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Motivation




Emm mm.... What should the robot do
next?

Giving initial state(S0) and target state(S*) and the restriction space of plan(mt) in between,
planning the best action path.

r(S*,S0) = Action
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This Photo by Unknown authoris licensed under CCBY-NC. The image is capture from the book[1].
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Tools and example




How can we formalize our thought?

1. Script
e Straight Forward

2. Finite State Machine (FST)
e Structural way to describe the thought
* High dependency between related states
* None-People Character(NPC)
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[The image is capture from the book[1].]
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How can we formalize our thought?
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How can we formalize our thought?

4. Subsumption Architecture
* Parallel

* Prioritize
e Hard to scale and maintain

Sensors —=| Stop if Overheated
» Recharge if Needed >( s
—> Do Other Tasks *®—> Actuators

Subsumption Architecture



How can we formalize our thought?

5. Teleo-Reactive(TR)

* Reactive

e Easy to design Equal(pos,goal) — Idle

* Hard to maintain and handle Heading Towards (goal) — Go Forwards
failure (else) — Rotate

Subsumption Architecture



How can we formalize our thought?

Have Task ‘

6. Decision Tree
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How can we formalize our thought?

7. Behavior Tree (BT)
e Structural

* Can easy collapse each function

?
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as a node
Battery Recharge > Do other
. . Level % ow! ' as
* Reactiveness and Modularity LR /\Tk
* Hard to think in BT - =
Open less Close
Front through Front ?
Door Front Door

[The image is capture from the book[1].]
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Create Behavior Tree




Elements in Behavior Tree

* Sequence Node
* Return: Running, Failure, Success

* From left to right —

* Return success when all the sub-node return success

Child 1 Child 2 Child N

Algorithm 1: Pseudocode of a Sequence node with N children

1 fori< 1toN do

2 childStatus +— Tick (child(i))
3 if childStatus = Running then
4 ‘ return Running
5

6

Sequence Node

else if childStatus = Failure then
L return Fuailure

7 return Success

Sequence Node Algorithm



Elements in Behavior Tree

* Fallback Node
* Return: Running, Failure, Success

* Return Success and Running if any of the node return Success and Running
* Only return failure when all sub-nodes return failure

Algorithm 2: Pseudocode of a Fallback node with N children 2

1 fori«< 1toNdo

childStatus < Tick (child(i))

if childStatus = Running then
‘ return Running

else if childStatus = Success then
L return Success

7 return Failure Child 1 Child 2 Child N

ALY I S I ]

Fallback Node Algorithm Fallback Node



Elements in Behavior Tree

* Parallel Node
* Return: Running, Failure, Success

e Return Success if more than M of children return success
* Return Failureif less than M of children return success
* Otherwise return Running

Algorithm 3: Pseudocode of a Parallel node with N children and success
threshold M

1 fori+ 1toN do =
2 | childStatus(i) < Tick (child(i))

3 if Zi:childSrams(i)=Success1 > M then

4 | return Success

s else if X cpiasiatus(i)=Faiture ] > N — M then
6 | return Failure

Child 1 Child 2 Child N

7 return Running

Parallel Node Algorithm Parallel Node



Elements in Behavior Tree

* Action Node

* Condition Node

Policy
* Decorator Node

Action Child

(a) Action node. The la- (b)Conditionnode. The label (¢) Decorator node. The la-
bel describes the action per- describes the condition veri- bel describes the user defined
formed. fied. policy.

Other Nodes



Elements in Behavior Tree

Node type|Symbol Succeeds Fails Running

Fallback |i| If one child succeeds If all children fail If one child returns Running
Sequence — If all children succeed If one child fails If one child returns Running

Parallel — | |If > M children succeed| If > N — M children fail else

Action text Upon completion If impossible to complete During completion
Condition :text: If true If false Never
Decorator O Custom Custom Custom

Summary



Elements in Behavior Tree

* Traversal example
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[The image is capture from the book[1].] [The image is capture from the book[1].]



Elements in Behavior Tree

* Memory Node

—
? ?
Action 1 Action 2 Action 1 Action 2
Memory Node Normal Node



Start from simple and explicit
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Giving more conditions and reorder
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Creating Deliberative BTs

* Backchaining

Algorithm 4: Pseudocode of Backchaining Algorithm

Data: Set of Goal Conditions C;, and a set of PPAs
Result: A reactive BT working to achieve the C;s
1 Replace all C; with PPAs having C; as postcondition;

2 while the BT returns Failure when ticked do

3 replace one of the preconditions returning Failure (inside a PPA) with another complete
PPA having the corresponding condition as postcondition, and therefore including at
leaves one action to achieve the failing condition ;

?
Is Inside >
House
Door is Go Inside
Open

Goal overview

Backchaining Algorithm
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Using proper granularity

* Overserve the reused part

* Encode each group of behavior
with another leaf.

[The image is capture from the book[1].]



Thinking about safety

* Keep the battery level bigger than 20%

N —
\ o Do Main
Do Main : Task
Task
Recharge
Battery Battery
Battery Recharge Level > 20 %

Level > 20 % Battery

and not
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Safety Thinking Prevent for recharging



Combination all aspect together
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BT Create Demo
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Behavior Trees and
Machine Learning
overview




Behavior Trees and Machine Learning

* Genetic Programming on BT (GP-BT)

Algorithm 11: Pseudocode of the learning algorithm

1 7 +« "Action Learn"
2 do
3 Tick (SequenceNode(Zfe, 7))
4 if IsExecuted (Action Learn) then
5 Frond +— GetSituation() $%Eg(8.3)
6 Faets +— LearnSingleAction (%) %Eq(8.4)
7 if T, NumO fChildren = 0 then
8 | Jucs + GetActionsUsingGP () $%Eq(8.5)
9 if IsAlreadyPresent (J,.s) then
10 Trondugy — GetConditions (Fus)
Safe 11 FTeond,yy — Simplify(FallbackNode((Z ond, ., »Feond))
Learn 12 else
Subtree 13 | 7 « FallbackNode (SequenceNode (Foonar Juers) » ) EQ(8.6)
. 14 p + GetReward (SequenceNode(Zfe, 7))
Basic Concept 15 while p < 1;

16 return .7

Learning Algorithm




Example of GP-BT
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Examples

[The image is capture from the book[1].]
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