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Why though?
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Recap final challenge

Goal:
e Visit a number of tables in
set order
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Presenter Notes
Presentation Notes
Alright so now, with all the knowledge of previous lectures we have a robot that can: 
localize itself in an environment of which it has a map
Plan a path to a given goal inside that map
Follow that plan and avoid local disturbances using a local planner
Should be enough to complete the final challenge right? 



Recap final challenge

Goal:
e Visit a number of tables in
set order
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Presenter Notes
Presentation Notes
Consider the following. Our robot needs to go to table 5. But before it can get there its path is blocked. Perhaps by a cart that is in the way, perhaps by a customer. Regardless, our local planner is no longer able to make progress. 

What happens now?
- The robot will keep trying to reach the goal even though it is impossible.

What should happen?
- Replan, wait for/ask the human to move

What happens here is that we just put components together without thinking about how they should interact. That is the challenge we will address in this lecture. 


That’s why!
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Learning goals

After this lecture you will be able to:

* Design a robotic system given an intended use-case
* Describe why a system design is needed
* Formulate design requirements
* Formulate state flow chart
* Formulate data flow chart
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What Makes a Good Systems Design?
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Sound familiar?

The code does not work, and you have no idea why
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Presenter Notes
Presentation Notes
Oftentimes this is because you can only test if the code as a whole does what it is supposed to. But the larger and more complex your system becomes, the more challenging and time consuming it is to test.
Much easier would be if you were able to test your components separately. But to do so you need to know what each component is supposed to do


Sound familiar?

There is a random number in the code and only one
group member knows what it does
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Presenter Notes
Presentation Notes
Understanding another’s code is difficult. And even more so if there are so called magic numbers in them. Magic numbers are values whose meaning is not specified anywhere. In a system design these numbers are derived from your requirements and documented. So that your team knows what the number is for and how the behaviour of the robot will change when this number is changed.
Here system design helps you communicate to your teammates.


System design

* High level description of the system
* OQutlines components and the way they interact
* Abstracts away from implementation
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System design

Specifies the requirement of the system
* Requirements can be tested

Gives an overview of the system
* New developers can follow decisions made by a previous team.
* Components can de developed in parallel

Allows you to engineer the system, rather than the software.
Allows you to communicate the design
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Formulating Requirements
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Survey

Our robot can drive at a max speed of
0.22 m/s.

Question: is this a good value?

Who thinks this is:

a) Fast enough

b) Too slow

c) Too fast

d) Cannot be determined
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Survey

Our robot can drive at a max speed of
0.22 m/s.

Question: is this a good value?

Who thinks this is:

a) Fast enough

b) Too slow

c) Too fast

d) Cannot be determined

Task: Follow customer around the store
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Presenter Notes
Presentation Notes
Hint: average pace of a human is 1.4m/s

Without formulating requirements, we can’t determine if our system is good enough.  Requirements are derived from what the robot is supposed to do. 


Running example: ShopBot

Robot shopping cart

Task: follow operator around
the supermarket
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Requirements
What should the system do?

16

Speed limits
Wall clearance
Driving lanes
Driving heading

Safe around humans
Easy to use

Mobile Robot Control 2022 — Lecture 2 — System Architecting

Design decisions
Strict limitations

How to determine their values?

Coming from stakeholders

Often vague statements:
“Safe”, "Robust”, “Easy-to-use”

How to measure these?

TU/e


Presenter Notes
Presentation Notes
When talking requirements we talk of what the system should do. This can take many forms. 
Some of these define strict limitations on the system, like speed limits. While others might be wishes the stakeholders pose on the system. These are often vague and not measurable. 
All of these are requirements, but they are on different levels of implementation. And you will find a lot of these are linked with one another. 
For example the speed limit of the robot is related to the safety of our robot.


CAFCR

Model to organize different views on the system

drives, justifies, needs -
- enables, supports
What does Customer need
in Product and Why?
N\ Product
/ AN How
Customer Customer Product P
What How What / AN
Customer Application Functional Conceptual Realizaﬁon

objectives

https://www.gaudisite.nl/ThesisBook.pdf
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Presenter Notes
Presentation Notes
One way to look at this is the CAFCR model. It organizes the views that different views of the system. On the far left is what the customer wants, without any mention of a solution just yet. On the far right we have the Product, what gets made by your team of engineers. This is your software, your data.
In between. These lies the Functional component, which describes How the product satisfies the customers needs. These are your local and global planners. Your localization method etc. But when we describe these we are  talking about the abstract concepts of a local planner. The exact implementation is part of the Product. But as long as this implementation matches what is described in the Functional Component we can assume the customers needs are met. 


From Desires to Specs

Environment Border System

Stakeholder: . . . Syst
axeholders Requirements Requirements Requirements e
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How?
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Why?
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Presenter Notes
Presentation Notes
Orange not connected to green: need not satisfied
Green not connected to orange: made something that no one wants


From Desires to Specs

19

Environment requirement

Border requirements

System requirements

Describe a need without a
solution in mind

Link other requirements with
each other

Verifiable

Often vague and not
measurable

Models

Simple values

Come from stakeholders

Design decisions
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fiﬁz:ﬂ — Legen

Environment Requirement

Why is this important?
 Bookkeeping

«  NO MORE MAGIC NUMBERS! :
« BUT MODELS .

 Back-traceability e
* Insightin conflicts m-'se
* Ordering of importance e o
c =

* Coherence in group = -
* Discussion points S
e Comparing system designs N .

1 = Out of Scope
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Why is this hard?

21

Legend

Environment Requirement

0

Many stakeholders
Conflicting desires
No tangible output (at first)

OOIIE:I

00 ®®
i

Boring (no it is not!)

Not an exact science!
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From Desires to Specs

Environment Border System

B e lid e Requirements Requirements Requirements i
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Presenter Notes
Presentation Notes
What would the requirements look like for our shopping cart robot?


From Desires to Specs

Environment Border System
Requirements Requirements Requirements

People
detection range

Min nr of laser

Distance

points

to human

Follower

Max driving

Maximum speed

kinematic energy
done/lost time
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Presenter Notes
Presentation Notes
This looks pretty neat but don’t get the impression that you should write this left to right. In practice you will go back and forth, iterating over the relations between requirements and even the category a requirement belongs to.


Data Flow Diagram
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Data Flow Diagram

A form of structured analysis which gives insights
into:

e Origin of data

* Interfaces between processes

Consist of:

* Data: information

* Process: a functional component with inputs
and outputs

* Flow: specify an input/output relation
between process and data

Process
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Data Flow Diagram

Laser

Odom

Bumper

26 MRC 2023 - System Architecture

TU/e



Data Flow Diagram

Laser

Odom

Bumper
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Base
controller
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Data Flow Diagram

Base
controller

28  MRC 2023 - System Architecture TU/e



Data Flow Diagram

Person pose
wrt Robot

Base
controller
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Data Flow Diagram

Person pose
wrt Robot

Base
controller
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Data Flow Diagram

Robot pose on
map

Person pose
wrt Robot

Base
controller
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Data Flow Diagram

Robot pose on
map

Localization

Laser ‘ Person pose
wrt Robot

Odom

Base
Bumper
controller
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Data Flow Diagram

Laser ‘ Person pose
wrt Robot

Robot pose on
map

Localization

Odom

Base
Bumper
controller
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State Diagram
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State diagram

They allow you to design the discrete control of your system

State diagrams can be used to graphically represent finite state machines

https://en.wikipedia.org/wiki/State diagram
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Presenter Notes
Presentation Notes
Our robot will have many things it can do. But it cannot do everything at once. Or maybe it can but that wont help us reach our current goal. 

So we are going to spit up the goal of our robot in various subtasks. Then we are going to tell the robot when to transition from one behaviour to another.

This will form our discrete control layer. The most common of these is Finite state machines, which is characterized by having one active state at all times and a limited number of possible states.

https://en.wikipedia.org/wiki/State_diagram

State diagram

Set of states: {Statel, State2,... StateN}
Transition: triple(from_state, event_name, to_state)
Set of transitions: { (S1, E1, S2), (S2, E2, S1), ... (...) }

Set of states: {
Driving,
Stopped
}

Set of transitions: {

obstacle found

}
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(Driving, obstacle found, Stopped)
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Presenter Notes
Presentation Notes
Question: what would the description of this state diagram be?
Question: Suppose we are in the state Stopped and the event named ‘obstacle found’ is not raised, what is the behaviour? 


State diagram

Happy flow

Human found

Close to human

Human moves
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Presenter Notes
Presentation Notes
When designing state flow we generally start with the so called happy flow, what the robot should do if everything goes according to plan. In this case, find human and follow human intil we’re close enough. 

Do note that the transitions ‘close to human’ and ‘human moves’ are not equal. What you will often do build in a form of hysteresis. We will raise ‘Close to human’ when we are within a certain distance but we will only raise ‘human moves’ if the distance is several centimeters larger than that distance. This is to avoid something called livelock. Which happens when our robot is rapidly switching between states. This will often result in unwanted behaviour when working with robots. 


State diagram

What if something goes wrong?

Self
Destruct?

Lost human

Human found

Close to huma

Human moves Lost human
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Presenter Notes
Presentation Notes
But not everything will go according to plan. At some point the situation will deviate from the happy flow. What then?

First step is to recognize that we have deviated. Because if we don’t, we can’t react.
We must explicitly monitor these problems in the state that prevent nominal execution. If we do not know when we have lost the human we cannot act on that information.



State diagram

Recovery behaviour

Human found

Lost human
Close to human

Lost human
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Presenter Notes
Presentation Notes
Here we state that when the robot loses its operator we want to go back to finding the operator. Note that we have this transition twice, as we can detect this event in both the states ‘follow human’ and ‘stop’. 

This follows a common pattern in state diagram design. When something occurs that prevents us from following the happy flow we enter recovery behaviour. The goal of this behaviour is to get us back into the happy flow. 

It can take the form of replanning a path when one is blocked or it can be calling out to a human for help.



State diagram

Recovery behaviour Path blocked

Human found

Lost human
Close to human

Lost human
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Presenter Notes
Presentation Notes
Here we state that when the robot loses its operator we want to go back to finding the operator. Note that we have this transition twice, as we can detect this event in both the states ‘follow human’ and ‘stop’. 

This follows a common pattern in state diagram design. When something occurs that prevents us from following the happy flow we enter recovery behaviour. The goal of this behaviour is to get us back into a the happy flow. 


State diagram

Plan

around

Recovery behaviour Path blocked Path found

Follow
Human found plan

Lost human
Close to human

Lost human
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Presenter Notes
Presentation Notes
Recovery behaviour can take the form of replanning a path when one is blocked or it can be calling out to a human for help.
Depending on what anomaly was detected a different response might be appropriate.


State diagram

Plan
around

Opportunistic behaviour Path blocked
Human found m

Map updated
Plan (not)
found

Path found

Follow
plan

Lost human
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Presenter Notes
Presentation Notes
Deviating from the happy flow is not always disadvantageous. Consider the following. A robot may notice a door is open which allows it to take a shortcut. Nothing has happened to prevent it from following the happy flow. But we can get to our goal much faster by looking out for this opportunity.
But remember. Just like with fault detection we must explicitly monitor for opportunities.
For example we may occasionally calculate a plan to see if it better than our new plan, or we may check if our map changes significantly enough to enable a new plan.


Question

Within a state we may have the following:

Functional component, which performs the behaviour
Monitors, which detect whether transitions occur
Transitions, which determine which state to go to next
State, data which persists a cycle of computation

=l

Which of the above does not belong in a state?
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Presenter Notes
Presentation Notes
Answer: 3) Transitions.

The state itself does not need to know which state is next. That is a decision made at the diagram level. The state only knows as far as which transitions it raises. In our previous examples: ‘human lost’ etc.


Design Presentations
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Design Presentations for Restaurant challenge

45

Some requirements already in the challenge
description

Think about how you can use what you have
developed in the exercises

Should contain:

* Requirements

e System design including state and data
flow

* Motivation for your design decisions

Presentations: Wednesday June 7
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Design for Restaurant challenge

e Upload design to your wiki
* Prepare a 10 min presentation

WHAT/IFLTOLD YOU
e Adaptation possible? " \
e Absolutely! |
* Show your insights on the final wiki L ‘
e (Don’t throw away initial design!) IT IS OK'TO CHANGE YOUR

OPINION BASED/ON NEW
INFORMATION
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Take Home Message
Think before you do

* What are the requirements?

* How are these requirements related?

 When should our robot choose to change its behaviour?

 What are the relations between the data structures in our system?
* How will we test if requirements are met?

There is no best way to do it. These are tools to help you focus your
common sense.

Ilterations are inevitable
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Take time to think — ask ‘why’!

LIALLY, WE DONT HAVE T LIANT YOU TO START
TIME TO GATHER THE
PRODUCT REQUIRE-
MEMTS AHEAD OF
TILME,

OF ALL MY PROJECTS,
I LIKE THE DOOMED
ONES BEST.

DESIGMNIMG THE
PRODUCT ANYLIAY.
CTHERLWISE IT (OILL
LOOK LIKE E AREWT
ACCOMPLTSHIMG Ably-

wrerunitedmedia.com

Er@ll{'? & 1907 United Foaluie Syndicote, Ine.

e
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Questions?
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Time for a break
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Design Presentation for Restaurant challenge

51

Some requirements already in the challenge
description

Think about how you can use what you have
developed in the exercises

Should contain:

* Requirements

e System design including state and data
flow

* Motivation for your design decisions

Deadline: Wednesday June 7

Mobile Robot Control 2022 — Lecture 2 — System Architecting TU/e



	Mobile robot control 2023:�System Architecture
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Learning goals
	Slide Number 7
	The code does not work, and you have no idea why
	There is a random number in the code and only one group member knows what it does
	System design
	System design
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Running example: ShopBot
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Data Flow Diagram
	Data Flow Diagram
	Data Flow Diagram
	Data Flow Diagram
	Data Flow Diagram
	Data Flow Diagram
	Data Flow Diagram
	Data Flow Diagram
	Data Flow Diagram
	Slide Number 34
	State diagram
	State diagram
	State diagram
	State diagram
	State diagram
	State diagram
	State diagram
	State diagram
	Question
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51

