Video-to-BT: Generating Reactive Behavior Trees from
: Human Demonstration Videos for Robotic Assembly | RA.

IEEE INTERNATIONAL CONFERENCE

=Y
M M) M Xiwei Zhao'#*, Yiwei Wang!*, Yansong Wul, Fan Wu?, Teng Sun?, Zhonghua Miao?, Sami Haddadin®*, Alois Knoll! ON ROBOTICS AND AUTOMATION

Introduction Framework Overview

Motivation: Perception - Manua Execution
Traditional robot programming Is rigid and expert-dependent. While £ Annotations Object Recognition World State o
Behavior Trees (BTs) offer modularity and reactivity, the framework | |

Object BT Execution ) ﬁ
Integrates high-level cognitive planning with low-level reactive control, with Tracking Monitor [Z] <> 100H2 tick ! 4

| (‘. Actions with ¢ o
BTs serving both as the structured output of planning and as the governing - ® OR 2. - -|- e parameters A
structure for execution. O | Apoly

Contributions: Es’:ijr(%il?ion Eifects [ \st ] Results E
- Video-to-BT Long-Horizon Planning: &) Q‘;&?ﬁ?d S aeron =
A novel framework that directly translates human demonstration videos into
structured, executable BTs, achieving highly accurate planning across :
diverse cor'n plex robotic asse’m blies. C i ) Assets Planning \?Vli)rrrlznétate Eera’:!ed P
Replan “Idlein Behavior Tree
- Perception-Driven Control: | S _
A supervisory system integrating a BT executor with real-time semantic Demonstration Video  [[B] D[ —P@ Planned BTs
perception for precise, context-aware scheduling in dynamic environments. | _
- Robust Execution Against Disturbances: Available Objects Ve

Sustains superior completion rates for long-horizon tasks,
demonstrating exceptional resilience even under severe
external physical impacts

Subtasks

: e : O
Domain Specification =N N R P Yes e
insert the shaft3 to hole3 Approved? ~a Approved?
Cen ]

using default_gripper
No

RGB-D Stream 5

Website: https://video2bt.github.io/video2bt_page/

Evaluation
Stage A: Video to Subtask sequence Part A Achieved Subgoal: (% Subtaske = 1 # Subtasks = 3 # Subtasks =5 ) Disturbances
] ] is_inserted(shaft1, hole1) ‘ \
(Human demonstration wdeoW / System prompt \ / \ Current Subtask:
: @ndition: is_inserted(shaft1,rD insert(gear1, shaft, default_gripper) y Af". !
Please identify the high-level | | ~+—o——— ——F——————— — — S N ".\“‘\
assembly steps. ( bartB po \ \ ‘
{available robot skills}, {available (afget insert(default_gripper, geart, SE“D’

K fools}, {available components} /

\

action: insert(default_gripper, gear1, shaft1) J

\\\ \\\\\\\\

| I
| |
| |
| | Insert shaft1 " nsertgeari  E d_| | haft3 Engage gear3 |
| | nsert sha nsert gear ngage compoun nsert shaft ngage gear Disturbance | - :
C% Human check I \ | nto hole nto hole] gear with shaft? t5 hole3 with shaft3 Disturbance |I Disturbance I
| @ hold(default_gripper, gear1) @pose_is_known(@ [ action: retrieve_pose(shaft1) ) |
| |
f Constraints N Subtask sequence N I \ ] :
) ) ) | action: pick_up(default_gripper, gear1) No Di : : :
- defaultgripper [0]: insert the shaft1 to hole1 using default gripper | ( ] | o Disturbance Disturbance | Disturbance Il Disturbance ll|
can_manipulate gear1 [1]: insert the gear1 to shaft1 using default gripper | | Completion Rate Task Success Disturbance Recovery Rate
) gear‘] Can_insert_to shaft | @pose is_known(gear1) ( action: retrieve_pose(gear1) ) ’
[4] engage the gear3 Wlth ShaftB using defaUIt gripper l I 1.0 d’.'{%ggt T (0):010/60) (0]01(0)(0,60)) €80 (@00 000D & O 1.0 A %?@@%ﬁ (0)[((0) N0 (01€0))00(0!0) (0) 8(8((00)]00:010(0)0) 1.0 A %Om OO M0 ©ADO O (00 0/0)
K / 93% 93%| 979 92%)| == 93% 93% - 93%
i - ! ______________________________________ - 0.8 1 o 81% O ggé) %(&') 0.8 1 87% 5091 80% 0% 0.8 - o 84% 83%
\ / Figure b. Example of an executable BT o ||o|| d o e e = %
0.6 C O 0.6 op]| 62% 0.6
f/f Acti \ 4 System prompt N oo L oll o o
C I0nS sequence 0.4 O OO0 IO O|{© 0.4 - 0.4 A
o O oQD O
[0]: retrieve_pose(shaft1) Please generate th_e low-level (" Camerastream ) Rendered images from mesh 0 abod | os. 02 -
[1]: pick_up(shaft1, defaultgripper) < @ assembly actions. T — | ' '
[2] estlmate_pose(hole‘l) {WOI’/d_State}, {plan_gOa/}; ' O IR 0.0 A r7NéA7| 0.0 N W’\gA71 VN LN | B-V_ | PoV2V- N PV ~esora ||l ~ner 0.0 Wg/7A7'| A A A an lles
- i AR . ' - :
[3]: insert(shaft1, holed, defaultgrlppe@ \_ {user_teedback} J - '«;‘,'-_.;c‘ Matching results # Subtasks =1  # Subtasks =3  # Subtasks =5 # Subtasks =1  # Subtasks =3  # Subtasks = 5 # Subtasks =1  # Subtasks =3  # Subtasks =5
* “shaft2” “compound_gear”
v compound_gear

7 \
4 System prompt D ff Behavior tree skeleton
R Segmentation results

k :DIteasg ger;erate bt.ehavior tree c) /@ [ Grounded SAM ]_> uﬂ.l'l 7 Affiliation: Contacts:
SKeleton basead on actions sequence. —@5} ' - * : :
{constraints}, {world_defini?ion}, > 1 i /ﬁ ) Equa,l Cont”,buuon . . _ M.Sc. Xiwel Zhao
{user_feedback}, {last_behavior_tree} ‘ ™ T " 1- Munich Institute of Robotics and Machine Intelligence (MIRMI),
\_ J \ [ acton ] . Text Prompt 2 B Technical University of Munich (TUM) , Munich, Germany.
All assembly components. hd A 2- Aalto University, Espoo, Finland.
3- Shanghai University, Shanghai, China.

. . . . . B.Sc. Yiwel Wan
| _ o 4- Mohamed Bin Zayed University of Artificial Intelligence, Abu el V\I/\:avnl OB@%um de
Figure a. BT generation from human demonstration video Figure c. Scene object recognition Dhabi, UAE. Y ' - '

zhaoxiwelll8@gmail.com

Stage B: Subtask sequence to BTs




