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Introduction

SYSTEMS ENGINEERING EVALUATION

This executive summary is based on the “Final
Report: Systems Engineering Evaluation for ITS,”
2006 (Final Report). The strategic goals and
objectives that guided the study were as follows:
Long Term Goal: Implement systems engineering
(SE) “best practices” and capabilities for Intelligent
Transportation Systems (ITS) projects within
California Department of Transportation
(Department) and integrate these best practices
and capabilities into the existing project
development process.

Primary Objective: Document and implement best
practices in systems engineering for ITS projects
and at a minimum meet the 23 CFR 940 part 11 of
the FHWA Final Rule on the application of the
Systems Engineering Analysis (SEA) for ITS projects.
Secondary Objective: Evaluate the benefit of the
recommended systems engineering process for ITS
to other processes within the Department.

The purpose of this systems engineering evaluation
was to:

. Capture best practices

. Evaluate the existing practices

. Develop a tailored project development
model

. Develop a Roadmap and Action Plan to

successful implementation of SE best practices

The goal in building the Department’s SE
capabilities is to improve the cost, schedule, and
quality of ITS projects. The following illustration
shows the dependencies among people, processes,
and technology when working together to achieve
this goal.

Paopla

—
Process Technology

Developing expertise among Department staff is
critical for building SE capabilities. By providing
specialized SE training, documenting SE processes,
and applying new technologies, the Department
can build a workforce with the knowledge and tools
to carry out SE integration.

“Everyone realizes the importance of having a
motivated, quality work force but...even our finest
people can’t perform at their best when the process
is not understood or operating at its best.”*

*CMMI V1.1 and Appraisal Tutorial - Mike Phillips,
CMMI Program Manager Feb 2004 Slide

[Systems Engineering Evaluation]
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MANAGEMENT DECISION POINTS \

Adopt SE process to meet the OCIO and FHWA requirements.

Adopt the roadmap and schedule to adapt the SE “Vee” process and build
capabilities within the Department.

3. Adopt the recommendationto move the concurrent activities forward in
the Department.

4. Adopt the recommendationto establish “high performing” relationships.
through stakeholder participation in the implementation of the SE process.

5. Adopt the recommendation to Institutionalize a managed SE process at the
Department level.

6. Adopt the on-going assessment activities to address specific SE challenges /

\ for ITS projects.
7

The above recommended management decisions are necessary to successfully accomplish the
following Department goals:

1. Implement systems engineering best practices and build capabilities
2. Integrate best practices into the existing project development process
3. Comply with 23 CFR 940 Part 11

4. Comply with the Stewardship Agreement on ITS projects

The following pages will build the case for the changes necessary and layout an action plan to
accomplish these goals. These management decisions will be revisited at the end of the report
with further analysis of organizational responsibilities and recommendations for leadership of
the proposed action plan.

[Systems Engineering Evaluation] Page 4
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Summary of Findings

FINDINGS

1. Existing project management and organizational processes can
accommodate SE process

2. SEincorporation will affect multiple Department levels

3. DOF Feasibility Study Report (FSR) and FHWA requirements
can be addressed by SE process

4, |Institutionalizing SE requires improved capabilities in the
performance and management of SE

5. SE processes must be tailored for type of ITS projects

S~

6. High performing relationships among internal and external ]
stakeholders is essential for successful development of iTS/

The six “Findings” from the SE Evaluation Final Report are described here.

Each Finding is addressed in more
detail in the following pages.

1.

Existing project management and
organizational processes are
closely aligned with industry
standards and can accommodate
the systems engineering process
for ITS projects.

Implementation of the SE process
will have an impact on Caltrans
Headquarters and District
Divisions. The SE process will
affect all ITS projects carried out
by the Department.

A tailored SE process will address
the Office of the Chief
Information Officer (OCIO), State
Administrative Manual (SAM),
and 23 CFR 940 part 11 (FHWA
Final Rule) requirements.

4.

Integrating the SE process into
capital project development is
the means to institutionalize the
SE process within Caltrans. This
will address the “Caltrans/FHWA
Joint Stewardship and Oversight
Agreement.” It also ensures that
the SE process flows to Division
and District ITS projects.

The SE process must be tailored
at the project level based on the
risks and complexity of the
project.

Management support is a critical
element in successful project
development. High performing
relationships (with regard to the
development of ITS projects)
must exist within Caltrans
Headquarters, Divisions, Districts,
as well as OCIO and FHWA.

[Systems Engineering Evaluation]
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7 S
/EXISTING DEPARTMENT PROCESSES USE SYSTEMS ENGINEERING
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/
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Caltrans has historically used systems engineering in establishing and documenting their Standard
Specifications, Special Provisions, and Standard Plans for traditional roadway design and
construction projects. These “standards” consist of a series of documented functional,
performance, and testing requirements. ITS projects can be addressed more inclusively within the
existing capital project development process by incorporating industry standards for systems
engineering activities.

/..-"' e
/ ~ INTEGRATE INTERNAL AND EXTERNAL REQU%REMENTS\‘-\
{ . intelligent i 3
Capital . information
Develapment T;::::::t;:r_sa]n Technology (IT)

DOF
- Feasibility
CTC Study Report
- PID/PSR Project Oversight
- Environmental - Post
Implementation
Evaluation

«

| Tﬁ P Yy
.\- . l ]Ln, eraples -

Currently, requirements from other state agencies and federal partners are handled as separate
review and approval actions. OCIO has a set of requirements for developing Information
Technology (IT) projects (State Administrative Manual). ITS projects need to adhere to these
requirements, as well as requirements of the FHWA Final Rule 23 CFR 940 part 11. By integrating SE
process activities into the capital development process tailored for ITS projects, Caltrans will
address OCIO requirements and the Final Rule in a unified effort.

[Systems Engineering Evaluation] Page 6
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_MULTIPLE DEPARTMENT FUNCTIONAL LEVELS AFFECTE-B"-\

SE process
gom
Project/Dept.
@ @ level processes HQ
Findings

environment, resources,
Project level O 2 e
@ processes l District | District l District

training, and tools
SE tailoring, examples,
lessons learned, and H
continuous process /

A N improvermnent —/J
To effectively manage SE process activities Caltrans must foster an SE culture by providing
access to SE resources at all levels of the Department.

For example:

Caltrans and FHWA website resources (e.g., System Engineering Guidebook for ITS, templates,
documented SE activities, lessons learned)

Tools (e.g., development, requirements management, simulation)

Training (e.g., NHI, CITE, UC Berkeley Institute for Transportation Studies, private industry,
proposed ITS Academy)

o
b

4 SPECIFIC DEPARTMENT DIVISIONS IMPACTED

I ! '
I:':mln & Maintenance & Planning & Modal ;HNJQC! m;l.lz
Technology flons Frosam =

* Procurement & Contracts = Maintenance * Local Assistance = Construction
* Training * Research & Innovation  » Mass Transportation = Design
+ Information Technology  » Traffic Operations * Rail = Project Management
* Project Implementation * Transportation Planning
+ Transportation Systems
\ information
\.._

Specific Divisions within the Department will be impacted more than others.

The following are examples of Division level involvement:

1. Divisions (HQ and Districts) that implement ITS projects are directly impacted since they apply

the SE process activities. Examples — Division of Traffic Ops, Division of Research and
Innovation.

HQ Divisions that manage the capital development process (e.g., Design, Project Management)
will be involved in managing the SE process.

DOTP will lead statewide ITS architecture activities, support the lead Division and/or regional
partners in concept exploration, and sustain the SE environment (training, tools, and
resources).

Construction and Maintenance Divisions will be more inclusive stakeholders in early project
development discussions on concept and design activities.

[Systems Engineering Evaluation] Page 7
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OCIO REQUIREMENTS ADDRESSED

Finding Number 2

Feasibility Study Report Content

_—

Description of business problem or opportunity

Project objectives

Thorough description of the selected alternative

A discussion and economic analysis of each of the alternatives.

A description of the information technology capabilities

An economic analysis of the life cycle costs and benefits

\ |Adetailed project schedule

f
'

h

\“-\-\_

vy

-

OCIO requirements in this table are addressed by SE best practices.

The SE process can be tailored to include additional OCIO information (e.g. Data Center

consolidation, procurement) required within the Feasibility Study Report (FSR).

e OCIO REQUIREMENTS ADDRESSED

Project Management Oversight — Based on Project Type

Low Criticality

Medium Criticality

High Criticality

User involvement

User involvement

Formal approvals

Formal approvals

Formal approvals

Adherenceto process Adherence to process
Tracking requirements Use of requirements mgt tools
Adherenceto standards | Adherence to standards
Defect tracking Defect tracking

Technlcal reviews Technicalr

Quality assurance

Quality assurance

Formal verification

Formal verification

Formal verification

Adherence to architecture plan

Deliverable inspections

Formal V&V

/

, —

-

OCIO requirements in this table and Project Management Oversight

are elements of Systems Engineering best practices.

This table describes the tailoring that the OCIO recommends based on the criticality of a project.
The table includes some, but not all, elements of standard SE best practices. For example, Concept
of Operations, SE Planning, and Decision Gates are not mentioned. Incorporating SE best practices
into a life cycle model will assure that all elements are considered.

[Systems Engineering Evaluation] Page 8
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FHWA REQUIREMENTS ADDRESSED
23 CFR 940.11 (Final Rule)

Regional ITS architecture portions being implemented

Participating agencles roles and responsibllities

O
@ @ Requirements definitions

Findings Analysis of alternative system configurations and technology
@ @ options

@ Procurement options

Applicable ITS standards and testing procedures

Pracedures and resources necessary for operations and
management of the system

e

-.M _’-/f'

The requirements needed by FHWA are addressed by
SE best practices.

The SE process can be tailored to include additional FHWA information (e.g. Regional Architecture,
procurement) required within the Final Rule.

SE PROGRAM MANAGEMENT ADDRESSED
FHWA Letter August 16, 2006

Adopt a systems engineering life cycle model

Establish Department technical policies and documented
systems engineering process

Establish a phased approach to capabilities improvement

Establish Department wide policies for management
processes e.g. Risk Management, Configuration
Management

Extend the existing project development team concept to ITS
projects

/

7

Caltrans adoption of institutional-level SE process best practices and
capabilities addresses FHWA recommendations.

In its August, 2006 letter to Caltrans, FHWA highlighted specific recommendations with regard to
the management of SE process activities. Each of the recommendations reflects SE best practices at
the institutional, i.e. Department level. Management of the SE process at the Department level,
and application across Divisions and Districts, will address responsibilities within the
Caltrans/FHWA Joint Stewardship & Oversight Agreement. Integration of SE best practices into the
Caltrans Project Development Procedures Manual (PDPM) will facilitate this institutional objective.
Currently, FHWA decides which SE tasks and deliverables to review and/or approve, and specifically
approves all systems engineering management plans and related technical plans. Improved
Institutional level capability within Caltrans will potentially minimize FHWA project review/approval
actions.

[Systems Engineering Evaluation] Page 9
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/ VEE LIFE CYCLE MODEL WILL ADDRESS SE BEST PRACTICE

Capital Project Development Life Cycle
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Regional Concept Operations & Tnanges & Retirement
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|
{
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SE Dacision Gate

T
Unit
Life cyche time line
\ T— /

Use of the industry standard systems engineering life cycle puts the feasibility
study, management oversight, and FHWA Rule requirements in a systems
development framework.

The “Vee Development Model” is the recommended development model for ITS projects. This
model correlates some key systems principles about the relationship of the early phases of project
development to the end results. Each task should be performed sequentially. While the practice of
overlapping tasks may appear to shorten the schedule, it can introduce unintentional risks to the
project. When working with ITS projects, the decision to move forward prior to completing a
previous phase must be done with great care, if at all.

[Systems Engineering Evaluation] Page 10
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~INTEGRATE FSR & PRELIMINARY ENGINEERING DECISIONS
/ N
.’" Capital Project Development Life Cycle ‘\
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It is important to integrate ITS with the capital project development process
during the planning phase.

The systems engineering process has a number of phases throughout its life cycle. Two of these

phases are important to integrate the Capital Development planning activities with FSR
requirements. They are:

e Study/FSR/Concept Exploration Phase - This phase addresses traditional project planning
activities as well as the FSR requirements for establishing the business case.

e Preliminary Engineering Phase — This phase addresses traditional preliminary design as well as
the activities on the left side of Vee. This phase, though, is currently overlooked by the
feasibility study activities; instead these activities are expected to be addressed during the
previous concept exploration phase.

This issue will be further explained in the next two pages.

[Systems Engineering Evaluation] Page 11
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/ T
’ CRITICAL SE TASKS BY-PASSED BY CURRENT FSR DEVELOPMENT
. AND APPROVAL
Feasibility Study Performed PIER
Reglonal Concept !::.\':::W Operations & Changes & Retirement
@ =y Maintenance Upgrades Replacement
OO, S\ s )
—— Management
- i FSR Approved Ay Oversight / .h&u:mm
OINO =\
Critical SE Activities by-passed R & Verfeation
Component Unit
l'?;:“.o.:‘?u . : r"“"'. SF Declslon Gate

\ Lite cycie time line = /
\

Current FSR requirements specify some existing SE activities, but by-passes others:

The feasibility study for an IT project is performed during the concept exploration phase as shown
on the Vee life cycle model. After the FSR is approved by the OCIO it is included in the next state
budget cycle for the design and implementation phases. OCIO FSR requirements include many
existing SE activities but by-pass several critical ones e.g., Concept of Operations.

[Systems Engineering Evaluation] Page 12
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=

[/ FRAME FSR DEVELOPMENT & APPROVAL WITHIN SE PROCESS \
PIER
N A
Roglonal Concept Engineering m ::L:;::; nl:’ml
1 S Project Jrviem
@ O @ %—T: Management/ ...
Findings Reqvirements  Oversight /| s,
@ Feasibility Study Performed LD \
Level Deslgn - T::i"lﬂ SE Decision Gate

‘.\ Life eycle time fine D— /
N

Framing OCIO requirements within an SE process life cycle will result in successful
project development

Systems engineering elaborates on the FSR requirements needed for ITS projects. Those FSR
requirements, and the associated management oversight, can be better performed when placed as
part of a total systems development framework. For ITS projects, preliminary engineering that
includes the by-passed activities should be performed before FSR approval and submittal into the
state budget. (These phases are shown in green). Since each ITS project will have different needs
and risks, executing the entire SE process will ensure project success. For example, stakeholder
involvement in the development of functional requirements, as an early activity of the SE process is
critical to obtaining system requirements that meet OCIO, as well as Caltrans, expectations.

The project management oversight and Post Implementation Evaluation Report (PIER) is performed
as prescribed by OCIO.

[Systems Engineering Evaluation] Page 13
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/ SEPROCESS ADDRESSES FHWA FINAL RULE!

{

Reglonal

ID participating agencies
roles and responsibilities

B o Life cycle time line
Requirements Definition ’.
Analysis of Alternatives

Procurement Options
1D applicable ITS Standands

t  Procedures and Aesoerces for
{md Management /

The SE process addresses FHWA Final Rule requirements before Component Level Design. These
Final Rule elements represent industry best practice and are recognized as standard SE activities.

/// INSTITUTIONALIZED SE ADDRESSES STEWARDSHIEE ™\

Addresses

| Institutionalize Stewardship  /
\{Pmcesses Oversight_/

The Joint Stewardship and Oversight Agreement can be addressed by institutionalizing the SE
process at the Department level. This will maximize oversight responsibility within Caltrans for
federally funded projects, minimizing FHWA involvement in approval actions.

[Systems Engineering Evaluation] Page 14



Executive Summary, Findings and Action Plan —T.0. 1020 Finding Number 4

" DEFINED CAPABILITIES AS A FOUNDATION FOR CHANGE

i
i/

/ tevel 5 L -5 goals:
[ &2 Institutionalize an Optimization
I timized
optimized process Ofthe
leveld FIDCESSES
Institutionalize a L -4 goals:
N quantitatively Define quantitative
(1 i o managed process ..
A <« process objectives
) g . Program
@ @ Institutionalize a L_ixﬂ_li. - g
Findings defined process Document processes Management

across Division and
District projects

FHWA DOF/FSR
Rule Requirements

Managed
process

L-2 goals:
Perform advanced SE activities ,
& planning, training, monitoring,
¢ Sy stakeholder ID, and manage

] activities at the project level

Perform basic SE
activities and meet
goals of the processes

Industry standard “levels of capability” were used in the SE Evaluation. The “levels” indicated an
organization’s SE capabilities. The following are brief descriptions of each of the levels:

Not performed or
incomplete

Level 0 SE process activities are not performed, are incomplete, or are performed in an “AD-
HOC” manner.

Level 1 Basic SE process activities are routinely performed on projects and meet the goals of
the process activities.

Level 2 Advanced SE process activities are planned, tailored, performed, and managed at
the project level.

Level 3 SE process activities are institutionalized at the organizational level. Process
activities are clearly defined, documented, and applied across Caltrans ITS projects.

Level 4 SE process activities are quantitatively managed. Process metrics are monitored,
measured, and managed through statistical analysis.

Level 5 SE process activities are optimized and continuously improved for ITS projects.

The OCIO and FHWA Final Rule requirements are addressed at the project level (Levels 0-2). There
is no requirement to institutionalize these processes as long as they are done for each ITS project.

The program management recommendations are at the Department level (Levels 3-5). This
addresses the goal of integrating the SE into the capital development process; and addresses the
Joint Stewardship & Oversight Agreement.

[Systems Engineering Evaluation] Page 15
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/_.--- i m.\

- .

/"iﬂOVING CAPABILITIES FROM PROJECT TO DEPARTMENT EMPHAS §\

AASHTO design standards

Institutionalized a
Defined Process
Level3

State-wide design guidelines {(Gold Book)

Standard process

Not Performed
Or Incomplete
Level 0
\ District (local) level ad hoc design /
\ Maturity of design standards {73-90 years} _

The recommended project and Department level capabilities will improve system
performance and management.

The transition of emphasis from project performance to Department level capabilities requires SE
process management. The term “Managed Process” in Level 2 at the project level means that the
SE process is managed by local Divisions and Districts. The term “Process Management” in Level 3
means that there is a defined process, across all ITS projects, which needs to be managed at the
Department level. Process management evolves as SE capabilities mature - over time-while
applying the process to ITS projects. This is analogous to the historical development of roadway
design standards. In the early days, roadway designs were created in an ad-hoc manner for
individual projects based on local experiences. Designs that got locally documented were later
viewed from an organizational perspective. This led to state-wide guidelines for consistent design
application. In California, this became what Caltrans now refers to as the “Gold Book”. Eventually
a national perspective recognized the need for design standards, which led FHWA to adopt AASHTO
standards for interstate application.

[Systems Engineering Evaluation] Page 16
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e T T

/" SE PROCESS TAILORED FOR TYPE OF PROJECT \\

’, Capital Project Development Life Cycle

oo PELE

it Field Elements
S I Tl I T N S

@ Intelligent Transportation Systems [ITS] life cycle

Capital Project Development Life Cycle

|| g DOF Requirements/FHWA High Risk (Major) Proiects ;
§

ntelligent Transportation Systems [ITS] life cycle
— ____//

The traditional capital project development life-cycle process is used for the design and installation
of ITS field elements (e.g., Signals, CMS, CCTV, RWIS), expanding existing systems while adding no
new capabilities or interfaces. These are defined as medium risk projects by FHWA. As with
roadway elements (e.g., pavement, drainage), ITS field elements are designed and constructed with
documented Standard Plans, Specifications, and Special Provisions.

The systems engineering life cycle is used for the design and implementation of ITS projects. These
projects involve software & hardware development and integration. They include multi-
jurisdictional and/or multi-modal system implementations. In summary, new functionality is being
established. These are defined as high risk projects by FHWA. FHWA’s Systems Engineering Analysis
(SEA) addresses all ITS projects — field equipment and system functionality. FHWA has categorized
the development of field elements as medium risk projects and development of systems as high
risk projects.

OCIO requirements apply only to the IT system elements. In order to secure State funding,
regardless of the funding source, ITS projects must be included in the State budget.

[Systems Engineering Evaluation] Page 17
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/ =" __\\\\
/ TAILORING SE TO MITIGATE RISKS
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ITS projects that are high risk, or have a high degree of complexity,
require additional SE activities.

This diagram illustrates how increasing project risks are mitigated by additional system engineering
activities. In this example, the project is adding field cameras to an existing closed circuit television
system. The engineering for the communications and software functionality was done in an early
stage of the project. The risk being incurred is in the placement of additional field CCTV cameras
sites. In this case, the project would be considered medium risk (formerly called Minor ITS project)
even though the dollar value of the project may be high. The traditional (roadway) project
development process will be used for development because documented standard plans,
specifications, and special provisions are available.

The project incurs a higher level of risk when camera control is shared with partner agencies. In this
case, the value may be less than that of the expansion project in the example above. Software for
sharing control will be needed. In addition, interagency agreements on how the partner agencies
plan to control the cameras. The risks in this project include the software implementation,
agreement on the conditions of camera control among the partner agencies, and a higher level of
stakeholder involvement. This project would be considered high risk (formerly called a Major ITS
project).

Ultimately, the development of a regional transportation management system that includes the
camera functionality has a higher risk of failure because of its large number of stakeholders,
increased functionality, and complexity. As a result, highly formalized SE process activities are
needed.

[Systems Engineering Evaluation] Page 18
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Working through the SE life cycle phases improves implementation cost estimates*

This graph shows how working through the SE life cycle phases (SE process) improves cost
estimates for development phases of software projects. In other words, a more defined project will
provide better project estimates. For example, it has been shown that software cost estimates at
the concept exploration phase have a greater margin of error than estimates done at the detailed
design phase.

* Barry Boehm, Software Engineering Economics, ed. Raymond T. Yeh, Advances in Computing
Science and Technology Series (New Jersey: Prentice Hall, 1989), 311.
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" OPTIMIZING BALANCE BETWEEN COST OF RISK & PERFORMINGSE ..

High

Highly
High Risk Formalized

SE Process

(Higher Cost)

@)
®f O
'@

Cost

Ad-Hoc or
No-SE Activities
Performed

{Lower cost) Low Risk

\ LOW /
~— Degree of Formal Systems Engineering Process /

Tailored SE process is designed to mitigate project risks.

There is a cost associated with performing systems engineering process activities. As the curve
indicates, more formal SE activities result in higher costs. Concurrently, project risks are reduced as
more formal SE activities are performed. There is an optimized point where the degree of formal SE
performed crosses the risk curve. System designers strive for this threshold on each ITS project.

[Systems Engineering Evaluation] Page 20
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/ HIGH PERFORMING RELATIONSHIPS ARE ESSENTIAL \\

Stages Description Code
Beginning Them & us
Developing Respect & developing trust
Performing Trust & joint goals lead to results

®

@ @ High Resilience to personnel changes, success
Findings Performing  spreads beyond key areas

® @ @ Excelling Model for others

External A range of relationship

stages exist from Beginning

To High Performing
among internal and external

Stakeholders
Other '_': Headquarters L stakeholders
Departments |qumem) Divislons . | ITS projects that are consistently

\ b ‘ . I ' successful rely on High Performing
\\\ ( r— — ) refationships

Clear understanding of approved and documented SE process activities between
internal and external stakeholders will increase confidence in meeting the
deployment goals of ITS projects.

On-going, active relationships are essential among all parties for the successful deployment of ITS
projects. These relationships indicate that a sound SE process is in place, which keeps the ITS
project on schedule while meeting stakeholder requirements. Section 2.4 of the Final Report
documents a range of relationship stages that exist among the internal and external stakeholders
for ITS project developments. Some Districts tend to be independent, while others team up with
Headquarters. The current ATMS Change Control Board is an example of a “high-performing”
relationship. The Board, made up of several Districts and Headquarters representatives, has
established an SE process which manages ATMS software and hardware in a collaborative manner.
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Executive Summary, Findings and Action Plan —T.0. 1020 Finding Number 6

T T
-

) ~
/ High Performing Relationships through Participation

SE Process Review Board (PRB)

_ @ with focus on SE processes
@ m® Internal External
(s). . (3)| Stakeholders Stakeholders

Headquarters, FHWA, DOF, BT&H
Divisions, Districts
\

- /

Engage key stakeholders in SE process development - “Get Stakeholder buy-in”

The Final Report recommends engaging OCIO, IT, FHWA, as well as Headquarters Divisions and
Districts, in the development of the SE process activities. This entails setting up a separate
management structure within the Department to support process improvement activities and

provide needed resources. The Action Plan follows and provides details of this recommended
management structure.
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Executive Summary, Findings and Action Plan —T.0. 1020 Action Plan Roadmap

e

g ACTION PLAN ROADMAP \
GROWING SE CAPABILITIES THROUGH PROCESS IMPROVEMENT

ase 3 Institutionalize
Advanced nstitutionall
SE Process

SE Activities SE us on

Phase 2
Basic
hase 1 SE Activities

Start-up

This roadmap will guide the Department in implementing an Action Plan for
“process” and “capabilities” improvement.

The roadmap shows five (5) phases and a set of parallel activities. The first 3 phases address the SE
process and activities at the project level. When using one or more pilot projects, it is necessary to
document SE process activities, acquired or needed training and SE process activities.

Phase 4 integrates these SE activities into the capital development process.

Phase 5 calls for a review and update of the process by targeting specific project challenges - over a

period of time - on a wide range of projects.
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Executive Summary, Findings and Action Plan —T.0. 1020 Action Plan — Phase 1

{ PHASE 1 START-UP ACTIVITIES 3

1. Establish a process focused organization (Department Directive)
» Identify Department Manager for Systems Engineering

l A » Establish Process Review Board (PRB) — perform assessment
' and recommended improvements

2. Ildentify candidate project(s)
* |dentify Process Action Team

\ Identify pilot project(s) /J

The following actions must be in-place from the onset of Phases 2-5.

1. Establish the Process Focused Organization to include:
e A Department Manager for Systems Engineering
e A Process Review Board — Representatives from Headquarters & District Divisions, and
external stakeholders (including the Office of the Chief Information Officer, FHWA, and
BT&H) who would perform periodic assessments, and recommend improvements to the SE
process and corresponding capabilities within the Department.
2. ldentify one (1) or more candidate pilot projects on which to perform the SE process activities.
e A Process Action Team to identify pilot projects, perform and document the process
activities, train stakeholders, and gather feedback. The Team may periodically be
reactivated for specific SE undertakings.
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Executive Summary, Findings and Action Plan —T.0. 1020 Action Plan — Phase 1

a CONCURRENT ACTIVITIES ™
1. Enhance on-line resources — phase 2
! 2. Continue Department funded SE Training — phase 1
ﬁ 3. Establish SE training as part of an ITS Academy — phase 4
4. Establish technology center — phase 3
e /!

These supporting activities occur throughout the Action Plan phases.

1. Enhance the on-line interactive “Systems Engineering Guidebook for ITS”
(www.fhwa.dot.gov/cadiv/segb). Add examples, templates, and policies that are developed as a
result of the implementation of this Action Plan.

2. Develop materials for SE training — (Materials that already exist from UC Berkeley Institute of
Transportation Studies could be used as a starting point for internal Caltrans training).

3. Establish an SE training program as part of an “Intelligent Transportation Systems Academy” for
Caltrans.

4. Establish a technology center for ITS, accessible by Caltrans’ Headquarters and District Division
level staff. (Could be an addition to Caltrans Library)
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Executive Summary, Findings and Action Plan —T.0. 1020 Action Plan — Phase 2

" PHASE 2 — BASIC SYSTEMS ENGINEERING \

{
1. Write a draft description for each basic SE process
activities of the “Vee”

2. Train project stakeholders
H 3. Perform the activities on pilot project(s)
| 4, Collect user feedback

5. ldentify risks, benefits, strengths and weaknesses of
the activities (Lessons Learned)

6. Identify possible tailoring options for the basic
\activities ,,/
e

Phase 2 documents and implements the basic SE process on pilot projects

Phase 2 identifies the following six (6) tasks to be performed by the Process Action Team:

1. Draft descriptions of the basic SE activities as illustrated on the “Vee” diagram. Leverage from
the high level descriptions developed within the SE Guidebook for ITS projects, and add detail
for pilot projects.

2. Train project stakeholders in Basic SE activities.

3. Perform the basic process activities on pilot projects. Start from the Concept Exploration and
progress through the life cycle Phase.

4. Atthe end of each action phase collect user feedback on the process.

5. Identify the risks incurred, benefits gained, strengths, and weaknesses of each process activity
of the phase.

6. Identify a set of tailoring options that can be used for future projects.
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Executive Summary, Findings and Action Plan —T.0. 1020 Action Plan — Phase 3

/”ii'HASE 3 ADVANCED SYSTEMS ENGINEERlNG\\“\

{ !

' 1. Assessment of previous phase by the PRB*
2. Train project stakeholders

3. Building on the basic SE process activities, write

descriptions for advanced SE process activities of the
l N “Vee”

4. Perform the activities on pilot project(s)
5. Collect user feedback

6. Identify risks, benefits, strengths and weaknesses of
the process — (Lessons Learned)

\wentify possible tailoring options /

* The BOLDED text represents new activities.
Phase 3 documents and implements the advanced SE process on pilot projects

Phase 3 continues with performing the same of Phase 2 activities in addition to the following action

items:

1. The Process Review Board (PRB) will review the output of Phase 2, assess the activities
performed, and make any course corrections for future project phases.

2. The Process Action Team will write advanced SE process activity descriptions and apply them to
pilot projects.
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Executive Summary, Findings and Action Plan —T.0. 1020 Action Plan — Phase 4

/"/‘ i ‘--‘“\\
/" PHASE 4 INSTITUTIONALIZE SYSTEMS ENGINEERING

fi

The following will be at the Department level
1. Assessment of previous phase by the PRB
A 2. Write descriptions for the management process
activities
3. Integrate descriptions into the project
development process

_ Evaluate if further levels (4 & 5) of capabilities
\\wammt consideration J

o)

Phase 4 documents and implements the Department’s SE process at the Headquarters
level and integrates it into the existing capital development process

Phase 4 actions are performed at the Headquarters’ level. This builds on Phases 2 and 3. Additional
action items include:

1.
2.

Write descriptions for the management process activities.

Integrate the SE process activity descriptions into the capital development process. Format and
included in the existing capital development and management documentation.

Provide additional training for SE process management activities.

Determine whether the Department needs higher level capability. These additional levels of
capability exceed the requirements of the OCIO and FHWA/Caltrans Joint Stewardship and
Oversight Agreement. They are:

a) Level 4 — Quantitative Management of the SE process

b) Level 5— Continuously optimizing the SE process
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Executive Summary, Findings and Action Plan —T.0. 1020 Action Plan — Phase 5

PHASE 5 — SPECIFIC CHALLENGES

1.Assessment of previous phase by the PRB

A 2. Monitor process performance on ITS projects

3. Gather user feedback — risks, benefits,
strengths and weaknesses of the process

\4. Improve SE capabilities and activities
g /

Phase 5 addresses specific ITS project challenges for on-going projects

Phase 5 describes on-going activities to improve the capabilities for specific project challenges:
1. Monitor the process performance on all ITS projects over time, and gather feedback to
continuously tailor the process activities over a broad range of ITS project types.
2. Improve the SE process activities by addressing specific project challenges.
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Executive Summary, Findings and Action Plan —T.0. 1020 Sample Action Plan Schedule

Phase 1 A Start-up Activities

Phase2 IR\ Basic SE Activities
Phase 3 d Advanced SE

Activities

Phase 4 Institutionalize SE
Activities

Phase 5 - On-going

improvements
5 12 18 24 30 36
Months

This schedule is based on process improvement experiences in other industries
Phase 1 - Start-up activities less than 1 month.
Phase 2 - Will take approximately 9-12 months to achieve the performance of the basic process.
Phase 3 - Will add a number of advanced SE process activities. This will take on the order of 15 - 18
months to achieve.
Phase 4 - Will institutionalize the SE process activities. This will take approximately 9-12 months.
Phase 5 - On-going activities would continue until enough experience has been gained.

Options for accelerating the schedule:

1. Eliminate pilot projects from Phase 2 — Document the basic process and proceed to Phase 3.
This should reduce the Phase 1 schedule by approximately 3-4 months. [32 months total]

2. Perform option 1 and then divide and perform advanced process across 3-4 pilot projects
concurrently. This should reduce Phase 3 schedule (assuming projects are available)
approximately 6 months and total of 9-10 months from Phases 3 & 4. [26 months total]

3. No pilot project in Phases 2 and 3. Document the basic and advanced processes and proceed to
Phase 4. This is the most aggressive of the options, saving 12-16 months from Phase 2 and 3.
[20 months total]
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