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e Sensors to detect
vehicles and
pedestrians

e Data from this
specific intersection

4 | Introduction &5 COLUMBIA | ENGINEERING

TN TheFu chool of Engineering and Applied Science



NG <

Engineering the Next Generation In tro duc t i On

What is the role of collision avoidance systems?

What do they provide us?

- Reduce accidents
- Enhance overall traffic safety

- Automated interventions
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.[\;"»/(,", CRASHMAPPER ~ Map  Trend  Vehicle Compire  Rank  Abouts dfelp

e e Make traffic safer
e Reduce the amount of
collisions
e NYC Crash Mapper
/ e 5,600 recorded crashes

within a year

Leaflet | © OpenStreetMap, © CARTO

FROM AUG, 2022 - AUG, 2023 5,660 TOTAL CRASHES CONTRIBUTING FACTORS LEGEND

FATALITIES INJURIES
3 19 7 29 1,464 1,745 3,798
Cyclist Ped Motorist Total Cyclist Ped Motorist

O Fatality
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e Use Python to calculate a variety of attributes for cars on the
road

e Recognize any potential threats on the road using a
Time-To-Collision algorithm

e Understand traffic patterns
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Calculating Velocity

V.=(x-x)/t
V= -y )/t
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Calculating Direction

O = tan'1(v/ V)
h = cos(6)
hy: sin(6)
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DTC = min{min{Di>j},
min{Dj->i}}
DTC

DTC
TTC =} |lvil’
inf, DTG = inf

DTC # inf
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Analysis of Data Set

° max_speed = df.loc[ (df.frame_diff==1) & (df.id diff == 0), 'speed'].max() =
df.loc[ (df.frame diff==1) & (df.id _diff == 0) & (df.speed > 1/3*max_speed) & V(Edf.speed < 2/3*max_speed)|, ]

For 3 speed groups:

= x_ 1 y 1 id_1 frame_ 1 speed id_diff frame diff 2 [

770.0 243.5 8.0 29 57.50 0.0 1.0

7440 2420 80 46 5500 0.0 10 Slow Speed:
5600 280.0 9.0 79.75 0.0 1.0 [O, 1/ 3*maX_Speed]

990.5 3735 11.0 56.75 0.0 1.0

9815 3735 11.0 81.00 0.0 1.0 Medium Speed:

9735 3725 11.0 63.00 0.0 1.0 [1/3*maX Speed
= )

2/3*max speed]

964.0 3735 11.0 91.256 0.0 1.0
991.0 676.5 20.0 96.00 0.0 1.0

1000.5 611.5 20.0 69.75 0.0 1.0

10085 5225 20.0 65.75 0.0 1.0 Fast Speed:
1028.0 2440 22.0 55.25 0.0 1.0 [2/3*max_speed’
1020.0 245.0 22.0 65.00 0.0 1.0 maX_Speed]

12125 5235 35.0 56.75 0.0 1.0
1202.5 523.0 35.0 99.50 0.0 1.0
1195656 5215 35.0 79.50 0.0 1.0

1204.0 522.5 35.0 73.25 0.0 1.0
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Speed Calculation: Pedestrian
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" Analysis of Data Set

[81] max speed = df 2.loc[ (df_2.frame diff==1) & (df_2.id diff == 0), 'speed'].max()
df 2.loc[(df_2.frame diff==1) & (df_2.id diff == 0) & (df_2.speed > 2/3*max speed) & (df_2.speed < max_speed),

x 1 y_ 1 id_1 frame 1 speed id diff frame_diff 2 (I

309 883.5 441.0 6.0 59| 225.0 0.0 1.0
340 1394.5 418.0 10.0 64 256.0 0.0 1.0

1441 1397.0 429.0 25.0 323.0 0.0 1.0

Fast speed car:
[2/3*max_speed, max speed]
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Speed Calculation: Car
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Comparison
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def TTC(samples, toreturn='dataframe'):
if toreturn!='dataframe' and toreturn!='values':

warnings.warn( 'Incorrect target to return. Please specify \'dataframe\' or \'values\'.')
else:

ttc_ij = TTC_ij(samples)

keys = [var+' i' for var in ['x','y','vx','vy','hx','hy’', 'length’', 'width']]

values = [var+' j
keys.extend(values)
values.extend(keys)
rename_dict = {keys[i]: values[i] for i in range(len(keys))}

for var in [‘'x Ay';tvxt vyt hx!; hy', ‘lTength® width"]]

ttc_ji = TTC_ij(samples.rename(columns=rename dict))

if toreturn=='dataframe':
samples[ 'TTC'] = np.minimum(ttc_ij, ttc_ji)
return samples

elif toreturn=='values':
return np.minimum(ttc_ij, ttc_ji)
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TTC vs. Frames
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Real-World Applications

There are many useful applications when applying our
methodology and research.

- Pedestrians/vehicles warning application
- Vehicle driving safety warning system

- Collision prediction system. (change traffic signal phase and
duration using RL with the info of T'TC.)
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Looking Ahead

e C(Creating an algorithm that accounts for
different vehicle types

e Detecting age groups or handicaps

e Community feedback and outreach

e Account for different weather

conditions
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