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Abstract 

The purpose of this Test Report is to document the results of CEAV system testing that was conducted prior 

to launch of an automated shuttle service. The primary goals of the Test Report are to evaluate how well the 

system conforms to the allocated test procedures and required functionalities. This determination includes a 

blend of analysis, demonstration, inspection, and testing of various products, systems, and data in order to 

provide final acceptance of the system and move forward to the next phase in the project, operations. 

The Test Report contains a summary of test activities, identifies any issues and notable findings that 

occurred during testing, and documents the acceptance of functionalities. 
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 Introduction 

A Test Plan was previously developed by a multidisciplinary team comprised of project stakeholders to 

formally test the functionality of the CEAV system. This Test Report now documents the results of the testing 

procedures, introduced in the Test Plan, used to validate the functionalities of the CEAV system. The Test 

Report contains a summary of test activities, identifies any issues that occurred during testing, and 

documents the acceptance of functionalities. 

Due to the unique characteristics of this project, multiple phases of testing have been conducted to ensure 

holistic, successful outcomes: Factory Acceptance Testing, Preliminary Acceptance Testing, and Final 

Acceptance Testing. These individual phases of the process each built upon information and data from prior 

phases, and therefore constraints on and functions to be demonstrated during each phase depended on the 

results of each of the preceding phases. In addition, four further test cases were created based on findings 

of early operations for a planned additional testing phase referred to as Additional Acceptance Testing. 

These test cases were to be conducted prior to any restart of passenger service. However, due to social 

distancing guidelines and other needs associated with the ongoing COVID-19 pandemic, passenger service 

never resumed after these test cases were identified, and the additional test cases were not needed to be 

conducted. Therefore, these test cases are included in this Test Report primarily for documentation and for 

reference, as it is recommended that any future deployers of CEAV technology conduct these or similar test 

cases prior to launching a passenger service. 

This Test Report has been created upon the completion of all three phases of testing activities, and 

summaries the full results of the comprehensive testing process. 

1.1. 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 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 needed to verify that the chosen vendors are capable of providing what they advertised, 

and that they have responsible policies and procedures in place to ensure the safety and reliability of the 

technologies they are providing, which motivated the pursuit of these testing activities. 
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1.2. System Concept 

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. 

The CEAV Test Plan incorporated 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 an Agile systems engineering method. 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 turnkey 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. This 

was then supported by the development of requirements to be met by a vendor, outlined in the Request for 

Proposals (RFP) and further refined during the procurement process, including cross-referencing the 

statewide requirements for human driver’s licenses.  

This Test Report focuses specifically on the second deployment of the CEAV project, which is located in the 

Linden neighborhood. The original passenger route traveled between St. Stephen’s Community House and 

Linden Transit Center. The goal of this route was to connect the community center with the CMAX high-

frequency bus rapid transit (BRT) line as well as the neighboring community. The CEAVs were 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 COVID-19 pandemic that affected the United States starting in early 2020 had far reaching impacts to 

various industries including transportation and mobility. Residents of Columbus and the state of Ohio at-

large were instructed to remain at home, only making necessary trips for specific reasons, such as food or 

essential travel. Additional guidelines that stress the importance of “social distancing”, defined as 

maintaining six feet of separation from another person, and increasing the necessary sanitizing procedures 

greatly limited the ability to accommodate passengers in the EasyMile EZ10 shuttles procured for the CEAV 

project. With the expectation that social distancing requirements would be in place for the duration of the 

pilot period, Smart Columbus consulted with its stakeholders to determine how a shuttle could otherwise be 

used to serve the immediate needs of the community consistent with the original purpose of the deployment.  

When the pandemic-related directives went into effect within the City, the on-site food pantry at St. 

Stephen’s Community House shifted from a choice food pantry, where patrons would choose food from 

shelves to take home, to a pre-packaged system. Those wishing to pick up these food boxes were still 

traveling to St. Stephen’s, mostly by car, but several were still walking from nearby residences, and 

subsequently waiting in line for the box which can weigh as much as 40 pounds. It was identified that the 

shuttles could be utilized to help distribute the food into the community, particularly the Rosewind 

                                                      
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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neighborhood, a benefit to those with limited access to transportation and in alignment with the stay-at-

home recommendations. 

The food pantry delivery route operates on a portion of the original passenger route, so no modifications 

were required to begin service. With this concept, the shuttle does not provide service to Linden Transit 

Center, and instead the shuttle turns around at the intersection of Brooks Avenue and Chittenden Avenue, 

the southern traffic circle, at which point the shuttle is redirected from a southern trajectory to a northern 

trajectory of the original passenger route. This allows for the most direct route to the Rosewind northbound 

station, where the shuttle is stationed for the duration of the delivery window while the onboard operator 

offloads food boxes to arriving patrons. 

1.2.1. Factory Acceptance Testing 

The intent of Factory Acceptance Testing (FAT) at the factory in Toulouse, France was to verify the ability of 

the EZ10 shuttles 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. The factory test track is shown in Figure 1. The test track pre-programmed route has three 

stops, and testing was conducted in loops until 50 kilometers (31 miles) total had been conducted. 

 

Figure 1: Factory Acceptance Testing Test Track 

Source: City of Columbus 
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1.2.2. Preliminary Acceptance Testing 

Immediately upon vehicle delivery, tests on the delivered vehicles similar to those done during Factory 

Acceptance Testing comprised the first portion of Preliminary Acceptance Testing (PAT). These tests were 

performed in a controlled test environment, the eastern (rear) parking lot at St. Stephen’s shown in Figure 

2. 

 

Figure 2: Preliminary Acceptance Testing Location 

Source: City of Columbus 

1.2.3. Final Acceptance Testing 

Upon successful testing and demonstration of the vehicles in Factory Acceptance and Preliminary 

Acceptance Testing, EasyMile was permitted to proceed to the full operational testing period to demonstrate 

and refine the ability to operate as desired. During this Final Acceptance Testing (FiAT) phase, the vehicles 

operated per the planned route and schedule but without taking on passengers. Staff from the City, or its 

designees, were permitted to ride the vehicles during this period and could simulate passenger boardings 

and alightings. The route is shown in Figure 3. 
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Figure 3: Final Acceptance Testing and Operations Route 

Source: City of Columbus 

Also during this time, a tabletop exercise was also conducted with project stakeholders, including the local 

transit agency, emergency responders, and transportation and traffic management officials, in which all 

parties demonstrated the step-by-step processes they would undertake for certain types of situations as 

presented to them in the exercise. 

1.3. Test Components 

The following list of components were tested. 

1. Full vehicle system performance of EZ10 shuttles 

a. Two EZ10-Gen3s 

2. Storage, charging, and maintenance facility 

3. Linden LEAP Standard Operating Procedures (SOP) and other factory, operations, maintenance, 

and administrative procedures 

a. Many test cases and procedures refer to the SOP and other EasyMile procedural 

documentation. For these test cases and procedures, the Smart Columbus team reviewed 

the SOP or the appropriate document to ensure it is complete. 

4. Smart Columbus Operating System 

a. To verify data is sent and received. 



Chapter 1. Introduction 

6 | Smart Columbus Program | CEAV Test Plan – Final Report   

1.4. Variances  

During completion of the test plan variances were documented for items that were no longer relevant or 

pertinent to the system functionality. 

The RFP required that the selected vendor be capable of operating in rain, fog, and light snow conditions 

(snow fall and snowpack on the side of the road) not deemed a weather emergency. However, given the 

seasonal variation of weather conditions in Central Ohio, this entire set of weather conditions was not 

available during the testing period prior to passenger launch. Therefore, the vehicles were permitted to 

proceed to public operations even though the team was not able to test under all of these conditions during 

the testing period. On the first day that these conditions became available, testing recommenced, and the 

vehicles were required to pass at that point before they would be permitted to operate under such 

conditions. This procedure was documented in the Test Plan, however, during weather testing after service 

launch it became apparent that the vehicles were capable of operating in some, but not all, weather 

conditions listed.  

Therefore, the project team coordinates with the vendor on days where weather may have an impact on 

operations and EasyMile conducts a verification run to determine if the system can operate. If the weather 

presents too much of a hindrance, the service will not commence. While this is not optimal from an 

operational perspective, it is essential for safety. 

The procurement documentation also required that the CEAVs be connected vehicles, and that they 

demonstrate the ability to send basic safety messages to other connected vehicles as well as receive traffic 

signal information from a nearby traffic signal (just for demonstration purposes, as this signal is not along the 

route and rather nearby). This ability was successfully tested during factory acceptance testing on a test 

track; however, the connected vehicle environment was not yet active at the time of CEAV system launch so 

it could not be tested during preliminary or final acceptance testing. Because this ability is not essential to 

operations, the service was allowed to launch without testing, and testing will be deferred until the 

connected vehicle environment is operational – documented in the connected vehicle environment test plan 

and report rather than in this document. 
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1.5. References 

Table 1 provides additional background on the CEAV project and should be referred to for details on user 

needs, requirements, and contractual agreements that guided the development of this Test Report. 

Table 1: References 

Title Publication Date 

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

https://d2rfd3nxvhnf29.cloudfront.net/2019-
08/RFP%20for%20Automated%20Vehicle%20Shuttle%20Service.pdf 

January 17, 2019 

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

https://d3hzplpmmz6qe4.cloudfront.net/2019-
07/Smart%20Columbus%20Connected%20Electric%20Autonomous%20Vehicle%20
Operational%20Concent.pdf 

March 28, 2019 

Connected Electric Autonomous Vehicle (CEAV) Operational Concept for the Smart 
Columbus Demonstration Program: Appendix A – Alternate Use Case 

https://d2rfd3nxvhnf29.cloudfront.net/2020-08/SCC-B-CEAV-OpCon-APPENDIX_A-
clean.pdf 

May 19, 2020 

AV Shuttle Deployment Lessons Learned for the Smart Columbus Demonstration 
Program, Final Report 

https://d3hzplpmmz6qe4.cloudfront.net/2019-
07/Smart%20Columbus%20Autonomous%20Vehicle%20Lessons%20Learned_0.pdf 

March 29, 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 

EasyMile User Guide, Generation 3 EZ10 October 2019 

Connected Electric Autonomous Vehicle (CEAV) Test Plan for the Smart Columbus 
Demonstration Program, Final Report 

https://d2rfd3nxvhnf29.cloudfront.net/2021-03/SCC-
CEAV%20Test%20Plan%20FINAL%2011-12-19.pdf 

November 12, 
2019 

Standard Operating Procedures for the Linden Automated Shuttle Service – Linden 
LEAP 

January 31, 2020 

Source: City of Columbus 

This Test Report was adopted from the IEEE 829-2008 Standard for Software and System Test 

Documentation. 

https://d2rfd3nxvhnf29.cloudfront.net/2019-08/RFP%20for%20Automated%20Vehicle%20Shuttle%20Service.pdf
https://d2rfd3nxvhnf29.cloudfront.net/2019-08/RFP%20for%20Automated%20Vehicle%20Shuttle%20Service.pdf
https://d3hzplpmmz6qe4.cloudfront.net/2019-07/Smart%20Columbus%20Connected%20Electric%20Autonomous%20Vehicle%20Operational%20Concent.pdf
https://d3hzplpmmz6qe4.cloudfront.net/2019-07/Smart%20Columbus%20Connected%20Electric%20Autonomous%20Vehicle%20Operational%20Concent.pdf
https://d3hzplpmmz6qe4.cloudfront.net/2019-07/Smart%20Columbus%20Connected%20Electric%20Autonomous%20Vehicle%20Operational%20Concent.pdf
https://d2rfd3nxvhnf29.cloudfront.net/2020-08/SCC-B-CEAV-OpCon-APPENDIX_A-clean.pdf
https://d2rfd3nxvhnf29.cloudfront.net/2020-08/SCC-B-CEAV-OpCon-APPENDIX_A-clean.pdf
https://d2rfd3nxvhnf29.cloudfront.net/2021-03/SCC-CEAV%20Test%20Plan%20FINAL%2011-12-19.pdf
https://d2rfd3nxvhnf29.cloudfront.net/2021-03/SCC-CEAV%20Test%20Plan%20FINAL%2011-12-19.pdf
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 Test Results 

This section presents the results of testing for each of the tests performed. It also includes a defect management log with outstanding issues, design changes, and high-level metrics of the testing process. 

2.1. Test Outcomes 

Personnel initiated the Test Plan in June 2019 and completed the Test Plan on November 12, 2019. The dates for each phase of testing are included within this section. Throughout the testing procedures, issues, comments and solutions were 

recorded through a series of web-based, shared documents. This format allowed issues to be shared and addressed on an ongoing basis by all personnel, including the Smart Columbus team and EasyMile. 

2.1.1. Factory Acceptance Testing 

Factory Acceptance Testing was conducted onsite in Toulouse, France on July 31, 2019. Most of the accepted tests from July 31, 2019 were related to the factory audit. Because the vehicles that were to be delivered to Columbus were not yet 

available at the time of the visit, Factory Acceptance Tests were again conducted on the actual vehicles to be delivered on November 11, 2019. 

Table 2: CEAV System Test Case Results Matrix – Factory Acceptance Testing 

TEST ID TEST TITLE 
TEST 
OBJECTIVE 

TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

FAT1 
Vehicle 
Manufacturing 

Ensure that the 
vehicles that will 
be delivered to 
Columbus are 
newly 
manufactured 
and electric-
powered. 

1. System Owner obtains two EZ10 shuttles. 

2. System Owner obtains paperwork for two EZ10 shuttles. 

3. System Owner verifies that the paperwork certifies that the 
shuttles are 2018 or newer. 

4. System Owner verifies that the shuttle VINs and general 
condition match with the paperwork. 

5. System Owner verifies that the NHTSA exemption approval 
matches the shuttle VINs and is complete. 

6. System Owner verifies that the shuttles are operating on the 
same software release for all tests. 

System Owner 

Test Manager 

Andrew Wolpert 

Jeff Kupko 
Passed 11/11/19 

The two vehicles are VIN005 and VIN016. This 
was verified by paperwork that came with the 
vehicles. The vehicles were newly manufactured 
and had not been used other than factory testing. 

FAT2 
Route 
Programming 

Ensure the 
vehicles can be 
programmed to 
operate in an 
environment 
similar to the 
eventual route 
conditions. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies the shuttle is following the assigned route 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 

A mission was able to be programmed and 
followed. This was demonstrated for these 
vehicles and also by peer project deployments in 
the US and internationally. 

FAT3 
Movement 
Alert 

Ensure the 
vehicles have an 
indicator to alert 
passengers 
when the vehicle 
will begin moving 
following a stop. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies an audible alert is presented inside and 
outside the shuttle cabin to alert others that the vehicle is about 
to being moving 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 

A trolley bell rang when the vehicle was about to 
begin moving and it also rang repeatedly when 
the vehicle was in reverse to alert nearby people 
and passengers. 
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TEST ID TEST TITLE 
TEST 
OBJECTIVE 

TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

5. Test Manager confirms this audible alert is activated when the 
vehicle begins moving after a stop 

FAT4 
Manual 
Override 

Ensure a manual 
override is 
possible. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. At a desired point during the mission, Test Conductor takes over 
manual control of the vehicle 

5. Test Manager verifies that the shuttle is under manual control 
and that the internal screen and external LED light bar both 
indicate that manual control is engaged 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
The vehicles were able to be manually operated 
through the remote control unit. The LED bar 
changed color for manual mode. 

FAT5 Sensors 

Ensure the 
object detection 
sensors have 
been installed on 
the vehicles and 
are functional. 

1. Test Conductor ensures the vehicle is on 

2. Test Manager monitors the sensor visualization capabilities (that 
are not presented to the end user) 

3. Test Conductor has another tester walk around the vehicle 

4. Test Manager verifies the person is visualized based on the 
sensor readings 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
The visualization module indicated and tracked a 
nearby pedestrian as well as buildings and trees. 

FAT6 Factory Audit 

Ensure the 
factory where the 
vehicles were 
manufactured 
meets the City’s 
expectations. 

1. During the factory walk through, System Owner asks questions, 
makes observations, and takes note of these processes. 

System Owner 

Test Manager 

Andrew Wolpert 

Jeff Kupko 
Passed 7/31/19 

The factory met expectations by having proper 
quality programs instituted as well as ISO 9001 
certification. The project team asked questions, 
made observations, and took notes (see Appendix 
D). 

FAT7 
Battery Level 
Monitoring 

Ensure that 
EasyMile is able 
to monitor the 
current battery 
level at all times. 

1. Test Conductor points out where the battery monitor is located 
on a stationary vehicle. 

2. As testing is conducted, Test Manager checks battery level 
periodically and confirms it is decreasing. 

3. After the vehicle returns to the facility, the Test Conductor plugs 
the vehicle in and demonstrates charging procedure. 

4. Test Manager confirms that a charging vehicle shows its battery 
level increasing. 

5. Test Manager verifies that the battery information is provided to 
EZ Fleet software and that this information matches with the 
information provided by the indicator in the vehicle. 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 

There was a battery monitor screen on the 
operator panel, a battery indicator on the remote 
control unit, and a battery level indicator in the 
fleet management software system. 

FAT8 
Low-Speed 
Merge 

Demonstrate a 
low-speed 
merge. 

1. Test Conductor provides the vehicle with confirmation that it is 
safe to proceed at each stop departure. 

2. Test Manager verifies that the vehicle proceeds when the 
roadway is clear, and that it waits if it is not clear. 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
When the Test Conductor indicated to the vehicle 
that the roadway was clear, the vehicle proceeded 
autonomously. 

FAT9 
Serving a Stop 
Location 

Demonstrate 
moving out of the 
travel lane or 
stopping on the 
side of the road 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that includes at least four stops 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 

The vehicle pulled to the side of the road at pre-
defined stop locations, as the route is 
programmed with the stops along the edge of the 
road. 
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TEST ID TEST TITLE 
TEST 
OBJECTIVE 

TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

to serve a stop 
location. 

4. Test Manager verifies that the shuttle pulls over to serve each of 
the stops as programmed. This includes moving out of the travel 
lane if there is space available or stopping on the side of the 
road, depending on the stop layout. 

5. EZ10 shuttle dwells for the programmed dwell time, or longer if 
there continue to be passengers boarding or alighting after this 
time 

6. Test Conductor performs FAT8 

FAT10 
Signalized 
Intersection 

Demonstrate 
how a signalized 
intersection 
would be 
navigated. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route  

3. EZ10 shuttle begins the mission 

4. When the vehicle approaches the signalized intersection, Test 
Manager verifies that it comes to a stop on red signal or 
proceeds on a green signal 

5. If the vehicle arrived on red, Test Manager verifies that it 
proceeds on green when the indication changes. 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 7/31/19 
This was witnessed during the factory tour on the 
test track. The vehicle stopped on red and 
proceeded on green. 

FAT11 
Unsignalized 
Intersection 

Demonstrate 
how an 
unsignalized 
intersection is 
navigated. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. When the vehicle approaches an unsignalized intersection, the 
vehicle comes to a stop if it is on the stop-controlled approach 

5. Test Conductor (onboard operator) provides the vehicle with 
confirmation to proceed when it is safe to do so (i.e., that there 
are no other vehicles at or approaching the intersection or the 
EZ10 arrived at the intersection before any other vehicles and 
the operator perceives that all other vehicles will stop, will remain 
stopped, or will not make a conflicting movement) 

6. EZ10 shuttle proceeds through the intersection 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT12 
Left and Right 
Turns 

Demonstrate a 
left and a right 
turn. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the vehicle can make both a left turn 
and a right turn along the route 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
Left and right turns demonstrated were not full 90 
degree but did show the ability to steer in both 
directions. 

FAT13 
Intersection 
Right-of-Way 

Demonstrate 
making right-of-
way decisions at 
an unsignalized 
intersection. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  
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4. When the vehicle approaches an unsignalized intersection, the 
vehicle comes to a stop if it is on the stop-controlled approach 

5. One additional vehicle also comes to a stop at the same 
intersection, either right before or right after the EZ10 

6. Test Conductor (onboard operator) makes appropriate right-of-
way decisions and provides the EZ10 with confirmation to 
proceed when it is the vehicle’s turn 

7. EZ10 shuttle proceeds through the intersection 

FAT14 
VRU Right-of-
Way 

Demonstrate 
making right-of-
way decisions 
when interacting 
with VRUs. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. VRU stands in the road at a point along the route or approaches 
the vehicle’s path (and is within the programmed detection area 
when the vehicle arrives) 

5. Test Manager verifies the shuttle stops as it approaches the VRU 

6. VRU walks or rides along the programmed route 

7. EZ10 shuttle follows at a safe speed 

8. EZ10 passes the VRU when it is safe to do so (by engaging 
manual mode) 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT15 
Encroaching 
Oncoming 
Vehicles 

Demonstrate 
detecting and 
responding to 
encroaching 
oncoming 
vehicles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. The additional vehicle approaches the shuttle near the assigned 
path 

5. Test Manager verifies the shuttle reacts appropriately, either 
slowing or stopping based on the closeness of the approaching 
vehicle 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT16 
Detect 
Stopped 
Vehicle 

Demonstrate 
detecting 
stopped vehicles 
in the path. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. The additional vehicle is parked in the road in EZ10’s 
programmed path 

5. Test Manager verifies the shuttle slows to a stop as it 
approaches the vehicle 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT17 
Pass Stopped 
Vehicle 

Demonstrate 
passing a 
stopped vehicle 
when safe. 

1. Test Conductor performs FAT16 

2. Test Conductor engages manual mode and passes the stopped 
vehicle when it is safe to do so 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  
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FAT18 
Static 
Obstacles 

Demonstrate 
detecting and 
responding to 
static obstacles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor loads the sensor visualization 

5. Test Conductor presents objects 

6. Test Manager verifies that static objects are detected by the 
sensors 

7. Test Manager verifies that the shuttle proceeds only when clear 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
The onboard screen showed visualizations of 
objects, including a person. The vehicle stopped 
about one meter away from each object. 

FAT19 
Moving 
Obstacles 

Demonstrate 
detecting and 
responding to 
moving 
obstacles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor loads the sensor visualization 

5. Test Manager verifies that moving objects are detected by the 
sensors 

6. Test Manager verifies that the shuttle proceeds only when clear 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT20 
VRU in Travel 
Path 

Demonstrate 
detecting and 
responding to a 
VRU in the 
vehicle’s travel 
path. 

1. Test Conductor performs FAT14 for a VRU in the vehicle’s path 

2. Test Manager verifies that the EZ10 stopped for the VRU either 
using a soft stop or an e-stop 

3. Test Manager verifies that the vehicle’s sensors detected the 
VRU 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT21 
VRU 
Approaching 
Travel Path 

Demonstrate 
detecting and 
responding to a 
VRU 
approaching the 
vehicle’s travel 
path. 

1. Test Conductor performs FAT14 for a VRU approaching the 
vehicle’s path (rather than already in it) 

2. Test Manager verifies that the EZ10 stopped for the VRU either 
using a soft stop or an e-stop 

3. Test Manager verifies that the vehicle’s sensors detected the 
VRU 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT22 
Safe Distance 
to Side of 
Road 

Demonstrate 
providing a safe 
distance from 
objects on the 
side of the road. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the shuttle is programmed to maintain 
a distance from object along the road 

5. Test Manager verifies if an object is closer than expected, the 
shuttle reacts by slowing or stopping 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT23 
Safe Distance 
Sharing a 
Lane 

Demonstrate 
providing a safe 
distance from 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
A person walked, biked, and scooted next to the 
vehicle and the vehicle stopped or started 
depending on the distance away. 
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objects sharing 
the lane. 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 vehicle begins the mission 

4. Bicyclist or scooter rides in front of the shuttle 

5. Test Manager verifies that the shuttle follows at the same rate of 
speed or less from a safe distance, or that if it passes the 
bicyclist or scooter (in manual mode) it does so at a safe 
distance. 

FAT24 
Decreasing 
Speed Due to 
Uncertainty 

Demonstrate 
decreasing 
speed when 
there is 
uncertainty 
regarding which 
action to take 
due to an 
unexpected 
object. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor uses an object to encroach on the shuttle path or 
uses a traffic cone to provide an unexpected situation 

5. Test Manager verifies that the vehicle slows down and prompts 
the operator for guidance due to the presence of this unexpected 
object 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
The vehicle slowed down as it approached the 
pedestrian, rather than just stopping at the last 
second. 

FAT25 Deploy Ramp 

Demonstrate that 
vehicles can 
deploy a 
wheelchair 
accessible ramp. 

1. Test Conductor pushes the blue button on the interior or exterior 
of the shuttle 

2. Test Manager verifies the shuttle deploys the ramp automatically, 
prior to opening the door 

3. Test Conductor pushes the blue button again 

4. Test Manger verifies the shuttle first closes the door and then 
retracts the ramp automatically 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 

Demonstrated that doors open, doors close most 
of the way, ramp deploys, then doors open again. 
Same in reverse for retracting the ramp. Also 
showed that the ramp stops if it hits an object like 
a foot. 

FAT26 
Stop and Open 
Doors 

Demonstrate 
stopping and 
opening doors to 
allow 
passengers to 
board and alight. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies the shuttle doors open when pushing the 
door button to board the vehicle 

5. Test Manager verifies the shuttle doors open when pushing the 
door button to alight the vehicle 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

FAT27 
Stop and Open 
Doors in 
Emergency 

Demonstrate 
stopping and 
opening doors if 
the vehicle has 
detected that 
there is an issue 
on board, 
through 
passenger input 
and/or secure 
override. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 vehicle begins the mission 

4. Test Conductor presses the e-stop button to bring the vehicle to 
a stop 

5. Test Conductor presses the door release button to release the 
doors 

6. Test Manager verifies the doors can be manually opened 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
Demonstrated that doors can be opened using 
hydraulic release on the inside and the outside. 
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FAT28 
Multiple Means 
of Egress 

Demonstrate that 
vehicles have 
multiple means 
of egress. 

1. Test Manager verifies that there is an emergency door release 
button. 

2. Test Conductor pushes the button 

3. Test Manager verifies it releases the doors and the doors can be 
opened manually 

4. Test Manager verifies a safety hammer is located in the vehicle 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19 
Options installed on the vehicles included door 
open/close buttons, hydraulic release, and a 
safety hammer. 

FAT29 Cameras 

Demonstrate that 
vehicles are 
equipped with 
cameras capable 
of viewing 
internal and 
external to the 
vehicle. 

1. Test Manager visually inspects cameras are installed in the 
vehicle 

2. Test Manager verifies on EZ Fleet that the cameras can be 
monitored 

Test Manager 

Test Conductor 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Katie McLaughlin 

Passed 11/11/19  

Source: City of Columbus 

2.1.2. Preliminary Acceptance Testing 

The vehicles were delivered to Columbus on December 11, 2019, and initial Preliminary Acceptance Tests were conducted beginning at that time. After initial route setup, operator training, and time off due to the holidays, further Preliminary 

Acceptance Tests were continued on January 16, 2020. The Tabletop Exercise and on-route Preliminary Acceptance Tests were conducted on January 23, 2020. One additional Preliminary Acceptance Test was conducted on February 4, 2020, when 

the fleet management cameras became available, and another on February 5, 2020, when the passenger service went live. One Preliminary Acceptance Test is still in progress at this time because the weather conditions that were to be tested in have 

not yet been encountered. 

 

Table 3: CEAV System Test Case Results Matrix – Preliminary Acceptance Testing 

TEST 
ID 

TEST TITLE TEST OBJECTIVE TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

PAT1 
Vehicle 
Manufacturing 

Ensure that the 
vehicles that will be 
delivered to 
Columbus are 
newly 
manufactured and 
electric-powered. 

1. System Owner obtains two EZ10 shuttles. 

2. System Owner obtains paperwork for two EZ10 shuttles. 

3. System Owner verifies that the paperwork certifies that the 
shuttles are 2018 or newer. 

4. System Owner verifies that the shuttle VINs and general 
condition match with the paperwork. 

5. System Owner verifies that the NHTSA exemption approval 
matches the shuttle VINs and is complete. 

6. System Owner verifies that the shuttles are operating on the 
same software release for all tests. 

Test Manager Jeff Kupko Passed 12/11/19 

VINs 005 and 016 were newly manufactured 
vehicles for Columbus. NHTSA exemption 
matched VINs. Newest software was installed. 
Vehicles were confirmed to be battery electric. 

PAT2 
Route 
Programming 

Ensure the 
vehicles can be 
programmed to 
operate on the 
route conditions in 
Columbus. 

1. Test Conductor loads a pre-programmed route that is 
designated for the PAT onto an EZ10 shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies the shuttle is following the assigned route 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 

Showed St. Stephens parking lot route, named 
“Columbus-Columbus-Test”, on onboard screen. 

 

Defect DFT003 was identified during this test 
case. See Table 5 for additional detail. 
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PAT3 Movement Alert 

Ensure the 
vehicles have an 
indicator to alert 
passengers when 
the vehicle will 
begin moving 
following a stop. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manger verifies an audible alert is presented inside and 
outside the shuttle cabin to alert others that the vehicle is about 
to being moving 

5. Test Manager confirms this audible alert is activated when the 
vehicle begins moving after a stop 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 
Trolley bell could be heard inside and outside the 
vehicle. Bell is located in the front left corner of the 
vehicle. 

PAT4 
Incident 
Notification 

Ensure there are 
procedures to 
notify the City in 
the event of an 
incident involving 
the vehicles and/or 
passengers. 

1. Test Conductor prepares SOPs that include this procedure 

2. Test Manager and Stakeholders inspect the SOPs to verify an 
incident notification procedure is included and acceptable 

3. Test Conductor participates in a tabletop meeting with Test 
Manager and Stakeholders to demonstrate the procedure, 
address any issues, and solicit stakeholder feedback 

4. Test Conductor updates the SOPs as appropriate 

System Owner 

Test Manager 

Test Conductor 

Stakeholders 

Andrew Wolpert 

Jeff Kupko 

Abraham Eng 

Various 

Passed 1/23/20 Completed following tabletop exercise. 

PAT5 Manual Override 
Ensure a manual 
override is 
possible. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. At a desired point during the mission, Test Conductor takes over 
manual control of the vehicle 

5. Test Manager verifies that the shuttle is under manual control 
and that the internal screen and external LED light bar both 
indicate that manual control is engaged 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 
When a manual override was completed, the 
operator screen showed a menu of options to log 
the reason for the disengagement. 

PAT6 
Battery Level 
Monitoring 

Ensure that 
EasyMile is able to 
monitor the current 
battery level at all 
times. 

1. Test Conductor points out where the battery monitor is located 
on a stationary vehicle. 

2. As testing is conducted, Test Manager checks battery level 
periodically and confirms it is decreasing. 

3. After the vehicle returns to the facility, the Test Conductor plugs 
the vehicle in and demonstrates charging procedure. 

4. Test Manager confirms that a charging vehicle shows its battery 
level increasing. 

5. Test Manager verifies that the battery information is provided to 
EZ Fleet software and that this information matches with the 
information provided by the indicator in the vehicle. 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 

Battery level was shown as 60% on screen, 
remote control unit, and management system at 
the beginning of testing for VIN016. Saw at 59% at 
PAT10 (after 4 laps) and 58% at PAT17.  

VIN005 started at 66% and showed similar trends, 
ending up at 63% after a round of testing. 

PAT7 
Low-Speed 
Merge 

Demonstrate a 
low-speed merge. 

1. Test Conductor provides the vehicle with confirmation that it is 
safe to proceed at each stop departure. 

2. Test Manager verifies that the vehicle proceeds when the 
roadway is clear, and that it waits if it is not clear. 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 There was a “ding” at each station departure. 
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PAT8 Pulling Over 
Demonstrate 
pulling over to the 
side of the road. 

1. Test Conductor decides the EZ10 shuttle should pull over to the 
side of the road in the interest of safety, because of an incident 
onboard, an unsafe vehicle on the roadway, an approaching 
emergency vehicle, or just to simulate the procedure during 
testing, etc. 

2. Test Conductor engages manual mode 

3. Test Manager verifies that the vehicle pulls from the lane of 
travel to the side of the road and stops 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 

Simulated operator conducting this maneuver 
because of: 

Nearby fire truck 

Police cruiser 

Ambulance 

Passenger medical emergency 

Bee on board (stop and open door) 

 

Was a smooth transition each time, not like an e-
stop. 

PAT9 
Serving a Stop 
Location 

Demonstrate 
moving out of the 
travel lane or 
stopping on the 
side of the road to 
serve a stop 
location. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that includes at least four stops 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the shuttle pulls over to serve each of 
the stops as programmed. This includes moving out of the travel 
lane if there is space available or stopping on the side of the 
road, depending on the stop layout. 

5. EZ10 shuttle dwells for the programmed dwell time, or longer if 
there continue to be passengers boarding or alighting after this 
time 

6. Test Conductor performs PAT7 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho  

Passed 1/16/20 

Due to space constraints in the parking lot of the 
closed course, only two stations were 
programmed. The route was programmed with a 
stop sign and a yield sign. 

PAT10 
Car Following in 
Stop and Go 
Traffic 

Demonstrate car 
following in stop 
and go traffic 
conditions. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that includes at least four stops 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor has the vehicle lead the shuttle on the route 

5. Test Conductor has the vehicle brake and go to simulate stop 
and go traffic conditions 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 

VIN016 followed a Honda Pilot, VIN005 followed a 
Ford Fusion. 

 

Several stops and slow drives completed. 

PAT11 
Left and Right 
Turns 

Demonstrate a left 
and a right turn. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that has left and right turn movements 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the vehicle can make both a left turn 
and a right turn along the route 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 
Demonstrated the right turn on the closed course 
by going in reverse along the route (i.e., clockwise 
vs. counterclockwise). 

PAT12 Traffic Circle 

Demonstrate 
entering and 
emerging from a 
stop-controlled 
traffic circle. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that has a traffic circle as part of the route 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/23/20 

Not done during closed course testing, and 
deferred to open road testing, due to lack of 
availability of a traffic circle in the parking lot. 
Passed during open road testing.  
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4. Test Manager verifies that the vehicle comes to a stop at the 
entrance to the traffic circle 

5. At the entrance to the traffic circle, the Test Conductor (onboard 
operator) makes appropriate right-of-way decisions and provides 
the EZ10 with confirmation to proceed when it is the vehicle’s 
turn 

6. EZ10 shuttle proceeds through the traffic circle 

7. Test Manager verifies that the vehicle enters the traffic circle 
when it is safe and clear of opposing traffic 

8. Test Manager verifies that the vehicle exits the traffic circle at 
the programmed location 

Test Researcher 3 Diane Newton 

PAT13 
Crossing 
Intersections 

Demonstrate 
crossing 
intersections. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that has an intersection as part of the route 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Each time the vehicle reaches an intersection, the Test 
Conductor (onboard operator) makes the decision on when it is 
safe to cross and provides the EZ10 with confirmation to 
proceed when it is safe 

5. Test Manager verifies that the vehicle safety crosses the 
intersection when no opposing traffic is present 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Simulated stop-controlled intersection and yield-
controlled intersection. 

PAT14 
Merging From a 
Transit Stop 

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

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle with at least four stops 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 begins the mission 

4. At each stop departure, the Test Conductor (onboard operator) 
provides the shuttle with confirmation to proceed after stop 
operations (boarding and alighting) have been completed and 
once the roadway is clear 

5. Test Manager verifies that the vehicle proceeds when the 
roadway is clear, and that it waits if it is not clear 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 
Operator flipped vehicle to manual mode to 
override programmed 30-second departure during 
a subset of these test runs. 

PAT15 
Intersection 
Right-of-Way 

Demonstrate 
making right-of-
way decisions at 
an unsignalized 
intersection. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. When the vehicle approaches an unsignalized intersection, the 
vehicle comes to a stop if it is on the stop-controlled approach 

5. One additional vehicle also comes to a stop at the same 
intersection, either right before or right after the EZ10 

6. Test Conductor (onboard operator) makes appropriate right-of-
way decisions and provides the EZ10 with confirmation to 
proceed when it is the vehicle’s turn 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Operator provided input to initiate vehicle 
movement at programmed locations. 
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TEST 
ID 

TEST TITLE TEST OBJECTIVE TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

7. EZ10 shuttle proceeds through the intersection if no vehicles are 
approaching the intersection 

PAT16 
VRU Right-of-
Way 

Demonstrate 
making right-of-
way decisions 
when interacting 
with VRUs. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. VRU stands in the road at a point along the route or approaches 
the vehicle’s path (and is within the programmed detection area 
when the vehicle arrives) 

5. Test Manager verifies the shuttle stops as it approaches the 
VRU 

6. VRU walks or rides along the programmed route 

7. EZ10 shuttle follows at a safe speed 

8. EZ10 passes the VRU when it is safe to do so (by engaging 
manual mode) 

9. Once the VRU is out of the path, verify normal operation 
resumes 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 
Pedestrian walked in front of shuttle, across the 
shuttle’s path, and alongside the shuttle. 

PAT17 
Encroaching 
Oncoming 
Vehicles 

Demonstrate 
detecting and 
responding to 
encroaching 
oncoming vehicles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. The additional vehicle approaches the shuttle near the assigned 
path 

5. Test Manager verifies the shuttle reacts appropriately, either 
slowing or stopping based on the closeness of the approaching 
vehicle 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 
Simulated a vehicle approach close to the shuttle 
and farther away, causing the shuttle to stop or 
slow down depending on encroaching distance. 

PAT18 
Detect Stopped 
Vehicle 

Demonstrate 
detecting stopped 
vehicles in the 
path. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. The additional vehicle is parked in the road in EZ10’s 
programmed path 

5. Test Manager verifies the shuttle slows to a stop as it 
approaches the vehicle 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 

There was a vehicle parked in the parking lot 
during testing that encroached on the 
programmed route. The shuttles detected this 
vehicle during every loop and slowed down while 
passing it. 

PAT19 
Pass Stopped 
Vehicle 

Demonstrate 
passing a stopped 
vehicle when safe. 

1. Test Conductor performs PAT18 

2. Test Conductor engages manual mode and passes the stopped 
vehicle when it is safe to do so 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 Required a manual takeover. 
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TEST 
ID 

TEST TITLE TEST OBJECTIVE TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

PAT20 Static Obstacles 

Demonstrate 
detecting and 
responding to static 
obstacles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor loads the sensor visualization 

5. Test Conductor presents objects 

6. Test Manager verifies that static objects are detected by the 
sensors 

7. Test Manager verifies that the shuttle proceeds only when clear 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 
Tested with parked cars, trees, curbs, buildings, 
and a garbage dumpster. Leaves and snow were 
not available. 

PAT21 
Moving 
Obstacles 

Demonstrate 
detecting and 
responding to 
moving obstacles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor loads the sensor visualization 

5. Test Manager verifies that moving objects are detected by the 
sensors 

6. Test Manager verifies that the shuttle proceeds only when clear 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/23/20 
Completed test with a pedestrian, ball, cone, and 
another vehicle on 1/16. Completed test with a 
scooter and bike on 1/23. 

PAT22 
Emergency 
Vehicle 
Interaction 

Ensure there are 
procedures to 
ensure safe and 
appropriate 
interactions with 
emergency 
vehicles. 

1. Test Conductor prepares SOPs that include this procedure 

2. Test Manager and Stakeholders inspect the SOPs to verify that 
interactions with emergency vehicles are included and the 
procedure is acceptable (it will likely include a manual override) 

3. Test Conductor participates in a tabletop meeting with Test 
Manager and Stakeholders to demonstrate the procedure, 
address any issues, and solicit stakeholder feedback 

4. Test Conductor updates the SOPs as appropriate 

System Owner 

Test Manager 

Test Conductor 

Stakeholders 

Andrew Wolpert 

Jeff Kupko 

Abraham Eng 

Various 

Passed 1/23/20 Part of emergency responder tabletop exercise. 

PAT23 
VRU in Travel 
Path 

Demonstrate 
detecting and 
responding to a 
VRU in the 
vehicle’s travel 
path. 

1. Test Conductor performs PAT17 

2. Test Manager verifies that the EZ10 stopped for the VRU either 
using a soft stop or an e-stop 

3. Test Manager verifies that the vehicle’s sensors detected the 
VRU 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/23/20 
Completed test with a pedestrian, ball, cone, and 
another vehicle on 1/16. Completed test with a 
scooter and bike on 1/23. 

PAT24 
VRU 
Approaching 
Travel Path 

Demonstrate 
detecting and 
responding to a 
VRU approaching 
the vehicle’s travel 
path. 

1. 1. Test Conductor performs PAT17 for a VRU approaching the 
vehicle’s path (rather than already in it) 

2. Test Manager verifies that the EZ10 stopped for the VRU either 
using a soft stop or an e-stop 

3. Test Manager verifies that the vehicle’s sensors detected the 
VRU 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/23/20 
Completed test with a pedestrian, ball, cone, and 
another vehicle on 1/16. Completed test with a 
scooter and bike on 1/23. 

PAT25 
Safe Distance to 
Side of Road 

Demonstrate 
providing a safe 
distance from 
objects on the side 
of the road. 

1. 1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Passed 1/16/20 

Wheel tracks (of where shuttles were programmed 
to be) were already visible in the parking lot after a 
few weeks of parking lot testing. This path was 
assigned at a safe distance from the side of the 
road. 
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3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the shuttle is programmed to maintain 
a distance from object along the road 

5. Test Manager verifies if an object is closer than expected, verify 
the shuttle reacts by slowing or stopping 

Test Researcher 2 Tom Timcho 

PAT26 
Safe Distance 
Sharing a Lane 

Demonstrate 
providing a safe 
distance from 
objects sharing the 
lane. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle. 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Bicyclist or scooter rides in front of the shuttle 

5. Test Manager verifies that the shuttle follows at the same rate of 
speed or less from a safe distance, or that if it passes the 
bicyclist or scooter (in manual mode) it does so at a safe 
distance. 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Test Researcher 4 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Chris Toth 

Passed 1/23/20 
Demonstrated sharing a lane with a bike and a 
scooter. 

PAT27 
Decreasing 
Speed Due to 
Uncertainty 

Demonstrate 
decreasing speed 
when there is 
uncertainty 
regarding which 
action to take due 
to an unexpected 
object. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor uses an object to encroach on the shuttle path 
or uses a traffic cone to provide an unexpected situation 

5. Test Manager verifies that the vehicle slows down and prompts 
the operator for guidance due to the presence of this 
unexpected object 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 

Uncertainty is defined as an unexpected 
environment. Used a ball, cone, and pedestrian 
through multiple tests. Vehicle slowed when they 
were close and stopped when they were very 
close. 

 

Defect DFT001 was identified during this test 
case. See Table 5 for additional detail. 

PAT28 Detours 

Demonstrate 
detecting and 
responding to 
detours and other 
temporary changes 
in traffic patterns. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor has the vehicle approach traffic cones to 
simulate a partial road (lane) closure 

5. Test Conductor moves the vehicle around a detour either by 
manual control or via pre-programmed alternate 

6. Test Conductor has the vehicle approach traffic cones to 
simulate a full road closure 

7. Test Conductor moves the vehicle around a detour either by 
manual control or via pre-programmed alternate 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20  

PAT29 Weather 
Demonstrate 
operating in rain, 
fog, and light snow 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

Test Manager 

Test Conductor 
Jeff Kupko2 Failed 

2/13 /20 

 

2/7 /20 

These were deferred prior to launch until these 
types of weather arose. Light rain and light snow 
conditions have now become available and testing 

                                                      
2 This individual performed multiple roles for this test case. 
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TEST 
ID 

TEST TITLE TEST OBJECTIVE TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

conditions not 
deemed a weather 
emergency (when 
such conditions are 
available). 

2. Test Conductor allows the shuttle to operate in various 
conditions, including: 
a. Light rain 
b. Light snow 
c. Light fog 

3. Test Manager verifies the vehicle can operate in these 
conditions 

 

Not yet 
avail-
able 

was conducted on the dates indicated. Light fog 
has not yet become available, and is unlikely to be 
encountered during the pilot as service is during 
midday hours.  

 

During weather testing, the shuttles were not able 
to operate fully under these conditions. This is a 
result of the Gen 3 EZ10’s being more sensitive to 
weather than the previous generations. Mitigation 
strategy was to not run during these times until 
they can prove they are capable. 

 

Defect DFT005 was identified during this test 
case. See Table 5 for additional detail. 

PAT30 Deploy Ramp 

Demonstrate that 
vehicles can 
deploy a 
wheelchair 
accessible ramp. 

1. Test Conductor pushes the blue button on the interior or exterior 
of the shuttle 

2. Test Manager verifies the shuttle deploys the ramp 
automatically, prior to opening the door 

3. Test Conductor pushes the blue button again 

4. Test Manager verifies the shuttle first closes the door and then 
retracts the ramp automatically 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 
Demonstrated that this can be initiated by buttons 
on both the inside and the outside of the vehicle. 

PAT31 
Real-Time 
Information 

Demonstrate 
providing real-time 
information. 

1. Test Manager uses their smartphones to see real-time location 
information on the Pivot app 

2. Test Manager views the on-board monitor for current location 
and status 

Test Manager 

Test Conductor 

Data Producer 

Data Consumer 

Jeff Kupko2 Passed  2/5/20 
Integration with Pivot went live on launch day and 
for the duration of passenger service, but is not 
live for the food pantry service. 

PAT32 
Stop and Open 
Doors at a 
Transit Stop 

Demonstrate 
stopping and 
opening doors to 
allow passengers 
to board and alight. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies the shuttle doors open when pushing the 
door button to board the vehicle 

5. Test Manager verifies the shuttle doors open when pushing the 
door button to alight the vehicle 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20  

PAT33 
Stop and Open 
Doors in 
Emergency 

Demonstrate 
stopping and 
opening doors if 
the vehicle has 
detected that there 
is an issue on 
board, through 
passenger input 
and/or secure 
override. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 vehicle begins the mission 

4. Test Conductor presses the e-stop button to bring the vehicle to 
a stop 

5. Test Conductor presses the door release button to release the 
doors 

6. Test Manager verifies the doors can be manually opened 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20  
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PAT34 
Multiple Means 
of Egress 

Demonstrate that 
vehicles have 
multiple means of 
egress. 

1. Test Manager verifies that there is an emergency door release 
button 

2. Test Conductor pushes the button 

3. Test Manager verifies it releases the doors and the doors can be 
opened manually 

4. Test Manager verifies a safety hammer is located in the vehicle 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20  

PAT35 
Directional 
Information 

Demonstrate 
providing 
directional (i.e., 
northbound to St. 
Stephen’s or 
southbound to 
Linden Transit 
Center) information 
in audible and 
visual form to 
passengers. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that audible and visual directions are 
given to passengers 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 

Stations on test route were called the start and the 
end. Screen said, “We are at The Start” and “Next 
Stop: The End”. Automatic audio announcements 
were not yet available at the time of testing, but 
onboard operator made an announcement at each 
stop to fill this requirement for now. 

PAT36 Cameras 

Demonstrate that 
vehicles are 
equipped with 
cameras capable 
of viewing internal 
and external to the 
vehicle. 

1. Test Manager visually inspects cameras are installed in the 
vehicle 

2. Test Manager verifies on EZ Fleet that the cameras can be 
monitored 

Test Manager 

Test Conductor 
Jeff Kupko2 Passed 2/4/20 

Demonstrated the capability of viewing cameras 
on fleet management. 

PAT37 Facility Check 

Show that the 
vehicles are 
provided with a 
safe and secure 
location for 
overnight storage, 
charging, and 
routine 
maintenance. 

1. Test Manager verifies that the facility can fit two or three EZ10 
shuttles 

2. Test Manager verifies that the facility is secure via a garage 
door 

3. Test Manager verifies that the facility has EV charging 
capabilities 

4. Test Manager verifies that the facility has space to perform light 
maintenance on the vehicles 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20  

PAT38 Charging 

Demonstrate the 
vehicles taking on 
a charge from each 
charging port. 

1. Test Manager verifies that EV charging has been installed 

2. Test Manager verifies via onboard indicator and EZ Fleet that 
when each vehicle is plugged in, it charges 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20  

PAT39 
Travel Between 
Route and 
Facility 

Demonstrate 
transporting the 
vehicles between 
the service route 
and the facility. 

1. Test Manager verifies that the shuttle can travel between the 
storage facility and the beginning of the route 

2. Test Manager records the travel time 

3. Test Manager verifies that the shuttle can travel between the 
end of the route and the storage facility 

4. Test Manager records the travel time  

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Passed 1/16/20 

Done in manual mode. 

 

Defect DFT003 was identified during this test 
case. See Table 5 or additional detail. 

Source: City of Columbus 
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2.1.3. Final Acceptance Testing 

Final Acceptance Testing commenced on January 23, 2020. One Final Acceptance Test occurred on February 4, 2020 when the cameras came online, four occurred on February 6, 2020 when API integration was completed, and one occurred on 

February 5, 2020 when passenger service launched. One Final Acceptance Test is still in progress at this time because the weather conditions that were to be tested in have not yet been encountered. 

Table 4: CEAV System Test Case Results Matrix – Final Acceptance Testing 

TEST 
ID 

TEST TITLE TEST OBJECTIVE TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

FiAT1 
Route 
Programming 

Ensure the vehicles 
have been 
programmed to 
operate on the route 
conditions in 
Columbus. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies the shuttle is following the assigned route 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Defect DFT003 was identified during this test case. 
See Table 5 for additional detail. 

FiAT2 
Movement 
Alert 

Ensure the vehicles 
have an indicator to 
alert passengers 
when the vehicle will 
begin moving 
following a 
designated stop. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manger verifies an audible alert is presented inside and 
outside the shuttle cabin to alert others that the vehicle is about 
to being moving 

5. Test Manager confirms this audible alert is activated when the 
vehicle begins moving after a stop 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Trolley bell could be heard inside and outside the 
vehicle. Bell is located in the front left corner of the 
vehicle. 

FiAT3 
Incident 
Notification 

Ensure there are 
procedures to notify 
the City in the event 
of an incident 
involving the vehicles 
and/or passengers. 

1. Test Manager and Stakeholder familiarize with SOP that has 
been updated after tabletop meeting 

2. Test Conductor demonstrates procedure to Test Manager during 
the Final Acceptance Testing period 

System Owner 

Test Manager 

Test Conductor 

Stakeholders 

Andrew Wolpert 

Jeff Kupko 

Abraham Eng 

Various 

Passed 1/23/20  

FiAT4 
Manual 
Override 

Ensure a manual 
override is possible. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. At a desired point during the mission, Test Conductor takes over 
manual control of the vehicle 

5. Test Manager verifies that the shuttle is under manual control 
and that the internal screen and external LED light bar both 
indicate that manual control is engaged 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Utilized for trash cans that were further into the 
street than programmed for, oncoming car, and 
tree branches. 

FiAT5 
Trained 
Operators 

Ensure human 
operators are 
properly trained to 
operate the shuttles 
and interact with 
passengers. 

1. Test Manager and Stakeholders familiarize with SOP and 
Training Procedures 

2. Stakeholders engage with Operators during travel 

3. Stakeholder witness operation of vehicle by Operators 

System Owner 

Test Manager 

Stakeholders 

Andrew Wolpert 

Jeff Kupko 

Various 

Passed 1/23/20 Reviewed documentation. 
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TEST TITLE TEST OBJECTIVE TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
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RUN 

COMMENTS 

FiAT 6 
Battery Level 
Monitoring 

Ensure that 
EasyMile is able to 
monitor the current 
battery level at all 
times. 

1. Test Conductor points out indicator to Test Manager 

2. Test Manager monitors reading over course of operations to 
verify it does indeed reflect battery-level drop 

3. Test Manager evaluates that Operator removes vehicle from 
service when agreed-upon level is reached 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Battery level was shown as 53% at the beginning 
of a route loop, 51% at the COTA transit center, 
and 47% at the end of the loop. 

FiAT7 
Low-Speed 
Merge 

Demonstrate a low-
speed merge. 

1. Test Conductor provides the vehicle with confirmation that it is 
safe to proceed at each stop departure. 

2. Test Manager verifies that the vehicle proceeds when the 
roadway is clear, and that it waits if it is not clear. 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 

Demonstrated when leaving station location at St. 
Stephens and again when leaving the parking lot. 
Manually checked that the full visible segment of 
roadway was clear before leaving parking lot. 

FiAT8 Pulling Over 
Demonstrate pulling 
over to the side of 
the road. 

1. Test Conductor decides the EZ10 shuttle should pull over to the 
side of the road in the interest of safety, because of an incident 
onboard, an unsafe vehicle on the roadway, an approaching 
emergency vehicle, or just to simulate the procedure during 
testing, etc. 

2. Test Conductor engages manual mode 

3. Test Manager verifies that the vehicle pulls from the lane of 
travel to the side of the road and stops 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT9 
Serving a Stop 
Location 

Demonstrate moving 
out of the travel lane 
or stopping on the 
side of the road to 
serve a stop location. 

1. 1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that includes at least four stops 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the shuttle pulls over to serve each of 
the stops as programmed. This includes moving out of the travel 
lane if there is space available or stopping on the side of the 
road, depending on the stop layout. 

5. EZ10 shuttle dwells for the programmed dwell time, or longer if 
there continue to be passengers boarding or alighting after this 
time 

6. Test Conductor performs FiAT7 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT10 
Car Following 
at an 
Intersection 

Demonstrate car 
following when 
approaching 
intersections. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that includes at least four stops 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor has the vehicle lead the shuttle on the route 

5. Test Conductor has the vehicle stop at an intersection and then 
proceeds when safe 

6. Test Manager verifies that the shuttle moves towards the 
intersection, stops, and then proceeds when safe 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  
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FiAT11 
Car Following 
in Stop and Go 
Traffic 

Demonstrate car 
following in stop and 
go traffic conditions. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that includes at least four stops 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor has the vehicle lead the shuttle on the route  

5. Test Conductor has the vehicle brake and go to simulate stop 
and go traffic conditions 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Did not occur naturally because the shuttles 
moved slower than other traffic, so test team 
members simulated with test vehicles. 

FiAT12 
Navigating 
Unsignalized 
Intersections 

Demonstrate how an 
unsignalized 
intersection is 
navigated. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. When the vehicle approaches an unsignalized intersection, the 
vehicle comes to a stop if it is on the stop-controlled approach. 

5. Test Conductor (onboard operator) provides the vehicle with 
confirmation to proceed when it is safe to do so (i.e., that there 
are no other vehicles at or approaching the intersection or the 
EZ10 arrived at the intersection before any other vehicles and 
the operator perceives that all other vehicles will stop, will remain 
stopped, or will not make a conflicting movement) 

6. EZ10 shuttle proceeds through the intersection 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT13 
Left and Right 
Turns 

Demonstrate a left 
and a right turn. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that has left and right turn movements 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the vehicle can make both a left turn 
and a right turn along the route 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Utilized programmed turn signals to alert other 
drivers of intended movement.  

FiAT14 Traffic Circle 

Demonstrate 
entering and 
emerging from a 
stop-controlled traffic 
circle. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that has a traffic circle as part of the route 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the vehicle comes to a stop at the 
entrance to the traffic circle 

5. At the entrance to the traffic circle, the Test Conductor (onboard 
operator) makes appropriate right-of-way decisions and provides 
the EZ10 with confirmation to proceed when it is the vehicle’s 
turn 

6. EZ10 shuttle proceeds through the traffic circle 

7. Test Manager verifies that the vehicle enters the traffic circle 
when it is safe and clear of opposing traffic 

8. Test Manager verifies that the vehicle exits the traffic circle at the 
programmed location 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
There are two traffic circles along the programmed 
route. Both are stop controlled and generally were 
empty of other traffic during testing. 
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FiAT15 
Crossing 
Intersections 

Demonstrate 
crossing 
intersections with 
traffic speeds up to 
35 mph. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle that has an intersection as part of the route 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Each time the vehicle reaches an intersection, the Test 
Conductor (onboard operator) makes the decision on when it is 
safe to cross and provides the EZ10 with confirmation to 
proceed when it is safe 

5. Test Manager verifies that the vehicle safety crosses the 
intersection when no opposing traffic is present 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Defect DFT002 was identified during this test case. 
See Table 5 for additional detail. 

FiAT16 
Merging From 
a Transit Stop 

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

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle with at least four stops 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. At each stop departure, the Test Conductor (onboard operator) 
provides the shuttle with confirmation to proceed after stop 
operations (boarding and alighting) have been completed and 
once the roadway is clear 

5. Test Manager verifies that the vehicle proceeds when the 
roadway is clear, and that it waits if it is not clear 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT17 
Intersection 
Right-of-Way 

Demonstrate making 
right-of-way 
decisions at an 
unsignalized 
intersection. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. When the vehicle approaches an unsignalized intersection, the 
vehicle comes to a stop if it is on the stop-controlled 
approach 

5. One additional vehicle also comes to a stop at the same 
intersection, either right before or right after the EZ10 

6. Test Conductor (onboard operator) makes appropriate right-of-
way decisions and provides the EZ10 with confirmation to 
proceed when it is the vehicle’s turn 

7. EZ10 shuttle proceeds through the intersection if no vehicles are 
approaching the intersection 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT18 
VRU Right-of-
Way 

Demonstrate making 
right-of-way 
decisions when 
interacting with 
VRUs. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. VRU stands in the road at a point along the route or approaches 
the vehicle’s path (and is within the programmed detection area 
when the vehicle arrives) 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Test Researcher 4 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Chris Toth 

Passed 1/23/20  
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5. Test Manager verifies the shuttle stops as it approaches the 
VRU 

6. VRU walks or rides along the programmed route 

7. EZ10 shuttle follows at a safe speed 

8. EZ10 passes the VRU when it is safe to do so (by engaging 
manual mode) 

9. Once the VRU is out of the path, verify normal operation 
resumes 

FiAT19 
Encroaching 
Oncoming 
Vehicles 

Demonstrate 
detecting and 
responding to 
encroaching 
oncoming vehicles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. The additional vehicle approaches the shuttle near the assigned 
path 

5. Test Manager verifies the shuttle reacts appropriately, either 
slowing or stopping based on the closeness of the approaching 
vehicle 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 Occurred when making a right turn. 

FiAT20 
Detect Stopped 
Vehicle 

Demonstrate 
detecting stopped 
vehicles in the path. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. The additional vehicle is parked in the road in EZ10’s 
programmed path 

5. Test Manager verifies the shuttle slows to a stop as it 
approaches the vehicle 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT21 
Pass Stopped 
Vehicle 

Demonstrate 
passing a stopped 
vehicle when safe 

1. Test Conductor performs FiAT22. 

2. Test Conductor engages manual mode and passes the stopped 
vehicle when it is safe to do so 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 Happened with a bus, had to manually pass. 

FiAT22 
Static 
Obstacles 

Demonstrate 
detecting and 
responding to static 
obstacles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor loads the sensor visualization 

5. Test Conductor presents objects 

6. Test Manager verifies that static objects are detected by the 
sensors 

7. Test Manager verifies that the shuttle proceeds only when clear 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
There were parked cars, trees, curbs, buildings, 
and garbage cans but no leaves or piles of snow 
were available. 
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FiAT23 
Moving 
Obstacles 

Demonstrate 
detecting and 
responding to 
moving obstacles. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor loads the sensor visualization 

5. Test Manager verifies that moving objects are detected by the 
sensors 

6. Test Manager verifies that the shuttle proceeds only when clear 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Demonstrated with a pedestrian, scooter, bicycle, 
ball, cone, and another vehicle. 

FiAT24 
Emergency 
Vehicle 
Interaction 

Ensure there are 
procedures to 
ensure safe and 
appropriate 
interactions with 
emergency vehicles. 

1. Test Manager and Stakeholder familiarize with SOP that has 
been updated after tabletop meeting 

2. Test Conductor demonstrates procedure to Test Manager during 
the Final Acceptance Testing period 

System Owner 

Test Manager 

Test Conductor 

Stakeholders 

Andrew Wolpert 

Jeff Kupko 

Abraham Eng 

Various 

Passed 1/23/20 Part of emergency responder tabletop exercise. 

FiAT25 
VRU in Travel 
Path 

Demonstrate 
detecting and 
responding to a VRU 
in the vehicle’s travel 
path. 

1. Test Conductor performs FiAT20 for a VRU in the vehicle’s path 

2. Test Manager verifies that the EZ10 stopped for the VRU either 
using a soft stop or an e-stop 

3. Test Manager verifies that the vehicle’s sensors detected the 
VRU 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Test Researcher 4 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Chris Toth 

Passed 1/23/20 Done with a pedestrian, bicycle, and scooter. 

FiAT26 
VRU 
Approaching 
Travel Path 

Demonstrate 
detecting and 
responding to a VRU 
approaching the 
vehicle’s travel path. 

1. Test Conductor performs FiAT20 for a VRU approaching the 
vehicle’s path (rather than already in it) 

2. Test Manager verifies that the EZ10 stopped for the VRU either 
using a soft stop or an e-stop 

3. Test Manager verifies that the vehicle’s sensors detected the 
VRU 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Test Researcher 4 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Chris Toth 

Passed 1/23/20 Done with a pedestrian, bicycle, and scooter. 

FiAT27 
Safe Distance 
to Side of Road 

Demonstrate 
providing a safe 
distance from 
objects on the side of 
the road. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that the shuttle is programmed to maintain 
a distance from object along the road 

5. Test Manager verifies if an object is closer than expect, the 
shuttle reacts by slowing or stopping. 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT28 
Safe Distance 
to Sharing a 
Lane 

Demonstrate 
providing a safe 
distance from 
objects sharing the 
lane. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Passed 1/23/20 
Vehicle slowed down but continued to travel with a 
safe distance next to a bicyclist or scooter rider. 
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3. EZ10 shuttle begins the mission 

4. Bicyclist or scooter rides in front of the shuttle 

5. Test Manager verifies that the shuttle follows at the same rate of 
speed or less from a safe distance, or that if it passes the 
bicyclist or scooter (in manual mode) it does so at a safe 
distance. 

Test Researcher 2 

Test Researcher 3 

Test Researcher 4 

Tom Timcho 

Diane Newton 

Chris Toth 

FiAT29 
Decreasing 
Speed Due to 
Uncertainty 

Demonstrate 
decreasing speed 
when there is 
uncertainty regarding 
which action to take 
due to an 
unexpected object. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor uses an object to encroach on the shuttle path or 
uses a retroreflective traffic cone to provide an unexpected 
situation 

5. Test Manager verifies that the vehicle slows down and prompts 
the operator for guidance due to the presence of this unexpected 
object 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 

Happened when there were branches along the 
way that came within a few feet of the vehicle’s 
path. Recommended trimming the branches. 
Trees were trimmed for service start.  

 

Defect DFT001 was identified during this test case. 
See Table 5 for additional detail. 

FiAT30 Detours 

Demonstrate 
detecting and 
responding to 
detours and other 
temporary changes 
in traffic patterns. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Conductor has the vehicle approach traffic cones to 
simulate a partial road (lane) closure 

5. Test Conductor moves the vehicle around a detour either by 
manual control or via pre-programmed alternate  

6. Test Conductor has the vehicle approach traffic cones to 
simulate a full road closure 

7. Test Conductor moves the vehicle around a detour either by 
manual control or via pre-programmed alternate 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 

Vehicle was navigated around small obstacles 
using manual mode. Discussed that major 
roadway closures would result in suspension of 
service due to other roads not having been 
approved by NHTSA. 

FiAT31 Weather 

Demonstrate 
operating in rail, fog, 
and light snow 
conditions not 
deemed a weather 
emergency (when 
such conditions are 
available). 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor allows the shuttle to operate in various 
conditions, including: 
a. Light rain 
b. Light snow 
c. Light fog 

3. Test Manager verifies the vehicle can operate in these 
conditions 

Test Manager 

Test Conductor 
Jeff Kupko3 Failed 

2/13 /20 

 

2/7 /20 

 

Not yet 
avail-able 

These were deferred prior to launch until these 
types of weather arose. Light rain and light snow 
conditions have now become available. Light fog 
has not yet become available, and is unlikely to be 
encountered during the pilot as service is during 
midday hours. 

 

During weather testing, the shuttles were not able 
to operate fully under these conditions. This is a 
result of Gen 3 EZ10’s being more sensitive to 
weather than the previous generations. Current 
mitigation is to not run during these times until they 
can prove they are capable. 

                                                      
3 This individual performed multiple roles for this test case. 
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Defect DFT005 was identified during this test case. 
See Table 5 for additional detail. 

FiAT32 Deploy Ramp 

Demonstrate that 
vehicles can deploy 
a wheelchair 
accessible ramp. 

1. Test Conductor pushes the blue button on the interior or exterior 
of the shuttle 

2. Test Manager verifies the shuttle deploys the ramp 
automatically, prior to opening the door 

3. Test Conductor pushes the blue button again 

4. Test Manager verifies the shuttle first closes the door and then 
retracts the ramp automatically 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 Tested at every station. 

FiAT33 
Real-Time 
Information 

Demonstrate 
providing real-time 
information. 

1. Test Manager uses their smartphones to see real-time location 
information on the Pivot app 

2. Test Manager views the on-board monitor for current location 
and status 

Test Manager 

Test Conductor/ 
Data Producer 

Data Consumer 

Jeff Kupko3 Passed  2/5/20 
Integration with Pivot went live on launch day and 
for the duration of passenger service, but is not live 
for the food pantry service. 

FiAT34 

Real-Time 
Passenger 
Count 
Information 

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

1. Based on the testing ridership, Test Manager verifies that 
passenger counts were conducted 

2. Test Manager verifies that the API is reporting the counts  

3. Test Manager verifies this data is updated every twice per 
second in the API 

Test Manager 

Test Conductor/ 
Data Producer 

Data Consumer 

Jeff Kupko3 

R Boyapati 
Passed 2/6/20 Was deferred until API integration was complete. 

FiAT35 
Stop and Open 
Doors at a 
Transit Stop 

Demonstrate 
stopping and 
opening doors to 
allow passengers to 
board and alight. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies the shuttle doors open when pushing the 
door button to board the vehicle 

5. Test Manager verifies the shuttle doors open when pushing the 
door button to alight the vehicle 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT36 
Stop and Open 
Doors in 
Emergency 

Demonstrate 
stopping and 
opening doors if the 
vehicle has detected 
that there is an issue 
on board, through 
passenger input 
and/or secure 
override. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 vehicle begins the mission 

4. Test Conductor presses the e-stop button to bring the vehicle to 
a stop 

5. Test Conductor presses the door release button to release the 
doors 

6. Test Manager verifies the doors can be manually opened. 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  
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FiAT37 
Multiple Means 
of Egress 

Demonstrate that 
vehicles have 
multiple means of 
egress. 

1. Test Manager verifies that there is an emergency door release 
button 

2. Test Conductor pushes the button 

3. Test Manager verifies it releases the doors and the doors can be 
opened manually 

4. Test Manager verifies a safety hammer is located in the vehicle 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20  

FiAT38 
Directional 
Information 

Demonstrate 
providing directional 
(i.e., northbound to 
St. Stephen’s or 
southbound to 
Linden Transit 
Center) information 
in audible and visual 
form to passengers. 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission 

4. Test Manager verifies that audible and visual directions are 
given to passengers 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
The inside passenger board identified the next 
stations that the shuttle would approach. 

FiAT39 Onboard Wi-Fi 

Demonstrate 
providing free Wi-Fi 
to onboard 
passengers. 

1. Test Manager boards the shuttle 

2. Test Manager uses a smartphone to connect to the shuttle Wi-Fi 

3. Test Manager verifies there is no cost to connect 

4. Test Manager opens Speedtest app and begins test to verify 
connection is active 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
It is a password protected network; the password 
is unique to each vehicle. This will be provided by 
the operators to the passengers. 

FiAT40 Cameras 

Demonstrate that 
vehicles are 
equipped with 
cameras capable of 
viewing internal and 
external to the 
vehicle. 

1. Test Manager visually inspects cameras are installed in the 
vehicle 

2. Test Manager verifies on EZ Fleet that the cameras can be 
monitored 

Test Manager 

Test Conductor 
Jeff Kupko3 Passed 2/4/20 

Demonstrated capability of viewing cameras via 
fleet management. 

FiAT41 
Weather 
Monitoring 

Demonstrate how 
local weather 
patterns will be 
monitored to 
maintain awareness 
of any approaching 
severe weather 
event or other 
conditions that may 
impact vehicle 
operations. 

1. Test Manager verifies the staff has a means of monitoring the 
local weather conditions via web portal or via television 

2. Test Manager verifies this process is documented in the SOP 
and demonstrated at the tabletop meeting 

System Owner 

Test Manager 

Test Conductor 

Stakeholders 

Andrew Wolpert 

Jeff Kupko 

Abraham Eng 

Various 

Passed 1/23/20  

FiAT42 Headway 

Demonstrate the 
ability to meet a 
minimum headway 
of twelve minutes 
during hours in 

1. Test Conductor loads a pre-programmed route onto an EZ10 
shuttle 

2. Test Conductor assigns the mission to the vehicle to follow the 
route 

3. EZ10 shuttle begins the mission with both EZ10 shuttles 

Test Manager 

Test Conductor 

N/A 

N/A 
Canceled   

Was not met during passenger service. A third 
vehicle was planned to be delivered to help meet 
this requirement. However, after the pivot to the 
food pantry delivery service, this test case and 
requirement were no longer relevant, so the test 
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TEST 
ID 

TEST TITLE TEST OBJECTIVE TEST PROCEDURE TESTER ROLE TESTER NAME 
TEST 
STATUS 

DATE 
RUN 

COMMENTS 

which service is 
provided. 

4. Test Manager monitors the progress and calculate the headways 
between stops 

case and the delivery of the third vehicle were 
canceled. 

 

Defect DFT004 was identified during this test case. 
See Table 5 for additional detail. 

FiAT43 
Real-Time 
Data 

Demonstrate 
collecting required 
data and sending 
this data to the 
Smart Columbus 
Operating System 
via an API in real-
time or near real-
time. 

1. Test Manager verifies the API is active in the EZ Fleet system 

2. Test Manager verifies the Operating System is receiving data 
from the API 

3. Test Manager verifies the data is near real-time at twice per 
second 

Test Manager 

Test Conductor/ 
Data Producer 

Data Consumer 

Jeff Kupko3 

R Boyapati 
Passed 2/6/20 Was deferred until API integration was complete. 

FiAT44 
Daily Reported 
Data 

Demonstrate 
collecting required 
data and sending 
this data to the 
Smart Columbus 
Operating System 
via an API on a daily 
basis. 

1. Test Conductor performs FiAT45 

2. Test Manager verifies the data can be visualized in a daily 
format 

Test Manager 

Test Conductor/ 
Data Producer 

Data Consumer 

Jeff Kupko3 

R Boyapati 
Passed 2/6/20 Was deferred until API integration was complete. 

FiAT45 
Weekly 
Reported Data 

Demonstrate 
collecting required 
data and sending 
this data to the 
Smart Columbus 
Operating System 
via an API on a 
weekly basis. 

1. Test Conductor performs FiAT45 

2. Test Manager verifies the data can be visualized in a weekly 
format. 

Test Manager 

Test Conductor/ 
Data Producer 

Data Consumer 

Jeff Kupko3 

R Boyapati 
Passed 2/6/20 Was deferred until API integration was complete. 

FiAT46 Charging 

Demonstrate the 
vehicles taking on a 
charge from each 
charging port. 

1. Test Manager verifies that EV charging has been installed 

2. Test Manager verifies via onboard indicator and EZ Fleet that 
when each vehicle is plugged in, it charges 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 
Observed two wall outlets in garage for Level 2 
charging, with meter. 

FiAT47 
Travel Between 
Route and 
Facility 

Demonstrate 
transporting the 
vehicles between the 
service route and the 
facility. 

1. Test Manager verifies that the shuttle can travel between the 
storage facility and the beginning of the route. 

2. Test Manager records the travel time. 

3. Test Manager verifies that the shuttle can travel between the end 
of the route and the storage facility. 

4. Test Manager records the travel time. 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Jeff Kupko 

Abraham Eng 

Sonja Summer 

Katie McLaughlin 

Tom Timcho 

Diane Newton 

Passed 1/23/20 

This was done in manual mode. 

 

Defect DFT003 was identified during this test case. 
See Table 5 for additional detail. 

Source: City of Columbus 
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2.2. Defect Management Tool 

The defect tool was used during testing to capture, track, monitor, and address anomalies observed during the testing period. For each entry, the development team worked to understand and reproduce (where possible) the defect, identify the root 

cause, summarize a response, and log the activities taken to resolve the issue. This process helps with prioritizing defects based on severity level (critical to low) and maintains traceability to the test ID as well as status. The status field provides a 

simplified view of the various states a defect passes through as it moves toward resolution and closure. A defect can have the following status values:  

 Opened – indicates the defect has been logged and reported for correction. 

 Re-Opened – indicates a defect was once closed and then reopened for modification. 

 Closed – indicates a defect was received, reviewed, and determined was not a defect (i.e., duplicate entry or a request for enhancement). In these cases, no corrective action is taken, and an explanation is provided by the development team 

while closing-out the defect ticket.  

 Canceled – indicates a scenario or test case where the defect derived was canceled and therefore, the defect is canceled by default. 

 Resolved – indicates a defect has been successfully reviewed, verified, and a resolution was implemented to solve the problem along with the resolution date when a defect was corrected. 

 Returned – indicates the defect was returned to the tester for additional information. 

 Deferred – indicates the defect has been designated for correction for a later date or a change in requirement. 

In cases when a conflict arose between a design element that tied to a requirement and the software product, the development manager coordinated with the test lead to determine if a change to the system design and/or requirement was appropriate. 

The City of Columbus project manager (who was also the test lead) carefully reviewed all requests to make a change that impacts the system design and requirements. All change requests have been captured within the change logger tool. 

Table 5 below provides an overview of the resulting defects captured and closed or resolved during testing.  

Table 5: Defect Management Matrix 

DEFECT 
NO. 

DEFECT DESCRIPTION SEVERITY DEFECT STATUS TEST ID RESOLUTION DESCRIPTION COMMENTS 

DFT001 There were some trees along the route with limbs and 
branches that entered into the detection zone of the 
shuttle. While the shuttle did not hit any of these limbs or 
branches, their presence did cause the shuttle to slow 
down (as it is programmed to do when an object is 
detected in its safety zone), leading to an operational 
issue. 

Low Resolved FiAT1 Problem locations were noted during testing, 
and City of Columbus Recreation and Parks 
staff were dispatched to trim the offending limbs 
and branches. 

City of Columbus Recreation and Parks are an engaged 
partner and were very responsive and helpful. They will need 
to continue to be engaged for this purpose as spring 
approaches and tree branches and leaves grow. 

DFT002 During Final Acceptance Testing, there was an e-stop 
while VIN016 was crossing 17th on the way back to St. 
Stephens. The Test Conductor performed a manual 
override, navigated off of 17th, and returned the shuttle to 
automated mode. 

Medium Closed FiAT4, FiAT12, 
FiAT15 

The reason for the e-stop was postulated by the 
Test Conductor as due to a higher vehicle load 
than usual (due to the presence of the entire 
test team) leading to the vehicle sensors being 
lower than usual, and combined with the 
acceleration of the vehicle, detection of the 
elevation change in the roadway as an obstacle. 
These inputs were modified, and the e-stop did 
not occur at this location again. 

 

DFT003 When traveling along both the test route and the actual 
route, the remote control unit lost signal occasionally with 
no clear pattern. This would cause the vehicle to slow 
down and stop until the signal could be restored. 

Low Closed PAT5, PAT27, 
FiAT4, FiAT29 

The cause of this issue is frequency 
interference from an unknown source near the 
route. Since this issue only surfaces during 
manual operation of the vehicle, the project was 
allowed to proceed. Hardwired remote control 
units were ordered to fix this issue. They were 
tested once delivered and prior to being used 
for passenger service. 

 

DFT004 The two vehicles that were delivered are not able to meet 
the 12-minute headway requirement included in the RFP 

Low Canceled  FiAT42 When passenger service was offered, route run 
time was between 45-50 minutes, though this 
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DEFECT 
NO. 

DEFECT DESCRIPTION SEVERITY DEFECT STATUS TEST ID RESOLUTION DESCRIPTION COMMENTS 

and vendor contract. They are providing closer to 25-
minute headways. 

was expected to decrease slightly as the route 
was further validated. EasyMile was in the 
process of delivering a third vehicle (a Gen 2 
EZ10) to get the system closer to the headway 
requirement, and a change had been requested 
on the requirement from 12 minutes to 16-18 
minutes. However, this headway requirement is 
no longer relevant to the food pantry service, so 
the defect, and the additional vehicle order, 
were canceled. 

DFT005 The shuttles are not able to operate reliably under normal 
rain, fog, and light snow conditions not deemed a weather 
emergency, as required in the RFP and contract. 

Medium Deferred  PAT29, FiAT31 Because safety is the highest priority, the 
vehicles are not permitted to operate with 
passengers under such conditions until they can 
reliably prove they can safely do so. 

Based on learnings through PAT, these situations are 
considered outside the shuttle’s operational design domain 
(ODD), so operations do not occur in these conditions. As the 
EZ-10 Gen 3’s system continues to be calibrated, it is 
possible that the ODD will be able to include these conditions 
at a later date. 

Source: City of Columbus 
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 Additional Acceptance Test Cases 

Four additional test cases were created based on observations during early operations. These four additional test cases and the results thereof are 

documented in the following table of Additional Acceptance Test (AAT) cases. These test cases were to be conducted prior to any restart of passenger 

service. However, due to social distancing guidelines and other needs associated with the ongoing COVID-19 pandemic, passenger service did not 

resume after these test cases were identified. As the test cases were not relevant to the alternate food pantry delivery service, they were no longer 

relevant. Therefore, these test cases are included in this Test Report primarily for documentation and for reference, as it is recommended that any 

future deployers of CEAV technology conduct these or similar test cases prior to launching a passenger service. 

There were several reasons to add these test cases. For the first, the original testing procedures stated that e-stops that occur during testing and 

operations are acceptable, if they are triggered by the presence of an actual obstacle or situation. Testing procedures should include the possibility of 

false positives, actual positives (i.e., object detections), and false negatives (i.e., collisions). In addition, vehicle suspension and the height and 

possibly the angle of sensors is affected by the number of passengers onboard the vehicle and their distribution. Lastly, there was frequency 

interference from an unknown source near the route that affected the remote control unit when performing manual operations, so new hardwired 

remote control units were ordered and needed to be tested prior to being used for passenger service. Therefore, additional test cases were created, 

and the vehicles would have been required to pass these test cases prior to being permitted to resume passenger operations. 

Table 6: CEAV System Test Case Results Matrix – Additional Acceptance Test Cases 

TEST 
ID 

TEST TITLE 
TEST 
OBJECTIVE 

TEST PROCEDURE TESTER ROLE 
TESTER 
NAME 

TEST 
STATUS 

DATE 
RUN 

COMMENTS 

AAT1 
Detection of 
False Positive 
E-Stops 

Determine 
and log the 
reason for 
any e-stops 
experienced 
during testing 
and 
demonstrate 
the ability to 
do so during 
operations 

1. Test Conductor loads a 
pre-programmed route onto 
an EZ10 shuttle 

2. Test Conductor assigns the 
mission to the vehicle to 
follow the route 

3. EZ10 shuttle begins the 
mission 

4. Each time an e-stop occurs 
during testing, the Test 
Conductor and other 
testing team members log 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 

N/A 

N/A 

N/A 

N/A 

Canceled N/A 

While this test was not able to 
be formally conducted due to 
COVID-19 protocols, 
EasyMile did update the 
firmware and software in the 
vehicles to address this issue. 
Feedback from the operators 
is that the shuttle has 
significantly fewer e-stops. 
This will be monitored through 
the API.  
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TEST 
ID 

TEST TITLE 
TEST 
OBJECTIVE 

TEST PROCEDURE TESTER ROLE 
TESTER 
NAME 

TEST 
STATUS 

DATE 
RUN 

COMMENTS 

the date, time, and 
observational data for the 
vehicle stopping.  

5. Test Manager reviews 
vehicle logs once the run of 
testing is complete to 
determine if any e-stops 
were caused by a false 
positive.  

AAT2 
Full Vehicle 
Load 

Demonstrate 
that the 
vehicles 
operate as 
expected 
when loaded 
at maximum 
capacity 

1. Test Conductor loads a 
pre-programmed route onto 
an EZ10 shuttle 

2. A testing team of 6 people 
(maximum allowed 
capacity) boards the shuttle 
and occupies all seats  

3. Test Conductor assigns the 
mission to the vehicle to 
follow the route 

4. EZ10 shuttle begins the 
mission 

5. Test Manager verifies the 
shuttle is following the 
assigned route and 
reacting as expected 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 1 

Test Researcher 2 

Test Researcher 3 

Test Researcher 4 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Canceled N/A  

AAT3 
Distributed 
Weight 
Loading 

Demonstrate 
that the 
vehicles 
operate as 
expected 
regardless of 
weight 
distribution in 
the vehicle 

1. Test Conductor loads a 
pre-programmed route onto 
an EZ10 shuttle 

2. A testing team boards the 
shuttle and occupies the 
seats in four varying 
configurations: 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 

N/A 

N/A 

N/A 

N/A 

Canceled N/A  
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TEST 
ID 

TEST TITLE 
TEST 
OBJECTIVE 

TEST PROCEDURE TESTER ROLE 
TESTER 
NAME 

TEST 
STATUS 

DATE 
RUN 

COMMENTS 

a. Three testers sitting in 
the front seats. 

b. Three testers sitting in 
the rear seats. 

c. Two testers sitting in the 
front right and rear right 
seats. 

d. Two testers sitting in the 
front left and rear left 
seats. 

3. Test Conductor assigns the 
mission to the vehicle to 
follow the route 

4. EZ10 shuttle begins the 
mission 

5. Test Manager verifies the 
shuttle is following the 
assigned route and 
reacting as expected.  

6. Repeat test to address all 
configurations in Step #2. 

AAT4 

Hardwired 
Remote 
Control Unit 
Manual 
Override 

Ensure a 
manual 
override with 
the hardwired 
remote 
control unit is 
possible and 
comfortable 

1. Test Conductor loads a 
pre-programmed route onto 
an EZ10 shuttle 

2. Test Conductor assigns the 
mission to the vehicle to 
follow the route 

3. EZ10 shuttle begins the 
mission 

4. At a desired point during 
the mission, Test 
Conductor uses the 
hardwired remote control 

Test Manager 

Test Conductor 

Test Lead 

Test Researcher 

N/A 

N/A 

N/A 

N/A 

Canceled N/A 

This test was not able to be 
conducted formally due to 
COVID-19 restrictions. 
However, the hardwired 
remote control units were 
installed and tested by 
EasyMile personnel and there 
are no reports of remote 
disconnections.  
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TEST 
ID 

TEST TITLE 
TEST 
OBJECTIVE 

TEST PROCEDURE TESTER ROLE 
TESTER 
NAME 

TEST 
STATUS 

DATE 
RUN 

COMMENTS 

unit to take over manual 
control of the vehicle 

5. Test Manager verifies that 
the shuttle smoothly 
transitions to manual 
control (slow stop, not e-
stop) and that the internal 
screen and external LED 
light bar both indicate that 
manual control is engaged. 
Test Manager also verifies 
that this occurs regardless 
of if the remote is on or 
connected (as the remote 
goes to sleep after 5 
minutes, which is also 
verified). 

Source: City of Columbus 
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 Summary of Results 

4.1. Test Metrics 

This section informs on the test metrics from executing the test plan. 

Table 7: Test Cases Passed vs. Failed 

 TOTAL 

Total Number of Tests 115 

Ratio of Passed to Failed 112:2 (1 canceled) 

Source: City of Columbus 

Table 8: Test Cases by Test Status 

TEST CASE 
STATUS 

TOTAL FACTORY 
ACCEPTANCE 
TESTING 

PRELIMINARY 
ACCEPTANCE 
TESTING 

FINAL 
ACCEPTANCE 
TESTING 

Planned 115 29 39 47 

In-Progress 0 0 0 0 

Passed 112 29 38 45 

Failed 2 0 1 1 

Deferred 0 0 0 0 

Canceled 1 0 0 1 

Source: City of Columbus 

Table 9: Defect by Status Type 

DEFECT STATUS TOTAL  HIGH MEDIUM LOW 

Opened 0 0 0 0 

Closed 2 0 1 1 

Canceled 1 0 0 1 

Resolved 1 0 0 1 

Deferred 1 0 1 0 

Source: City of Columbus 
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Table 10: Change Request Status 

CHANGE REQUEST STATUS TOTAL 

Approved 1 

Canceled 1 

Submitted 0 

Source: City of Columbus 

4.2. Outstanding Issues 

This section discusses any open defects the project is tracking along with the reason they remain open. 

There are no outstanding issues. 

Table 11: Outstanding Issues 

DEFECT 
NO. 

DEFECT DESCRIPTION SEVERITY DEFECT 
STATUS 

NOTES 

N/A     

Source: City of Columbus 
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4.3. Change Request Log 

This section documents the Change Requests (CR) that have been captured, evaluated, and instantiated throughout the testing life cycle.  

Table 12: Change Request Log 

CR ID DESCRIPTION JUSTIFICATION DEFECT ID REQUIREMENT STATUS 

CR001 Request to change 
headway 
requirement from 
12 minutes to 16-
18 minutes. 

The original requirement in the RFP was 
12-minute headways, which EasyMile 
planned to meet with two vehicles on the 
route at all times. However, because the 
vehicles that were delivered were Gen3 
(which are currently limited in their 
maximum speed) and because the route 
was modified to avoid higher speed 
roads that would not be approved by 
NHTSA, the route run time during testing 
ended up being close to 50 minutes, 
which with two vehicles would lead to 25 
minute headways. 

EasyMile agreed to deliver a third vehicle 
to get closer to the requirement, and 
because actions such as deploying the 
ramp at every stop location won’t happen 
during normal operations as was done 
during testing, route run time should be 
able to be reduced. 

DFT004 CEAV-OPS003-v01: The 
Offeror shall meet a minimum 
headway of twelve (12) minutes 
during hours in which service is 
provided. This is anticipated to 
be achievable on the proposed 
route with a minimum of two (2) 
vehicles in service at any time. 
As with operating hours, desired 
minimum headway may be 
modified during certain time 
periods depending on ridership 
but shall remain within the 
capabilities of the Offeror’s 
originally proposed vehicle fleet 
size. Stop departure times shall 
be scheduled to complement 
nearby COTA services. 

Originally approved, 
then canceled. If 
passenger service had 
resumed, EasyMile 
would have provided a 
third vehicle (a Gen 2 
EZ10) to get the 
system closer to the 
headway requirement, 
likely to around 16-18 
minutes, which would 
have been considered 
acceptable. However, 
passenger service 
ended up not resuming, 
so providing a third 
vehicle to meet this 
requirement was no 
longer an applicable 
requirement. 

CR002 Do not require the 
shuttles to operate 
with passengers in 
weather conditions 
that are not 
perfect, but not yet 
considered a 
weather 
emergency 

The original requirement in the RFP was 
that the shuttles be able to operate in 
normal rain, fog, and light snow 
conditions not deemed a weather 
emergency (in a weather emergency 
they would not be required to operate). 
However, the shuttles are currently not 
able to operate reliably/acceptably under 
such conditions. 

DFT005 CEAV-VEH038-v01: The 

Offeror shall identify the ability 

of its vehicles to operate the 

following operating functions in 

automated mode: Operating in 

normal rain, fog, and light snow 

conditions not deemed a 

weather emergency 

Approved until vehicle 
performance can be 
proven, and no longer 
applicable once 
passenger service 
ended. 

Source: City of Columbus
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4.4. Exit Criteria 

This section gives the conditions that were fulfilled so as to stop testing.  

Table 13: Test Exit Criteria 

CRITERIA MET/NOT MET 

All planned test cases and scenarios have been 
executed  

Met for all scenarios presented in the Operational 
Design Domain 

Test scenarios achieve a 100% pass ratio (in 
relation to failures) 

Met 

All defects found have been recorded in the defect 
management tool 

Met 

All high-severity defects have been resolved and 
retested 

Met 

Outstanding issues have a plan and schedule for 
resolution 

Met 

Master Test Plan and Report Summary issued to all 
stakeholders 

Met 

Source: City of Columbus
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 Personnel 

The information being reported on this document is correct and grants permission for the project to move forward with the production deployment.  

Table 14: Test Signoffs 

ROLE NAME SIGNATURE DATE 

System Owner Andrew Wolpert   

Test Manager Jeff Kupko   

Test Lead Sonja Summer   

Test Researcher 1 Katie McLaughlin   

Test Researcher 2 Tom Timcho   

Test Researcher 3 Diane Newton   

Test Researcher 4 Chris Toth   

Source: City of Columbus 
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Appendix A. Terminology and Conventions 

A.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 4: Numbering Convention 

Source: City of Columbus 

Table 15: Numbering Convention Definitions 

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) 
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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 B. Acronyms and Definitions 

Table 16 contains project specific acronyms used throughout this document. 

Table 16: Acronym List 

Abbreviation/Acronym Definition 

AAT Additional Acceptance Testing 

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 

FAT Factory Acceptance Testing 

FHWA Federal Highway Administration 

FiAT Final Acceptance Testing 

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 

PAT Preliminary Acceptance Testing 

RFP Request for Proposals 

RSU Roadside Unit (DSRC) 

SC Smart Columbus 

SMH Smart Mobility Hub 

SOP Standard Operating Procedures  
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Abbreviation/Acronym Definition 

SPaT Signal Phase and Timing 

SSL Secure Sockets Layer 

USDOT U.S. Department of Transportation 

Source: City of Columbus 
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Appendix C. Glossary 

Table 17 contains project specific terms used throughout this document. 

Table 17: 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 D. Factory Acceptance Testing Summary 

Representatives from the Smart Columbus Program Management Office (PMO) reserved the right to witness 
Factory Acceptance Testing as part of the contract. After EasyMile was selected, a factory testing visit was 
planned and scheduled for July 29-August 2, 2019 as it best aligned with vendor and project team schedules. 
Two representatives of the City, Andy Wolpert (City of Columbus – Deputy Program Manager) and Jeff Kupko 
(Michael Baker International – CEAV Project Manager), were identified as the best personnel to witness the 
testing and disseminate the information collected.  

This document is intended to ensure the lessons learned are identified and shared with others interested in 
deploying automated shuttles. The intent was to learn how the vehicles are tested and verified that they’re 
road ready and to learn about the safety that goes into the design and deployment.  

D.1 DAY 1: INTRODUCTION TO EASYMILE 

Once the PMO team landed in Toulouse, France, they traveled to the EasyMile Headquarters located within 
the city.  The first day was to provide an overview of EasyMile and the safety that is inherent to the systems 
deployed on the EZ10 and other vehicles that EasyMile produces. The team received a tour of the facilities 
and had several meetings with key personnel that described the areas they were responsible for and how 
they were important to the program.  

 Company Partners 

One of EasyMile’s key partners and investors is Alstom. The company brought the safety architecture to the 
team which sits between aerospace and automotive grade, giving it a high level of safety. 

Ligier Line 

Ligier is the company that builds the vehicles for EasyMile. EasyMile is a technology company and prefers to 
rely on a proven manufacturing expert to produce the vehicles. Ligier builds over 10,000 specialty vehicles 
per year, has a dedicated line for EasyMile shuttles, and brings along its own quality process. The PMO team 
did not get to go to the vehicle manufacturing facility due to the European holiday, but received some insight 
into the quality processes of Ligier 

Ligier performs about 200 specific tests at the factory that are controlled by the Quality Department. Each 
vehicle is driven in autonomous mode at the factory for 50 km (31 mi) on different road surfaces, such as 
speed bumps, to test its quality. EasyMile will then test the vehicle for as many miles at its Francazal facility.  

 Safety Design 

There are two technology stacks that run in parallel with redundancies for safety critical components. The 
driving software runs independently of the critical safety chain. While the software makes decisions on how 
to drive, it cannot occur if the safety chain does not allow it. 

The EasyMile office is set up with a room for bench testing. There is a computer and bench for each 
generation vehicle, Gen 1, Gen2, and Gen 3. This is essentially an area where EasyMile can simulate a 
machine in the loop prior to deploying software updates in the field.  

EasyMile sets a safety benchmark akin to that of professional bus drivers: 1 fatality every 25 million 
operation hours. 
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Germany requires a full safety demonstration and is one of EasyMile's most successful deployment areas. 
The demonstration has to be completed for each deployment with a software demo and an on-road demo 
before the project can go-live. 

EasyMile has driven over 600,000 km (~373,000 mi) in autonomous mode with 0 collisions; this is over the 
course of 200+ deployments. 

The automatically deploying ramp isn't officially ADA compliant due to not having edge lip on the ramp. While 
EasyMile can provide a manual ramp that includes the lip, feedback from the wheel-chair based community 
has expressed a preference for the automatically deploying ramp rather than one that has the lip.  

With the next generation of vehicles, EasyMile takes a cautious approach to deploying the vehicle on public 
roadways. EasyMile sets a maximum speed of 7.8 mph for the whole route to ensure that enough data is 
collected prior to raising the speed. EasyMile will then evaluate raising the speeds every 4-6 weeks until the 
maximum identified speed of each leg of the route is met.  

All operators will be trained and issued certificates. And if EasyMile believes someone is not a good fit or may 
have ill intent during the training, that person will not be certified and cannot operate a vehicle.  

EasyMile has set a loft goal for safety certification. Recently, EasyMile became ISO 9001 certified for its 
Quality Management System which includes deployment training and the risk assessment. This certification 
came from the Bureau Veritas and certification represents assurance by an independent accredited body of 
conformity to specific requirements covering products and their components, services, people and systems. 

EasyMile’s ultimate certification goal is ISO 26262, the Functional Safety Standard. This certification is 
currently in process and is targeted for the EZ10 Generation 3 vehicles that EasyMile deploys. This standard 
encompasses automotive-specific needs and safety critical components centered on safety culture and 
management and systematic and random failure. The Smart Columbus Safety Management Plan is based off 
of the ISO 26262 standard for risk identification and mitigations, so there is synergy between the program 
efforts and EasyMile’s corporate direction. Another certification EasyMile is pursuing for the EZ10 Generation 
3 vehicle is ISO/PAS 21448:2019 Safety of the Intended Functionality, as this certification covers advanced 
sensors and algorithms that comprise Advanced Driver Assistance Systems (ADAS). EasyMile’s goal is to 
manage performance failure and develop a program around false positive management. 

From a system security perspective, EasyMile is aligning with SAE J3061, Cybersecurity Guidebook for 
Cyber-Physical Vehicle Systems, for the EZ10 Generation 3 vehicle. This identifies design and processes for 
encryption, key management, and threat intelligence.  

The vehicle needs to stop and switch over to manual operation to eliminate the risk of operator not paying 
attention in Level 4 automation. This is a safety design and still allows for the operator to intervene and initiate 
an emergency stop, but not take control of the vehicle on the fly.  

 Safety 

It was evident that safety is at the core of EasyMile’s technology stack. It contains a system-oriented design 
for safety with the vehicle and components. EasyMile also focuses efforts greatly on risk management. As 
part of a deployment effort, the staff divide a site into segments and evaluate each part individually for 
operational factors. They identify mitigation factors for each area, such as the speed of the vehicle and if 
signage may be needed. The deployment operational safety case is broken into these cases. In Europe, 
EasyMile is required to provide a third-party assessment before operations stage can begin. 

Through the deployment development, the Operational Design Domain (ODD) goes through definition and 
refinement. EasyMile begins with a base route and refines and iterates to improve until the engineers are 
happy with the product. The team does a hazard and risk assessment. The development process incorporates 
safety and validation activities to develop the fully validated ODD. From there, the team continues process 
improvements for environmental scenarios, such as fog and rain. 
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A new set of safety critical components will be embedded in Generation 3 vehicles, representing a new 
architecture for EasyMile and its vehicle. This design is to be the future of the vehicle and is incorporated on 
other types of vehicles that EasyMile deploys. The safety Programmable Logic Controller (PLC) is certified 
and part of the system. There is a separate LiDAR system for the safety critical system apart from the 
navigation stack. This safety system operates independently and is used to stop the vehicle in situations with 
encroachment. EasyMile also performs bench testing of the LiDAR units since there are no safety approved 
units as a way of validating the individual components of the vehicle.  

D.2 DAY 2: DEPLOYMENT PROCESS 

To begin the second day at the EasyMile Headquarters, an overview of the deployment process was 
presented to the Smart Columbus team. The preparation work for the route begins with a site visit and the 
completion of a site assessment. This results in the development of a Site Assessment Report which serves 
as the basis for the National Highway Transportation Safety Administration (NHTSA) Federal Motor Vehicle 
Safety Standards (FMVSS) exemption process, a requirement to import the vehicle due to their lack of 
standard vehicular features such as a steering wheel or mirrors. Finally, a risk assessment matrix is completed 
for the complex sites.  

Following the site assessment, the vehicles are ordered from the Ligier factory in Vichy, France. There the 
vehicles are assembled and tested prior to delivery to EasyMile’s testing facility in Toulouse. Once the vehicles 
are tested and approved as the testing facility, they are shipped to the deployment locations. As part of the 
importation process, the vehicles need to have the FMVSS exemption approval to get through customs.  

EasyMile proceeds to seek regulatory approval for the deployments, which vary by state or country that the 
deployment is located.  

 

 Project Definition 

 Operation Regulatory Approval 

 Insurance Coverage 

 Setup 
o Vehicles 

 Fleet setup and test 
o Operations 

 Operators / Supervisors Training 

 Operations 
o Vehicles 

 Maintenance 

 Vehicle monitoring 
o Operations 

 Test operations - at least one week  

 Operations 

 Navigation process 
o Environment recording with sensors  

 Close to road? 

 Escort? 

 Middle of the night? 

 Do it all at once 

 Drive at 5kph 
o Map generation -> static map 
o Trajectory generation 
o Trajectory validation 

 Training of the operators 
o On-board operators = 2 x 2hours/day/operator 
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 Ensure on-board and around the vehicle, welcome passengers, report issues to Chief 
Operator 

o Chief Operators - 1 Chief Operator on duty during operating hours 

 Ensure team management, smooth operation of the fleet, report issues to EM 
o Supervisors (not necessary): 1 supervisor on duty during operating hours (For fleet setup only) 

 Monitor vehicles operation from the Control Center, manage fleet-level service 
parameters 

 Test Runs 
o Real conditions operations with On-Board Operators and Chief Operators according to 

operating rules 
o No passengers 
o Eliminate all remaining issues 
o Optimize services parameters 
o Ensure staff is comfortable with site operations 

 Other Training 
o Maintenance Program 
o Operation Program 
o Deployment Program (Engineer / Manager) 
o Supervision Program  

 Operations 
o No passengers 
o Real conditions operations by Transit Operator / End Customer 
o Report all remaining issues to EM 
o Adapt internal procedures and documents 
o Setup team and operation management 
o Prepare for 1st passenger milestone 

  Fleet Management 
o Supervise own vehicles and other vehicles 
o Shuttle can operate without fleet management for short distances since the safety critical logic 

is at the shuttle level 
o Fleet Management System 

 Control Center 

 Supervise performance and safety 

 Ensure communication with users 

 Mission & Fleet Management 

 Dispatch vehicles 

 Define missions (on demand, ride sharing, bus mode, metro mode) 

 End-user Application 

 On-demand calling 

 Arrival time information 

 Data reports & Statistics 
o Can use a simulated environment to train supervisors or Chief Operator to manage the fleet, 

address issues, and respond accordingly 
o Alerts to provide early warning to clean LiDAR 

 Factory 
o External emergency door release button that works in event of power loss 
o Safety chain is always active, even in manual mode 
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D.3 DAY 3: CHARITÉ – UNIVERSITÄTSMEDIZIN BERLIN 

The Smart Columbus team traveled to Berlin to witness an EasyMile deployment that offered some similarities 
to the Linden route and meet with the transit authority, BVG that deployed the shuttles. The route has multiple 
stops and serves an environment with pedestrians on sidewalks, similar to that of a neighborhood.  

The route navigates along a 1.7 km (1.1 mi) loop on the medical campus in the heart of Berlin. The route 
interacts with a pedestrian walkway and typically does 5 kph (3.1 mph) in areas of close interactions with 
those on the sidewalk and the paved buffer area.  

The vehicles are stored outside in two parking spaces along the route. There was a stop location constructed 
along the route, but not in ideal location for shuttle since it sits back off of the road around a turn.  

BVG uses 2 operators on site at all times and they switch on each loop. It did not appear as if headway was 
a significant concern for the deployment, as our visit interrupted service for a significant amount of time. If the 
route were to shift to public streets, no riders would be allowed to stand since Germany on public streets won't 
allow standing since operator is last layer of safety and needs to see all around the vehicle.  

BVG and EasyMile discussed the types of tests that occurred for the deployment. Germany includes tests for 
how long it takes the e-stop to activate and for the manual door release. Each region in the country has a 
different certifying body and there are different requirements which necessitate different modifications.  

The local transit operator, BVG, who is responsible for the shuttle operations sent its Project Manager 
Johannes Jähne. The Smart Columbus team was able to collect lessons learned and key information from 
the deployment and operations of two EasyMile EZ10 Generation 2’s on the Charité campus.  

The project went live in February 2018 and had serviced over 6000 passengers to-date as of the team’s visit. 
BVG is also running a Navya shuttle on a route approximately 6km (3.7mi) away from the Charité campus. In 
BVG’s opinion, EasyMile has been more reliable. One of the bigger lessons learned is that it is key to store 
the vehicles in a garage, as having the vehicles stored outside due to special constraints has been a bit of a 
challenge for maintenance and charging.  

One issue with the route is the narrow streets and the closeness of the pedestrians. Based on the 
geometrics, the pedestrians typically are walking within the safety bubble and the vehicles slow down. BVG 
wanted to adjust sensor sensitivity due to close pedestrians but due to safety concerns this was not done at 
Charité. Navya did adjust on its route but the vehicles would not have run otherwise. 

BVG did not do any targeted outreach but rather the news disseminated the information on its own. It would 
have been beneficial to get out in front of the articles that identified speed as a negative attribute since the 
vehicles do operate at low speeds. Otherwise, the press coverage was positive.  



 

 

 

 


