designed application.”

Indeed, OPL was not explicitly meant to become a text to be
read by a general audience. The OPL generation algorithm is
based on depth-first search (DFS). It is not natural for human
reading, although it may be good for lower-level machine-
oriented tasks, such as code generation.

Unlike DFS specification of OPL, Tesperanto is defined and
presented in a breadth-first search (BFS) style. Tesperanto
absorbs OPMs gradual presentation principles catering to
humans’ cognitive limited capacity and following the guide-
lines of context maintaining or complexity management.

F. Tesperanto Generation Algorithm

The basic principle of Tesperanto language is that it is
model-based. That is, each phrase has its graphic counterpart
as a model fact. Therefore, each sentence, phrase, or token
can be traced down to its representation in the model.

Another fundamental property of Tesperanto is its graphical
model-text consistency. A change of some Tesperanto text is
immediately followed by an appropriate corresponding change
of the OPM graphical model. Likewise, a model change is
immediately reflected in the Tesperanto text.

The Tesperanto generation algorithm is based on a set of
ordinal and layout rules. Ordinal rules prescribe the order
of appearance for model elements in text. Following OPM
functional decomposition practice [28], the focus is on the
central process and its outcomes, e.g., the first sentence in
Fig. 10 (“welding is the process of creating a steel part AB”).
Next, the text regarding agents, instruments, and all other
model facts is generated according to subsequent ordinal rules.

Tesperanto layout rules control overall paragraph structure.
These rules put both minimum and maximum constraints on
sentence length and the number of sentences in paragraph.
Typically, a sentence is limited to 3–5 model facts, and up to
two levels of dependence. For example, a sentence like “X is
a process of creating Y, which includes Z, which is an instance
of W” is illegal, as it has three levels of dependence, since W
relates to Z which relates to Y, which in turn relates to X. On
the other hand, in case of a short sentence that contains only
one model fact, it may be united with the next phrase.

By default, Tesperanto follows a BFS presentation style.
Informally, this results in text that relates first to the close
links of a thing (object or process), and only then moving to
farther things, as illustrated in Fig. 11 and the Tesperanto text
following it.

The Tesperanto paragraph excerpt in Fig. 12 corresponds
to Fig. 11, showing the gradual, breadth-first style of
presentation.

For the sake of comparison, an OPL paragraph excerpt in
Fig. 13 also corresponds to Fig. 11. The DFS definition of OPL

Fig. 11. OPM diagram for widget manufacturing process.

Fig. 12. Tesperanto paragraph for widget manufacturing process.

Fig. 13. OPL paragraph for widget manufacturing process.

Fig. 14. Gestonurse delivers a surgical instrument to the main surgeon.

and one-model-fact-at-a-time short, repetitive, and mechanical
sentence style becomes apparent especially when compared to
the Tesperanto text above.

Customization is another principle of Tesperanto, as it
would be difficult to precisely predict the intent of the modeler
at all times. The compact set of OPM elements (entities and
links) does not allow for an exact translation algorithm that
will produce the most appropriate text for systems in all the
conceivable domains.
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Fig. 15. OR toolset handling—source diagram used as a starting point.

The solution for this issue is the introduction of domain-
specific templates that grasp common and recurrent phrases,
idioms, etc. Hand-in-hand with using these domain-specific
templates, the user has the ability to change the suggested
wording, switch word order, etc., allowing multiple word-
ings and synonyms for the same model fact, as long as the
link to the model fact remains. This text manipulation option
allows the user to pick up the wording that best captures the
intent while still being compatible with all the model facts
expressed in the diagram. For example, in Tesperanto excerpt
for Fig. 11, the default phrase “is a process of creating wid-
gets” was manually adjusted to “is a process of manufacturing
widgets.” Alternatively, while trying to edit the text, the user
might conclude that the model, rather than the text, needs to
be edited, and MBASE supports this graphics-to-text direction
as well.

III. MBSS AND TESPERANTO ASSESSMENT

AND EVALUATION

A. Gestonurse Case Study

Operation room (OR) toolset handling is a process that is
currently performed by a human OR technician. This process
involves a number of activities related to using, delivering,
and retrieval of surgical instruments during a surgical proce-
dure. The most common of these activities is the delivery of
the instruments. Understaffing, miscommunication, and lack of
experience is often the root of mistakes occurring during this
repetitive, yet necessary, task [29]. These mistakes can have
negative outcomes, such as unnecessary delays, injuries due
to improper delivery of sharps, and retained instruments [30].

Gestonurse is the first attempt to support the surgical team
with a robotic scrub nurse (see Fig. 14) through the deliv-
ery of surgical instruments in a timely, accurate, and safe
fashion [31]. In order to resemble human-only teamwork, both
verbal and nonverbal human-robot communication forms must

Fig. 16. OR toolset handling—reviewed diagram.

Fig. 17. OR toolset handling—Tesperanto paragraph.

be employed for operating the robot and working with it as
a team. While taxonomies have been suggested for verbal com-
munication in the OR [32], there is a gap in the understanding
of nonverbal forms of communication [33] and how they shape
the instrument handling task in the OR. For example, it is
not known how frequently surgeons request instruments using
hand gestures, and how important is their body language,
e.g., bending toward the patient versus standing straight, what
role does the surgeon’s gaze play in the type of instrument
requested, and how often does the surgical technician predict
the next instrument, before the surgeon actually requests it.

To answer these questions, a conceptual model of the com-
munications in the OR regarding instrument handling was
developed. The goal of this OPM-based conceptual model is to
determine the necessary forms of communications required to
interface with the robotic scrub nurse. A system of this nature
may result in fewer mistakes, reduced miscommunications,
and shorter procedure times [31]. The source object-process
diagram of this process is shown in Fig. 15.

Following MBSS principles of analysis and modeling,
and Tesperanto text generation, the diagram in Fig. 16 was
eventually created. The main changes with respect to the
original model were the elimination of the “weakly tied”
objects tool set and Mayo tray (not used elsewhere),
request mode and subsequent objects (elaborated in dedicated
views—views 2 and 3), and tool type instances (elabo-
rated in view 5). The corresponding Tesperanto paragraph
appears in Fig. 17.

As reported by the group of colleagues working on the
project, the use of OPM modeling and MBSS through
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Fig. 18. Tool request handling—before applying MBSS.

Fig. 19. Tool request handling—after one iteration of applying MBSS.

Tesperanto in the Gestonurse case study dramatically increased
the quality of the specification, eliminating unnecessary details
and focusing on a single, consistent, and unifying frame of
reference for the entire system. These benefits are illustrated
by examining the models of the tool request handling process
before the change (Fig. 18), over one iteration of applying
MBSS and Tesperanto (Fig. 19) and the final result (Fig. 20).
As the project team noted, iteratively applying MBSS in
this case has increased the consistency, clarity, accuracy, and
eventually the correctness of the specification along with elab-
oration of the subject matter with domain experts, the model
eventually converged to its (currently) final version, with
which all stakeholders are satisfied with regard to scope, con-
tent, and expressiveness. As an illustration, the resulting model
of the tool request handling process is shown in Fig. 19.

Fig. 20. Tool request handling—final model.

Fig. 21. ISO 15746-1 pp. 19–20: 8.1 soft sensor—source specification (text).

B. ISO Expert Evaluation

The work on the MBSS methodology started following
a presentation of model-based standard authoring with OPM
at the ISO TC184/SC5 2009 annual meeting in Paris [12]. In
Resolution 611 (Paris 21), ISO TC184/SC5 established the
OPM Study Group in order to explore the usefulness of OPM
for “. . . creating, designing, analyzing, and simulating models
of its standards to improve the development, communication,
and understanding of these standards.”

Analyzing existing standards with this MBSS methodol-
ogy has exposed inconsistencies, mismatches, missing, and
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Fig. 22. ISO 15746-1 pp. 19–20: 8.1 soft sensor—source specification
(diagram).

Fig. 23. Soft sensing and craft calculating specification text (based on
ISO 15746-1).

Fig. 24. Soft sensing and craft calculating specification model (based on
ISO 15746-1).

confusing definitions between figures and text. Some of the
documents examined were approved technical standards that
are in current use, emphasizing the importance of streamlining
technical specifications in a consistent, standard manner.

As an example of employing MBSS for specifying ISO
standards, Figs. 20 and 21, respectively, present the text and
the accompanying diagram for a soft sensor specification in
ISO 15746-1.

By applying MBSS and Tesperanto on the specification in
Figs. 21 and 22, numerous internal and external inconsis-
tencies were noted. The resulting text and model are given,
respectively, in Figs. 23 and 24.

The work described above has brought to conclusions that
support the using of this modeling methodology for identify-
ing inconsistencies within or between standards, improving the
quality and the value of standards. On the other hand, while
learning OPM is easy, domain expertise and modeling expe-
rience were found to be critical in using its compact concept
set and successful application. The limitations of the proposed
method include also the level of effort required to develop
insightful diagrams. Detailed analysis and evaluation results
are discussed in [25].

IV. CONCLUSION

In this paper, we presented a MBSS methodology and
Tesperanto—a supporting software environment for generat-
ing human-like authored natural English specification of the
OPM model underlying the document. The motivation for our
approach is the abundance of inconsistencies and unclear spec-
ifications in many technical documents, including international
standards, underscoring the pressing need to produce docu-
ments that are more robust. Our approach treats a technical
document as a product in its own right and hence applies SE
methods and a holistic, lifecycle-encompassing treatment to
the generation and maintenance of technical documents. The
evaluation of MBSS in general and Tesperanto as part of it
via examples form ISO standards and the Gestonurse case
study has demonstrated the value of this paradigm as support
tool and approach for authoring the systems’ specifications in
a way that they can be more aligned and complete with the
authors goals than those generated by traditional text-centered
idiosyncrasies.

Some drawbacks of the discussed methodology include
a significant large amount of effort required in order to adopt
existing platforms and tools in realistic cases and the need for
domain-specific support.

In addition to the limitations discussed, we will further focus
on extending this paper at both the technical and concep-
tual fronts. In terms of the technical improvements, we will
extend the Tesperanto editor with new features and commands
based on the feedback reported through user-based studies.
At the conceptual front, we will include domain ontologies
into the system. At the application level, systems such as
Gestonurse will be adjusted to reflect and respond realisti-
cally to communications in the OR, thus reducing the number
of miscommunications.

In parallel, together with the other participants in
ISO TC/184 SC/5 WG/1, we have been developed OPM as
an ISO publically available specification (19450), which was
adopted recently and the ISO Draft International Standard
for model-based standards authoring, which assumes OPM as
the underlying conceptual modeling language and methodol-
ogy. We expect Tesperanto with its implementation to play an
important role in this emerging standard.
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