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 ZE: A5 EGE (embodied A 7 ZHENS 5P EHEAT HLAN UKD, IF B 6 B B TRSENUTShEERE ). 4T 90
(BT) Hi T HARH AL A A E i R, ©8 OB N BOR dr Tz A5 R 7 7. KT, A AT W AL R AR AE b
HAT AT S5 AT T W — 2 Bk k. X 8TV O T U MR, A AT I R DA R AN, R B Tk
FEAE 5 B AR DT HAFAE A 2, B FE 30 b TR ORAEAT AR (K B 2h, AT 3 BUENLAS N b 1 S bR 28 0 B2 K. AT
FARH — M AT R B Bl AR O, 1T VR T ORE AR (LLM) Al 5l SO, A2 et S48 55 B bR )46
17 R $YE‘J?‘J‘?ﬁfﬁ?ﬁ*ﬂ%&f\ﬁ‘]ﬁé)'ﬂViiﬁﬂ%‘%}\ﬁﬂ’ﬁﬁiﬁﬂi‘ﬁ9‘%%#%)\5\, F LA B TR (prompt) {f LLM 4
AT N FLK (generated plan), S8 J5 44T AR AL ARIEEAT Jups. BARA SCUL M 7R, (H% 792 BoA Tz 1)
P, T DO AN 7] 75 5K S T HA SR B (L2 AAT55. B, ASORX P75 R T HLEE AT 55, 45 H B AR Szl
TI ARG, FENLES NPATAESS AR, 47 9 m] IR AL &8 N34 IR MR8 2240 B 245 58T, % AR 5 2810 A,
A5 BV EHEIE. ARSCHAT T HIAAT AR A BRAIESLES, FEAEDT LA NS 54T 1 90E, JBR 1A S mA
Rtk

KHIR): BB AE; KIE S Y AL ANERAE, AT W A7 AR R
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Abstract: Embodied Al requires the ability to interact with and perceive the environment, and capabilities such as
autonomous planning, decision making, and action taking. Behavior trees (BTs) become a widely used approach in
robotics due to their modularity and efficient control. However, existing behavior tree generation techniques still face
certain challenges when dealing with complex tasks. These methods typically rely on domain expertise and have a limited
capacity to generate behavior trees. In addition, many existing methods have language comprehension deficiencies or are

theoretically unable to guarantee the success of the behavior tree, leading to difficulties in practical robotic applications.
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In this study, a new method for automatic behavior tree generation is proposed, which generates an initial behavior tree
with task goals based on large language models (LLMs) and scene semantic perception. The method in this study designs
robot action primitives and related condition nodes based on the robot’s capabilities. It then uses these to design prompts
to make the LLMs output a behavior plan (generated plan), which is then transformed into an initial behavior tree.
Although this paper takes this as an example, the method has wide applicability and can be applied to other types of
robotic tasks according to different needs. Meanwhile, this study applies this method to robot tasks and gives specific
implementation methods and examples. During the process of the robot performing a task, the behavior tree can be
dynamically updated in response to the robot’s operation errors and environmental changes and has a certain degree of

robustness to changes in the external environment. In this study, the first validation experiments on behavior tree

generation are carried out and verified in the simulated robot environment, which demonstrates the'effectiveness of the

proposed method.
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Key words: embodied AI; large language model (LLM); robotic mani-pufation; behavior tree (BT); behavior tree

generation

b

1 e g
1T AP (behav_iorv.tree,‘BT) JE— PP MR, Hodp
AT AR BT AT AT 55, 1040 3T s e ST F g
HOEm— N EEAAE T HAEE R (agent) T4
J7 ) RGEVE. BT f it 7Sy E 0K, &4
AT 55 BRAT R AT DA 355 B B rb i) — N S7 S AL X
fEAFEE AN R G AR BER I AT 42 T, AT AR AR B )
T NHAT B R SNy . R, BT fEHL & A\ s
B TR H.

H T, A7 W 2802 AR T X T, X
B W A IS RN B AT 5 E A B R, F
BNBCTHT AW AR 1S8R A % RE I, SX R AE T X H

BN AT I I TE. SR, BUAT (AT 9 AR R,

PR ST A Ve R P AT S 27 T 07 SR s Db
Sk B A AR A 4T 5 ik 2 1T S SR e 9 LA
SRATIR, I LT IR S S LA L7 4

KA 2 BALLM) 1 X R R PR R 1R
PR {3 7 O g 3 A R TR, o B A A
SEHL T R AL AT 55 S VR VK I BRAR R 7. B H
b, A8 PR 25 B8R 2R BRAT 9 R O T T2 5 T
B, —SHFRAEBA LLM &6k ROl £ T BT 4Rk
O 5 R, LT AL BT HOE, A
ol BT H0H (KSR B BERE K. 53— ST SR FH i 8 4
T (prompt) 2B A BT, ELAE R BT X 35 8 f0 3 7 b
LG, BN A L MRk

T AR ] R, AR SCUE R, LMK A by
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18 5 4 3CFF (affordance) F1Z) 3 (constraint), [A 1t
ALK LLM i i) 3 Fe 51 R E A BT i e 5
I E R 2. A, N T LLM RERS B ARAT 55 3 5 F
o IE AR AR, A SOBE SO (semantic map, — 4
AL E IS B XML SCfF) FIANZE S 4 [FAEN LLM
HIFI N, 2919 2 IE# 4T MR (generated plan) /5, 1X
B AT R AT LLRAL AT A, HLEs AR W46 1T N
B HATAESS. FEXASE R, AT 9 AR A B8 A5 B A2
IR INEE E‘Jﬁﬂ’ﬁ%ﬁiﬁﬁ%ﬁﬁ%%ﬁ, X7
AFERT LLM ZEAT B 1| S AT BRI T

(1) A3CHE R T = Fh 57 FLE I (047 S 4 2 iR
VR, M TR LR AT S8 SR, AR 4R 55 H
FRIRIRA 1T AR, AR L% A1 B 7 V30 10 B i
AR AT R, BT Z i .

(2) ASCH A BCIAT R R EAL 2% N R4 v oF
ShH T BAR S NE SR AN R, FEOR T SRR B A,
IR Iz E BT IZ G A E, W] AR H T AR 2R
RIHLES AT S

(3) ASCAENLA N IR dE 4T 1 5256 K iE B
AL T A B, IR0 T ARSI AL SRR
PR

AL H R . 58 2 TRAT ARG
RT3 R TASCRI . B 45 E
e T ARSI R T — LA N S SR IO HE
BE, HEAT LS N SL5S, FEIE T SL g0 % kAT A, 2R
5 T S5 AT AHE AR OR I TAE.
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i H AR SN A

2 AT MR R

AT AR (BT) EHAEHI T A AT T AR A
ZH RN FE AT e E i 1B R ik HL T BT AT
T R AR TR A SR A BB AT BARIRAE. AT AT
AT FOTF AR, HRY A2 R RO H 799 A B 1
TR A AL AR F R R EIE AT RS
ASCH R RVE LU 9 s T AE AR AT M.

o Z5AF 55 (condition): VAW %2 B KPR & B
JEFR T SR AR T R, FFAR S P IR 8] B D B R I

o ZfI{ETT & (action): FE ML NPAT ERAE B 5
RGIREIEY) . K. 817, BARRGRTHATE R,

o 75T A (sequence): — PR A, HAA 43
FIA 15 s T, B A ik ] R . 5, B

Je B AR I, 51 AN IR AR MBS AT 5 BURE

s HLR LIRS y
o [E13E 15 A1 (fallback): ¥4 150 51 15 s0H R 0 A
AT R Y T RGO I, A 20 [E . 75
O, AT B G R D B 4746 N LR LR .
7 HERTHHE BT, 41 BT A7+
T4 R TR S] L M TR 3 5T (745, 15
LLM HELE, —Sm a6 2505 T LLM % BT.
HT AL 5] (RL) (9 BT 4 e 384k2 5 L
BHAEAE B BT HR A A0, 53 AN i 2 A 3 SRS
FIEDAE 2 18], B 32 ok 8, B Sr RL IS, I 5
BT HIi&E 4K,
BT S 1 BT 4K Nicolau 25 A5 i K
I 20 SOMI SR 1 R Sk M40 AR A A, DR i
R S 25 BLAR A BT. Tovino 26 A U513 4 4 2 12 i T

BT A ity — 77k, 23 5 Ui B J7 5. Neupane

%}\[6]?5%iﬁ‘?ﬁﬂ)ﬂ”%?"]Fﬁiﬁ%ﬁ%lﬁ?ﬁ?%m, NI}
{7 A0 AR R ) . g

%?/ﬁﬂ??[’gﬂ’] BT E‘EBZ French 2 A\ MR
2 ) AT DLk W 8 SR R R IR IR Rk 1 2 0
AT % . Francillette 25 \ il W82 A\ 2547 4K A4 % BT.

Machalewski 25 AV 2 B sh Ak 7325 8 3 4 5 by gt
1) BT.

BT LLM 1) BT A5 i — i 50 R B LLM
AIPENLES N BEAZ O, TR TR, AT RE a8 A
RS, MLas A\ 78 9T, AT LLM A Rrit&il.
XL R LLROR A Bl R A UL i g A
ARAGUI i ROV SR, KT LLM BB R BT f)
7k, TEWE K EN BT B 4E0HE SR 3H THOM,
HABEGRIE BT I IEG MR SRR L, G0, Li % A7)
N BBUR 2 BT 4 ot (BTGen Hi), T
HARIAIE. Lykoy &5 A% Stafiford Alpaca 7B #%2if
FRORAEAT BT 2B S 0B # k A LLM A5 BT
BRG] LI b 0 KRR K, 140, Cao %5 AU
P BOD SR BT, ARAE H AR T S R AN D B R S
Bl BT A2, Zhou & N3 it o B AR ALK sh AT e 21 i
AT AR, Chen 25 NP 5 B SR LLM i Hif#
B HAF, BEJG AT MY R 5% (OBTEA) 4% BT.

1 G5 AT R AR BT V280K, HL ™ B 45
WA AR, iR 5 FAT S5 F R 2 i BT B RE 1598 A
B, XET B IE B R, Rk, fRE S — DA
DA 98 7E BN 2 FUAS BT 000 PR 855 b A2 | BT B & P
EAYE. HAT, M CANE S (LLM) SRA R BT ik
TP B KRS ProgPrompt“s] ENE AN A
IR A2 R E 2R A E’\Jm%%}\ﬁia%ﬂi‘faﬂ,\ﬁiﬁ)ﬁ%ﬁ%ﬁ?ﬂ
RN A RIAEAT .

-

%
3 EL L
3.1 HIHRIT AR E R
1T WA BORAR N 1 s, 47 88 (BT) Ao
R 5 AN L AE: B01E 1T (action primitive).
A X} % 51|22 (available objects list). #h15 . (external
info). NBITS% (example task) 5145 ik (task descrip-
tion). X EEZH ARG Bl 1 AR AT W () BRI, R P K
5 BRI RIE.

Prompts:
Task * 1. Action primitives
2. Available objects list
3. Example task
Semantic »| 4. Task description
map 5. External info

LLM

Generated
plan

Reasoning module

Initial behavior tree

BT HLas ABIARAT I i e 1
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AL JH I ORI F AR (LLM) SREE S X L8
4, A= AT AR (generated plan), B & H LN
146 BT, SEHUATSTHLRI 8 E 31k,

EEIE: ShEIEIE R B/ERHR ZE (action template
library, ATL), 55 %€ L T HLas AN AT EARAT A B 1,
XA B AR W BN A N Y PR AR BE 0, JE N
LLM $2 6t 1 58 BAE 55 P it RIS AEHE SR FEA T 3%,
HEIRER e W (1) Prow, Bk 7 A BERAE S5 AT
k.

action = {pick, place,drop,rotate,move, push} (1)

N T RIAAT 9 R 2% A, R A T L i SR SR,
XS TIRAE 5B 5IN T — RPISFAEFT , = (2)
Fros. 64E75 SN IsObjectOnGoal Fi+ A1 45 H
PR 15 SR, 4 0 S5 A1 ik [B] IE W 1) 45 SRR AT

%

\\\\\

Is,ObjeétOnGoal(objecti, goaly),

| IsRobotApproachObject(object;),
IsHandEmpty(),
IsObjectOnHand(object;),
IsObjectApproachGoal(object;),
IsObjectAligned()

ConditionNode =

(2)
TEAT B BIAE 10, 75 2 FAH R ) 2% 41715 A
WriZah /e & 5 2 AT 564, ALt R,
o ZNETT i pick: HLEE NBATIELSNAE, M 45T B
LAY VA== Gt i /L% N
S5 152 (1) IsObjectApproachObject: ¥ &M 2%

N BT HAsX %, (2) IsHandEmpty: ¥ EHLZEA ‘

FREZN, #fr T LT IS 1E.

o FETT S place: Bl N T VA BCE 21 B
FRALE. &

24575 1 (1) IsOBjectOnHand: ¥ B KL 28 N TP 2 15
BYME, BhiR ] AT I E BE. (2) IsObjectApproach-
Goal: i BHL 3 N2 S CHGEHCE HArhLE.

o IMETT K drop: HlLés NAESHITALE T F i
k.

A7 1: IsObjectOnHand: # BN # N FH 2T
B, B R AT LT T8O R ShAE.

o ZNETT R rotate: YR Tie % BIRE € M B

BHE K. (2) IsObjectAligned: ¥ TR 75 3F 55, LA

40 % it+Z71R Special Issue

YL 15 7 EPAT e .
o ZETT H move: NL28 NHUIRE \— ML B2 3)
BB —AMiHE.

RS CAE HARALE, B T BB EN. (2) IsHand-
Empty (W i%): Ko 2138 N Frp 275 %8, # B 80H 8
T2, 75 B 4

o ENEY £ push: HLEE NIATHESHIE, ¥4 pAHE 5]
15 52 ir B B B RS ). ¢

AT A (1) ISObjectApprod‘bhOlbject: )|
DR EEIE ERH 5, T LA THEEN . (2) IsObyject-
OnGoal (Wik): e A2 75 C.4 15 H A5 B, 243)
Ry T 75 3 4

AP 6 5103 1 TP % 551026 ph 24 il B B 045 3L
1P (semantic map) AE ik, HA R E T AN R VR
0 R P05 8., AT oI B (3 T AR PR
IRAS, ST TR AT 3.2 4.

RO S RIS B 78RR T 25 B R SR i
ot AL ABAT BRI 5. X — o0 A
LLM FERAT AR BOR AL M, HF PR 1
X, B T IS R BB AT (et A,

E45 3k : AL 55 R SR 4L T 7 AT (04T 55 1
YifE BRITUNSS B, B ST AT AR A R 0 Bk
PAT HF5. 1 )

SRR 15 AT b, A A get_goal FIF
LLM fHEER R 0y, HLRAT 5% HiA A8 SUBIE, HiE 9
R R B, s 1 TR,

FVE 1. get_goal

i \: SemanticMap, TaskDescription, OccupiedPositions.
#itH: OptimalGoalPosition.

1. Function get_goal(SemanticMap, TaskDescription, OccupiedPosi-
tions):
OptimalGoalPosition < None
ParsedSemanticMap <« parse(SemanticMap)
ParsedTask « parse(TaskDescription)
CandidatePositions < empty list
for each location in ParsedSemanticMap:
if check(location, ParsedTask)
and not location in OccupiedPositions:
8. CandidatePositions.add(location)

9. best_score «— —©

N e WD

10. for each position in CandidatePositions:
11.  score « evaluate_position(position, ParsedTask)
12.  if score > best_score:
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13. best_score « score
14. OptimalGoalPosition « position
15.  return OptimalGoalPosition

VL EH AR E AT S5 R A A SR A T B L
% R K S AR VE SCHE BRI 45 R, 48 0 ik R
B B S AT S R I BT A T RE AL B, 6 A ik ik
0B HEAT VT 43, foe 230 BUA5 4 o v PR o BB A Dl S AR T
B A, SRR AL is_occupied F TR 45 58 B2
5 CFEZ BT TE R R o, AR CR BT I 1 B (A 2%
N3 F A

Import action primitives

from action import robot_action

from condition importrobot_condition
from unit inference importget goal

B 5 AN R prompt RN W 2 Fios, 78
P B QA AT S5 I A6 AT I, A SCaded 1 2% AR5
TR BN s AR IARAT AR 1 B, iX
Fh 7 ACVFAT A AR PRI 1) S IRES IR B A il v
H, T EEAHEET AL BB TAT Jamia S PR 5
AAIIRE ). R TE SR A AR SCRT LB B2 R H 3E
4N pick R place, (BA4 BAET ST A AT 551
TR, AR A ST REAE W R E AR IS TATL. DR,
AR EEST AR IS LE E’Jﬁwﬂxz EAE KA A
B UE R BT, T%lETE%E’J FEHE

L,

Generated plan
def zort shef():

Sort blocks from sorting area on different
layersaccording to ther colors.

#1: Move thered objects to the first layer
#a: movered_l tofirst layer

p Objectz=Semantic Map

A\railableobjects list

red_goal 1= get goall’at firstlayer')
azsert(red 7 atred 299} Lo ObjectOnGoal( red_1)

i Zto e red_goal |1 )
red |_zoal 2— get | g:al(’a.lﬁratlm‘u' b

defget_goal():

| Exiemal info [

#returns an appropriate coordinate informa tion LLM

assert('red_1'at* reﬂl_gua.l)
else: ]n.di‘red_:
elze: place('red2_soal’)
# e: move red_3 to first layer,
> #Presence of ocduzion by green_goal 3

Example task(s)

empty position=get goal{Thewhole shelf')
red_goal 3= get goal(at first layer’ )

def zort shef():

redl_goal= get goal(*at
assert(‘red 1'at'redl goal)
else: picki'red_1')
else: place(*red]_goal’)

#3 Done
\,

#1: Move thered objectz to the first layer
#a: movered_1 tofirst 1.
Emlmw )]

#3 Move the green objects to the zecond layer

™\ assert(‘red_J¥ at'red3 goal’)
else: pidk'green_goal 3')
eﬁ ],ﬂ.::(’:l:%o')_pmiﬁon B
else: 'r 2 Handling 3
else: place('red? zoal’) peclusion
#2X: Move the grean object= to the zecond Iayer
#a: movegreen 1tozecond layer
green goal 1= get goallat second layer’ )
assert('green 1'at'green goal 17)
else: pidd'green 1')
else: place('zreen goal 17)

#b: move green_1to second layer
green goal 2= get goallat second layer')

-

\_ Finished scene J

def sort shdf():

assert(‘green X' at'green goal 27)
else: picki‘green I')
else: place('zreen spal 27)
#c: move green 3 to zecond layer
green goal 3= get goal(’at second layer')
assert('green ¥ at'green goal 37)

Sort blocks fi ti different
Sort blocks from sorting area hfem:; urdli:;:D:h;g;E:n
,,) on different layers according un

to their colors.

j) else: pid'green ¥')

~ :
g ¥

else: place('green soal 37)
#3: Done

K2 HEFERLER (reasoning module) 7~ & K

3.2 TS EE LA A

S 3 55 T R B e R AR LA 3R, A8 1R )
K 3 o, fEARSCI 5 i, K 3 505 B AL s X
Hh P, — 2l LLM 58 G b 2 A A 85 45 5 AT A4 2 1
B IR A6 AT UM, 2 AT U0 SR 0 e 3R 13 R
{5 2. AR STk FE XML 1F N A7 6 i SO i 4% 50, &
HA MO R, {ﬁﬂffﬁlﬂ‘],ﬂ@uﬁﬁﬂﬁmK
[ Ja& 1tk 2 1] 5¢ R KT BE /0, H LLM 7 28 S0 A Ak PR s

B ERIGE . AT N K, A SCE A 3D iR
AEE AR, IR A B 1 Ak 2 R B A T b A R A R OR
BRI = 4EIREAE B, M3 = AT D9 A ) A g R B
SRS B . A2 AL WS (change-detection) A& 4 144 i /G i
FEAS ) 5 35 00 LA L A AT s 00 H G v 47 A 222 1) 7 ¢
AR, AL 2D WAL B LA N8 1T i #E,
4 2D N LE A A ARSI b R TE R, B A K I R I ER
B A1k,
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r <pbjects :
i 2 e e <ob)10>2¢/0b) ID> I
H = <name>fight_basket</nape> |
1 <color>blue</colors :

1 . «shapercubo id</shape>
1 Object Sematic sl 000/ x> :
H recognition > map = 1 iy qg;i ¥ 1
: by LA-Net " — <sizer10000</5i0e> :
1 T </object> :
A XML file :
__________________________________________________________ 1
i i
1 I
! i

| :
. 1. Drop 1
! . [ |
Object | U 2. Obscured !
detect > I > Change — 3. Pick failure !
! by YOLOV8 Bhgg o" detection . :
; !
LEL ] |
| 1
...................... H
________________________________________________________ |
X
L ¢

K3 ?ﬂﬁiﬂ%ﬂﬁ%

T SCH E S B @I 3D P4 LA-Net® ik

BIIREE M A5, URBIIEARCA IR, 45 R Az
> XML SO, SIS, TP, =
YErsbR. B, ABLREARG K.
A5 Ak A 928 R Y OLOVSP2 4 A 5 L 47 5
e B REAS S, AR A T SO PRI R R S L
PHEATRRIE. B G SR XMemPP o X sebzic. it
AR, Wk (3) FiR, 9RBAIETE. ST
e UL T 24 25 1 S A 4T I B 2 SR,
{7 R G REARAEVIUAAT AT (BT) IEH# I 1K,
AD =|C; =G| = 1Cr-1 = Gl 3)

Hrh, € MG, Fom AT PRI TR A LA AR, €y
MGy Fm E—wi 0 ABKR, WAD XA B A
LIRS, FEATEGE AR T, 29 AD B 1 B I BAE, )

5 MR AE TP AR h IUBCR e s 8 ¥ s [RIEE, 2

AT T Hh A 0 o A o v P B A 52 A A AE

B
®

4 S5 y !
4.1 SR

ASCAESE 3 PR 14T A I A 7 v I ki
ATHERE, AT o, R SCE el AT WA AT R A s 58,
B J5 5 TAIRAT 90, AT LA N SE 5050 10, B0k
BATHEZE G 4 BT,

KRS HA IR BL, E5 1 BB, AT H bR
B EFRIAIEAT IR, K35 505 B R 1E S
(semantic map) 5 H P 54— FME N KIE S B
(LLM) [N, ZE AT 5 LLM 22 B AIARES, LLM R4

42 HieZ7IR Special Issue

NFEFE A FIH IR (prompt), £ BRI ik 20 £ HREAN
ENAE, BAT AR, B8 S5 R A N RIERAT b, TEIX A
R, F PR LLM 2 058 B DR E K 1 5 A8 6f
1E55 B AR, 7256 2 BB, AT H bR 2 ARIENLE A%
HRAERARIURAT I PATAE 55, 1 58 B P BRI 46T A
I ERA 1, 240 58 A IE R AT AT AR 5 LA AAREE
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