IE R R ARE

GE

GPT& R 3% : KRB R AIMA D

OO feRE S

.' .' HUATAI SECURITIES

EEHFR

20234 4 06 B | TE A + ALK

UMBANRED, ChatGPT F AR 2 L HFRLRHAD

2023 5 2 A, ## 4 H T ChatGPT for Robotics, #|H ChatGPT fi# L%
AR RAZR R A, iy, REK LM (KEFRE) il Tg
AFE REGRA, mA G265 RHMEHE ChatGPT AR, FE£E
WK TR PR EREDNETFE. IR T ALK Ef APl, R R,
ChatGPT #t45 A zero-shot #9775 Xffk & A SH R AM K GIES, 5T
zero-shot ik s 4915 2, B P AT LR A X E 3t 36698 X 3F ChatGPT %
T#H—FHF. AAH. BEMBEAAR# D, ChatGPT % LLM ¥ i %

PANE - Ao

ReFAa, FREMIFFHRLARLEIIANCD,

A% on-the-loop # ¢ ChatGPT #4MBA

ChatGPT #95| N\, /3 A X H 7 BL% in-the-loop, % ¥A on-the-loop 497 X,
B ARETTFRRET L EHETHARLEL, FALENEFEM-F &1
%, JF3 ChatGPT #irih 9 R E e & BT IR, P, X HRHHE
EMERTAXM: A AT EAMNEAFE API KT ChatGPT 4L &
ABRE ) s BHBIRAELHREE K. F3. BaTRE, BAR. HTETHF,
PAFEY A5 F ChatGPT A R4 R, B IERA4E %1749 PromptCraft A= AirSim
17 B-F 6 MBI K H HATHLE AT @ 695 7o

ChatGPT 4~ =ANE K% 5 IR 8 4 B 69 HL B A5 R

ST RN BAES, Plheid ZTHEIE, AN KT A2 AirSim T b4 &,
ChatGPT #&45 VA zero-shot &9 77 Xk, & ZREF I a9 KRB T4, 3T
BB RS, BlaeifA2S A= AirSim #E, ChatGPT Lik zero-shot
fRAE A, AL F on-the-loop 5 ChatGPT #47 X &, T AR B) & % a4
RS . VA ER RS 69 TR B ChatGPT £ s KA, @ &5 E KA,
B P8 aE AT i R A R 69 B 4m4E B N B] ChatGPT, ChatGPT #% 4%
MR E “HERR” PiInbAXBE, THE 2L RRKD,

LLM ZAMBA, FieEH. 28I FFHA

He %k 49 ChatGPT for robots 772 T ChatGPT #9i&X & A1 &M, 1) MEA
AN 5369 PaLM-E B & S A A B £ AL T L E A 89454 ; OpenAl
M 2017 SFBPFHEAEMLE AR By, 2023 55 3 ARSI 69 AT HLEA
#)3£ B 1X technologies. 2) %At F4&K & : BN X EREH Josh.ai
RAET 5 ChatGPT 46948 Al 71, M2 REAIKASR B AL R R
HRe G aa LIE T AL R LSERA, 3) FEHYF: BRAEEFA
A F ChatGPT &9 E aAA Al 815, £RFIT#E T DriveGPT.

XA

KRG “drAn” BHCLZMAIRNG PCRFHE, @) 2HFREE
FH#o BAVAN, TEWHFRIZEOETRLRTRGTH, ARG OLE:
1) FRedkss: AR, ®EeM%, PAH4IE; 2) Fid4: BAES,
ZhE, RAaAHE; 3) MB A Bk 4) RITRBRES: #dbiE,

Ao R RWEFEF, HRES TR FREABHETENSE S
B2, M ALT o
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B0 HERIE

.'.' HUATAI SECURITIES

ChatGPT: fEMBAHFAD

WA EY ChatGPT RXEMBARRAAEFGRD), HESZEIBERZ X, RERET
ChatGPT for Robotics, #| FI ChatGPT ff s A B AALF B, £ T2, K2 K LLM
(RiBFFZHEAMEHET TIUBEAT S REGRA, @m0 5 65 %4 % E4#E ChatGPT
AR, FEBEHRFEH AL BERZEINETE. X TEGNA EFf APl b, AT
ChatGPT RIFayi s FesZfifht /1, ABRFHEBAF ARETHANER, KLikh
= Sk RO R 6 F A

ChatGPT #&4 WA zero-shot ¥ 7% Xk E A HEMBAF X WGES . AR T, BT
B X8 B RiES A E KR T XML ARt 4e ) 2R 42 5 42 = (prompt) # K, ChatGPT
A FHE AL zero-shot (RHFEAF ) TR T FiRMARERLF A, LANIEE, AT T
FES, FFF A E XA T,

AR ARALE TR ARG T ERE. YAtk sk, AR IE 2 AR R Z AT,
R TEMBIEEEA R, I, MBAENBARKFEN ChatGPT # A2 -2 %48
AL, MAEA—FEBARRE NG TE, PARFITRDIT, *EALERT
B R ARAD L & e e b

ChatGPT ZAAXAEHERFTTEART HH LA, #4454, ChatGPT for Robotics # X £
£ R ChatGPT ®9#F8h T 2 ty, ¥ AXMEHZRELZE prompt, FEKTABET
ChatGPT &9#rh &£ %, R FHuiebe 7T BEiTAL,

A X on-the-loop #F ChatGPT #4MEA

ChatGPT ¥ A £ A B ARAL T 45 in-the-loop £ # on-the-loop. B AT, #LE A pipeline
GRAZ) &2 —AF 1169 T42)7 in-the-loop % 5 XA ki st AmA2. @ ChatGPT #95] \, T
ABRARAEFER T E, AL (ERRIEZHKIHT) AP T 2424 on-the-loop 497 X,

BABRBIET AL HETHARE, FALENRLEN TS LS.

BA1l: ChatGPT #AXRMEA pipeline £49 in-the-loop & % on-the-loop

Robotics today: engineer in the loop Goal with ChatGPT: user on the loop

Prompt APIs + Any task, any robot Inspeclthe shelves in
a lawnmower pattem
Objective Objectlve
Q

i‘ 'i improve

Deploy,
1L =

Arrange the colored

blocks to form the
/ -\ Microsoft logo

/S Deploy,
g 3 improve
AFA

AL w__

Go to the kitchen,
and find where | can
warm up my lunch

=

FAtkR:  (ChatGPT for Robotics: Design Principles and Model Abilities) , #%: (2023) , &£ &5%

AXR P EMEA pipeline ¥4 ChatGPT S 49 R Efe e ol . A X EME A pipeline
PHES E20HE: D RAFHEMBAREE . 5 M5 AL HE (high-level robot function
library) —7 @ @ @ AL AF &, A5 R Adg FALE A XS 1E; 5 —7% @@ & ChatGPT,
PRAEZE P B 309 & 4 B BE 4R T ChatGPT 2 #g4=i8 8, 2) ##& prompt. Pompt #%i;ﬂ':ﬁ%‘
B4R, FFARIRAF ChatGPT 4% &9 & by B F 89 B4k, sLol, LT UREEHRE L,

# &% ChatGPT 4wfT@ R AR, 3) L4744 ChatGPT ik £ R Rt )ﬂF u
on-the-loop #7% X, iBid A4 RAENL R IFE ChatGPT #r i 69K 4D, 3tk KAL)
iAot d ChatGPT 24 R Mt 4) # /K. RBfiEAK chatgpt £ LZRAFFEA
KA, AR R 09 KA PT LA E Bl LS A L AT,

R I BIGARPIITE WM A=, 35— T 3
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HUATAI SECURITIES

B%2: AXRPFAENBA pipeline ¥4+ ChatGPT #r i 89 F Z A2 bt

@ Define a task-relevant robot API library*

| want the robot to
cook an omelet and
serve it to my grandpa

*APIs should be easily implementable on the robot and have descriptive text names
for the LLM. They can be chained together to form more complex functions.

@ Build prompt following
engineering principles

Consider you are a home assistant robot. You goal is
to prepare an omelette for an elderly person. You are
eqmpped with lunctvons:
ocate me): returns a X,Y,Z tuple
vepresenl ng me location of the desired object
defined by sring "obl_name";
X.Y,2): moves the robot’s hands to
a sne(m: X2 location in space. Returns nothing:
: cooks a particular item defined
hy ob| name". Returns nothing;
): picks a particular object
defined by ob] name". Returns nothing;
Output python code with the sequence of steps that
achieves your objective.

@ User on the loop: iterate on

Simulation

@ Execute!

)

solution quality and safety

Prompt +
dlalogue

ChatGPT\

Evaluate
and @
improve

#H &Kk : (ChatGPT for Robotics: Design Principles and Model Abilities) , #4: (2023) , &%
RXBBEFEEMERTRRE
X B EHHERT ChatGPT HAMBAMRE S . MBEARKZ AN ZHLGR, G4
ZHFE. IF TR, UAREAEHFIR EF APl B, REZ LLM M s 452 T-F
& HEMRD, REERLHEFIE, FAHONE AL AL 0 T3, XA
it prompt 38 A %%&;%ﬁﬂp?ﬁim ChatGPT *#L%E A#9#1E. sob, £ F ChatGPT 4932
AL it ), T AR LT IAA APl I K #7869 APl 7 k.
RIF&y prompt R & ChatGPT #rth RIFLE R X4 . R T 4T ChatGPT A A 4 API
S, RAFEYETF L prompt ZeLdE: 1) HRFFLR: B2 5EHMAGAHARIE L. Hldo
HEeEFBRASHFFHES. KPR, 2) 32'3;‘% REME AL F PTG, Blde
FEE BN EIFHRA . 3) GATRE EMBEARAG LIRS, Plletgd R
AFedp Rty LAz EFeTr @), 4) BARA=H & #miﬂ'f’c%‘éﬁ B AxAe B 89, Bl ds B LR AH
B T R AF AT G T 1] o 5) MR T RTH: IR T ATk RS, MEALET
LLM & 75 FRE— A F B Pldmxt THRR P LML S, TARETH, SLAMNS
AL AZ A AT VABAT B 2 KR P 3 N o
B%3: R&FH prompt T4
RABRMES R —ARFIBA RS B AR: MBAZMKREL
/ /
FATHRAENS ( ‘ ‘ 0 9 1
e kA I~ )
Hind e main fun :
locate_object(object_name): R 1 Y~ 1
A9 7T H AAPI < [go-to_location(object_name): N
pick_up(object_name)
\%JChatGPT‘F use_item(object_name): Tak
HAES, HRE e Kitcher
ChatGPTAR & ‘\‘ ,
A WAPIEIE [ Sure, here is an example Python code that utilizes the provided functions to prepare an omelette for an elderly person:
2 HENHAPI
def get_ingredients(): )
go_to_location(locate_object("fridge")) # Go to the fridge and get the eggs.
pick_up(“eggs")
go_to_location(locate_object("bowl”)) # Go to the counter and get the bowl.
ChatGPT#.47 pick_up("bowl")
%, HFAMRE use_item("eggs") # Crack the eggs into the bowl.
2 > % def heat_pan():
?EQ%P;{Z& - go_to_location(locate_object("pan"))
™ ick_up(“pan”
é{rng;{ Es:_itz;(spanz) # Put the pan on the stove.
go_to_location(locate_object("stove”))
use_item("stove") # Turn on the stove. )
(rest of the response omitted for brevity)
FAtk R :  (ChatGPT for Robotics: Design Principles and Model Abilities) , #%: (2023) , &£ &%
BT E PR SF AR GHTITZ YR IR 89—3 5, 15 HL—A2 G5k, 4
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B%4: & prompt ¥4 ChatGPT #4E 3%k % £ 74

Aprompt¥d sl
ChatGPTHRHBE | | Me: Go to the chai
%}kﬁ*ﬁ:{}l} question> There are three chairs in the world, which one do you want me to go to questior

cation = get_location("chair move_to_location(target_location ommand reason> I found the location of

the chair with t C n function, and mc 1 the robot t« ds the desir

@ Yes, I am ready. Please give me your first command.
Gotot

B <question> There are two couches in the room. Which couch do you want me to go to? </question>
GO 1O the Ong sofa

@ <command> target_location = get_location("second_sofa"); move_to_location(target_location); </command> <reason> I used the get_location
function to find the location of the second sofa and then moved the robot towards that location. </reason>

<command> target_location = get_location("first_sofa"); move_to_location(target_location); </command> <reason> I used the get_location
function to find the location of the first sofa and then moved the robot towards that location. </reason>

#FHk k. (ChatGPT for Robotics: Design Principles and Model Abilities) , #% (2023) , % ## %

ﬁ] F AE 4% AP X X 695 Xik ChatGPT a8 & £ ML R. B &%t R 4749 prompt &
BRABAERNZTRWEN, RFEALALLELT ChatGPT T4k LA zero-shot # 7 X A& s JE#
ﬁ’J"hELo S, A P ST AP R 7 Xom) ChatGPT & # MAeds4-, ik H 472 E,

B £5: FAPF AW R I XL ChatGPT 72|
4% 1FChatGPTR M AH
— Y EREIH® BT

ol

I\\ r you take a step, you need to face the goal again
[ You're right. After taking a step, we need to recalculate the yaw angle to face the goal again. Here’s the modified code that includes this step:

ChatGPT '’ ’Same code as before’’’
AT E yaw = math.atan2(goal_pos[1]-current_pos[1], goal_pos[@]-current_pos[@]) * 180 / math.pi
set_yaw(yaw)

%WChftGPT [ This code should ensure that the drone faces the goal after taking a step, and continues moving towards the goal while avoiding obstacles in
AEA LI front of it.
gy function

You are not using the current yaw angle when computing the step vector. Remember there is a get_yaw(

B You're right. After taking a step, we need to recalculate the yaw angle to face the goal again. Here’s the modified code that includes this step:

ChatGPT # Take a step towards the goal while maintaining the yaw angle
HiTRE step_size = 5 # take steps of 5 meters
current_yaw = get_yaw()
step_vector = [step_size * math.cos(current_yaw), step_size * math.sin(current_yaw), @]

FA&R:  (ChatGPT for Robotics: Design Principles and Model Abilities) , ## (2023) , # & 5%

WA R R prompt Fei5 A-F &

AR PromptCraft f= AirSim # s A AN B AL A F 6915 K . PromptCraft £ %
BREGKAT Github 89645 FRFE, LHFTARSFIRMNES /\H:% ¥y R LA
(prompt engineering) #® % . A F T A 476, st LAEANGRHTIES. I,
PromptCraft i& 24 7 —A i & ChatGPT {3 69 AirSim 3135, 44 50 A R 42 42 69 B B3R

B xR T A ok BT R AL .

S
o

BT Yo B TR PHTIT Y RIR GG — 3%, 1 Ao —A2 I 7%, 5



7 g KN 1
- s iy ERIES

B%6: MR F R PromptCraft £= AirSim F &

=. Microsoft

(@ Overview ] Repositories 5.5k B Projects 73 @ Packages R People 4.4k Q Sponsoring 2

Q AirSim Type ~ Language ~ Sort ~

9 results for all repositories matching AirSim sorted by last updated g Clear filter

AirSim  Public

Open source simulator for autonomous vehicles built on Unreal Engine / Unity, from Microsoft Al & Research

M A

research  ai  computer-vision  deep-reinforcement-learning  artificial-intelligence  self-driving-car  deeplearning
@c:+ F4054 Yr1s125 (D580 §128  Updated last week

PromptCraft-Robotics ' public

Community for applying LLMs to robotics and a robot simulator with ChatGPT integration

simulation  airsim  llm  prompt-engineering  chatgpt  robotics

@python SBMT W72 e O1 111 Updated last week

(2023) , &K R

#A &Kk :  (ChatGPT for Robotics: Design Principles and Model Abilities)

¥4+ % zero-shot T A A MR

ChatGPT #£45 X zero-shot 8§ 7 Xk B £ MBALES. S THEAMEALS, AF
RERME prompt Ao R EREE, TFEREEKGNKRDTH), ChatGPT BT zero-shot
fRR AT E I, IR AL RANA AN T LANEF A, 1) HRHER: 2L ChatGPT
EH-ATFEEA, ARTARBREREZE, 2) AREFLAMNTEST: &4 ChatGPT
Fo APl 42 — AN A F 6 LAM, TR kFEAES. 3) AirSim TR : XL F AirSim 4
M3, AR ChatGPT = %A DUR L AT T L A,

B%7: zero-shot 5 34 A FE X AMFe T ASLL b A2T)

| just came back from the gym and am looking for a healthy option
. 1 am thirsty. Find me a drink

- 1 just came back from the gym and am looking for a healthy option.

First person view

meters above your current f

e to fly the drone up 30 mete:

AR

BT YA R IEURPHTIFZ WRIRE 4G —3 %, 18 Ao —A2 V] 7%,
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D% et

£ 4% : HA P on-the-loop XREZXxtiE£ A

EAEXR P on-the-loop XET, ChatGPT B 2 R Z A LM BAEFILES. T2 E
Ze4y 172, ChatGPT % ik zero-shot TR H T ARARA M, HEAERF TIAAL KR
WX B 7 X8 ChatGPT, T iR425 3], ArSim #REF444, 1) REF T #H#x
ChatGPT i #6945 B Ak Bk ae, H R ATF 2B AEEFHALO N T 2 H L6y K3
FE %, 2) AirSim @ : ChatGPT #M = 7 s A0 K39 Xk, BmEREAIR
HRAMIAGERDME & ALRBKHAZEN AKRIES, 12 ChatGPT At 4332 M+ £ %
6942 B 3t 4T KA 45 iE

B &8: #4R ChatGPT R £ 4B IA E kbt

# I ChatGPT4e w\ I ou to learr yw to place an object in a position. Considering you are holding a generic object, you f
TNk & 1bove the target location, bring the object down and then release it
A3 2] B A7z B Und i funct h - 3 o h e .
Ets, RER n ~erstood. Here’s a Python. unction that takes t e position where the object s| oul d be p‘laced, moves the robot arm above the position, brings
WHT, REH the object down, and releases it. Note that the function assumes that the robot arm is holding an object.
Ttk " -
def place_object(position):
# move the robot arm to a safe position above the target location
safe_pos = [position[@], position[1], position[2]+100, position[3], position[4], position[5]]
move_to(safe_pos)
# move the robot arm to the target location
move_to(position)
# release the object
release()
# move the robot arm back to the safe position above the target location
move_to(safe_pos)
r [Reproduction of SVG generated by ChatGPT]
ChatGPTR £ 318 Awesome! [ want you now to use the blocks to build the logo from Microsoft on top of the white pad
Srif “mA” HE [ Sure! Here'’s the Python code to build the Microsoft logo on top of the white pad using the blocks:
LHROGRA
#4HkR: (ChatGPT for Robotics: Design Principles and Model Abilities) , L (2023) , #HHR

Reba-SHAEEIR . RABER G318 E R

ChatGPT #9314 R B MATLR A kAR {M. ELFREZHESF, —TF @, ﬁ%"jil
Reb A Bl APl e 2o “ XD ” div i o A Bedo- B4R HR IR, A A AR R SR Aot AR AR ) 55 R
Hik, ERMBEAFMAERTEGRXEELE. 5—F @, E]F:\:\iixihéﬁﬁﬂ%/\%
89 B s iz S N ] ChatGPT, ChatGPT fe %5 M AT ML AR iR 42 2t 16 R 427 4 th 48 K ARAE,
1 ARG AXAD 2 Ao

1) B gRE: ¥ APl BHFFRA £ FM: H ChatGPT #4t 7 3t i+ F AU 3 AL R 645 19]
VB A B BHFEW —3 5. ChatGPT £ f “RKAD”7 Hrib b A Bsr-sh EMEIR, = IAEH AR
KA B WEAFIIIE, FFMEA P8 R0 H 6k,

BT YA R IEURPHTIFZ WRIRE 4G —3 %, 18 Ao —A2 V] 7%, 7
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B%9: AHNKE: ¥ APl AWFRM £ FM5

... (model comments omitted for brevity) ...

'"’prior code omitted for brevity'’’
center_x = (bbox[@] + bbox[2]) / 2
center_y = (bbox[1] + bbox[3]) / 2
# Compute the distance and angle to the center of the bounding box
img_width, img_height = img.size
angle = math.atan2(center_x - img_width / 2, img_height / 2 - center_y)
distance = (center_x - img_width / 2) / (img_width / 2)
if abs(distance) > 0.05:
if distance > @:
# Bottle is to the right, so turn right and move forward
turn_right()
forward()
else:
# Bottle is to the left, so turn left and move forward
turn_left()
forward()
'’ ]later code omitted for brevity’’’

SA Find out where | can warm up my lunch

Find and navigate to 'bottle'

## &K : (ChatGPT for Robotics: Design Principles and Model Abilities) , ## (2023) , # %

2) B HKE: 4 A ChatGPT #9xt3& 34T ] R4 5 5 F4
EENGZT, AEXR FEHFGREME (T AT ey RS AR AR) 45 4 siE LA AN,
ChatGPT #94ir i IRIA S @ ATRYZHIEH AT AE, FATHA “HiERA” BIFMEA—
T FAE R AR K IR,

B%&10: 48 ChatGPT #xt+&3H4T H SRR IEF $H

[Initial model prompt found in Appendix B.5
} ne: <door, 0.53 m, 22 chair, 4.84 m, -21 chair, 2.12 m, -24 window, 6.74 m, -3 window, 7.17 m

hairs Objects in the sce

Task: go to the

6 door, 0.61 m, 18 stairs, 1.42 m, 0> Command

@ move(1.5) # Move forward by 1.5 meters to explore the environment.

Objects in the scene: <seat 5.05 m, 21>, <chair, 3.93 m, -25 window, 4.55 m, 22 window, 5.24 m, -4 stairs, 3.49m, 13 window

5.67 m, window, 4.37 m, 23> Command

turn(-25) # Turn to the left to face the chair that is 3.93 meters away

Objects in the scene: <chair, 4.85m, -14 chair, 4 9>, <chair 57 m, -23 chair, 2.66 m, -24 window, 4.96 m, 10 window, 4.19 nn

25> Command
H turn(-10) # Turn to the right to explore the environment further.

Objects in the scene: <door, 5.07 m, -25>, <chair, 5.36 m, -6 table, 2 m, -24 chair, 5.01 m, -1 chair, 1.80 m, -16>, <chair, 3.15m, -16:

1.30 m, 19> Command

@ turn(-6) # Turn to the right to face the chair that is 5.36 meters away.

n the scene ounter, 1.24 m, -24 door, 5.93 m, -17>, <chair, 5.48 m, 1>, <table, 2.6(

Object

chair, 3.53 m, -7 chair, 3.16 m, -18> Comm:z

turn(1) # Turn to the left to explore the environment further.

B move(5.5) # Move forward towards the chair that is 5.36 meters away.
10 chair, 0.99 m, 20 chair, 1.77 m, -20> Command

Objects in the scene: <chair, 0.96 i

move(1) # Move forward to approach the chairs.

[snapshots from Habitat navigation)

## &% : (ChatGPT for Robotics: Design Principles and Model Abilities) , ##t (2023) , # &4 5

BT Yo B TR PHTIT Y RIR GG — 3%, 1 Ao —A2 I 7%,
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B&11:

UMBARTHT, LLM 2 LFRL#HHFAD

ChatGPT % LLM ¥ mRA 2 L F L5 AT, ChatGPT £4 7 ARET M, KDL
RERE, FEAMET @GO RERZEN., BT, ChatGPT &a/MA R (PC) Fof
IEAD LRI T E AL @O R, QI NE (Bt 365 Copilt). WE 4 (i
Teams). # #0354 % 51 % (# % Bing). 4] &4 # (Adobe Firefly)., ﬁi#fzé’ﬁfm&,ﬂm%,
ChatGPT fe 5 HIMBARX— AN T ERERHF. Ak, ChatGPT ¥ LLM ¥Rk %
HALERAR, TAFRLRIAD, FELEEAND B,

Av#l: A, BEEEENBA

536 PaLM-E R F SHRARARAHFERATAMBANES . 55T 2023 F3 AL TH
A KEFEA PaLM, 3 TS ELAL G Fe SRS EA PaLM-E, £ T ¢
B A H] (BF £ 5 (GPT £7]: A F %45 PaLM-E), 2023 % 3 A 14 H),
E#IL%/\\@’J#}_" JRAZP, PALM-EBA L TFTALRAFWEARER, £RMNBEAEFRIS,

REBIE T B AL RBHE &AM T —F 54l 54T AR EAR]. S5 ChatGPT
for robotics #art, PaLM-E £z TR K G693t SR SMANGEMARERM B, @
WA R R R E AR EMNE AFAL T 49 on-the-loop %+,

PaLM-E % 5 2] 4L B A6 3= I 73R+

horizon

—

“sort the blocks
by color”

goa

REH

Push the yellow heart to the top right comner

language
commands

robot |

images obot actions

TR
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