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Overview

KDD CUP 201 7
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* Topic: Highway tollgates traffic flow prediction

* Task: Estimate the average travel time from
intersections to tollgates in time windows



Data

Intersection B to Tollgate 1 .

Tollgate 1 :
Intersection B

* 110000 data points
* 3 months time range
* 48 MB data size
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Our results

Travel Time Prediction

Volume Prediction
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2. Data Preprocessing & Transformation



Data Preprocessing & Transformation

* Handling missing values
* Specification of the input and output
* Data aggregation

e Manual feature selection



Input Features

X = Time Information (3 Features)

weekday | hour | minute
2016-07-19 00:00:00 | 1 0 0
2016-07-19 02:00:00 | 1 2 0

X = Weather (7 Features)

pressure | sea_pressure | wind_direction | wind_speed | temperature | rel_humidity | precipitation
2016-07-19 00:00:00 | 1000.9 |1005.8 33 33 275 81.0 0.0
2016-07-19 02:00:00 | 1000.5 1005.3 a8 38 Ny 65.0 0.0
2016-07-19 04:00:00 | 1000.5 1005.3 38 3.8 1.7 65.0 0.0




Input Features

X = Current Situation (6 24 = 144 Features)

(©, o, (0, ©, (0, o, (0, (0, ©, (0, 5, (5, (5, (5, (5, (5, (5, (5, 5 5
100) 101) 102) 103) 104) 105) 108) 107) 108) 109) ™ 114) 115) 118) 117) 118) 119) 1200 121) 122) 123)
2016-10-18
00:00:00 325 169 1.99 458 414 401 030 265 315 1.50 .. 936 1.20 3.80 7.24 237 014 049 1037 841 277
2016-10-18
02:00:00 157 078 227 902 528 238 024 140 192 213 .. 2.37 12.31 18.28 6.16 690 010 0.21 2038 6.84 1.61
2016-10-18
04:00:00 8.03 1041 11.43 6.00 29.28 12.77 2.71 116 146 11.28 .. 9.36 458 689 17.75 15.18 047 043 13.27 21.58 3.50
2016-10-18
06:00:00 341 414 626 289 1190 485 1.04 153 199 547 .. 2003 279 1152 1838 4807 077 062 11.28 21.77 4.88
2016-10-18
08:00:00 297 7.02 455 256 1139 393 071 286 284 434 ... 1626 6.41 962 1976 2185 065 049 1552 25.18 4.01
2016-10-18
408 513 58B0 249 1473 607 213 296 317 579 ... 1050 554 1140 1526 1931 057 059 14.06 2028 3.40

10:00:00



Output Features

Y = Average Travel Time (6:6 = 36 Features)

(0, A2)| (0, A3)| (0, B1)| (0, B3)| (0, C1)| (0, C3)| (1, A2Z)| (1, A3)| (1, B1)|(1, B3)|...| (4, B1)| (4, B3)| (4, C1)| (4, C3)| (5, AZ)| (5, A3)| (5, B1)| (5, B3)| (5, C1)|(5, C3)
2016-07-19
02-00-00 37.09 |3527 |15.58 |67.81 |8.36 17.12 (4264 (7761 (1038 (2551 1106 |31.36 |13.87 |11.7/6 |39.43 |46.12 |12.01 |98.49 |12.14 |7.78
2016-07-19
04-00-00 48.13 | 4588 |9.91 96.67 |15.55 |9.84 |62.11 |40.29 |94.06 |53.15 .|66.98 |48.19 |30.07 |26.15 |58.08 |70.58 |87.83 |48.22 (67.51 |33.00
2016-07-19
06:00-00 46.36 |124.66|170.09(145.94|160.38|42.83 |48.59 |89.85 |64.27 |127.35 73.54 |82.63 |92.15 |236.12|58.97 |155.49|69.42 |110.50|180.11 |60.60
2016-07-19
08-00-00 81.60 |137.38|97.06 [125.76|151.39|120.73|80.21 |165.48|128.75|141.33|...|104.33 | 127.38 | 164.52 | 104.67 |69.66 |129.28|87.74 (117.83 (132.77|139.70
2016-07-19
10:00:00 78.31 |99.04 |132.68(98.92 |200.92|139.70|59.41 |129.30|170.59|113.00|...|74.90 |84.36 |195.16|93.07 |47.98 |86.68 |B0.95 |96.54 |182.46|88.35
2016-07-19
12:00:00 B60.17 |108.74|14529(144.87|142.74|91.15 |49.53 |9543 |71.36 |136.36|...|140.65|119.37 |172.16|180.09|61.13 |102.92|99.61 [(176.65(117.03 |140.79
2016-07-19
14:00:00 65.11 |96.92 |179.98(159.46|147.60|174.84|74.71 |101.41|160.78|129.48|_..(163.81(129.47|257.20|185.51|58.74 |112.32|90.01 |120.76|137.86|125.78




3.

Big Data Science Tool



Prediction task

* Algorithms
- Linear regression (Scikit-learn)
- Support vector machine (Scikit-learn)
- Feed-forward neural network (TensorFlow)

* Distribution of model learning (Apache Flink)

* Select best model for learning



Architecture

Master-VM Worker-VM

Flink-Master Flink-Worker

no@de _ ﬁ
Backend Flink Flink

flink-python-job.jar
flink-python-job.jar Pyt B
cmd: flink run || liobname] | ] tra'“Mc'de__'_
backend (node.js) \ tasks => workers L — . :
: regd calculate best result /

HTML E write \ read / lowest error
E / write
Frontend Database

Input Screen return error

read

| Result Screen

\ WV 4
| mongoDDB OOO




4.

Summary



Challenges

* Follow the motto:
“Do not separate responsibilities! Everyone is
responsible for everything.”
* Rotation of Scrum master
* Security issues

* Dynamic rescaling not supported by Flink 1.3



Learnings

Python 3

Sklearn

Numpy + Pandas
Linear Regression

SVR

TensorFlow (lowlevel)

Soft skills
IT-Security
Flink, Clusters
MongoDB
Scrum

Web Dev



Expected outcome

v
v

SN SN

Selection of models for traffic flow prediction problem
Documentation of models and explanation of
hyperparameters

Model selection framework in Flink

GUI for model selection framework for arbitrary dataset

Best model for traffic flow prediction problems



Future work

Adding more models

e.g. ensemble learning, recurrent networks
Adding authentication

Dashboards

GPU computation for neural nets

Distributed database

20



5.

Demo
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Scalability
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KDD CUP 2017 - Data

Field Type Description

intersection id | string intersection 1D

toligate id string tollgate ID

vehicle id string vehicle ID

starting time datetime time point when the vehicle enters the route

travel seq string trajectory in the form of a sequence of link traces separated by
"." each trace consists of link id, enter time, and travel time in

_ seconds, separated by "#"
travel time float the total time (in seconds) that the vehicle takes to travel from

the intersection to the tollgate

Data statistics:

e | 10000 trajectories

e 3 months
e 48 MB
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Results

Sklearn:

* Linear Regression - Tl - MAPE ?0.8?
* SVR - Tl - MAPE 0.200
TensorFlow:

* Linear Regression - T| - MAPE 0.8

* NN - CS - MAPE 0.55

* DNN - MAPE?

26



Neural network model

nit
weight $30008 ..
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raining error
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Learning process

biases
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