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Introduction

GATE (GPU-Accelerated Trajectory Evaluation) is a tool designed for rapid 
Monte-Carlo simulations for complex dynamical systems.

The primary benefit of  GATE is a fast, plug-and-play approach to underlying 
dynamics, controllers, and perturbations.

This tool allows for fast evaluation of  controller robustness against a wide variety 
of  perturbations and disturbances through parallel simulations (i.e., rollouts).

Our case study for a quadrotor system shows that GATE outperforms other parallel 
simulation technologies using CUDA C/C++.
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CUDA Overview



CUDA Overview

CUDA (Compute Unified Device Architecture) is a programming interface based 
on C which allows users to take advantage of  massive parallelism offered by GPU’s 
for general-purpose programming.

The key points to be aware of  is how memory is handled between the CPU host and 
the GPU device, and how many individual processes are run via the CUDA kernel.

GATE simplifies the process of  handling memory and has a custom kernel written 
to execute multiple trajectories at once, along with complex control systems.
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GATE Architecture



GATE Architecture: Design Philosophy6



GATE Architecture: Core Classes

▪Dynamics:
▪ Implements state derivative computation given a control input and set of  

perturbations. 

▪Can be modified to represent multi-phase, hybrid systems.
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GATE Architecture: Core Classes

▪Controllers:
▪ Implements various control strategies designed by the end user. 

▪Support for per-rollout parameters allows for adaptation of  the controller based 
on the simulation.
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GATE Architecture: Core Classes

▪Perturbation
▪ Implements perturbations in the initial condition and in the control channel. 

▪Support for variation in parameters in both time horizon and number of  rollouts.
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Implementation Details



Getting Started

https://github.com/sandialabs/gate-public



Example: Dubins Vehicle12

Dynamics Perturbations Control

ሶ𝑋 𝑡 = 𝑉𝑐𝑜𝑠 𝜃 𝑡
ሶ𝑌 𝑡 = 𝑉𝑠𝑖𝑛 𝜃 𝑡
ሶ𝜃 𝑡 = 𝜔𝑐𝑚𝑑 𝑡 + 𝑤(𝑡)

where: 

ҧ𝑥 = 𝑋 𝑌 𝜃 𝑇

Control input:

𝑤~𝒩(0, 𝜎ഥ𝑤
2)

Initial conditions:

ҧ𝑥0~𝒩(𝜇 ҧ𝑥 , 𝜎 ҧ𝑥
2)

𝜔𝑐𝑚𝑑 = 𝐾𝑝∆𝜃

where:

∆𝜃 ≜ 𝜃𝑑𝑒𝑠 − 𝜃

𝜃𝑑𝑒𝑠 = atan2(∆𝑦, ∆𝑥)

∆𝑥 ≜ 𝑋𝑑𝑒𝑠 − 𝑋

∆𝑦 ≜ 𝑌𝑑𝑒𝑠 − 𝑌

x
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Dubins Dynamics Class13



Dubins Perturbations Class14



Dubins Control Class15



Running the Simulation16



17 Running the Simulation



Results18



Runtime Comparisons



Case Study: Quadcopter20

Time to simulate 15 seconds (1500 timesteps, dt = 0.01 s)



Conclusions



Conclusions

GATE enables:
•Plug-and-play abilities

•Fast performance

Future work:
•Variable timestep 

integration scheme

•Multiple GPU usage

Contacts:

•mgandhi@sandia.gov

•rschlos@sandia.gov
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