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Demand on Transport Networks

- Road travel projections for 2010 to 2040 (UK) [1]

- Up to 42% increase of car ownership
+ 19% to 55% growth in UK road traffic
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Cost & Disruption

- Real world changes are expensive & disruptive

- £709 billion spent maintaining the UK strategic
Motorway and A road network in 2010/2011 [4]

- Need for a cheaper & less disruptive solution
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How can GPUs Help?

- Improved tools for planning transport networks

- Design of new infrastructure e.g. building layouts
- Impact of new Highways, Railways etc.
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How can GPUs Help?

- Improved tools for planning transport networks

- Design of new infrastructure e.g. building layouts
- Impact of new Highways, Railways etc.

- Improved tools for managing transport networks
- Intelligent crowd management & evacuation
- Smart Motorways, Green-waving, ...
- Achieved through high-performance simulations & Interactive
Visualisation



Transport Simulation

Predictive Simulation

- Simulate many scenarios many times

- Aggregate & analyse results to find the optimal
solution

- High performance is critical

An example of traffic microsimulation
visualisation (sumo-gui)



Transport Simulation

Predictive Simulation

- Simulate many scenarios many times

- Aggregate & analyse results to find the optimal
solution

- High performance is critical

Interactive Visualisation

- Decision makers are often not modelling
specialists [5]

- Interactive visualisation increases accessibility
of simulations An example of traffic microsimulation
. L. . visualisation (sumo-gui)
- Aids decision making process



Simulation Resolution

Transport network simulations can typically be
classified as:
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Simulation Resolution

Transport network simulations can typically be
classified as:

- Macroscopic (Top-Down)
Aggregates characteristics of environment

- Mesoscopic (Middle-Out) Q e
Model groups (platoons) of individuals as a e.‘a
single unit © )

- Microscopic (Bottom-Up)
Model individuals within the system
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Agent Based Modelling (ABM)

- Method for describing model behaviour at an
individual level

- Complex behaviours emerge from simple rules
and local interaction

- Computationally Expensive

- Not embarrassingly parallel but it is well suited
to GPU acceleration




FLAME GPU

FLAME GPU

- Flexible Large-scale Agent Modelling
Environment for the GPU
- Template-based simulation environment for
generation of high performance simulations
- Agents represented using a form of state
machine
- Provides high level abstraction

- www.flamegpu.com

State machine agent with message
based communication

http://on-demand.gputechconf.com/gtc/2015/presentation/S5133-Paul-Richmond.pdf
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FLAME GPU Agent Communication

- Agent communication specialised through partitioning techniques 6]
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FLAME GPU Agent Communication

- Agent communication specialised through partitioning techniques [e]

- Non Partitioned Messaging

- All to All Communication - O(n?) message
iteration loop

- Discrete Partitioned Messages C

-+ Message from Non-mobile discrete agents.
- Receive messages from agents with a specified °
radius

- Spatially Partitioned Messaging .
- Messages from continuous space agents in 2D or
3D environment s

- Receive messages from agents with a specified
radius Spatially Partitioned Messaging

radius




Road Network Simulation using
FLAME GPU







Motivation & Implementation

- Evaluate the suitability of FLAME GPU for Road
Network Simulation
- Implemented Gipps’ car following model [7]
- Safety-distance model considers driver and
vehicle characteristics
- Artificial Grid road network

- Real-time rendering enabled by geometry
instancing & Cuda OpenGL Interoperability

Close up view of instanced vehicles



Benchmarks: Fixed Network, Variable Population
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More details see “Road Network

Average Simulation time for increasing agent population on a Simulation using FLAME GPU" [8]

fixed size road network



Benchmarks: Fixed Grid, Variable Population - Per Agent
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Results: Fixed Grid, Variable Population - Kernel Profiling

- Kernel times averaged over 10 iterations
- 25 (32768) Agents, r = 250
- inputdata kernel is dominant

Average Kernel Time (ms)
.
]
8

- Message list iteration

Average Kernel Execution Times

0 inputdata

reorder location messages
hist location messages

Partitioned Messaging r — 250

Average Kernel execution times for spatially

partitioned messaging with r = 250



Agent Communication

- Motivated to demonstrate FLAME GPU suitability for Road Network Simulation
- Demonstrated good performance
- Highlighted the limiting factor: Large message lists

- Need for a specialised communication strategy for network constrained agents



Pedestrian Crowd Simulation
using FLAME GPU







Pedestrian Simulation

- Crowd simulations provide insight into how an environment will be used

- Pedestrians move towards target exit while interacting in a realistic fashion

- Spatially Partitioned messaging offers significant performance improvements
- Cheap Visualisation via instanced rendering



Virtual Reality Pedestrian
Simulation using Omnideck 6







Virtual Reality Crowd Simulation

- Accessibility increased by immersive
visualisation

- Requires immersive user input & realistically
populated environment
- Omnifinity Omnideck 6
- 6m Diameter treadmill (4m active) [9]
- 16 triangular sections of rollers
- Tracks user location in virtual environment
- The Transport Systems Catapult in Milton Keynes
UK have the first non-military Omnideck 6

Omnideck Omnifinity 6 at ITEC2015 [10]
©MSE Omnifinity AB



What Next?

Microscopic Simulation Macroscopic Transport Simulation

- Develop message partitioning scheme - Working with an Industrial Partner

for network based communication - Accelerate Macroscopic assignment

and simulation using GPUs for large
scale models

- Applicable to non-transport
simulations
- Specialised For Road Networks

- Multi-modal simulation of vehicles
and pedestrians
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Described the challenge of Highlighted current Demonstrated immersive
increasing demand performance limitations  virtual reality for transport
system simulation
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Gipps’ Car Following Model Equation

Vo(t+7) = mind vu(t) + 2.5a,7(1 = Vo (t)/V0)(0.025 + v, (t)/V,)?

bt + /60772 — bu[2[xa 1(8) = a1 — Xa(0)] — va(0)7 — Vi _1(8)2/B]

Free-flow and Braking components of Gipps’ Car Following Model
a, the maximum acceleration of vehicle n »

00 = 0)
N R - -~ Braking Component (V,,_; = 10, ,,_1(t) = 50)
b, the most severe braking that the vehicle n will undertake

—— Free-flow Component (i

Sn the effective size of vehicle n, including a margin

Vi the target speed of vehicle n

Xn(t) the location of the front of vehicle n at time t

vt +7)

Va(t) | the speed of vehicle n at time t

T constant reaction time for all vehicles

o

estimate of leading vehicles most severe braking




FLAME GPU & Omnideck Integration

typedef struct UdpData

- Simulator listens for UDP packets {
. unsigned int commandID:4;
- Updates user agent and camera positions unsigned int unused:4;
. . double 1lon;
- Camera height set based on floor height-map double lat:
- Simulated Pedestrians respond to the user as a foube ;;Vtvft“de‘
pedestrian agent double pitch;

. . . . double roll;
- Visualisation uses GLFW and the Oculus Runtime }udpData;



