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e Team overview

e Simulation team structure
e Devops

e Simulation

e Rendering

e Testing
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Provide a full simulation and test environment for the
autonomous race car to provide necessary testing of the car for
competitions
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Team History

Overall
Endurance
Efficiency
Autocross
Skid Pad
Acceleration
Design

Cost
Business Plan

16X
16X
3X
17X
8x
1X
10x
1X
8X
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e Competition is release

e Everything is based around design, testing testing, and more
design

e More software still needs writing even after code freeze

Autonomous System |
1
Preliminary Research Phase Nov 23 Jan 4 _
Preliminary Design Phase Jan 4 Feb 28 _-
Preliminary Design Review Feb 14 Feb 28 [
Critical Design Phase Feb 28 Apr 17 [
Critical Design Review Apr 10 Apr 17 -
Drive Readiness Review Apr 18 Jun 20 | smemesame—
(DV) Competition Readiness Review [FSE] Jun 20 Aug 3 ]
(DV) Post Competition Assessment Review [FSS] Aug 31 Sep5
21D Pre-Development Sep 6 Oct 11
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e Arin - Devops and Rendering
e Ryan - Sim Core

e Enrico - Testing
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- 2 _Sim team structure hl'

Test Framework

S Driver / AS » Web Display
I
Loox Somence Data Analytics
«— 0
Render | World [« Physics Engine [€«— Dynamic Models |
A
AS
I = Common | & _
ML | Data Storage [« Format Parser|€ » Car| +
EV
Optimizer < 7'y

Data Access
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e Maintain stable master branch
e \alidate new code
e Manage test data

e Track progress

e Streamline deployment
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e Docker - virtualize build environments
e Jenkins - manage builds
e Bitbucket - version control

e Jira - manage agile projects
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Build Pl STIG GPU 5
€ Results ¢ ¢ \
—> Bitbucket I Jenkins |
Build I y .
l T Trigger l |
Code | l
Commits — Jira I docker daemon |——— '
Docker I R R |
Images 2 s §
i Buid | | ¥ || Log |
Trigger| © - | Files .
Dockerhub i o | Icontainers [Containersj | |
i | | |
Developers S s 5 3 |
| :
| !
: »| Build trigger scripts —» Testdata output I
\ !
% 7




~— y—7 4

- O Devops

DHBW RAVENSBURG | OREGON STATE UNIVERSITY

ubuntu:latest
MAINTAINER "

ROS_DISTRO melodic

apt-get update -qq && apt-get -qq install --no-install-recommends -y apt-utils gnupg wget ca-certificates lsb-release
echo 'debconf de f/fro =" | debconf-set-selections

apt-get -y install gnupgl; \
apt-get install -y git
apt-get install build-essential clang-3.9 git cmake ninja-build python3-requests python-dev tzdata sed curl wget unzip autoconf libtool
sh -c ‘echo http://packa ros/ub u $(1sb_release -sc) n > /etc/apt/sources.list.d/ros-1
| apt-key adv --keyserver 'hkp: E --recv-key CI1CF6E31E6BADE8868B172B4F42ED6FBAB17C654
apt-get update
| apt-get install -y ros-melodic-desktop

update-alternatives --install /usr/bin/clang++ clang++ /usr/lib/1lvm-3.9/bin/clang++ 100; \

update-alternatives --install /usr/bin/clang clang /usr/lib/1lvm-3.9/bin/clang 100
git clone --depth=1 -b 4.18 https://github.com/EpicGames/UnrealEngine.git ~/UnrealEngine 4.18; \
cd ~/UnrealEngine_4.18; \
./Setup.sh && ./GenerateProjectFiles.sh && make; \
cd ~/

git clone https://github.com/carla-simulator/carla; \
./Setup.sh

echo ALL=NOPASSWD: A::%" >> /etc/sudoers \
mkdir /home/jenkins \

useradd -u 1001 -d /home/jenkins jenkins \

chown -R jenkins:jenkins /home/jenkins \

chmod 755 /home/jenkins \

usermod -a -G jenkins

["/bin/bash"]
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| ubuntu:latest
L MAINTAINER "A

ROS_DISTRO melodic

apt-get update -qq && apt-get -qq install --no-install-recommends -y apt-utils gnupg wget ca-certificates lsb-release

| echo 'debconf debconf/frontend select Noninteractive® | debconf-set-selections

apt-get -y install gnupgl; \
apt-get install -y git

| sh -c "echo "deb http://pack org/ros/ubuntu $(lsb_release -sc) main" > /etc/apt/sources.list.d/ros-latest.list’

apt-key adv --keyserver 'hkp://keyserver.ubuntu.com:88' --recv-key C1CF6E31E6BADE8868B172B4F42ED6FBAB17C654

| apt update
| apt install -y ros-melodic-desktop

nkis ALL=NOPASSWD: A::%" >> /etc/sudoers \
mkdir /home/jenkins \
useradd -u 1001 -d /home/jenkins jenkins \
chown -R jenkins:jenkins /home/jenkins \
chmod 755 /home/jenkins \
usermod -a -G jenkins

) ["/bin/bash"]
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£ Jenkins

e Github hook with SCM polling

General

Description

e SSH agent

[Plain text] Preview
e Docker agent

Discard old builds

Do not allow concurrent builds
. . Do not allow the pipeline to resume if the master restarts
e Bitbucket plugin
Pipeline speed/durability override
Preserve stashes from completed builds

. Bu i Id to ken trigger pI ug i n This project is parameterized

Throttle builds

Build Triggers

Build after other projects are built

Build periodically

Build when a change is pushed to BitBucket

Build with BitBucket Push and Pull Request Plugin

 GitHub hook trigger for GITScm polling

Monitor Docker Hub/Registry for image changes

ﬂ i
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e Pull branch into a docker container

e Run inline bash script to build workspace 1

e Publish results to bitbucket
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/gfr_admin:1142a

BUILD URL="http:
APITOKEN="11422a49026d811b57df8cd4b68244f060 "

nl?xpath=concat(//crumbRequestField,":"

CRUMB=$%(wget -gq --auth-no-challenge --user --output-document - 'localhost:8688/crumbIssuer/api
curl -X POST $BUILD_URL/job/gfr_main_buiid75uild?token:gfrzed -H "$CRUMB"
echo -e "Build has Triggred\n"

hile [ $GREP_RETURN CODE -eq @ ]; dc
echo -e "Building job with jenkins\n"
sleep 10
curl --silent $BUILD URL/lastBuild/api/json | grep result\":null > /dev/null
GREP_RETURN_CODE=%?

BUILD_ID=$(wget -qO- $BUILD_URL/job/gfr_main_| 1d/buildNumber)

FILESTRING=$(echo "./build_results $BUILD ID")

OUTPUT=$(wget -qO- $BUILD_URL/job/gfr_main_b astBuild/consoleText)

echo $OUTPUT >> $FILESTRING
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e SSH key management
e Docker out of Docker

e Publishing build results to bitbucket
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e Parameter passing with user triggered builds

e Integrate testing framework




S Simulator hl'l?

DHBW RAVENSBURG | OREGON STATE UNIVERSITY

e Provide detailed simulation
e Accurate data
e FEasy to test

e [Easy to modify
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e Automate testing
o Test new code before it gets merged to master
e Visualize different parameters

e Make the whole process much easier




act_dynamic_controls

Jemd

can_driver

(physical vehicle)

see_camera_processing

(sensor drivers)

see_lidar_processing

Sends controls to Motor and
Steering wheel. Also gathers
dats on whee! speed.

Actual car which
processes the

can_driver
cammands.

Sensors read in new

data.
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Simulator

Processes sensor data from
see_ego_motion. Then sends the dat.
to think_frajectory_planning

/see_camera_processing/cones

Explanation

Parses the path
calculat
path using GPS da

/see_lidar_processing/cones

i

ee_camera_processing

/odom

._lidar_procassing

Bundles sensor data

Take an image, if a cone is found add it to the numpy
frame along with FPS and bounding bo Write
frame to a file for the ROS node t

reac




See | Hardware |  ROS Node |

| TF Frame | | ROS Topic |

| Ivehicle/base_link = /vehicle/camera | }

A
cal

Camera

= mera_processing Cones.msg
(pylon camera raw_image Igfricamera Igfricameralcones
node?)
e
]
sensor_fusion Cones.msg
Ivehicle/base_link -> /vehicleflidar | ) Igfrifusion ’ Igfrifusion/cones
;3 o>
<« 7
A
Cones.msg SLAM
fgfrilidar/cones fgfr/slam
Ivehicle/base_link -> /vehicle/odom
| ivehicle/base_link -> /vehicle/ins | “
- = - oo ‘
v Pose.msg

h

Sensors ins, Igfrislam/pose
(wheelspeeds. INS) wheelspeeds ,_motion e Pose.msg
fgfrfodom /gfr/fodom/pose
¥ rk—j
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Camera Lidar Sensors
\ ¢ v \ ¢ A \ /
Camera Lidar < State < Sensor
Perception Perception Estimation Processing
! ! ; |
: chis o Master | Finite State Torque Vectoring and Traction Motor
= —>
Mapping:and:Localzaion Control Controller Control Inverters
 E— T S—
( A
Boundary 5| Trajectory »| Controls 5| Actuator | | Brake
Estimation Planner [ Optimizer Controls | Pneumatics
¢ \ v
ASCU VCU )
Steering
Motor
____/
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e CARLA - core simulation environment
e Ruviz - allows to visualize data after simulation

e ROS - development environment
Put pics of rviz
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C Your Python script )( > CarlaUE4 [C“
import = :

@)

\

| libcarla server ]

o

st :
- { rpciserver )
H

.
.......................................................................................................................

.
.
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I Lidar attributes

2&":&'{: Type Default Description
channels int 32 Number of lasers &4 channals
range float 10.0 Maximum measurement distance in meters (<=0.9.6: is in
centimeters)
points_per_second int 56000 Points generated by all lasers per second 512,1024, or 2048
rotation_freguency float 10.0 Lidar rotation frequency
upper_fov float 10.0  Angle in degrees of the upper most laser
lower_fov float -30.0 Angle in degrees of the lower most laser i
sensor_tic float 0.0 Seconds between sensor captures (ticks)
T g e B g VT

33.2° (%16.60)

= world.get_blueprint_library().f ) i
0.53°
set_attribute(
.set_attribute(
t.set_attribute(’
#1.5-10cm
blueprint.set_attribute('sensor_tick', '1.8")
transform = carla.Transform(carla.Location(x
1,310,720
sensor = world.spawn_actor(blueprint, transform, attach_to=my_vehicle)
sensor.listen(lambda data: do_something(data)) 10 or 20 Hz
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e Maps made and processed

e \Validating simulation

e Integration in progress

e Packaging everything together

e Build script




ryan@Hyde: ~/Documents/carla-source/carla - o x ryan@Hyde: ~/UnrealEngine_4.22/Engine/Binaries/Linux - O x
Static/Buildings/Farm_Houseadd/M_farmHouse_v3.uasset 1alA0, compiling. -
Static/Buildings/Farm_Houseadd/M_farmHouse_v3_d.uasset _ [2020.02.24-19.04.33:987][ 0O]LogMaterial: Display: Missing cached shader map for material Metal
Static/Buildings/Farm_Houseadd/M_farmHouse_v3_h.uasset lic, compiling.

Static/Buildings/Farm_Houseadd/M_farmHouse_v3_n.uasset [2020.02.24-19.04.34:016][ ©]LogMaterial: Display: Missing cached shader map for material Opaci
Static/Buildings/Farm_Houseadd/M_farmHouse_v3_orm.uasset ty, compiling.

=™ Static/Buildings/Farm_MidHouse/ [2020.02.24-19.04.34:361][ ©O]LogMaterial: Display: Missing cached shader map for material Rough
Static/Buildings/Farm_MidHouse/M_FarmBigHouse.uasset ness, compiling.
Static/Buildings/Farm_MidHouse/T_FarmBigHouse_d.uasset [2020.02.24-19.04.34:388][ O]LogMaterial: Display: Missing cached shader map for material Scene
Static/Buildings/Farm_MidHouse/T_FarmBigHouse_h.uasset Color, compiling.
Static/Buildings/Farm_MidHouse/T_FarmBigHouse_n.uasset [2020.02.24-19.04.34:410][ ©]LogMaterial: Display: Missing cached shader map for material Scene
Static/Buildings/Farm_MidHouse/T_FarmBigHouse_orm.uasset Depth, compiling. -
Static/Buildings/Farm_SmallHouse/ [2020.02.24-19.04.34:442][ ©O]LogMaterial: Display: Missing cached shader map for material Separ
Static/Buildings/Farm_SmallHouse/M_farmHouse_v1.uasset ateTranslucencyRGB, compiling. 7
Static/Buildings/Farm_SmallHouse/M_farmHouse_v1_d.uasset [2020.02.24-19.04.34:452][ ©]LogMaterial: Display: Missing cached shader map for material Separ
Static/Buildings/Farm_SmallHouse/M_farmHouse_v1_h.uasset ateTranslucencyA, compiling.
Static/Buildings/Farm_SmallHouse/M_farmHouse_v1_n.uasset [2020.02.24-19.04.34:46211 ©1LoaMaterial: Display: Missing cached shader map for material Specu
Static/Buildings/Farm_SmallHouse/M_farmHouse_v1_orm.uasset
Static/Buildings/Garage01/ UNREAL EDITOR play: Missing cached shader map for material Subsu
Static/Buildings/Garage01/MI_Garage01_1.uasset
Static/Buildings/Garage01/T_Garage01_1_d.uasset play: Missing cached shader map for material World -
Static/Buildings/Garage01/T_Garage01_1_n.uasset
Static/Buildings/Garage01/T_Garage®1_1_orm.uasset play: Missing cached shader map for material Ambie

Static/Buildings/GasStation01/
Static/Buildings/GasStation01/M_GasStation@i1CarWash.uasset
Static/Buildings/GasStation01/M_GasStation®1Column.uasset
Static/Buildings/GasStation01/M_GasStation@1Cover.uasset

Unreal Editor 4.22.3

g Ep

<::> play: Missing cached shader map for material Custo

play: Missing cached shader map for material Scene

Static/Buildings/GasStation01/M_GasStation@iDispenser.uasset = > - -~
Static/Buildings/GasStation®1/M_GasStation®10ffice.uasset [2020.02.24-19.04.34:691][ ©]LogMaterial: Display: Missing cached shader map for material Veloc
Static/Buildings/GasStation@1/M_GasStation@1iSideWalk.uasset - 1ity, compiling.
Static/Buildings/GasStation®1/M_GasStation®1SideWalk_d.uasset [2020.02.24-19.04.34:717][ ©]LogMaterial: Display: Missing cached shader map for material PreTo
Static/Buildings/GasStation®1/M_GasStation®1SignBoard.uasset nemapHDRColor, compiling.

.. Static/Buildings/GasStation@1/M_GasStation@iStore.uasset [2020.02.24-19.04.34:760][ ©]LogMaterial: Display: Missing cached shader map for material PostT
Static/Buildings/GasStation®1/M_GasStation@1StoreCover.uasset onemapHDRColor, compiling.
Static/Buildings/GasStation®1/M_GasStation@1WashMaq.uasset [2020.02.24-19.04.37:700][ ©]LogTcpMessaging: Initializing TcpMessaging bridge
Static/Buildings/GasStation®1/T_GasStation0101WashMaq_orm.uasset [2020.02.24-19.04.37:825][ ©]LogUdpMessaging: Initializing bridge on interface 0.0.0.0:0 to mul
Static/Buildings/GasStation01/T_GasStation@iCarWash_d.uasset ticast group 230.0.0.1:6666.
Static/Buildings/GasStation01/T_GasStation®iCarWash_n.uasset [2020.02.24-19.04.42:203][ ©]LogAndroidPermission: UAndroidPermissionCallbackProxy::GetInstance
Static/Buildings/GasStation01/T_GasStation@iCarWash_orm.uasset [2020.02.24-19.04.51:786][ ©]SourceControl: Source control is disabled o
Static/Buildings/GasStation®1/T_GasStation®1Column_d.uasset [2020.02.24-19.04.51:823][ ©]SourceControl: Source control is disabled P
Static/Buildings/GasStation®1/T_GasStation01Column_n.uasset [2020.02.24-19.04.52:221][ ©]SourceControl: Source control is disabled o
Static/Buildings/GasStation®1/T_GasStation@1Column_orm.uasset {feze.02.24-19.04.53:827][ 0]SourceControl: Source control is disabled



Al Unreal Engine 4 Crash Reporter =[a %

\ /\ An Unreal process has crashed: UE4-

. ~_ Wearevery sorry that this crash occurred. Our goal is to prevent crashes like this from occurring in the future. Please help us track
down and fix this crash by providing detailed information about what you were doing so that we may reproduce the crash and fix it
quickly. You can also log a Bug Report with us using the Bug Submission Form and work directly with support staff to report this issue.
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Thanks for your help in improving the Unreal Engine.

Assertion failed: InSize == (~QULL) || InSi
so'FG icPlatformMi
'FUnixError v
IFOutp
ckVe
lkanRHI::FD

ulkanRHI
ulkanRHI

Include log files with submission. | understand that logs contain some personal information such as my system and user name.

| agree to be contacted by Epic Games via email if additional information about this crash would help fix it.

Close Without Sending Send and Close | Send and Restart
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020.02.24-19
ent HostCached
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e Provide 3D assets and meshes to the simulator

e Create test tracks
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e CLARA map generator - Create base map
e Unreal Engine 4 - Edit and configure 3D Assets

e Sketchup Pro - Convert 3D mesh types

B SketchUp
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Texture Sample a
ws RGB @
Tex R
Apply View MipBias G O

B
AD
RGBA O

(043504360438 A Wuttiply ¥

————————___\
BaseRoad

@ Base Color
® Metallic
@ Specular
@ Roughness

O Emissive Color

@ Normal
© World Position Offset

© Ambient Occlusion

O Pixel Depth Offset
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Messages are changed to have
universal data type and name to
fit into the new interface

Each readings from the simulator
will have noise to produce real
life accuracy

Process raw data to be handled
into specific messages

[_sensors |

CAN
DsP
Sensors.msg

‘topic_name*

Sensors.msg
‘topic_name'

Dynamics.msg

Actuators
A

CAN

< Lower

al Controls
Z

Command.msg
A ‘'topic_name'

State ‘topic_name"
Estimation b Dynamic
% Dynamics.msg A Controls
\ ‘topic_name' //
1:‘)‘?.:2,5.?@ '\,_ | Trajectory.msg
i \'\,\ Pose.msg /| ‘topic_name
Odometry 'topic_name' L k
» Pose.msg A Trajectory Link
"™ ‘topic_name’ P4
Posemsg N 4 [ Boundary.msg
MCP ‘topic_name' > Map.msg //‘ ‘topic_name’
SLAM ey
Boundary
Planner
_Map.msg Map.msg Legend 4 Data
' |_Physical @ "@OO
(vear > <—{camen |
Lidar Camera Callback
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- Create a message type that are universal - Setting up tracking ID for all data types to
boundary estimation

- Convert raw data into specific message types for
clarity and ease of access

- Able to show 100% output data with or without
noise (ground truth)

Header time time_stamp Note: Native ROS message type
uint32 seq YES
string frame_id
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- StatiC a n d Dyn a m i C d ata a re @Da(a Type Data Name Frequency Finalized? Delay Notes

Pose.msg std_msgs/Header header 100Hz contains time and tf

S e pa rated geometry_msgs/Vector3 position
- While static provide ground truth

std_msgs/float yaw_stdev this all will go into Cones

e I e m e ntS gfr_common/PositionCovariance position_covariance
= Dynam iC data processed With Cones.msg Header header onetime for ground truth

gfr_common/Cone][ ] cones 20Hz for perception YES

a d d ed n o i S e b u i It i n to it gfr_common/Pose vehicle_pose

Cone.msg Header header 20Hz Header time_stamp
geometry_msgs/Vector3 position frame_id
sequence
std_msgs/float32 existence_probability YES
gfr_common/PositionCovariance position_covariance
std_msgs/float32[5] type_probabilities
std_msgs/uint8 cone_type




gfr_sim

Y

car_model

Y

cone_sensor

Y

car_model noise
node

cone_sensor noise
node

Y
\ 4

Y
\ 4
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class Car_Noise(){

Car_Noise(ros::NodeHandle &nh): nh_(nh){
pub_ground_truth_ = nh.advertise<gfr_sim::State>("/gfr/sim/base_pose_ground_truth", 1);

EaCh nOde |S SUbSC“bed to a pub_car_info_ nh.advertise<gfr_sim::CarInfo>("/gfr_sim/car_info", 1);

message type state_pub nh.advertise<gfr_sim::State>("/gfr/sim/car_model_noise", 1);

Car mOdeI and cone sensor are sub_f_kin_correction_ = nh.subscribe("/gfr/sim/base_pose_ground_truth", 1, &Car_Noise::noiseCallBack, this);
the only dynamic data that
require added noise

}

ros: :NodeHandle nh;

ros::Publisher state_pub;

ros::Subscriber sub_f_kin_correction_;

void Car_Noise::noiseCallBack( gfr_sim::State &msg);
double Car_Noise::getGaussianNoise(double mean, double var);

}

double Car_Noise::getGaussianNoise(double mean, double var) {
std::normal_distribution<double> distribution(mean, var);

long seed = std::chrono::system_clock::now().time_since_epoch().count();
std: :default_random_engine generator(seed);
distribution(generator);




New data types are integrated into the new interface

Car model noise node are basically done

Cone sensor noise node is in progress

Setting up tracking ID for each cone to run tests
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More validating data and testing

Improving usability of the simulator

Reinforce testing interface into SLAM and Boundary Estimation

Improving CARLA and Continuous Integration Server
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