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Abstract

This paper proposes an assessment method to
suppress inconsistencies in the quality of deliver-
ables in the upstream phases of the technical pro-
cesses in systems engineering (SE) and to ensure a
certain level of quality of deliverables during this
phase. The method presented in this paper stand-
ardizes evaluation criteria to improve the quality
of design deliverables across seven process stages,
from SYS.0 to SYS.6. Traditionally, there have
been no clear process audits or compliance evalu-
ations specifically targeting SE processes, and alt-
hough ISO/IEC/IEEE 15288 and Automotive SPICE
(A-SPICE) are effective for confirming adherence
to development process procedures, it has been
difficult to use for controlling inconsistency in de-
liverable quality (VDA/QMC,2023). Addressing
these challenges, we propose a framework that
pairs quality judgment criteria, described in suffi-
cient detail for both assessors and developers,
with limit samples as clear, minimally acceptable
examples meeting those criteria. The scope covers
SYS.1 to SYS.5 of A-SPICE, as well as a newly de-
fined SYS.0 for organizing past asset information,
and SYS.6 for validating stakeholder require-

ments. In this paper, we applied the method to
specific deliverables of an example system created
for this study and verified particularly how the
quality judgment criteria contribute to visualizing
and improving quality. As an effect of this method,
it is expected not only to suppress subjective judg-
ments during reviews and ensure deliverable qual-
ity across different personnel and departments,
but also to improve the quality of the system re-
quirements specification document created by
gathering these deliverables, thus enabling the
enhancement of the overall quality of specifica-
tions.

Keywords

Systems engineering, System development, As-
sessment, Quality criteria, Limit samples

Introduction

In complex system development fields such as the
automotive industry, aerospace, and railways, de-
velopment processes conforming to international
lifecycle process standards such as ISO/IEC/IEEE
15288 and process assessment models widely used
in the automotive industry, such as Automotive
SPICE (A-SPICE), have begun to be adopted. While
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these standards are effective as frameworks for
evaluating the maturity of development processes
and the implementation status of activities, they
do not specify pass/fail criteria or quantitative
quality assessment methods for the deliverables
themselves. Therefore, even when strictly follow-
ing the prescribed system development processes,
the issue of quality inconsistency in deliverables
repeatedly occurs in the field.

In practice, designers’ tendencies in writing spec-
ifications, inconsistencies in expression, and sub-
jective judgments by reviewers often lead to omis-
sions, ambiguities, and unresolved mismatches in
viewpoints as the work proceeds to the next phase.
This often results in rework during design or veri-
fication stages and increased effort. For example,
although A-SPICE is used for process evaluation,
it does not specify pass/fail criteria or quantitative
quality assessments for deliverables, so each or-
ganization decides these on its own. Therefore,
quality inconsistency remains even when going
through the same process. Additionally, on-site
discussions often get stuck on debates about how
much detail is sufficient, causing delays in pro-

gress.

Considering the above, this paper starts from the
recognition that following the process exactly
does not guarantee high-quality deliverables and
proposes a method that complements process au-
dits like A-SPICE by clearly defining quality judg-
ment criteria for deliverables, enabling consistent
judgments regardless of the reviewer, combined
with concrete examples called limit samples that
meet these criteria. The contribution of this
method is expected not only to improve the qual-
ity of system development deliverables but also to
provide a framework that enables anyone to com-
fortably carry out design reviews aligned with sys-
tems engineering.

The roles of Quality
judgment criteria and Limit
samples

The core of this method consists of two compo-
nents: the quality judgment criteria and the limit
samples. The former clearly defines a set of evalu-
ation items for objectively assessing the quality of

deliverables, minimizing interpretation differ-
ences among users. The latter presents concrete
examples corresponding to each item in the qual-
ity judgment criteria, using tabular or graphical
formats. This allows even first-time users of the
method to evaluate the quality of actual delivera-
bles by comparing them against both the quality
judgment criteria and the limit samples.

Each component alone has limited effective-
ness. If only the quality judgment criteria are
used, it becomes difficult to grasp concrete images
of the deliverables. Conversely, if only the limit
samples are provided, it is challenging to make ap-
propriate evaluations because the criteria are un-
clear. Therefore, it is important to operate both
the quality judgment criteria and the limit sam-
ples in combination. By maintaining and revising
both components as an integrated set, consistency
in judgment and continuous improvement can be
achieved simultaneously. These components also
serve as effective tools for educating new mem-
bers and reviewers for systems engineering.

While these provide a standardized definition of
deliverable quality in the system development
process, it is acceptable to adjust the criteria based
on each project's specific conditions or con-
straints. In addition, the content should be regu-
larly updated to gather best practices across or-
ganizations, which will improve the organization's
overall evaluation ability over time.

Scope of Process Stages of
This Method

In addition to SYS.1 to SYS.5 in A-SPICE, this pa-
per newly defines SYS.0, which organizes past as-
set information, and SYS.6, which validates stake-
holder requirements. In SYS.0, development in-
formation such as past similar projects, related
standards, and verification records is systemati-
cally organized to identify reusable requirements
and design rationale at an early stage, thereby
suppressing scratch development efforts in sys-
tem design. SYS.6 performs a final quality assur-
ance by comparing the design intent of the devel-
oped system with its actual operation in the usage



Figure 1. Overview of the Target Process Stages of
This Method

environment, ensuring that stakeholder require-
ments and expectations are met. For reference,
SYS.1 to SYS.5 conform to A-SPICE; for example,
SYS.1 involves comprehensive collection of stake-
holder requirements and their preparation into
verifiable forms, SYS.2 covers analysis, structur-
ing of system requirements, and establishment of
traceability, and SYS.3 refers to architecture de-
sign from both static structure and dynamic be-
havior perspectives.

This method comprehensively covers the seven
process stages from SYS.0 to SYS.6, defining eval-
uation viewpoints that promote quality improve-
ment of deliverables within the system hierarchy,
and is intended for continuous operation as a de-
velopment standard.

Figure 1 shows the overall process stages, with the
black-shaded areas indicating the stages targeted
by this method. The figure extends the left side of
a typical Vee model development process by add-
ing SYS.0, and since the deliverables of SYS.0 are
assumed to be linked with those of SYS.1 to SYS.3,
which in turn are linked to SYS.4 to SYS.6, these
connections are indicated by dotted lines. Due to
its appearance, this is referred to as the AV - read
as A Turn-A shaped development process.

Examples of Quality
Judgment Criteria for
Deliverables

As concrete examples of the quality judgment cri-
teria, which are characterized by explicitly defin-
ing a set of evaluation items to objectively assess
the quality of deliverables and ensure transpar-
ency, this paper explains those for SYS.0 through
SYS.3 as representative examples.

For example, the SYS.0 deliverable Legacy design
information Asset Catalog requires clearly defin-
ing the scope of past assets related to the target
system and systematically listing documents, rec-
ords, standards, and other sources of information
for each process. It manages versions, locations,
and acquisition methods of past assets, collects
related glossaries to ensure consistency, and iden-
tifies lists of past stakeholders and requirement
items to determine whether they can be reused or
adapted for the current development system. This
clarifies design direction and technical prerequi-
sites from the initial stage, significantly reducing
reconsiderations and rework in later phases.

In the SYS.1 deliverable Stakeholder Require-
ments List, it is required to comprehensively ex-
tract stakeholder needs and constraints, assign
IDs and derivation classifications (e.g., interview,
regulations, usage methods) to each requirement,
and write requirement statements free from am-
biguous terms. Verification criteria such as
thresholds, units, and environmental conditions
must be clearly described, enabling unambiguous
interpretation as a mandatory condition. Further-
more, the list and hierarchical (parent-child) rela-
tionships of requirements are organized, with
careful attention to cross-references, duplication,
and circular references. Priority levels must be
clearly indicated along with reasons. Version, ap-
proval date, approver, and change reasons are
maintained as history to clearly indicate the sta-
tus. These ensure that requirements are con-
sistent and complete, enabling efficient evalua-
tion and consensus from the early stages. Table 1
lists these items as the quality judgment criteria
for the Stakeholder Requirements List deliverable.

In the SYS.2 System Requirements List, bidirec-
tional traceability with stakeholder requirements
and verification items is ensured. Requirements
are defined with unique and quantitative expres-
sions. Priority is explicitly indicated, and TBD
items have deadlines and responsible persons as-
signed. Quantification of performance margins
and safety, as well as clarification of conflicts and
non-functional requirements, are mandated. Ta-
ble 2 lists these items in the same manner as
above.



In the SYS.3 System Structure Diagram, based on
the principle that one function corresponds to one

Table 1. SYS.1 Deliverable - Stakeholder Requirements List (partial)

**

items

—_—

Stakeholder needs and constraints are comprehensively identified, with each requirement as-
signed a unique ID and derivation classification (e.g., request, regulation, usage).

Each requirement statement is atomic and unambiguously interpretable, allowing for verification.

The list of requirements and their hierarchical (parent-child) relationships are well organized, with
no conflicts, duplications, or circular references.

Priorities (Must/Should/Could) are defined, and the reasons for these priorities are documented.

|| W (N

Baseline management maintains version, approval, and change histories.

Table 2. SYS.2 Deliverable - System Requirements List (partial)

Iltems

Bidirectional traceability with stakeholder requirements is ensured (no missing traces).

Each requirement statement is atomic and unambiguously interpretable, allowing for verification.

Priorities (Must/Should/Could) are defined, and the reasons for these priorities are documented.

For performance requirements, performance margin (e.g., bandwidth, delay margin) is specified.

If there are any TBD items, deadlines and responsible persons are always specified (no blanks).

OB |WIN|=|H

Baseline management maintains version, approval, and change histories.

responsibility, elements are hierarchically decom-
posed into 3 to 7 units. Functional elements are
traceable bidirectionally with related system re-
quirements and dynamic behaviors. Interfaces
(hereinafter I/F) are explicitly indicated using port
notation. Reusable assets and externally procured
items are identified among functional elements.
Safety and regulatory requirements are allocated
to functional elements, and naming is standard-
ized across deliverables.

As these representative examples show, a set of
quality judgment criteria covering a total of 20 de-
liverables from SYS.0 to SYS.6 has been formu-
lated. Each criterion is not merely a formal check-
list but is structured as specific judgment condi-
tions that satisfy objectivity and transparency.
These criteria are composed by extracting main
items from A-SPICE, the author's practical experi-
ence, the INCOSE Systems Engineering Handbook
4th Edition, and the IPA Embedded Software De-
velopment Process Guide (IPA, 2007). This ap-
proach enables quality assurance of deliverables
that does not depend on subjective judgments but
achieves cross-organizational and reproducible
quality assurance.

Examples of Limit Samples
for Deliverables

The limit samples, characterized by presenting
concrete examples corresponding to each item of
the quality judgment criteria in tabular or graph-
ical form, are explained here using SYS.1 through
SYS.3 as representative examples. The subject sys-
tem for the limit samples was based on the famil-
iar example of a smartphone to help readers easily
understand a concrete image of the deliverables.

For example, the limit sample for the SYS.1 deliv-
erable Stakeholder Requirements List (Table 3) is
structured as minimal examples that fulfill all
mandatory items of the quality judgment criteria.
Each column includes a unique requirement ID,
requirement descriptions written in verifiable
quantitative or specific terms, hierarchical struc-
turing by level, conflicting relationships with
other requirements, stakeholder names, deriva-
tion classifications (e.g., request/Constraint), ap-
plicable lifecycle phases, and priority without
omission or redundancy. This clarifies relation-
ships and priority rationale among requirements,
enabling users to quickly verify completeness,
consistency, and validity. Furthermore, this for-
mat contributes to early clarification of design



policies during requirement definition and sup-
pression of rework in later phases.

Table 3. Limit Sample for the Deliverable - Stakeholder Requirements List

tap response speed

Id = "SysReg-004"

Text = “The smartphone
must accurately detect the
user's tap operation and
respond within 200 ms."

DI | D
: Display the location |
‘ information on the ‘
map data

Requirem ' o . . L . L Priorit
q Requirement Description Rationale Level | Conflict | Stakeholder | Derivation | Lifecycle |Priority y
ent ID Reason
The user requires that the
] Ensure
User- device can be used To enable long-term use Use -
. ) Lv1 - User Request . Must  |usability for
Req-001 |continuously for at least 12 and ensure convenience. /Operation lona usage
hours on a single charge. 9 9
The telecom company wants | To maintain -
) o . To maintain
User- to provide a stable communication service Telecom . Use A
L . ) ) Lv1 - Constraint ) Must  |communica
Reqg-002 |communication connection to |quality and improve Company /Operation ) )
) ) tion quality
the smartphone. customer satisfaction.
The telecom company To meet the demand for .
User- - . o To maintain
supports data communication |high-speed communication Telecom ) Use )
Req-002- o Lv2 - Constraint . Must  |communica
speeds up to 1 Gbps onthe |and maintain Company /Operation : )
01 . tion quality
smartphone. competitiveness.
The app developer wants the |To support the latest To improve
User- smartphone OS to support development environments A Use a
P PP P Lv1 - PP Request . Could pp
Req-003 |the app development and enhance app Developer /Operation developme
environment. functionality and stability. nt efficiency
Other users want wireless To enable smooth data
User- communication between exchange and User- Use To improve
) ) e Lv1 Req-002- | Other Users |Request . Should
Req-004 |smartphones to be simple collaboration with friends 02 /Operation comfort
and fast. and partners.
Table 4. Limit Sample for the Deliverable - Environment / External System I/F List
Output
interiacs Interface Name Exchange Content Type Destination IR BEEREs Data Name Unit Reason Details R L= A
ID (To) (From) Req.ID | System/Service
F-REQ- | poyer Supply IF Electric Power Energy Smartphone  |Charger Power Voltage Y To maintain power |SysReq- |50 0 (5 et
001 supply 001
IF-REQ-  |Communication Auth | Communication Information |Smartohone '(Iil;coar: Authentication (String) To control network |SysReq- |Communication
002 IF Authentication Info P Servgr Y Token 9 access 002 Network
. To improve service .
IF-REQ- | LocationInfo T/Rx Location Information Information |Smartphone GPS Satellite [Latitude/Longitude |deg usability via shared SysReg- Locatlop .
003 IF Lo 003 Information Service
location info
IF-REQ- . . . To recognize user |SysReq-
004 User Operation IF | Touch Operation Physical Smartphone User Contact Pressure  |N operations 004 -
IF-REQ-  |App Update . . App Developer . To support latest  |SysReq- |App Distribution
005 Notification VF App Update Information [Information |Smartphone Server Update Info (String) app environment__|005 Senice
The smartphone is unlocked
and the screen is turned on.
kaliocaten «allocates sallecates
| User Smartphone GPS satellite
\ wdllocates wallocates
i s map application
|
; W tapoppration
[ : Tap the map app. Wi
e F : Transmit A
R it il i current
) W i Eo::atlol_'l
~| :Launch the map app. | rnformatri)_n_
tap pperation ~ o L
/ L I - o - _ _ J data
«reﬂnenx ” ”
/ W
¥ : Perform current | ahta
wreguirements | location positioning |:




Figure 2. Limit Sample for Deliverable - System Architecture Dynamic Behavior Diagram (Partial)

In the SYS.2 deliverable Environment / External
System I/F List (Table 4), all external I/F are clearly
specified with I/F ID, name, content and type of
exchange, input/output direction, data name,
unit, and update cycle. Additionally, detailed rea-
sons are documented, and related system require-
ment IDs and associated systems/services are
identified. This structure allows a comprehensive
overview to verify consistency, safety, and opera-
tional validity with external elements.

SYS.3 deliverable System Architecture Dynamic
Behavior Diagram (Figure 2) visualizes interac-
tions with related actors and external elements,
presents the nominal flow in sequential order, and
includes related system requirements and ele-
ments from static structure diagrams to ensure
traceability and specification consistency.

Thus, limit samples possess a sufficient level of
detail to enable even first-time users to grasp a
concrete image of the deliverables. However, as
mentioned above, it is essential to always verify
the quality of deliverables in conjunction with the
quality judgment criteria.

Verification of the Method
using a specific example

This chapter verifies the effectiveness of the pro-
posed method based on a specific example. Specif-
ically, the quality judgment criteria are applied to
fictional deliverables of an example system cre-
ated for this study, and the effects are discussed.

The subject system is a vehicle operated by a hu-
manoid robot through conventional steering
wheel and pedal controls, enabling users to reach
destinations via autonomous driving.

A generative Al was instructed to proceed with de-
sign considerations while being aware of the sys-
tems engineering process and to generate deliver-
ables. Although fictional, these deliverables are
assumed to be at a level close to those created by
typical engineers and were used as the target for
effectiveness verification of the method.

Examples of deliverables include Table 5 showing
the system functional requirements list, Table 6

with the architecture trade-off analysis results,
Figure 3 with a representative use case scenario,
and Figure 4 showing the context diagram. The re-
sults of applying the quality judgment criteria to
these diagrams and tables are summarized in Fig-
ure 5.

As shown in Figure 5, the quality of the delivera-
bles was visualized, making clear which aspects
should be improved to approach high-quality de-
liverables. Even though the deliverables were gen-
erated by a generative Al with the role set as sys-
tems engineering expert, the evaluation results
included marks such as x and A, highlighting
quality issues. Therefore, it is expected that gen-
eral engineers who have not yet specialized in sys-
tems engineering would face similar issues when
producing similar types of deliverables.

The important point here is that by revising the
deliverables to change x and A marks to O based
on the quality judgment criteria, and thereby im-
proving the process, anyone can smoothly prac-
tice design considerations aligned with systems
engineering. Hence, this method is considered to
function effectively as a system development
framework.

This study verified the effectiveness of the pro-
posed method using a fictional example. In the fu-
ture, we plan to apply the method to actual pro-
jects and quantitatively measure its effects on
quality and efficiency improvements. Specifically,
quality indicators such as the number of review
comments and missing traceability links between
deliverables, as well as efficiency indicators in-
cluding review time and the number of rework oc-
currences, will be collected and compared with
conventional processes. Furthermore, by compar-
ing these indicators before and after the applica-
tion, improvement rates in quality and efficiency
will be calculated. We will also analyze trends in
effectiveness according to the target system and
project scale, thereby statistically validating the
practical effectiveness of the proposed method.



Table 5. System Functional Requirements List of the example (partial)

Trace Source

Trace Source

ID R i D ipti T R Rati 1
equirement Description (Use Case Scenario ID) (Stakeholder Requirement) race Reason (Rationale)
FR-O1 The system shall gllow the passenger to UC-01-MS01 REQ-01 (Passenger-1) To supp.ortt'he operation of entering
input the destination. the destination.
FR-02 The.s.ystem shall determine lthe route and UC-01-MS02 REQ-01, REQ-06 (Passenger) To e.n.able rou.te calculatlonland
decision-making for the vehicle. decision making by the vehicle.
FR-03 | e system shall communicate route UC-01-MS03 REQ-02 (Passenger) To link route information to the robot.
information to the robot.
FR-04 The §ystem shqll respond accurately to UC-01-MS04 REQ-03 (Passenger) To ensure the rol?ot phy.smally
physical operations by the robot. operates the vehicle reliably.
FR.05 The system shall allow destination changes UC-01-AS01 REQ-01 (Passenger) To accommodate changes in the

during driving.

destination during driving.

Table 6. Architecture Trade-off Analysis results of the example

PlanD
Sl et G (SeF:?%x:i\on) (In:’eléﬂraﬁon) (ZIR:;() (Externall (Suppzle}ﬂDliEvision)
Conceptration)
Functional Independence a a A a
Scalability & Maintainability R A
Performance (Response Delay) R A
Safety in Case of Failure A
Development Efficiency - @H - @Bl A°
Supplier Coordination a @
Number of ECUs (3) (1) (2-3) (2) (2)
Risk Dispersion

UC-01: Autonomous Driving by Robot

#HHHE Actors

Passenger (giving instructions), Robot (driving operation)

#HH Preconditions

* Passenger and robot are onboard the vehicle
* Robot is seated in the driver's seat and seatbelt is fastened
* Communication link between vehicle system (navigation, CAN, etc.) and robot is established

#HHHE Trigger (Start Event)

* Passenger sends "destination information" via navigation or voice input
* Passenger gives a "start driving" command to the robot (voice, operation panel, etc.)

#HEE Main Scenario

1. Passenger inputs the destination into the vehicle navigation system, and navigation performs route planning
2. Navigation information is transmitted to the robot as data
3. Robot receives the destination and route, and prepares to start driving

4. Robot operates the steering wheel and pedals to move the vehicle forward

5. Robot recognizes traffic conditions using sensors and continues driving operation
6. Robot operates the vehicle to the destination while receiving updated route instructions as appropriate

Figure 3. Use Case Scenario of the example
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Figure 4. Context Diagram of the example



SYS.2 System Requirements Analysis

Deliverable: System Requirements List
# Quality Judgment Criteria Result Reason
1 |Bidirectional traceability with stakeholder requirements is ensured (no missing traces). o |—
2 The writing style of requirement statements roughly follows EARS*. é
*Easy Approach to Requirements Syntax -
3 The textual quality of requirement statements satisfies UnSINVAC*. Partiall tall ith ifiabl
*Unambiguous,Singular,Independent,Necessary,Verificable,Achivable,Complete artially, notallreq. are written as veritiable.
4 Reguwements are organized and classified by lifecycle phases (e.g., operation, X |Not classified by lifecycle phases.
maintenance, disposal).
5 The list and hierarchy (parent-child) of requirements are organized with zero conflicts, X Hierarchy including parent-child relationships is
duplications, or circular references. not organized.
6 | The conflicting relationships among the requirements are clarified. X The gonﬂlctlng relat|onsh|ps_ among the
requirements are not organized.
7 The requirements are classified (functional, non-functional, constraints) with zero .
unclassified items. o
8 The results of the technical feasibility analysis are reflected, and risks (High/Med/Low) x Risks and countermeasures have not been
along with countermeasures are documented. considered.
Deliverable: Environment / External System I/F List
# Quality Judgment Criteria Result Reason
1 Each interface requirement clearly indicates the input/output direction (From/To) and the o |—
exchanged items (information/energy/materials, etc.).
P It is desirable tlhat the exchanged |ter113 include verifiable data names, units, and update x Not described.
cycles (e.g., wind speed [m/s], cycle = 100 ms).
3 The rglatlonshlp.bepNegn each interface requirement and related system requirements is x Not visualized, making traceability difficult.
visualized (no missing links).
The mutual dependency relationships between the system and external enabling
4 : : L o |—
systems/services through interfaces are clearly indicated.
When using external interfaces, compatibility with the counterpart's standards and -
5 protocols (e.g., CAN FD, Ethernet TSN) is explicitly specified. X |Notclearly indicated.
6 Baseline management is implemented, maintaining histories of version, approval, and N/A | Not handled in this trial.
change reasons.
SYS.3 System Architecture Design
Deliverable: System Architecture Dynamic Behavior Diagram
# Quality Judgment Criteria Result Reason
1 | The purpose and scope of the diagram are explicitly stated. X Not described.
P The diagram’s description clearly specifies the targeted use cases and assumptions .
(preconditions and environmental conditions). O
The names of diagram elements are consistent with the names in
3 ; ! ) : ) o |—
static/dynamic/requirement documents (no discrepancies).
4 Timing and performgr?ce .copstralnts related to behavior (such as cycles and allowable O |Not described.
tolerances) are explicitly indicated.
5 The behavior diagram considers the three flows: normal, alternative, and exception (e.g., .
using alt/opt). @]
6 | The behavior of parallel processing and mutual exclusion control is explicitly specified. X |—
7 Bidirectional traceability is possible between diagram elements and related system .
requirements, use cases, or functional elements. o
Deliverable: System Architecture trade-off analysis Results
# Quality Judgment Criteria Result Reason
1 |Atleast two or more alternative candidates have been considered. O |5 candidates for evaluation exist.
P 5or more evaluation criteria items have been defined based on high-priority system O |8 items are defined and used for evaluation.
requirements.
3 Both quantitative (e.g., 0-100 points) and qualitative (e.g., A to C) evaluations are x Quantitative evaluation dominates; qualitative
conducted, with the calculation formulas clearly indicated. only for one item.
4 The basis data and rationale for the evaluation results are recorded and can be x The basis for evaluation results is not traceable.
reproduced transparently.
5 |Evaluations are weighted according to the importance of each criterion. X |No weighting applied.
6 Baseline management is implemented, maintaining histories of versions, approvals, and N/A | Not handled in this trial.

reasons for changes.

Figure 5. Assessment Results of the Quality Judgment Criteria for the example (partial)




Expected Contributions

The expected effects of introducing this method
can be summarized into three main points:

1. By clarifying evaluation criteria during re-
views, subjective judgments among re-
viewers are minimized, ensuring transpar-
ency and accountability in system develop-
ment.

2. Evenwhen personnel or departments differ,
the necessary description items and view-
points for requirements and design are
aligned. This alignment makes it easier to
detect omissions such as duplication, defi-
ciencies, or contradictions in specifica-
tions, enabling prompt correction through
consensus among related departments.

3. By gathering deliverables whose quality is
assured through this method, a high-qual-
ity system requirements specification doc-
ument can be created. For example, by in-
tegrating the past asset information orga-
nized in SYS.0, stakeholder requirements
and their rationale extracted in SYS.1,
high-quality system requirements defined
in SYS.2, architecture and dynamic behav-
ior designed in SYS.3, and verification
method specifications formulated in SYS.4
to SYS.6 comprehensively, it is believed
that system requirements specification
document following a typical chapter
structure can be created with enhanced
quality.

On the other hand, for this method to work effec-
tively, it is essential to ensure users have the nec-
essary skills from the introduction phase. In addi-
tion, it is necessary to address organizational is-
sues such as disregarding the quality judgment
criteria, even when such criteria are provided as
described in this paper. If the criteria and limit
samples are not regularly reviewed and updated,
they may become outdated and could hinder
quality assurance.

To overcome these challenges, it is essential to
foster internal assessor personnel and to promote
understanding of the significance and necessity
of the quality judgment criteria among on-site
staff and development management. Therefore,

it is necessary to introduce this method in con-
junction with certification program and activities
to promote understanding of assessment, while
systematically operating the continuous im-
provement of the quality criteria and limit sam-
ples within the organization.

It should be noted that while this method is ef-
fective for complex system development pro-
cesses such as those in the automotive industry,
significant modifications to the quality criteria
items and limit samples are necessary for soft-
ware-centric systems with substantially different
deliverable formats and description styles, as well
as for prototyping in research and development
phases. In other words, this method is not a one-
size-fits-all framework applicable uniformly
across all industries; rather, adjustments tailored
to the characteristics of each domain are indis-
pensable.

Conclusion

This paper proposed an evaluation method com-
bining quality judgment criteria that enable objec-
tive assessment of deliverable quality across the
SYS.0 to SYS.6 process stages, and limit samples
that complement these criteria. The quality judg-
ment criteria are described with sufficient detail to
facilitate easy judgment by even first-time users,
ensuring objectivity and transparency in evalua-
tion. The limit samples present concrete examples
that meet these criteria in tabular or graphical
form, enabling users to clearly visualize what con-
stitutes high-quality deliverables.

Through verification using fictional deliverables
of an example created for this study, it was con-
firmed that this method can clarify the quality is-
sues in deliverables.

This method minimizes subjective judgments dur-
ing reviews and enables sharing of deliverable
quality among different personnel and depart-
ments, allowing early detection and correction of
omissions and inconsistencies. Furthermore, by
gathering deliverables whose quality is assured, it
is expected to contribute to improving the overall
quality of the system requirements specification
documents.
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In the future, we intend to apply this method to
actual vehicle development projects, conducting
quantitative evaluations such as reduction of de-
liverable quality variability and improvement of
review efficiency, while iteratively improving
through cycles of refining quality criteria items
and limit samples as well as through user training.

This aims to enhance the overall design capability
within the organization’s system development
and promote deliverable assessment activities.

Ultimately, while maintaining alignment with in-
ternational standards and industry norms, we aim
to further establish the effectiveness and versatil-
ity of this method.
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