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Presentation goals

e Give context and overview of the business and technology at Rogo

e Demonstrate how xtUML is currently being used to add value at Rogo

e Describe and report on MC-ROS a new model compiler project being
used at Rogo

e Discuss where xtUML can continue to be used at Rogo and Rogo’s

place in the community
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Design: software
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Design: software

Safety mechanisms:

e Software defined boundaries

e Nav computer heartbeat

e Radar obstacle detection (coming this Fall)

e Remote pause, remote e-stop
e QOperator worn proximity vest (coming this Fall)
e Safety line

e Physical e-stop buttons (x3)
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xtUML diagrams: system
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xtUML diagrams: mission subsystem

+mission

«constant»

{10,mission) +SamplePatterns

name:string

job_id:string

attachment_id:string

test_package:string

event_id:string

client:string

grower:string

farm:string

field:string

billing_account:string

sampling_company_name:string
ling_company_id:string

navigates to

+waypoint

{13 waypoint}

mission_name:string
Iayer_name:string
‘waypoint_number:integer
xireal

yreal

fat:real

lon:real

{LR11}
103
(0]

N

make path of

response_email:strin
number_of_subsamples:integer
pattern_type:integer
radiusireal

length:real

angle:real

103 CIRCLE:integer
LINE:integer
ZONE:integer

defines zone for

waypoints_count(layer_name:string):integer
in_safe_zone(x:real, y:real):boolean

+pause point

{15,pausepoint}

+sample point

+path point

{14,pathpoint}
mission_name:string {R12}
layer_name:string (R12}
waypoint_number:integer QR12}

mission_name:string
layer_name:string
waypoint_number:integer

{1R12}
{LR12}
{R12}

mission_name:string
layer_name:string

waypoint_number:integer

sample._id:string

sample_layer_name:string

sub_sample_id:string
command:integer
stamp:timestamp

taken in
R10
takes
+sample
{19,sample}
mission_name:string {L,R10}
layer_name:string oy
sample_id:string fU3
bag_id:string
start_depth:real
end_depth:real
centroid_xireal
centroid_y:real
centroid_latireal
centroid_lon:real
1 )
taken with
L — takes core at
aRr12,R13) [
{LR12}
{LR12}
(R13) R13
{R13)

area constrained by

+boundary
{12,boundary}
mission_name:string WLR14}
layer_name:string LU}
boundary_id:integer 10}
x[):real
ylJireal
lat(J:real
lon[):real
R15
+tield +unsafe zone +slow zone
{17 field) {18,unsafezone} {11,slowzone}
mission_name:string {IL,R15} mission_name:string {ILR15} mission_name:string {,R15}
layer_name:string {LR15} layer_name:string {LR15} layer_name:string {LR15}
boundary_id:integer {LR15} boundary._id:integer {LR15} boundary_id:integer {LR15}




xtUML diagrams: navigation subsystem

...rzmission_subsystem::mission
{10,mission}

name:string {1}
job_id:string

attachment_id:string
test_package:string
event_id:string

client:string
N . grower:string
»n +active mission farm:string «constant» «constant»
{4,activemission} +NavigationConstants +StatusCodes
mission_name:string {I,R3} o executes MAX_SPEED:real = 3.8 NAVIGATING:integer = 0
robot_name:string {I,R3} MAX_LIN_ACCEL:real = 3.75 SAMPLING:integer = 1
current_waypoint:integer e MAX_LIN_DECEL:real = 100.0 SAMPLE_AND_BAGGING:integer = 2
current_sample:string MAX_ANG_VEL:real = 0.5 PAUSED:integer = 100
current_state:state<State_Model> R3 MIN_TURN_RADIUS:real = 2.0 SAMPLE_ERROR:integer = 101
o m n CONTROL_LOOP_RATE:integer = 20 SAMPLE_AND_BAG_ERROR:intege...
remaining_waypoints():integer DRIVE_LIMIT:integer = 1000 MISSION_LOADING:integer = 110
K_IMU:real = 45.0 LOW_PRECISION_FIX:integer = 111
D_IMU:real = 2.0
0.1 executed by
ig +robot
{1,robot}
...river::mission_subsystem::waypoint
{13,waypoint} name:string {n R2
status:integer
mission_name:string {,R11} fix:NavSatFix
layer_name:string {1 vel:TwistedStamped
waypoint_number:integer {1} R1 1 heading:float32 1
x:rea1 imu:imu
y:real x:real .
lat:real directs | y:real drives
lon:real speed:real
0..1 .
navigates to
1 is navigated by a1 driven by
m +navigator m +tracks
Ra e {3,navigator} {2 tracks}
robot_name:string {,R1} robot_name:string {I,R2}
desired_speed:real current_left_track_speed:real
navigated toby | desired_heading:real current_right_track_speed:real
desired_turn_radius:real prev_ang_vel_error:real
mission_name:string {R4} prev_speed_error:real
target_waypoint_number:integer  {R4} prev_desired_speed:real
current_state:state<State_Model> cold:boolean
layer_name:string {R4} current_state:state<State_Model>




xtUML diagrams: navigator state machine

navigator4: update

/1. idle A navigator1: enable /2 navigating A
entry/ entry/
LOG::LogInfo(message:"Navigator i... select one current_waypoint relate...
self.desired_heading = O; select one robot related by self->r...
self.desired_speed = 0;
select one tracks related by self->r... delta_y = MATH::abs(x:current_way...
generate tracks2:'desired state ch... navigator2: disable delta_x = MATH::abs(x:current_way...
// check if arrived at waypoint
distance = MATH::sqrt(x:delta_y * d...
\_ ) Qf (distance <= ARRIVAL_!:)ISTANCE) )
(3. arriving at waypoint )
entry/
LOG::LogInfo(message:"Arrived."); . —
select one active_mission related b... W GEIEIER £
LOG::LoglInfo(message:"finish_way...
navigator2: disable active_mission.current_waypoint = ...
select one current_waypoint relate... navigator4: update
select one sample_point related by ...
if (not_empty sample_point)
kselect one robot related by self->...




xtUML diagrams: tracks state machine

tracks2: desired state change tracks4: tick

. stopped ) tracks3: starting (2. adjusting tracks )
entry/ entry/

// set tracks to O select one robot related by self->r...
self.command_tracks(left:0, right:0); select one navigator related by rob...

if navigator.desired_speed <= 0.0

// reset tracks generate tracks1:stopping() to self;
self.prev_ang_vel_error = 0.0; tracks1: stopping else

self.prev_desired_speed = 0.0; delta_t = 1.0 / CONTROL_LOOP_R...
self.prev_speed_error = 0.0;

self.cold = true; // limit desired speed by linear ac...

desired_speed = MATH::max(a:sel...
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ROS overview: what is ROS?

“‘ROS is an open-source, meta-operating system for your robot. It provides ...
hardware abstraction, low-level device control, implementation of commonly-used
functionality, message-passing between processes, and package management. It
also provides tools and libraries for obtaining, building, writing, and running code
across multiple computers...The ROS runtime "graph" is a peer-to-peer network of
processes (potentially distributed across machines) that are loosely coupled using
the ROS communication infrastructure. ROS implements several different styles of
communication, including synchronous RPC-style communication over services,
asynchronous streaming of data over topics, and storage of data on a parameter

server.”
o0
o0
o0
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ROS overview: topics

e ROS nodes can advertise as publishing or subscribing to topics
e Each subscriber to a particular topic receives a copy of the message
from each publisher

e ROS generates code from message definitions which serialize and

deserialize messages




ROS overview: topics

e Advertise a topic to ROS

master Master
e Port 11311 http://master:11311/

@

e New unique connection
between nodes established
e Independent of ROS master

wir | s
) .

e Subscribe to a topic via
ROS master
e Port 11311




e Live demol... with simulated robot

o Simulator inputs: track left, track right, command
o Simulator outputs: lat, lon, heading, speed, angular velocity
(2)

o Speed and angular velocity estimated from track values

o Location and heading accumulated over time

e \ideo demo




MC-ROS: model compiler for ROS (Python)

e Model based model compiler
e Built with pyxtuml and ciera
e cCiera:
o Java model compiler built to build model compilers
o Side project to be productized... stay tuned.
e pyxtuml 2.2.0 (Sept. 2019)
o Enhanced support for OAL parsing
o Updated schema

o ZIP archive loading
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MC-ROS: mappings

e Node == component
e Outbound port message == publisher

e Inbound port message == subscriber

e Built for simplicity: utilized as much ROS infrastructure as practical
o Timers handled by ROS
o Logging handled by ROS




MC-ROS: system modeling

e ‘“launch’ files allow a group of nodes to be defined as a system
e Topic remapping allows each node to maintain its own topic namespace
o Allows for distinct satisfactions between components even if
interfaces are used multiple times in the system
o Topic format: “<component name>/<port name>/<message name>"
o Inbound message topics are remapped to the name of the

corresponding outbound message topic across the satisfaction

e Specified in XML format
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MC-ROS: system modeling

<group if="$(optenv ENABLE_MODBUS true)">
<remap from="PLC/control/command" to="driver/CTL/command"/>
<remap from="PLC/control/left_track" to="driver/CTL/left_track"/>
<remap from="PLC/control/right_track" to="driver/CTL/right_track"/>
<remap from="PLC/control/waypoint_count" to="driver/CTL/waypoint_count"/>
<node pkg="tractobot" name="plc" type="plc_main.py" respawn="true" respawn_delay="5" output="screen">
<param name="do_not_sample" value="false"/>
<param name="track_min_move" value="$(env TRACK_MIN_MOVE)"/>
<param name="track_max_speed" value="$(env TRACK_MAX_SPEED)"/>
<param name="track_tol" value="$(env TRACK_TOL)"/>
</node>
</group>

<node pkg="tractobot" name="driver" type="driver_main.py" respawn="true" respawn_delay="5" output="screen">
<remap from="driver/CTL/status" to="PLC/control/status"/>
<remap from="driver/GPS/fix" to="gps/fix"/>
<remap from="driver/GPS/vel" to="gps/vel"/>
<remap from="driver/IMU/heading" to="heading"/>
<remap from="driver/IMU/imu" to="imu"/>
</node>




Model-based model compiler
Step 3: Walk the architectural model

Step 1: load xtUML instance generating code with templates (RSL)
population with SQL instance loader and “rolling up” along the way

Step 2: Transform xtUML MM
instances to instances of an
architectural model using OAL actions




MC-ROS diagrams: classes model

+0p
{3907,0p}
class_name:string {I,R3910,R3975),
name:string {,R3975}
class_based:boolean +State
description:string R3907 lifecycledefined | {3904State}|
by , | class_name:string {|,R3907,R3975}( 0..1 R3909
. name:string {1,R3975)
executes number:integer -
terminal:boolean transitions
description:string to . resulted
jcesctiptionistring "
R3910 rom
X +Cell
received {3906 Cell}
+Rel +Rel Link 1| executed 1| defines iifecycle class_nam...{,R3908,R3908,R3900}
{3903, Rel}| {3908, RelLink} by for R3908 state_r {1,R3908}
i - +Cls event_name:string {1,R3908)
number:integer a0 R3904 rel_number:integer {1,R3904) R3905 {100,Cls} target._state_name:string  {R3909}
one_class_name:string ml 1.# | qualifier:string 0] * 1 —— cant_happen:boolean
one_class._ class_name:string {R3905} | N@ME:StrING 10} *| inwhen ignored:boolean
other_class_name:string {1} |provides . one_class_name:string {R3904}| traverses ) file_path:string {R3951}, R3906 recelve: nber:integ ™y
other_class_card:integer ath is other_class_name:string {R3904} | through Pﬂ:;l?es is_active:boolean 1 “ +Evt
[P EE ok . path to 3905, Evt
[t through | render():void render():void L (905Ewy
| class_name:string {1,R3906)/
1 to receives| name:string a0
describes number:integer
render():void
R3900
* | data defined
+Attribute mcros::architecture::types:Type
{101, Attribute} {3925,Type}
_ R3901
class_name:string {1,R3900}( * 1 | name:string 10}
name:strin { default i
number:integer ) xtuml_type_id:unique_id
type_name:string {R3901})| defines shape aned
tion:string of Sape
? =
render():void
R3903
+Basic Attribute +Ref Attribute +Derived Attribute
{3900, BasicAttribute) {3901,RefAttribute) {3902 DerivedAttribute)
class_name:string {1,R3903) class_namerstring {1,R3903) class_name:string {1,R3903,R3975)
name:string {I,R3903} name:string {,R3903) name:string {1,R3903,R3975}
initial_value:string rel_name:string = s= 1
- conditional:boolean render():void
render ():void
render():void




MC-ROS diagrams: transforms and templates

’ Wm IVS1 LN

@ state ptiogpt
@ class_name class ${self.name}(mcros.ModelClass):
% hame .if (self.is_active)
@, number
@, terminal ${event_numbers}\
& description
t — ${state_numbers}\
iy render ——y
i render_sem_row
iy render_number def __init__(self):
> f2 components super(${self.name}, self).__init__()
B file .if (self.is_active)
- H invocations S self.current_state = ${self.name}.$u{initial_state}
‘ '»Eﬂty?es ${attribute_initializers}\
> £ compiler ${relationships}\
> H mcros .if ("" != referential_attributes)
v H transform
> @ transformApplication ${referential_attributes}\

.end if

> Iy transformAssociation - ) :
5 LAf ("" 1= derived_attributes)

» @ transformAttribute

i transformRuiiltinTvnes
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MC-ROS: Does it generate code?

e ....Kinda....

e Class definitions, relationships, state machines ~90% done

e Component definitions, ports ~50% done

e Types, enumerations, constants, structures ~20% done

e OAL translation 0% done

e System modeling 0% done

e Runtime support 100% functional!

e Currently use code generation to put a “wireframe” in place, write action

language and missing bits by hand
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The future of xtUML at Rogo?

e Clear next steps:
o Full MC-ROS code generation
o MC-ROS test generation
o Runtime execution of models with BridgePoint Verifier
e Off the wall ideas:
o State machine generation for PLC ladder logic
o Python/ROS tool for monitoring instance populations of running
models using ROS topics (much like Inspector for MASL)

o xtUML web app generation tool
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Summary

e The xtUML methodology is being used and successfully adding value in
a real world application at Rogo
o Vastly increased ability to understand and communicate about the
application at Rogo
o Increased traceability and debug
o Modular forward path
e The xtUML technology is moving forward at Rogo
o MC-RQOS, ciera

o Bug identification and resolution (I know a guy...)
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