Bike Walk Census Tool Designed for More Inclusive
Transportation Planning in College Downtown

METHODS IN MACHINE LEARNING
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C O u n tl n g —> P I a n n I n g — I n c I u d I n g The second part of counting road users is tracking each object through the video. This is a
fast-moving sector of computer vision right now, with new state-of-the-art algorithms and

models coming out every month. There are many different solutions to this problem, but most

of them rely on the aforementioned object detector model to detect objects in every frame

with an algorithm to match all of the objects between pairs of frames. After matching the
objects, the position of the object in the new frame is added to the track. We implemented

INTRODUCTION AND DESIGN SUMMARY

Anyone who has spent time as a pedestrian in the United States knows the feeling of being
on an unsafe and unpleasant street with cars whizzing by. In the town in which our college is
located (“the Town”), this unease is a result of a deliberate planning choice resulting from a
century of traffic engineers changing the physical landscape to favor cars over people. While
cars are counted to gauge road usage patterns automatically every three years (or more
frequently) for up to two-week periods, pedestrians and cyclists are only counted sporadically
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checkups while a study is running.

machine-learning (ML) based solution that consists of two parts: a
video recording device, which can be installed anywhere and is
powered by a solar panel and battery pack to enhance recording
longevity, and a separate device running an ML model for
automatically counting traffic in recorded video. It is temperature-
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Third-generation interior 3D-printed component

to reduce our cost of production to just over $500 per device.

CONTEXT AND ETHICS CONSIDE

Our state’s engineering metrics for intersection and road design place significant emphasis
on annual average daily car traffic, or AADT (“Traffic”). In the Town where our college is

In total, our dataset has 25,000 source images with 45,000 annotations. These annotations
iInclude 25,576 pedestrians, 8,544 bikes, 6,036 scooter riders, and 5,426 wheelchair users.
analyze the average performance of each combination of detector and model. We found that
a majority of missed counts are a result of occlusion at the moment a user crossed the count

_ line, and that these can be minimized, but not eliminated, by ensuring videos are taken at a
located (“"the Town"), cars are counted every 1-3 years depending on the street for up to two 45 degree angle offset from the path of interest. As a result, the best average performance

weeks at a time, while no universal or regular count for bicyclists and pedestrians exists we reached on any single video, detector, and tracker combination was 85% with our most

(Chamberlain). While the Town has completed sporadic manual counts of these groups, the TESTI N G AN D RES U LTS o recently trained detector and ConfTrack.

amount of time this method takes makes it difficult to complete regularly, and the data is

subject to errors inherent with human inspection methods (Kulbacki). This leads to a negative [BULCYe[fRUEECRCEEMVERCVEIVEICle R ReCTy (el ElplelcNo) Jolel g oz [y S 2 ERNelo)ig — S KI LLS ET AN D POSSIB LE F UTU RE WO RK

cycle in which fewer vulnerable road users (i.e., pedestrians and those using non-powered portable batteries, video storage, the solar panel power supply, and

Our project helped us to improve our knowledge and skills in the following areas:

. . . . : : ecording tests usin T i mAh batte
wheeled transportation modes) opt for these methods of transportation, resulting in more nighttime camera. We found that the portable battery enabled an average [u Tgt : . gVEEI: OM::MSO = Machine learn: 4 artificial intell thodologi
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drivers, and ultimately justifying more car infrastructure at the expense of safe design for runtime of 6.5 hours, thereby providing us an estimated minimum of 15 (F¥1S S VRS Wiy . W F—_— - Location irhing anc J J1es, DR e st
other transport modes. hours of runtime with our new 30,000 mAh prototype battery, which we 7% Y RO N ) | o vy o [ | FENSPOrALION planning,

PV design,

Ethical considerations in design,
Technical communication,
Prototyping,

Statistical analysis,

Design for usability and accessibility,
Additive manufacturing,

Technical communication, —
Civic engagement, especially as engineers.

confirmed in our 21st recording shown above. With the solar panel power 1 0 o| s4 25| 29 5.17 1/30| Fahey Design Center looking cast
supply, we lasted an entire night, allowing for perpetual recordings up to Ou|[EEE? I ss| 10| 87| 13 5.7 1/31 North Main St. looking west
storage capacity since the solar panel is able to fully charge the 12V batter{jsE 3| 13s| 100 e8| 32 7.03 2/1| Fahey-McLane Hall looking south
over the course of a day at 30W. Prototype 1 generally used about 1 GB of [t of 120 99 74| 25 6.52 2/5|  Thayer Walkway looking west
storage per hour of video. Prototype 2 saw an increase in storage 16 1| 240| 100| 3| 47 5.17 2/6 Allen St. looking west
requirements for the video to 3.4 GB/hour due to the addition of the USB [t i
camera, but Prototype 3 reduced storage requirements back down to 1 1 0] 930 Lasted overnight 2/25 Allen St. looking west
GB/hour of video. These tests confirm that our device meets specifications | skt ——
(1) and (3), night counts and longevity/durability outdoors. In addition, the 21 6] 5] 109] 4 % . 37 Collis Patio looking cast

_ Our device requires ethical considerations related to
e i ﬁ L privacy and bias. State law does not criminalize the use of

9630 Peac < oegrecording devices in areas where there is no feasible
iy \expectation of privacy, so our device is legal. Considering
o that the device is just like any other commercially available
video recording device like a security camera, the user of
the device is to be the sole decision maker of footage
distribution and should promptly dispose of it after
processing if there are no other uses for it.

using solar PSU

wide variety of locations we were able to record to show our device meets LI . Some possible future work on this design could be: ‘
Exceptions could be made for cases where the footage ML Model Bias specification (5), portability. Direction  Clase Ground Truths |l 1) Fine-grain road user classifications, including distinctions IL l
is needed for further analysis, such as before and after ~ concem: Solution: We also conducted user tests of the recording device, and received weo: 16 - e -l between bicycles and scooters, mopeds, and skateboards. e T R e
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We created a brief set of written circumstances in our . Planning and Zoning, included statements about the importance of being 3) An intuitive and easy to use front-end interface for
product documentation as to what footage can be shared. j’:‘":L:s 1A able to carefully frame camera angles through the web application, and that analyzing and presenting data.
We also have ensured our identification models have @J "o the device was intuitive and easy to use. In addition, both were able to set
no harmful biases against particular users. During the » up and teardown the recording device in less than 15 minutes after only COLLABORATION AC ROSS IN D USTRI ES
training of our ML model, we have incorporated diverse dataset annotations to ensure all reading the instructions once. This feedback showed that the recording  [sssliiiss D?ﬁi%‘i%ﬁ;{%%?s reacy b tssd e docmerts. Wl \We worked closely with several advisors, citizens, consultants and planners:

analysis software and presentations
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classes including wheelchairs, our ground truth counts show that within the Town, the other additionally gives us valuable information on what aspects of the device to
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unbiased.

e our engineering technical adviser who is a licensed PE and engineering faculty member
e multiple computer and electrical engineering faculty members who provided guidance on
#[Y0LO ves {1010 van{Y0LO ven|YOLO ven machine learning and electronics design for usability and safety
R e our project sponsor, a flmmaker and activist who sits on our town’s selectboard
e our capstone course directors who helped us plan our project and prioritize our time

2024 2024 2024 2024 2024

“The machine

“I love the lines

Lastly, we have kept sustainability in mind as we designed our device, most directly by learning which show the . . . L .
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extending the life cycle of our product by reducing material consumption and disposal. To do

this, the device can easily be assembled and disassembled, providing upgradable |
. - o Line 0 ’ Tine 1 g Model

replacement parts as needed. e Accuracy
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about designing transportation systems for inclusion and accessibility
e ourtown’s engineer, selectboard, and the Bike Walk advisory committee
e our regional planning commission staff

Average
Tracker+




