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Abstract 

The purpose of this Test Plan is to document the strategic plan for testing and the criteria for acceptance of 
the CEAV system before the automated shuttle service is deployed. There is a three-phase approach to 
testing, from Factory Acceptance Testing, to Preliminary Acceptance Testing, to Full Operational Testing that 
is finalized by Final Acceptance Testing. 
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Executive Summary 

PROJECT BACKGROUND 

In June 2016, the City of Columbus, Ohio won the United States Department of Transportation (USDOT) 
Smart City Challenge. Columbus intends to define what it means to be a “Smart City” and serve as a model 
for other cities wishing to fully integrate innovative technologies, such as automated and connected vehicles 
into the transportation network. The Connected Electric Autonomous Vehicle (CEAV) project is one of eight 
projects in the Smart Columbus program. Smart Columbus aims to deploy and evaluate automated shuttles 
against a series of use cases in a series of pilots commissioned by the City of Columbus, the Ohio State 
University (OSU), the Columbus Partnership, the Ohio Department of Transportation (ODOT) through its 
DriveOhio initiative, and coordinated with the Central Ohio Transit Authority (COTA). 

The proposed technology solution involves vehicles that are Level 4 automated, as defined in SAEJ30161, 
electric, and connected, serving the public on short trips where other modes are not presently available or 
convenient. Operations of the fleet are expected to be similar to that of a traditional transit service, with 
predetermined routes and signed stops along the routes for passengers to board and alight. The success of 
this project will be looked at as a guide for the potential deployment of future CEAV routes in other parts of 
Columbus and elsewhere by verifying their ability to perform as intended and providing feasibility for their 
use in similar environments. 

PROJECT OBJECTIVES 

This CEAV shuttle deployment will benefit the region by demonstrating the potential of this emerging 
technology to local stakeholders and the public, allowing for an educational experience while also inspiring 
quicker adoption of future innovations. In relation to this Test Plan, results of this project will be used to 
inform the following overall program goals: 

• Better connect the community to services through first-mile/last-mile/only-mile connections by 
providing a convenient and reliable transit option; 

• Validate and ensure that emerging transportation technology solutions provide equitable and 
accessible transportation; 

• Develop a set of AV operational testing and evaluation guidelines to benchmark AVs; 
• Summarize lessons learned to help identify needs, understand how to garner user acceptance of 

systems, and study which interfaces work best. 

Performance will be evaluated through the collection of trip-generated data, information on vehicle 
performance, and user surveys and evaluation. 

                                                      

 

1 SAE International, J3016_201806: Taxonomy and Definitions for Terms Related to Driving Automation Systems for 
On-Road Motor Vehicles, revised June 2018, https://www.sae.org/standards/content/j3016_201806/. 
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SYSTEM CONCEPT 

The Smart Columbus team is interested in deploying CEAV technology to evaluate the ability of this 
technology and associated vehicles to enhance the mobility of residents and visitors, to operate on public 
roadways in Ohio, and to satisfy the specific operating purposes for which each service is intended. Further, 
the team is interested in better understanding the infrastructure required to implement and support the 
operation of this technology, the approach to public adoption, the types and value of data produced, the 
associated cost, and the benefits derived from the use of CEAVs. To minimize risk and to provide the best 
opportunity for understanding these factors, the Smart Columbus team decided to procure turnkey solutions 
from vendors responsible for deploying, operating, and maintaining the services and vehicles. The Smart 
Columbus team will need to verify that the chosen vendors are capable of providing what they have 
advertised, and that they have responsible policies and procedures in place to ensure the safety and 
reliability of the technologies they are providing. 

This Test Plan focuses specifically on the second deployment of the CEAV project, which is located in the 
Linden neighborhood. The chosen route travels between St. Stephen’s Community House and Linden 
Transit Center. The goal of this route is to connect the community center with the CMAX high-frequency bus 
rapid transit (BRT) line as well as the neighboring community. The CEAVs will be operated on open, public 
roads on a route that was designed with stakeholder input to provide first-mile/last-mile (FMLM) transit 
access to community services, including the Douglas Community Recreation Center and Rosewind 
Resident Council.  

The Smart Columbus team has contracted EasyMile to provide the outlined services, and there are three 
phases of testing required: Factory Acceptance Testing, Preliminary Acceptance Testing, and Full 
Operational Testing (culminating in Final Acceptance Testing). 
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 Introduction 

This Test Plan has been prepared for the verification of CEAV project elements in order to commission the 
system for operation. Verification evaluates the functional deployment against its intended function and 
implementation of the system design. The Test Plan will accomplish this by establishing a set of test cases 
intended to evaluate the degree to which each amenity and its functions conform to the requirements set 
forth in the procurement documentation. The Test Plan will also develop test scenarios to verify the status of 
technical progress on the project, substantiate the achievement of technical performance, and certify 
operational readiness to move forward with validation. 

The Test Plan will establish a common framework for testing. This includes describing various testing types, 
methods, and setting expectations of which method(s) should be used and when. The document provides 
information on what system components and features will be tested and what will not be tested, identifies 
the various tester roles, outlines which tools testers will need, instructs on how testers are to capture 
defects, defines the pass/fail criteria, and provides testers with a set of Test Cases (Chapter 6) and specific 
Test Scenarios (Chapter 7) intended to evaluate the degree to which system functionality conforms to the 
procurement requirements and user needs. 

Due to the unique characteristics of this project, additional testing types will be emphasized during testing to 
ensure holistic, successful outcomes. The Test Plan will provide guidance on amenity verification, employing 
one or more of the following methods as appropriate: (a) testing information systems characterized by data 
and communications, (b) testing usability in terms of transportation safety and mobility, (c) testing 
operational readiness with a focus on infrastructure, and (d) testing policy and compliance across all 
elements of the system. Additional information surrounding these testing approaches, will be addressed in 
the approach section of this document and will be further defined in the Test Plan report matrix. 

A summary of the project’s test results (along with associated defects report) is included in the appendix for 
review. However, note, this document is not a test report. Therefore, only a summary matrix for traceability 
purposes will be provided. 

1.1. OVERVIEW 
The CEAV Test Plan incorporates information on EasyMile’s product system functionality, any 
enhancements implemented specifically for the Smart Columbus CEAV project, and the individual functions 
the system must perform to meet the intended system functionality. The CEAV project involves the 
procurement, validation testing, and assessment of an automated shuttle service, and not the development 
thereof. This project therefore follows a modified systems engineering design process. Building off 
preliminary research and prior experience, the Smart Columbus team began by creating an Operational 
Concept (OpCon) to describe the development of the project and to summarize a high-level view of the 
system to be deployed. This document was not intended to fulfill the purpose of a more traditional Concept 
of Operations (ConOps) or other standard systems engineering documentation, because the technology 
was not being designed from the ground up and rather being procured as a turn key service. The OpCon 
was instead intended to provide a quick reference for project stakeholders to ensure a consistent 
understanding of project needs, process framework, and other system attributes and to inform procurement 
documents. 

The Test Plan outlines the three phases of testing first introduced in the OpCon and included in the Request 
for Proposals (RFP): Factory Acceptance Testing, Preliminary Acceptance Testing, and Full Operational 
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Testing (which culminates in Final Acceptance Testing). These individual phases of the process each build 
upon information and data from prior phases, and therefore constraints on and functions to be demonstrated 
during the Full Operational Testing phase will depend on the results of each of the preceding phases. This 
Test Plan will ensure that the goals, objectives, and specifications that were developed and agreed upon 
throughout the project are all being tested and verified. 

1.2. REFERENCES 
AV Shuttle Deployment Lessons Learned for the Smart Columbus Demonstration Program, Final Report, 
March 29, 2019. 

Connected Electric Autonomous Vehicle (CEAV) Operational Concept for the Smart Columbus 
Demonstration Program, Final Report, March 28, 2019. 

City of Columbus Solicitation Number: RFQ011174, Request for Proposals for Automated Vehicle Shuttle 
Service, Smart Columbus, Capital Improvements Project No: 530163 – 100020, January 17, 2019. 

Professional Services Contract Between City of Columbus, Ohio And EasyMile Inc. for Smart Columbus – 
Connected Electronic Autonomous Vehicle Capital Improvement Project 530163-100020, June 18, 2019. 

This Test Plan was adopted from the IEEE 829 Test Plan Outline. 
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 Risks and Contingencies 

There are several parts of the CEAV project that are not within the control of the project team but have direct 
impacts on the process and must be validated. The list below outlines risks and contingencies for the CEAV 
project: 

• Integration with external systems and other Smart Columbus projects such as the Multimodal Trip 
Planning Application (MMTPA), Connected Vehicle Environment, or the Operating System may 
present risks that lead to schedule delays during testing. 

• There are risks associated with agreements with vendors and mobility providers. Lessons learned 
from the first CEAV deployment and other sources have guided the development of these 
agreements. 

• The CEAVs will come prepackaged and tested in the manufacturer’s plant, and any related 
equipment external to the vehicles will be installed according to the safety requirements of the 
CEAV quality management plan. This includes software and hardware (LiDAR, etc.), components of 
which will be tested to the extent possible given the complexity of the technology and proprietary 
concerns. 

• A degraded or hacked communications network (for DSRC, for real-time location information, for 
data collection, etc.) could cause operational safety issues, such as miscommunication between the 
RSU and OBU because of radio interference issues, reduced power, capacity exceeded, occlusion, 
etc. The CEAV will be designed to alert the operator if signal confirmation is not received and the 
conservative approach of delivering only alerts and not permissive messages means that many 
applications will naturally fail to a safe condition. 

• Resource availability issues or unfilled positions may affect the testing schedule, leading to a delay 
in acceptance testing. The City will leverage additional resources from the Smart Columbus 
consultant contract for additional support. Testers will also be required to leverage the test tools, 
which will provide an up-to-date snapshot for new testers to quickly get up to speed on test 
procedures, expectations, and progress.  

• Unpredictable/unusual weather and traffic conditions could affect testing procedures and may result 
in schedule delays if tests need to be extended and/or rescheduled. 

• Regulatory and permitting related delays specific to navigating how to legally deploy this emerging 
technology in an evolving policy landscape could lead to delays in testing and deployment, though 
time has been padded into the schedule to allow for this to a certain extent. 

• Operational risks related to automated vehicle technology, including the impact of vehicle speed 
limits, AVs operating at low speed (slower than 25 mph) with vehicles at higher speeds (exceeding 
the posted speed limit), stopped operations of the vehicles, tampering with devices, mixed-traffic 
environment challenges, and inadequate training of operators for an encountered scenario. Specific 
issues and mitigation strategies are detailed in the Smart Columbus Safety Management Plan. 
Traffic calming measures, speed enforcement, AV information signage, and route design will help 
mitigate these risks, as will CEAV operator training. EasyMile’s approach to meeting these 
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challenges will be validated during the testing process, but there still may be unexpected 
operational circumstances present after service launch. 
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 Test Items 

This chapter contains an overview of the components of the system that will be tested, as well as 
justification for those that will not be tested. 

3.1. TEST COMPONENTS 
The following list of components are target components planned for testing. 

1. EZ10 vehicles (Two EZ10-Gen3s and possibly one additional EZ10-Gen1 if needed to meet 12-
minute headway requirement) 

2. Roadway support infrastructure 
a. Storage, charging, and maintenance facility 
b. Stop signage and signage to indicate the presence of low-speed vehicles 
c. Roadside units for DSRC 

3.2. FEATURES TO BE TESTED 
The components for the system are grouped into categories, based on their characteristics and uses. In 
order for the system to function properly and optimally, all components of the system must function properly 
and must integrate with one another in a seamless and intuitive fashion. The individual functions and 
capabilities for each of these components are broken out and listed in the following sections. 

3.2.1. Vehicle Components  
To the extent possible, individual components of the vehicle system will be visually inspected for any defects 
and tested for functionality. This includes vehicle-based sensors and other equipment, passenger-facing 
systems such as onboard screens, and communications to and from the vehicles. 

3.2.2. Infrastructure  Components  
The vehicles have been designed to operate in the infrastructure as it exists, but some modifications may be 
made to ensure operations are safer and more user-friendly. This includes installing signage to signify stop 
locations, signage to alert other roadway users to the presence of a low-speed vehicle, a DSRC-equipped 
intersection near the service area to demonstrate the ability to use this information, and other modifications 
as necessary. These will be installed in compliance with existing City practices, and testing will be done to 
verify that they are compatible with the vehicle components. 

3.2.3. Full Vehicle System Performance  
The test runs conducted during all three stages of testing will be comprehensive and will in essence test the 
full system as it will operate once it is approved for public deployment. For Preliminary and Final Acceptance 
Testing, this includes servicing the passengers stops (with passenger trips only being provided to members 
of the project team and pre-approved volunteers), operating in mixed traffic, and demonstrating procedures 
that support service (such as storage and charging). 
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3.2.4. Storage, Charging, and Maintenance Facility  
A facility has been designed specifically to support this service, including overnight storage, charging, and 
some light maintenance. This facility will be inspected to ensure it meets the requirements outlined in the 
procurement documentation and that it adequately supports the needs of the system. 

3.2.5. Factory, Operations, Maintenance , and Administration  Procedures  
During Factory Acceptance Testing, the project team will strive to ensure the policies and procedures used 
by vendors under contract to provide a product to support this service are satisfactory to the project team. 
During Preliminary and Final Acceptance Testing, similar verification of operations, maintenance, and 
administrative procedures will be conducted. 

3.3. FEATURES NOT TO BE TESTED 
There are some items that will not be specifically addressed during testing. In most cases, functionality in 
these areas will be indirect, inferred, or assumed as a result of other testing efforts.  

• Stress testing: The vehicles will be tested for operational performance but will not undergo 
benchmarking for stress testing. 

• Network security: Individual transactions or packets will not be inspected. It is sufficient to accept 
the secure sockets layer (SSL) protection configured, which secures communication to the end user.
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 Approach 

This section provides a more in-depth overview of the testing approach.  

4.1. TESTING APPROACH 
To deliver the CEAV system in an efficient way, an agile version of the systems engineering V-model approach 
is used. For projects using any systems engineering approach, documentation is an important aspect, as the 
outputs generated at a particular phase most often become inputs into the next phase, providing guidance, 
constraint, and governance on what to expect for the next phase. There are four different methods of testing 
verification used for this project: analysis, demonstration, inspection, and test. 

4.2. TESTING TYPES 
Table 1 provides the periods of time over which each testing phase may occur. Note that the actual testing 
for each phase, as witnessed by Smart Columbus staff, may only take a few hours to a day. However, these 
extended testing periods are provided to allow EasyMile time to prepare for each test and to allow Smart 
Columbus staff the ability to ask questions and witness performance under varying weather and other 
operational conditions. 

For Full Operational Testing, the period of time includes the time for EasyMile to program the route into the 
delivered vehicles and perform preliminary operations on-route (without passengers), before culminating in 
Final Acceptance Testing at the end of the period. Smart Columbus staff may witness testing at any time 
throughout this period but will not conduct a full assessment until Final Acceptance Testing occurs. Upon 
completion of Final Acceptance Testing, service is expected to launch on November 19, 2019. 

Table 1: Dates of Proposed T esting Periods  

Testing Phase Testing Dates 

Factory Acceptance Testing July 29, 2019 to August 16, 2019 

Preliminary Acceptance Testing September 9, 2019 to September 22, 2019 

Full Operational Testing / Final Acceptance Testing September 23, 2019 to November 15, 2019 

Source: City of Columbus 

Each testing phase can include up to three testing types: component, integration, and system. Component 
tests an individual piece of the system without considering its interactions with other parts of the system. 
Integration tests multiple pieces of the system and how they work together to generate a function, while 
system requires all pieces of the system to work in order to deliver a successful test. 

As will be further described in Chapter 7, Factory Acceptance Testing involves a comprehensive inspection 
performed on equipment to verify the integrity of the equipment, that it conforms to design criteria, 
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functionality, exposure to weather conditions, and meets other contractual specifications. In general, Factory 
Acceptance Testing provides proof of functionality early in the process as well as a verification of 
implemented testing processes by the vendor, helping to avoid costly risks due to equipment failures on 
delivery. Preliminary Acceptance Testing and Full Operational Testing comprise two types of testing: 
integration testing and system testing. Integration tests contain multiple system components and are 
repeatable (steps and outcome) and should run exactly the same way every time, regardless of which order 
they are run or the state of the machine prior to running them. The best integration tests have a narrow 
focus; each checks just one aspect of the program’s ability to interact with the outside world. System testing 
exercises a larger view of the system, starting with the user interface, passing through the business layer, 
touching the underlying system, and measuring the returning output. In this case, each module or essential 
function of the system will be tested. 

These tests will also assess the usability of the system by way of demonstration from the perspective of the 
traveler as it relates to how well the system meets transportation and safety goals. This will be accomplished 
through the scenarios defined in Chapter 7. For instance, asking questions such as is a user able to easily 
board and alight the vehicle, can a user connect to the Wi-Fi, does a user feel safe on the vehicle, etc. 
determine the usability of the system and if there are challenges, how quickly can the user find answers or 
work around issues. At the system component level, the project team will also test the adherence to policy 
and compliance between and across all elements of the system either through physical inspection, testing or 
analysis. Lastly, the team will ensure the series of tests demonstrate that the vehicles and the CEAV system 
are operationally ready. 

Finally, once Preliminary Acceptance Testing and Full Operational Testing have been completed, the Smart 
Columbus team will focus on Final Acceptance Testing, a common form of end-to-end testing. Various test 
scenarios have been established which define the project’s acceptance criteria for system launch and are 
outlined in Chapter 7. 

4.3. ROLES 
Anticipated tester roles and responsibilities for project team partners are outlined in Table 2. 

Table 2: Project Team Member Roles and Responsibilities  

Tester Roles Responsibility 

System Owner City of Columbus representative overseeing 
the completion of all projects and testing.  

 

Andy Wolpert, City of 
Columbus 

Test Manager Develops testing report summaries and 
scheduling. 

Jeff Kupko, Michael Baker 

Data Consumer An authorized individual (or service) that 
consumes trip and travel data from the 
OS. 

Smart Columbus Operating 
System Team 

Data Producer A system or systems that will produce 
usage data to be sent to the OS. 

EasyMile 
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Tester Roles Responsibility 

Stakeholders General testing role with domain 
knowledge in the area of transportation. 

Jeff Kupko, Michael Baker 

Thomas Timcho, WSP 

The Ohio State University 

Technical Tester A technically advanced user able to 
perform advanced system tests, such as 
validate point-to-point data protection.  

Smart Columbus Operating 
System Team 

Source: City of Columbus 

4.4. TEST TOOLS 
The CEAV project will follow this Test Plan’s guidelines and EasyMile’s general procedures to manage the 
test cases, scenarios, testing outcomes, and maintain traceability back to user needs. Testers should read 
each requirement description carefully to enhance their understanding of each test objective. For each test 
case, the matrix will also provide test steps and expected results per objective. Finally, the matrix will assign 
the type of role to test the case. Testers will be required to enter their name, run date, result, and comment 
where applicable. 

4.5. MEASURES AND METRICS 
The project team will capture the following testing metrics: 

• Total number of test cases 

• Number of test runs per case 

• Number and percentage of test cases passed 

• Number and percentage of test cases failed 

• Number and percentage of test cases deferred 

• Number and percentage of defects found (relative to total cases) 

• Number and percentage of high severity defects 

• Number and percentage of defects accepted 

• Number and percentage of defects rejected 

• Number and percentage of defects deferred 

• Total number of testers 

• Defects, or anomalies, incongruencies, errors, or any other output inconsistent with the expected test 
case result 

The City of Columbus will leverage these data points to determine the feasibility and operational readiness 
of the CEAV project to receive final acceptance test approval.  
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4.6. TEST CRITERIA 

4.6.1. Item Pass/Fail 
Each test case consists of several unique properties which should be considered holistically during the 
testing evaluation process. Properties include but are not limited to: test identifier (ID), test objective, 
procedure, expected outcome, number of test runs that must be completed, and status. The results matrix 
will maintain the following status for each test case: 

1. Planned – the test case has been defined, role identified, testers assigned, and is in the backlog 
ready for testing. 

2. In Progress – one or more tester(s) have started testing the case. 

3. Passed – a passed value indicates tests have completed the defined number of runs by various 
testers without error and the expected result has been achieved. It is expected that each time this test 
is performed, independent of who is testing, the same successful results will be achieved. There may 
be instances when a tester identifies a defect during the procedure, yet the test case still achieves the 
stated outcome. The case can still pass, but the testers must log the defect and bring it to the 
attention of the test leader. This can happen when there are minor bugs detected not critical to the 
essential functionality of the feature being tested such as an image being out of alignment or a 
misspelling. Similarly, this can occur when the pass criteria metric for a particular test is lower than 
100%. 

4. Failed – a test case is marked as failed when it does not meet or partially meets the expected 
outcome. Some test scenarios encompass several steps. If some steps are successful, but others 
are not, this would be an example of a failed test case that partially met the expected outcome, which 
the tester would mark as failed. For all failed test cases, one or more defects must be logged to 
capture the details surrounding the failure.  

5. Deferred – the test case is marked as deferred when it is unable to be performed at the current state. 
Most often this will occur when a product is being released in increments and the functionality is not 
ready when it’s time to test the current release. Deferred could also mean that a requirement has 
changed and therefore the test is no longer needed. If a test is deferred, the tester should provide a 
brief reason why in the comment column. The test lead is responsible for tracking deferred cases and 
evaluating the most appropriate time and/or response for addressing the case.  

4.6.2. Testing Suspensi on and Resumption  
There are cases when a critical, severe defect is detected that is significant enough that if it is not fixed and 
testing proceeds, it would need to be performed again. In these situations, it is better to suspend testing until 
the defect is resolved to prevent wasting the project budget and the testers’ time. The test leader should be 
notified immediately and will work with the vendor to correct the issue as quickly as possible. Testing will 
resume once the test leader has successfully confirmed the issue has been resolved.  

The following situations would cause testing to be suspended: 

1. One or more defects found associated with the structural integrity of the vehicles. 

2. Failure of communications network rendering vehicle isolated from systems required for normal 
operation. 

3. Any situation that could potentially lead to bodily injury or significant damage to property.



 

 CEAV Test Plan – DRAFT Report  | Smart Columbus Program | 19 

 Test Deliverables 

The USDOT and City of Columbus Cooperative Agreement identifies one deliverable for the CEAV project, 
specifically the delivery of this Test Plan document. However, during testing there will be additional artifacts 
that extend this plan to support and enhance the testing process. The following artifacts make up part of this 
testing plan: 

• Test cases 

• Test scenarios 

• Testing matrix  

• Defects matrix with corrective actions 

• Error logs, bug reports, and/or screen captures (where feasible) 

• System error logs, bug reports, and/or screen captures (where feasible) 

• Webinar on the Linden Deployment 
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 Test Cases 

Based on the RFP, contract, and agreements between EasyMile and Smart Columbus, Table 3 outlines the functions of the system that are to be 
tested and/or validated. The columns under validation method mark the testing phase(s) in which each test shall be conducted. 

Table 3: CEAV System Test Cases  

ID TEST 
TYPE FUNCTION VERIFICATIO

N METHOD TEST OBJECTIVE TESTING PHASE METRIC PASS CRITERIA 
FACTORY PRELIM. FINAL 

CEAV-
001-v01 Component Vehicle 

Components Inspection 

Provide and maintain 
two EasyMile EZ10 
electric shuttle 
vehicles 
manufactured after 
2018 (these vehicles 
shall be newly 
manufactured). 

x x  

Two vehicles will 
be delivered with 
all appropriate 
paperwork. A third 
vehicle may be 
delivered if needed 
to meet minimum 
headway 
requirement, but it 
does not need to 
be newly 
manufactured. 

Criteria considered 
met if paperwork 
for both vehicles 
shows they are 
newly 
manufactured, and 
a visual inspection 
confirms there are 
no defects or signs 
of use. Preventive 
maintenance will 
be scheduled per 
the SOPs. 

CEAV-
002-v01 System Vehicle 

Components Demonstration 

Program the vehicles 
with speed for each 
road section and the 
presence of traffic 
signals, traffic signs 
(stop, yield, etc.), 

TT2 x x 

Each vehicle will 
conduct five runs 
of the route in 
automated mode 
(with a safety 
officer onboard to 
step in if 

Met if a critical 
failure is 
experienced on no 
more than two of 
the five runs. A 
critical failure is 
defined as the 

                                                      

 

2 Refers to EasyMile’s test track in Toulouse, France. 
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N METHOD TEST OBJECTIVE TESTING PHASE METRIC PASS CRITERIA 
FACTORY PRELIM. FINAL 

crosswalks, traffic 
circles, and stations. 

necessary). The 
tests at the factory 
will commence 
until 50 km (31 mi) 
has been logged. 

inability to perform 
an essential 
function. Any 
incident where the 
CEAV is not at 
fault does not 
constitute a critical 
failure. Requiring a 
human operator to 
regularly perform a 
manual check 
before telling the 
vehicle to proceed 
is acceptable, 
assuming the 
vehicle proceeds 
on this own once it 
is told the manual 
check is complete. 

CEAV-
003-v01 Component Vehicle 

Components Demonstration 

Program the vehicles 
with an alert to 
indicate the vehicle 
will begin moving 
following a full stop. 

TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, with 
four stops each for 
the actual route 
and three stops 
each for the test 
track route. 

Met if the alert is 
activated at 100% 
of all stop 
departures. 

CEAV-
004-v01 Integration 

Factory, 
Operations, 
Maintenance, 
and 
Administration 
Procedures 

Demonstration 

Demonstrate the 
procedure to 
immediately notify the 
City of any crashes or 
incidents related to 
transporting 
customers and/or 
involving the vehicle. 

 x x 

Three EasyMile 
staff members will 
demonstrate the 
procedure. 

Met if 100% of 
staff members can 
demonstrate the 
procedure as 
outlined in the 
SOPs. Note that 
this will also be 
verified at the 
tabletop meeting. 
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CEAV-
005-v01 Component 

Full Vehicle 
System 
Performance 

Demonstration 

Provide a human 
operator with the 
ability to take manual 
control of the vehicle 
if deemed necessary. 

TT x x 

Each vehicle will 
conduct five runs 
of the route. The 
tests at the factory 
will commence 
until 50 km (31 mi) 
has been logged. 

If a manual 
override becomes 
necessary, it will 
be assessed as it 
occurs. If no 
manual overrides 
are required after 
three runs, the 
EasyMile team will 
simulate a manual 
override on the 
fourth and fifth 
runs. Met if 
override can occur 
within 5 seconds of 
decision being 
made to do so, 
and if the transition 
is considered 
smooth by the 
testing team. 

CEAV-
006-v01 Component 

Full Vehicle 
System 
Performance 

Inspection 

Train and certify 
human operators to 
know how to operate 
the shuttles and 
communicate with 
and assist 
passengers. 

  x 

Two trained 
operators will 
demonstrate their 
ability to operate 
the vehicles. In 
addition, EasyMile 
will share a 
summary of their 
training 
procedures. 

Met if both 
operators are able 
to perform their 
required duties, 
and if training 
procedures align 
with SOPs. 

CEAV-
007-v01 Component Vehicle 

Components Test 
Vehicles have 
sensors that can 
detect objects. 

x   

During Factory 
Acceptance 
Testing, individual 
components will be 
tested to 
demonstrate their 

Met if 100% of 
objects shown to 
sensors are 
detected. 
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ability to detect 
objects. 

CEAV-
008-v01 System 

Factory, 
Operations, 
Maintenance, 
and 
Administration 
Procedures 

Analyze 

The factory at which 
the vehicles are 
manufactured have 
strong quality 
assurance/quality 
control processes in 
place. 

x   

During the factory 
walk through, the 
Smart Columbus 
team will ask 
questions, make 
observations, and 
take note of these 
processes. 

Met if conditions 
are considered 
satisfactory to 
create a reliable 
technology. 

CEAV-
009-v01 Component 

Factory, 
Operations, 
Maintenance, 
and 
Administration 
Procedures 

Inspection 

Have the ability to 
monitor information 
on the vehicle's 
battery level. 

x, TT x x 

Battery monitor will 
be shown on a 
stationary vehicle, 
when each vehicle 
conducts five runs 
of the route, 
battery level will be 
checked after 
every run, and a 
demonstration of 
charging 
procedure will 
show battery level 
increasing. The 
tests at the factory 
will commence 
until 50 km (31 mi) 
has been logged. 

Met if battery 
performance aligns 
with specs, and if 
SOPs include 
specifications on 
the level at which a 
vehicle will be 
taken out of 
service. 

CEAV-
010-v01 System Vehicle 

Components Demonstration Perform a low-speed 
merge. TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, with 
four stops each for 
the actual route 
and three stops 
each for the test 
track route. This 

Met if vehicle 
performs the 
maneuver without 
manual override 
for at least 90% of 
stop departures. 
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will be 
demonstrated at 
each stop 
departure. 

CEAV-
011-v01 System Vehicle 

Components Demonstration Pull over to the side 
of the road. TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, with 
four stops each for 
the actual route 
and three stops 
each for the factory 
route. This will be 
demonstrated at 
each stop arrival 
and one additional 
time on each run to 
demonstrate ability 
to pull over in the 
event of an 
emergency. 

Met if vehicle 
performs the 
maneuver without 
manual override 
for at least 90% of 
stop arrivals and 
other pull overs. 

CEAV-
012-v01 System Vehicle 

Components Demonstration 

Move out of the travel 
lane and stopping in 
order to service stop 
locations. 

 x x 

Each vehicle will 
conduct five runs, 
with four stops 
each for the actual 
route. This will be 
demonstrated at 
each stop arrival. 

Met if vehicle 
performs the 
maneuver without 
manual override 
for 100% of stop 
arrivals. Test can 
be deferred if an 
object is blocking 
the stop location. 

CEAV-
013-v01 System Vehicle 

Components Demonstration 
Perform car following 
when approaching 
intersections. 

 x x 

Each vehicle will 
conduct five runs, 
and this will be 
demonstrated at 
each intersection 
approach. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 
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CEAV-
014-v01 System Vehicle 

Components Demonstration 
Perform car following 
in stop and go traffic 
conditions. 

 x x 

Each vehicle will 
conduct five runs, 
and this will be 
demonstrated 
when the vehicle is 
in mixed traffic. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
015-v01 System Vehicle 

Components Demonstration Navigate signalized 
intersections. TT x x 

There are no 
signalized 
intersections on 
the route, but 
vehicle will receive 
information about a 
nearby intersection 
and demonstrate 
the reliability of this 
information. 

Met if record of 
data corresponds 
with actual signal 
state for all times it 
is available. For 
Factory 
Acceptance 
Testing, met if 
vehicle can 
navigate through a 
connected 
signalized 
intersection. 

CEAV-
016-v01 System Vehicle 

Components Demonstration Navigate unsignalized 
intersections. TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated at 
each intersection 
approach. 

Met if vehicle 
performs the 
maneuver with no 
more than five 
manual override 
over the five runs. 

CEAV-
017-v01 System Vehicle 

Components Demonstration Perform left and right 
turns. TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 
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CEAV-
018-v01 System Vehicle 

Components Demonstration 
Enter and emerge 
from a stop-controlled 
traffic circle. 

 x x 

Each vehicle will 
conduct five runs, 
and this will be 
demonstrated as 
appropriate along 
the route. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
019-v01 System Vehicle 

Components Demonstration 
Cross intersections 
with traffic speed 
limits up to 35 mph. 

 x x 

Each vehicle will 
conduct five runs, 
and this will be 
demonstrated as 
appropriate along 
the route.  

Met if vehicle 
performs the 
maneuver with no 
more than two 
manual overrides 
over the five runs. 

CEAV-
020-v01 System Vehicle 

Components Demonstration 
Change lanes (both 
left and right lane 
change). 

 x x 

Each vehicle will 
conduct five runs, 
and this will be 
demonstrated as 
appropriate along 
the route (if 
necessary, given 
the route alignment 
it may not be). 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
021-v01 System Vehicle 

Components Demonstration 

Make appropriate 
right-of-way decisions 
when merging from a 
transit stop. 

 x x 

Each vehicle will 
conduct five runs, 
with four stops 
each for the actual 
route. This will be 
demonstrated at 
each stop 
departure. 

Met if vehicle 
performs the 
maneuver without 
manual override 
for at least 90% of 
stop departures. 

CEAV-
022-v01 System Vehicle 

Components Demonstration 
Make appropriate 
right-of-way decisions 
at intersections. 

TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated at 
each intersection 
approach. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 
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CEAV-
023-v01 System Vehicle 

Components Demonstration 

Make appropriate 
right-of-way decisions 
when interacting with 
vulnerable road 
users. 

TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
024-v01 System Vehicle 

Components Demonstration 
Detect and respond to 
encroaching 
oncoming vehicles. 

TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
025-v01 System Vehicle 

Components Demonstration Detect stopped 
vehicles in their path. TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. If it does 
not occur, it can be 
simulated with a 
test vehicle. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
026-v01 System Vehicle 

Components Demonstration Pass stopped 
vehicles when safe. TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 

Met if vehicle 
performs the 
maneuver. Manual 
override is 
acceptable for all 
instances. 
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the route. If it does 
not occur, it can be 
simulated with a 
test vehicle. 

CEAV-
027-v01 System Vehicle 

Components Demonstration Detect and respond to 
static obstacles. TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
028-v01 System Vehicle 

Components Demonstration Detect and respond to 
moving obstacles. TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
029-v01 System Vehicle 

Components Demonstration 
Interact safely and 
appropriately with 
emergency vehicles. 

 x x 

Each vehicle will 
conduct five runs, 
and this will be 
demonstrated as 
appropriate along 
the route. If it does 
not occur, it can be 
simulated with a 
test vehicle. 

Met if vehicle 
performs the 
maneuver. Manual 
override is 
acceptable for all 
instances. 

CEAV-
030-v01 System Vehicle 

Components Demonstration 

Detect and respond to 
vulnerable road users 
in or approaching the 
vehicle’s projected 
travel path, including 
at intersections and 
crosswalks. 

TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 
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appropriate along 
the route. If it does 
not occur, it can be 
simulated with a 
test object. 

CEAV-
031-v01 System Vehicle 

Components Demonstration 

Provide a safe 
distance from objects 
on the side of the 
road or sharing the 
lane. 

TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. If it does 
not occur, it can be 
simulated with a 
test object. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
032-v01 System Vehicle 

Components Demonstration 

Decrease speed 
when there is 
uncertainty regarding 
which action to take. 

TT x x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. 

Met if vehicle 
performs the 
maneuver with no 
more than one 
manual override 
over the five runs. 

CEAV-
033-v01 System Vehicle 

Components Demonstration 

Detect and respond to 
detours and other 
temporary changes in 
traffic patterns. 

 x x 

Each vehicle will 
conduct five runs, 
and this will be 
demonstrated as 
appropriate along 
the route. If there 
are no current 
changes, it can be 
simulated with 
traffic cones. 

Met if vehicle 
performs the 
maneuver. Manual 
override is 
acceptable for all 
instances. 
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CEAV-
034-v01 System 

Full Vehicle 
System 
Performance 

Demonstration 

Operate in rain, fog, 
and light snow 
conditions not 
deemed a weather 
emergency when 
such conditions are 
available. 

 x x 

This will depend on 
the weather during 
the testing period. 
The testing team 
can request to test 
when certain 
weather is 
expected. 

During these 
conditions, 
considered met if 
vehicle can 
continue to 
operate with 
similar 
performance to 
clear weather 
conditions. 

CEAV-
035-v01 System Vehicle 

Components Demonstration Deploy a wheelchair 
accessible ramp.  x x 

Three volunteer 
passengers will 
board and alight a 
vehicle in a 
wheelchair. 

Met if vehicle 
successfully 
deploys ramp for 
all three boardings 
and alightings. 
Operator 
assistance may be 
required for actual 
boarding and 
alighting. 

CEAV-
036-v01 Integration 

Full Vehicle 
System 
Performance 

Test Provide real-time 
location information.  x x 

Three volunteer 
passengers will 
use their 
smartphones to 
see real-time 
location 
information. 

Met if all three are 
able to access 
accurate vehicle 
location 
information. 

CEAV-
037-v01 Integration 

Factory, 
Operations, 
Maintenance, 
and 
Administration 
Procedures 

Test 

Employ technology to 
count passenger 
boardings and 
alightings, with both 
location and time 
attributes, and report 
on a daily basis 
through an API to the 
Operating System. 

  x 

Two administrative 
testers users will 
attempt to pull 
daily ridership 
reports. 

Met if 100% 
success rate (all 
report requests 
completed). 



Chapter 6. Test Cases 

32 | Smart Columbus Program | CEAV Test Plan – DRAFT Report   

ID TEST 
TYPE FUNCTION VERIFICATIO

N METHOD TEST OBJECTIVE TESTING PHASE METRIC PASS CRITERIA 
FACTORY PRELIM. FINAL 

CEAV-
038-v01 Integration 

Full Vehicle 
System 
Performance 

Test Provide free Wi-Fi to 
onboard passengers.   x 

Three passengers 
will attempt to use 
the onboard WiFi 
for each vehicle. 

Met if all three are 
able to access and 
use the WiFi. 

CEAV-
039-v01 Integration Infrastructure 

Components Demonstration 

Implement Dedicated 
Short-Range 
Communications 
(DSRC) to 
communicate with 
roadside equipment 
to receive signal 
phase and timing 
(SPaT) and MAP data 
as well as 
communicate with 
other Connected 
Vehicles (CV). 

TT  x 

Each vehicle will 
conduct five runs 
on the actual route 
and 50 km (31 mi) 
at the factory, and 
this will be 
demonstrated as 
appropriate along 
the route. 

Met if information 
displayed is 
accurate, but 
vehicle does not 
need to use the 
information. 

CEAV-
040-v01 Component Vehicle 

Components Demonstration 

Equip vehicles with 
cameras capable of 
viewing and recording 
the entirety of the 
passenger 
compartment and 
capable of capturing 
external video. 

x x x 

Testing team will 
view web-based 
command center 
on two occasions 
and view all 
camera angles. 

Met if all camera 
angles are visible 
during both 
occasions. 

CEAV-
041-v01 Integration 

Factory, 
Operations, 
Maintenance, 
and 
Administration 
Procedures 

Analyze 

Monitor local weather 
patterns and be 
aware of any 
approaching severe 
weather event or 
other conditions that 
may impact vehicle 
operations. 

  x 

Testing team will 
visit command 
center on two 
occasions and 
analyze weather 
monitoring 
operations. 
Procedure will also 
be documented in 
SOPs. 

Met if system is 
considered 
satisfactory to 
reliably take the 
vehicles out of 
service when 
necessary. 

CEAV-
042-v01 System 

Full Vehicle 
System 
Performance 

Analyze 
Meet a minimum 
headway of twelve 
minutes during hours 

  x 
Route run times 
will be monitored 
during five runs for 

Met if average 
route run time is 
under 24 minutes. 
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in which service is 
provided. 

each vehicle to 
ensure this is 
feasible. 

CEAV-
043-v01 Integration 

Factory, 
Operations, 
Maintenance, 
and 
Administration 
Procedures 

Analyze 

Collect data and send 
this data to the Smart 
Columbus Operating 
System via an API. 

  x 

One administrative 
tester will retrieve 
and inspect 
historical data with 
a member from the 
Operating System 
team. 

Data function 
criteria will be 
considered met 
with 100% success 
rate when all data 
fields have been 
reviewed and 
matched precisely 
between the two 
systems. 

CEAV-
044-v01 Component 

Storage, 
Charging, and 
Maintenance 
Facility 

Inspection 

Provide a safe and 
secure location for 
overnight storage, 
charging, and routine 
maintenance 

 x x 

The route runs will 
start and end at 
the facility, which 
will be inspected at 
that time. 

Met if storage 
facility is in 
compliance with 
the specifications 
outlined in the 
RFP, proposal, 
and contract. 

Source: City of Columbus 
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 Test Scenarios 

Test scenarios are critically important to the acceptance of the system, as it tests the system’s ability to meet 
the requirements holistically, end-to-end, from all active participant viewpoints (passenger, human operator, 
City of Columbus, and system administrator). Scenarios are made up of a series of test cases used to 
simulate the system in a real-world operational environment. This approach validates the system’s ability to 
meet the concepts established through the project’s Operational Concept and provides a decision gate for 
the production release of the service.  

The scenarios outlined below are reflective of the capabilities the system must be able to perform in order to 
receive acceptance of the solution. The system capability and performance will be deemed acceptable 
provided all testing elements within a scenario successfully passes the test from each participant’s 
viewpoint.  

Each scenario must meet the stated outcome as detailed in Table 4 or Table 5 in order to be marked as 
pass. A range of closed course and real-world testing scenarios are described in this section to present how 
the proper functioning of the entire system with be tested. 

Testing preconditions include the need for two EasyMile EZ10 vehicles that will be used for testing and 
eventual passenger service (and a third vehicle that will be tested if delivered). Tests may also require other 
vehicles, test personnel, and other devices as appropriate.  

7.1. FACTORY ACCEPTANCE TESTING 
The intent of the testing at the factory in Toulouse, France is to verify the ability of the EZ10 vehicles to 
function as advertised as well as to ensure the factory itself has the proper procedures in place for quality 
assurance, quality control, back testing, configuration management, shakeout, and calibration. Vehicle 
functional verification includes both component verification (brakes work, sensors work, power train works, 
etc.) and full system verification (vehicles can operate on a road/test track). Acceptance Test Scenarios for 
Factory Acceptance Testing are provided in Table 4 in Section 7.4. The EasyMile EZ10 Acceptance Test 
Manual can be found in Appendix E and outlines the tests conducted at the factory.  

7.2. PRELIMINARY ACCEPTANCE TESTING 
Immediately upon vehicle delivery, tests on the delivered vehicles similar to those done during Factory 
Acceptance Testing will comprise the first portion of Preliminary Acceptance Testing. These tests will be 
performed in a controlled test environment, such as a closed course or parking lot, the route during an off-
peak period, or the route with all roads closed. 

Once these functions have been sufficiently demonstrated on this closed course, Preliminary Acceptance 
Testing will graduate to being conducted on the route in normal conditions. Once each vehicle has 
completed five test runs and is able to adequately demonstrate each operational function, it will be permitted 
to proceed to the Full Operational Testing period on the service route. More detailed Acceptance Test 
Scenarios for Preliminary Acceptance Testing are provided in Table 5 in Section 7.4. 
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7.3. FINAL ACCEPTANCE TESTING 
Upon successful testing and demonstration of the vehicles in Factory Acceptance and Preliminary 
Acceptance Testing, EasyMile will be permitted to proceed to Full Operational Testing to demonstrate and 
refine the ability to operate as desired. During this phase, the vehicles will operate per the planned route and 
schedule but without taking on passengers. Staff from the City, or its designees, will be permitted to ride the 
vehicles during this period and could simulate passenger boardings and alightings. Upon completion of the 
Full Operational Testing period, or approximately one-to-two months of operational testing operations, 
EasyMile and the City will prepare and conduct a Final Acceptance Test, similar to the Preliminary 
Acceptance Test. EasyMile will then produce a Test Report suitable for delivery to the USDOT. The test 
report will include any corrective actions necessary. 

The testing should demonstrate the vehicles’ ability to perform everyday operations on the route, 
demonstrating lane adherence, turning, stopping and starting, and safe reactions to situations the vehicle 
happens to encounter. This includes management of the system via a cloud-based platform, service of the 
passenger stops (including pulling over, opening and closing doors, and merging back onto the route, and 
servicing a passenger with the ADA accessibility ramp) and operations in changing roadway/weather 
conditions (such as peak and off-peak traffic). The Final Acceptance Testing will be sensitive to site-specific 
conditions such as negotiation with parked cars and school buses and navigation through roundabouts and 
parking lots.  

For Final Acceptance Testing, each vehicle will perform five full test laps of the route, with a critical failure 
being experienced on no more than two runs. A critical failure is defined as the inability to perform an 
essential function. Any incident where the CEAV is not at fault or it behaves as expected does not constitute 
a critical failure. Requiring a human operator to regularly perform a manual check before telling the vehicle 
to proceed is acceptable, assuming the vehicle proceeds on this own once it is told the manual check is 
complete. More detailed Acceptance Test Scenarios for Final Acceptance Testing are provided in Table 5 in 
Section 7.4. 
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7.4. ACCEPTANCE TEST SCENARIOS 
Table 4: Acceptance Test Scenarios – Factory Acceptance Testing 

FUNCTION 
ACCEPTANCE 

TEST 
SCENARIO ID 

SCENARIO DESCRIPTION SCENARIO DETAILS 

Component 
Verification 

CEAV-003-v01 
CEAV-005-v01 
CEAV-007-v01 
CEAV-009-v01 

Verify the proper condition of vehicle 
components. • Reference EasyMile’s procedures 

Factory Quality 
Management 
Audit 

CEAV-001-v01 
CEAV-004-v01 
CEAV-006-v01 
CEAV-008-v01 

Ensure the factory in which the vehicles that 
will be delivered were manufactured is in 
good working condition and has strong 
quality assurance programs in place. 

• Verify factory quality management program 
• Demonstrate emergency response procedures 
• Verify training procedures and requirements 
• Inspect the quality of the exact EZ10 vehicles that will 

be delivered 
• See factory condition, signage, strategies, etc., first-

hand 
• Determine best practices from prior deployments and 

vehicle construction, such as emergency management 
procedures 

• Verify training is conducted and is sufficient 
• Ensure vehicles that will be delivered have no defects 

Initial Vehicle 
Functional 
Verification 

CEAV-002-v01 
CEAV-003-v01 
CEAV-005-v01 
CEAV-007-v01 
CEAV-009-v01 
CEAV-010-v01 
CEAV-011-v01 
CEAV-012-v01 
CEAV-013-v01 
CEAV-014-v01 
CEAV-015-v01 
CEAV-016-v01 
CEAV-017-v01 
CEAV-018-v01 

Demonstrate basic functions of a vehicle 
such as transitioning from automated to 
manual mode and object detection. 
Demonstrate overall system functionality on 
a test track if possible. 

• Verify how vehicle functions are programmed, and how 
this can be modified for each deployment 

• Demonstrate a manual override 
• Perform component testing for essential vehicle 

components such as sensors 
• Demonstrate the ability of vehicles to operate as 

intended 
• Record how vehicles are programmed 
• Verify a manual system override and the security thereof 
• Verify that individual components are functional 
• Perform a test validation run using an actual EZ10 

vehicle on a test track 
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FUNCTION 
ACCEPTANCE 

TEST 
SCENARIO ID 

SCENARIO DESCRIPTION SCENARIO DETAILS 

CEAV-020-v01 
CEAV-021-v01 
CEAV-022-v01 
CEAV-023-v01 
CEAV-024-v01 
CEAV-025-v01 
CEAV-026-v01 
CEAV-027-v01 
CEAV-028-v01 
CEAV-029-v01 
CEAV-030-v01 
CEAV-031-v01 
CEAV-032-v01 
CEAV-033-v01 
CEAV-035-v01 
CEAV-039-v01 
CEAV-040-v01 

Table 5: Acceptance Test Scenarios – Preliminary  Acceptance Testing , Full Operational Testing, and F inal Acceptance Testing  

FUNCTION 
ACCEPTANCE 

TEST 
SCENARIO ID 

SCENARIO DESCRIPTION SCENARIO DETAILS 

Route run 

CEAV-002-v01 
CEAV-003-v01 
CEAV-005-v01 
CEAV-007-v01 
CEAV-009-v01 
CEAV-010-v01 
CEAV-011-v01 
CEAV-012-v01 
CEAV-013-v01 
CEAV-014-v01 
CEAV-015-v01 
CEAV-016-v01 
CEAV-017-v01 

Perform a full loop of the service route that 
includes stopping at every stop to open 
and close doors, simulate boardings and 
alightings, and interact with mixed traffic. 

• A series of 5 route runs will comprise Preliminary and 
Final Acceptance Testing 

• Additional route runs may be conducted during Full 
Operational Testing 

• The vehicles must be able to perform the entire route, 
with minimal manual overrides as specified in Table 3 

• Individual test cases will be conducted within these 
route runs, and may require additional equipment such 
as another vehicle or object for the vehicle under testing 
to detect 



Appendix A . Test Results Summary 

CEAV Test Plan – Draft Report | Smart Columbus Program | 39 

FUNCTION 
ACCEPTANCE 

TEST 
SCENARIO ID 

SCENARIO DESCRIPTION SCENARIO DETAILS 

CEAV-018-v01 
CEAV-020-v01 
CEAV-021-v01 
CEAV-022-v01 
CEAV-023-v01 
CEAV-024-v01 
CEAV-025-v01 
CEAV-026-v01 
CEAV-027-v01 
CEAV-028-v01 
CEAV-029-v01 
CEAV-030-v01 
CEAV-031-v01 
CEAV-032-v01 
CEAV-033-v01 
CEAV-035-v01 
CEAV-039-v01 
CEAV-040-v01 

Servicing a stop 

CEAV-003-v01 
CEAV-010-v01 
CEAV-011-v01 
CEAV-012-v01 

The vehicle pulls over, opens doors, 
allows passengers to board and/or alight, 
closes doors, and indicates when it is 
ready to proceed. 

• Members of the testing team can simulate boardings 
and alightings and test the ability of the door to open 
and close when necessary and safe 

• The vehicle will also have to demonstrate the ability to 
move in and out of mixed traffic 

Passenger ride 

CEAV-002-v01 
CEAV-003-v01 
CEAV-012-v01 
CEAV-036-v01 

Simulation of an entire passenger trip, 
from identifying a stop location, receiving 
real-time location information, boarding a 
vehicle, securely riding the vehicle, and 
alighting the vehicle at their intended stop. 

• A member of the testing team can act as the passenger 

ADA accessibility 

CEAV-002-v01 
CEAV-003-v01 
CEAV-012-v01 
CEAV-035-v01 

The vehicle is accessible to passengers 
with varying abilities, including those with 
mobility, vision, and hearing restrictions. 

• Volunteers can be solicited to test the vehicle and 
ensure it is compatible with their needs 
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FUNCTION 
ACCEPTANCE 

TEST 
SCENARIO ID 

SCENARIO DESCRIPTION SCENARIO DETAILS 

Ride for a 
passenger with 
large items 
(grocery bags, 
stroller, luggage, 
etc.) 

CEAV-002-v01 
CEAV-003-v01 
CEAV-012-v01 
 

A passenger with large items is able to 
board, ride, and alight the vehicle, perhaps 
with the help of the ramp. 

• There may need to be policies and procedures on what 
can be brought onboard and during which times – for 
example, no bikes, only enough groceries you can carry 
without assistance, only during non-peak periods, etc.  

Answering 
passenger 
questions 

CEAV-006-v01 
Operators are trained to answer 
passenger questions on the vehicle 
technology and nearby attractions. 

• The testing team can ask trained operators questions, 
and will also review an overview of the testing 
procedures 

• Operators can also direct passengers to where they can 
find additional information 

Passenger use of 
WiFi CEAV-038-v01 Passengers are able to access a WiFi 

network when onboard the vehicle. 

• WiFi does not need to be particularly fast, just sufficient 
for casual use 

• There will be a separate network for vehicular and other 
EasyMile use 

Manual operator 
override 

CEAV-005-v01 
CEAV-006-v01 

Operator can quickly and security 
intervene in vehicle operations when 
onboard the vehicle. 

• Demonstrate the ability to quickly and safely perform a 
manual override 

• Show that the method of vehicle intervention is secure 
(i.e., if it is wireless that it is over a secure network and 
that there are distance limitations) 

Temporary 
change in traffic 
patterns 

CEAV-005-v01 
CEAV-006-v01 
CEAV-033-v01 

The vehicle detects that there are changes 
to normal route conditions and deviates 
from its normal path (with or without 
manual operator assistance). 

• For example, navigating around a stopped vehicle 
• SOPs should also consider the ability to deviate from 

the normal route in the event a road is closed 

Detection of 
incoming 
inclement 
weather and 
decision whether 
to suspend 
service 

CEAV-034-v01 
CEAV-041-v01 

The command system has a method to 
determine when weather conditions may 
degrade to a point at which vehicle 
systems are either less effective or in 
danger of being damaged. 

• The vehicle can operate in some inclement weather, but 
not all 

• Also assess after the fact whether the vehicle could 
have operated under the weather as it actually occurred 
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FUNCTION 
ACCEPTANCE 

TEST 
SCENARIO ID 

SCENARIO DESCRIPTION SCENARIO DETAILS 

Incidence 
response 

CEAV-004-v01 
CEAV-005-v01 
CEAV-029-v01 
CEAV-032-v01 
CEAV-040-v01 

An emergency situation, that may involve 
the vehicle or may not, occurs, and the 
vehicle responds by moving to a safe 
location and alerting authorities. 

• See SOPs, validate in the tabletop exercise 

Detection of a 
roadway hazard 

CEAV-023-v01 
CEAV-024-v01 
CEAV-030-v01 
CEAV-031-v01 

The vehicle detects an object, categorizes 
it as a hazard, and responds appropriately. • Could be a pedestrian, animal, encroaching vehicle, etc. 

Detection of a 
non-hazardous 
roadway element 

CEAV-027-v01 
CEAV-028-v01 

The vehicle detects an object, categorizes 
it as a non-hazard, and responds 
appropriately. 

• Could be a leaf, sun glare, trash, etc. 

Detection of a 
nearby 
emergency 
vehicle 

CEAV-029-v01 
An actively responding emergency vehicle 
is nearby, and the vehicle responds by 
pulling over when appropriate. 

• The emergency vehicle could be pulling over the CEAV 
or it could be responding to something else, in which 
case the CEAV should get out of the way 

Vehicle-to-
infrastructure 
and/or vehicle-to-
vehicle 
communications 

CEAV-039-v01 

The system demonstrates the ability to 
utilize DSRC for vehicle safety or 
navigation purposes, though it may not 
actually use the information. 

• May depend on whether there are other connected 
vehicles in the service area 

Service start/end CEAV-002-v01 
CEAV-042-v01 

The vehicle transitions to or from the 
storage facility to active service. 

• Each vehicle will perform a full run of the route before 
offering rides to passengers 

• A similar procedure will be in the SOPs for if the vehicle 
has to be taken out of service due to an emergency or 
approaching inclement weather 

Vehicle storage CEAV-044-v01 The vehicle transitions to or from active 
service to the storage facility. 

• At the end of the service period, each vehicle is able to 
enter the storage facility and be stored in a secure 
location 

• The storage facility itself is also inspected 
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FUNCTION 
ACCEPTANCE 

TEST 
SCENARIO ID 

SCENARIO DESCRIPTION SCENARIO DETAILS 

Vehicle charging CEAV-009-v01 
The vehicle is attached to a charging 
station and sufficiently charging to support 
service. 

• Charging strategy developed that is sufficient to support 
operations 

Preventive 
maintenance CEAV-001-v01 

Preventive maintenance is performed on a 
predetermined schedule as outlined in the 
SOPs. 

• See SOPs 
• Project parties agree on the appropriate schedule 

Reactive 
maintenance CEAV-004-v01 

After a defect is detected or an incident 
occurs, a vehicle is pulled from service to 
perform maintenance. 

• See SOPs 
• In this scenario, project parties would meet to determine 

how long the vehicle may be out of service and what the 
next steps would be 

Source: City of Columbus 



 

 CEAV Test Plan – DRAFT Report  | Smart Columbus Program | 43 

Appendix A. Test Results Summary 

This appendix identifies the test results for each of the test scenario, a defect management tool, test metrics, exist criteria, and conclusion and 
sign-offs for the test results. 

A.1 TEST RESULTS 
This section identifies the test results for each of the test scenario including the feature tested, requirements, trace method, test objective, test 
release, test steps and expected results, tester role, test status, tester, date, and testing comments. 

Figure 1: Scenario Testing Results  

TEST  
SCENARIO ID TEST OBJECTIVE 

TEST STEPS AND 
EXPECTED RESULTS TEST ROLES TEST DATE TEST STATUS 

      
      
      

Source: City of Columbus 

A.2 DEFECT MANAGEMENT TOOL 
This section identifies the defects encountered during the testing, its severity, status, test ID. test plan, date found, assigned to, the resolution, 
and any comments captured. 

Figure 2: Defect Management Matrix  

DEFECT NO. 
DEFECT 
DESCRIPTION SEVERITY 

DEFECT 
STATUS TEST ID 

DATE 
FOUND 

ASSIGNED 
TO 

RESOLUTION 
DESCRIPTION COMMENTS 
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Source: City of Columbus 

A.3 TEST METRICS  
This section identifies the test metrics from executing the Test Plan. 

Figure 3: Test Cases Planned vs Executed  

Test Cases Planned Test Cases Executed Test Cases Passed Test Cases Failed 

0 0 0 0 

Source: City of Columbus 

Figure 4: Defect Matrix – by Priority/Type  

Defect in Release Severe High Low Total 

R1 0 0 0 0 

R2     

Source: City of Columbus 

A.4 OUTSTANDING ISSUES 
This section discusses any open defect and the reason for it being open.  

Figure 5: Outstanding  Issues  

Defect ID Status Notes 

   

Source: City of Columbus 

 



Appendix A . Test Results Summary  

CEAV Test Plan – Draft Report | Smart Columbus Program | 45 

 

 

A.5 EXIT CRITERIA 
This section gives the conditions that were fulfilled so as to stop testing.  

Figure 6: Test Exit Criteria  

Criteria Met/Not Met 

All planned test cases have been executed in Execution Tool  

All defects found have been recorded in the Defect Management Tool  

All severity high defects have been resolved  

Test Summary Report (this document) issues to stakeholders  

Source: City of Columbus 

A.6 CONCLUSION/SIGN OFF 
The test exit criteria have been met.  

Figure 7: Test Sign -offs  

Role Name Date Signature 

Test Manager Andrew Wolpert   

Test Lead Jeff Kupko   

Test Researcher 1    

Test Researcher 2    

Test Tech Lead    

Source: City of Columbus 
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Appendix B. Terminology and Conventions 

B.1 NUMBERING CONVENTION 
Each testing element contains a unique identifier for traceability and configuration management. Test cases 
and scenarios for all projects in the Smart Columbus program will follow the same convention, each 
representing an identifiable attribute of the traced metric. The convention is as follows: 

 
Figure 8: Numbering Convention  
Source: City of Columbus 

Table 6: Numbering Convention Definit ions  

Octet Description Data Type, 
Casing 

Number of 
Characters 
or Digits 

a. Project 
Abbreviation 

The designated Smart Columbus project acronym 
(i.e., CEAV) 

String, upper 
case 

Variable  

b. Test Type Code 
Note that Test 
Type Codes are 
not currently 
being used for 
this project. 

 XYZ: Test Case for the XYZ 
 XYZ: Test Case for the XYZ 
• XYZ: Test Case for the XYZ 
 XYZ: Test Case for the XYZ 
 TES: Test Scenario 

String, upper 
case 

3 

c. Test Number An integer incrementing by one, indicating the 
number of requirements established. 

Integer 3 

d. “v” Static 
Character 

Static letter “v” represents the version for the 
particular test objective and procedure. 

Character 1 

e. Version Number An integer incrementing by one, indicating the 
number of revisions made to the test element 
being traced. 

Integer 2 

Source: City of Columbus 

Project 
Abbreviation 

Test Type 
Code 

Test  
Number 

Version 
Number 

“V” Static 
Character 

01 02 03 

(a) (b)  (c) (d) (e) 



Appendix B . Terminology and Conventions  

48 | Smart Columbus Program | CEAV Test Plan – DRAFT Report   

An example of a test case for the ability of the CEAV to navigate unsignalized intersections would be CEAV-
016-v01. 

1. “CEAV” is the project abbreviation. 

2. “016” is the test type code coupled with the three-digit test number. 

“v01” is the static “v” coupled with the two-digit version number. 
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Appendix C. Acronyms and Definitions 

Table 7 contains project specific acronyms used throughout this document. 

Table 7: Acronym List  

Abbreviation/Acronym Definition 

ADA Americans with Disabilities Act 

API Application Programming Interface 

BRT Bus Rapid Transit 

CEAV Connected Electric Autonomous Vehicle 

CMAX COTA’s Bus Rapid Transit (BRT) Service 

ConOps Concept of Operations 

COTA Central Ohio Transit Authority  

CV Connected Vehicle 

DF Desirable Function 

DSRC Dedicated Short Range Communications 

EF Essential Function 

FHWA Federal Highway Administration 

FMLM First Mile/Last Mile 

GPS Global Positioning System 

ITS Intelligent Transportation System 

MAP Intersection Geometry Message 

ODOT Ohio Department of Transportation 

OpCon Operational Concept 

OS Operating System 

OSU Ohio State University 

RFP Request for Proposals 

RSU Roadside Unit (DSRC) 

SC Smart Columbus 

SMH Smart Mobility Hub 

SOP Standard Operating Procedures  

SPaT Signal Phase and Timing 
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SSL Secure Sockets Layer 

USDOT U.S. Department of Transportation 

Source: City of Columbus 
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Appendix D. Glossary 

Table 8 contains project specific terms used throughout this document. 

Table 8: Glossary 

Term Definition 

Commercial Off-the-Shelf 
System (COTS) 

Software or hardware product that are ready-made and available for sale 
to the public. Also referred to as a turnkey system. 

Normal Operations When a signalized intersection is cycling through its preplanned phases 
correctly, servicing all approaches including pedestrian phases. 

Procurement The act of obtaining or acquiring goods, services or works, from a 
competitive bidding process. 

Real-Time Data Information that is delivered immediately after collection. 

Source: City of Columbus 
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Appendix E. EZ10 Acceptance Test Manual 



 

 
EZ10 Acceptance Test Manual Summary Rev.: A00 

Rev date: 08-08-2019 

 

 

Reference: EM-EZ10-G3-004-ATM-20190819 FAT 

Name: EZ10 G3-004 Internal Factory Acceptance Tests  

Confidentiality 
level: 

☒  Not confidential - Public 

Vehicle type : EZ10 Gen3 Vehicle VIN : VJRD1A10225000004 

Test Site : Francazal, Toulouse, France Test date : 19/08/2019 

EM Navigator: 19.06 Core 
Control: 

 

 
Project if any : City of Columbus Country : United States of America 

Customer if any : City of Columbus  

 
 Name Date Signature 

Filled By :    
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1. Introduction 

1.1 Scope 
This document is the Factory Acceptance Tests document for the EZ10 G3-004. 

1.2 Glossary 
Acronym Definition 

AM Automated Mobile 
AV Automated Vehicle 

ARTS Automated Road Transport System  
CCTV Close Circuit TeleVision 
E-stop Emergency Stop 
ELB ELectric Brake, i.e. electric brake motor on caliper 
EM EasyMile 
FSB FailSafe Brake 

HVAC Heating, Ventilation, and Air Conditioning system 
LiDAR Light Detection And Ranging, ie.laser-based RADAR 
RCU Remote Control Unit 
SMC Supervised Mobile Component 
SoC State of Charge 
WD Wiring Diagram 
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2. Tests Procedure 

2.1 Test Objective 
The purpose of this test plan is to evaluate if the vehicle is compliant with its technical specifications and purchased options and is ready                        

for operations. 
This test plan describes the test procedures and highlights the pass/fail criteria for each test parameter. 

3. Vehicle inspection 

This section has to be performed by an EasyMile deployment engineer. 
 

Feature / Function  
description 

 
Acceptance criteria 

 

Test Result : 
OK/NOK 

+ Comments 
Validate Main power switch 
functionality  

Vehicle has no power  

Validate Switch ON/OFF Switch Functions according to specifications   
Validate RCU connection RCU connected  
Internal inspection Vehicle meets specifications  
Verify safety equipment  Fire extinguisher 

e-hammers 
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First aid kit 
Doors - Validate operation of 
doors 

Doors sound is triggered and Doors open 
Doors sound is triggered and Doors close 

 

Doors - Validate operation of 
doors with an obstacle 

Doors open when they enter in contact with the obstacle  

Emergency opening of the 
doors 

E-stop triggered by the vehicle 
Doors open 

 

Emergency opening of the 
doors - Close 

Doors close  

Emergency opening of the 
doors from exterior 

E-stop triggered by the vehicle 
Doors open 

 

Emergency opening of the 
doors from exterior - Close 

Doors close  

Ramp access - Deployment Ramp operates per specifications  
Ramp access - Obstacle Ramp withdraws when in contact with the obstacle   
Ramp access - Apply 
downward pressure to ramp 

Ramp stops when applying the pressure  
Ramp retracts when pressure is released 

 

Chargers validation Vehicle charging per specifications  
HVAC system Heat and Cooling on  
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4. Functional tests - Manual Mode 
This section has to be performed by an EasyMile deployment engineer 

 

Feature / Function  
description Acceptance criteria 

Test Result : 
OK/NOK 

+ Comments 
Towing procedure Vehicle is moving when towed  
E-Stops and Rearm Vehicle is rearmed   
Remote control operation Vehicle is reacting accordingly  
RCU E-Stop Vehicle comes to a stop  
E-Stop Buttons  Vehicle comes to a stop  
Manual mode with obstacle Vehicle comes to a stop  
RCU control Accessories Accessories function  

● Lights 
● Wipers 
● Bells 
● Deicing system 
● Lower suspension 
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 5. Control panel tests  
This section has to be performed by an EasyMile deployment engineer or by a partner trained as chief operator. 
 

Feature / Function  
description Acceptance criteria 

Test Result : 
OK/NOK 

+ Comments 
Navigation computer Information displayed consistent with RCU information  
OpPanel features - HVAC HVAC activated when requested  
OpPanel features - Cabin Light Interior light activated when requested  
OpPanel features - Bell Warning bell triggered when requested  
OpPanel features - Wipers Windscreen wipers switch on and off in stages as requested  
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6. Sensors testing  
This section has to be performed by an EasyMile deployment engineer. 
 

Feature / Function  
description 

Expected Result 
 

Test Result : 
OK/NOK 

+ Comments 
Test the localisation The main screen shows that the vehicle is localized   
Test Odometry  Odometry speed/steer is as per the command  
Tests GPS & RTK corrections Data are displayed according to specifications   
Tests LIDARs Status and data returned according to specifications   
Test vision cameras Display from cameras is according to specifications   
Test CCTV camera CCTV camera Display according to specifications   
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7. Running tests - Auto Mode 
This section has to be performed by an EasyMile deployment engineer. 
 

Feature / Function  
description Expected Result 

Test Result : 
OK/NOK 

+ Comments 
Auto mode - Engaged Mode indicator on  
Auto mode - Initiated Vehicle moves autonomously  

Obstacle detection - Nearby 
obstacle 

Vehicle comes to an E- stop 
 

 

Obstacle detection -  Obstacle 
removed 

Vehicle moves autonomously  

Obstacle detection - Far away 
obstacle 

Vehicle comes to a stop   

E-Stop at speed >0 in 
autonomous mode  

Vehicle comes to a stop 
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8. Control Center 
This section has to be performed using a laptop. 
 

Feature / Function  
description Expected Result 

Test Result : 
OK/NOK 

+ Comments 
External cameras External cameras are displayed   

Inside cameras Inside camera is displayed   

Intercom Communication is enabled  

Passenger call to the control 
center 

Notification displayed when a passenger is calling  
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9. Customer specific equipment check-up 

Feature / Function  
description Expected Result 

Test Result : 
OK/NOK 

+ Comments 
Passenger counting The passenger counter is installed in the vehicle and powered  
Destination board The destination boards are installed in the vehicle and powered.   
Onboard unit The onboard unit is installed in the vehicle and powered  

 
 

 

End of file 
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