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Problem A: Testing Time: The Constant Wear On Stairs

Stone is a symbol of steadfast permanence, and carved rock is used as a building material
because of its ability to resist wear. Despite its durability, even stone is not impervious to
wear. One of the few things more resilient is the persistence of people.

o
Sy XY

Figure 1: Example of steps that have uneven wear after long term use.

The stone and other materials used to create steps are subject to constant, long-term wear, and
the wear can be uneven. For example, extremely old temples and churches may have stairs in
which the center of the steps has been worn down more than their edges, and the treads no
longer have a level top but can appear to be bowed. Due to the nature of such structures, the
buildings tend to have been inhabited by people over a very long period, but the presence of
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Summary Sheet

Stairway to Wear: Analyzing Stair Behavior with Wear
Fields and Convolutional Networks

Summary

Have you ever noticed the insignificant stairs when visiting temples or churches, worn
down by the steady passage of countless individuals over time? Unassuming marks left
by human footsteps endure steadfastly over time. Archaeologists rely on these tr.
to study human path across historical periods. This paper conceptualizes this wear as a "field"
to examine the usage dynamics of stairs.

of wear

For task 1, we construct a dataset by collecting data on the wear LIDAR point cloud data of
the stairs, material types, human behavior, and other relevant factors. By combining Archard
wear law and differential equations, we develop an integrated model for reverse deduction
of stair wear analysis and crowd behavior inference. This model allows us to calculate the wear
depth, footstep count, and footstep frequency for each wear region.

For task 2 and 3, we define the "wear field", a quantifiable representation of wear intensity
and direction. A dynamic behavior analysis of this field is then conducted, incorporating
fundamental knowledge from field theory. Analyzing its gradient, divergence, and curl to
characterize directional preferences of individuals, evaluate crowd distribution density, and
identify parallel behaviors. Additionally, this approach helps assess more complex movement
patterns, such as turns or lingering.

For task 4 to 8, environmental and topographical factors are introduced as key variables.
Building on the conclusions derived from task 1 to 3, a combination of linear regression,
logistic regression, probabilistic statistics, K-means material clustering, and Kernel
algorithms are applied to derive the solutions for each problem. Considering the fragmentation
and dispersion of traditional methods, CNN is introduced to enhance the model's fitting
capabilities. This allows for a deeper exploration of the relationships between environmental,
topographical factors, and the various issues at hand, thereby improving the accuracy and
efficiency of the analysis. Due to CNN's sensitivity to data patterns, regularization bias is
incorporated in the final model to prevent overfitting, ensuring a more robust and reliable

outcome.

Finally, this paper presents a series of methods to predict the annual usage of stairs. Each
staircase can be viewed as a "field," much like our lives can be understood as a "Life Field"
enduring and eternal, similar to the timeless nature of stone stairs.

Keywords: LIDAR Point Cloud; Wear Field; Regression Analysis; CNN; Regularization Bias
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Chichen Itza, situated in the northern part of the Yucatan Peninsula in the state of Yucatan,
Mexico, was constructed by the Maya civilization and is recognized as one of the New Seven
Wonders of the World. It was inscribed as a UNESCO World Heritage Site in 1988, standing
as a magnificent manifestation of human culture.
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Stairway to Wear: Analyzing Stair Behavior with Wear
Fields and Convolutional Networks

Summary

Have you ever noticed the insignificant stairs when visiting temples or churches, worn down
by the steady passage of countless individuals over time? Unassuming marks left by human
footsteps endure steadfastly over time. Archaeologists rely on these traces of wear to study
human path across historical periods. This paper conceptualizes this wear as a "field" to
examine the usage dynamics of stairs.

For task 1, we construct a dataset by collecting data on the wear LiDAR point cloud data of
the stairs, material types, human behavior, and other relevant factors. By combining Archard
wear law and differential equations, we develop an integrated model for reverse deduction
of stair wear analysis and crowd behavior inference. This model allows us to calculate the wear
depth, footstep count, and footstep frequency for each wear region.

For task 2 and 3, we define the "wear field", a quantifiable representation of wear intensity
and direction. A dynamic behavior analysis of this field is then conducted, incorporating
fundamental knowledge from field theory. Analyzing its gradient, divergence, and curl to
characterize directional preferences of individuals, evaluate crowd distribution density, and
identify parallel behaviors. Additionally, this approach helps assess more complex movement
patterns, such as turns or lingering.

For task 4 to 8, environmental and topographical factors are introduced as key variables.
Building on the conclusions derived from task 1 to 3, a combination of linear regression,
logistic regression, probabilistic statistics, K-means material clustering, and Kernel
algorithms are applied to derive the solutions for each problem. Considering the fragmentation
and dispersion of traditional methods, CNN is introduced to enhance the model's fitting
capabilities. This allows for a deeper exploration of the relationships between environmental,
topographical factors, and the various issues at hand, thereby improving the accuracy and
efficiency of the analysis. Due to CNN's sensitivity to data patterns, regularization bias is
incorporated in the final model to prevent overfitting, ensuring a more robust and reliable
outcome.

Finally, this paper presents a series of methods to predict the annual usage of stairs. Each

staircase can be viewed as a "field," much like our lives can be understood as a "Life Field"
enduring and eternal, similar to the timeless nature of stone stairs.

Keywords: LiDAR Point Cloud: Wear Field: Regression Analysis;: CNN; Regularization Bias
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A Tool for Empathy
Beyond science and innovation, curiosity is a powerful social tool. Conflict often arises from a lack
of understanding—a "closure" of the mind. When we approach other people with judgment, we
build walls. However, when we approach them with curiosity, those walls begin to crumble. By
wondering, "What is their story?" or "Why do they see the world this way?"” we replace hostility
with a desire to learn. Curiosity is the foundation of empathy; it allows us to step outside our own
experiences and appreciate the vast complexity of others.
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Beyond science and innovation, curiosity is a powerful social tool.
Conflict often arises from a lack of understanding—a "closure" of the
mind. When we approach other people with judgment, we build walls. However,
when we approach them with curiosity, those walls begin to crumble. By
wondering, "What is their story?" or "Why do they see the world this way?"
we replace hostility with a desire to learn. Curiosity is the foundation
of empathy; it allows us to step outside our own experiences and
appreciate the vast complexity of others.
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