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Ty LWLIHIRERICNLTIE. TRICKS 227 %ERHI ) T7—T7NDLEZEETE, TI%2ETC5,) &
EDY 7Y RATICHRLTEITTEI LN TE 5,

CDE) R LNV OMRNVIE R OB & FEITHIE, Ry Fofivued 3 EEMEZ REICH L3
5, L—H—iF, HNARFERCHZER 2 A8 E €T, HRLBE TR A Y MCHERZ525 2 L0 T
5, IHICKD, HEiREPEES, THRE Rrha—Y—rury F2EZIMEHTEILBTES
91tk 5,

2. RN % A 7 D5E% -

K AT L, OV 7Y RSN EMNLE IR 7 %2 —BH L TETTEIENTES, V7
5 27 MORGEERE SN SR E LTRBEL, ¥ 2705t L FEiT2RuElT 2 2 LT, Ly 27
ZRNRINCTEER TS 2 EDHEEE RS, HlZIX, a—t—%E25 A7 TlX, ~7hy TBROD 50
AR EHLZBT 2 L W) IKFRIREZEB L ZGHHZ T2 N TE S, 2. ¥ A7 ORI
UCEtliZ i L, P hR (Bl a— =GR RE LTV AEE) SBT3 ENTE 3,

COMRIF, SHEAH Y R—% F DY A7 g EFHEBES. BXOa ARy MlEIS R T 2 Ol E
BIICKk>THEINS, SHEUHa VY F—2 v M, YRV ZFTAREY 7Y A7 IR L, + 75 A
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7 EOREBIR 2 ZE L 2-5HE 27 C3, 7. v Ry #2721, BEOZLOAMEFEE IR L
T, HfHINRS A= Z2H T2, 2k, SATLRENNLEY 227 %2 —BH LTETL, P RRN
WHMIBT A ENTE 3,

HIKW 2l & LT, TYRZERLT) LWIRMNEY R 7E2EZ2LE, YATLIEINE TBMER
B2 S HLD 9y TPz ) ¥z, THMET 2, TRHE2ZHETS, TRBEEZED T3
BREDEEDY TY AV IHIRT B, BY 7Y A7 ITIMMERBGRRH D, #2113 THEZ2Y 5, 12 TH¥E2
W) DT LEBICEITT AHERD 2, SATLIEINS DRERRE2ER L2537 T, S
YR BETT S, 1. B CEMOBRRE LTS Z LN 2854, S AT AIFEHHZ2FE L. R
DEMEMHEHT 20, 21— —ICHEREZWNL R EONIEEITI 2 W TE 5,

D&Y BRBINZG S 27 D5EZMENIE, v Xy P OEMAEEEAEZRNRCA LSS, vy FIH
FRBEIEDORE DR L 21Tl HMTELEREDI A7 2 —~HLTIFITTHILNTELL)ICEDS, I
XD AR, NS, BEETORMRHNIERE L L R4 RICH TR Ry P OiEHNED C
LIRS NS,

3.9NLVFE—FNT 4 — Ny 7 DA LG -

K ZATLIE, BRE, IR, EFBREDRLZZ2E5)VTA4DED 74— NNy 7 2HETHI LT, &b
HH R BURRRA L I TR 2 FHLLTw 5, BE 7 4 — FNy 7% o TR OALE TR % 32
L. HE 74 =Ny 72Tk oBWHEAERZHIIL, EF 74— PNy 72T —4—
EDOWNEEAMEET 2 2 LTES, ZHUTK D, H—DESYY T4 TIRIEZ & N WEMERDUS IR T %
DL D,

COREIE, HEIATL, HEEY2a—L, HEB# - OREY 22—, B LFE—¥LEeT
Pa— VOB Lo TEBEING, HEL A7 23PkomHE e /X v 5 —2 a3y, R—RAHERT
W, NREZ 2N E PV DRIE, D2 T, E AR - AT Y 2 — VI E R E AR, A
EEMAET), SLFE—IUHAE Y 22—, IhonfEREZHAL. —BLABELE2ERT 3,
UKD, AT LIT LD B IR LIS TR E R FEBT 5 Z L3 TE S,

BARN B E LT, MEZTECIR I 2EZDLE, SATLEHE 74 — RNy 7 2HwThy 7ONE
ZREL, HE74—FNy 72O TEARZHIET 2, A2y 7BBELGE, SIHE 74— KXy 7%
FAWTHLOMIEZRE L, B2 2, £/, ARy 78R r S Bngia b, IR
74— 2Ny 72 O TEARZ GAICEM L, @Y %s A4 SV THEAZEILT S 2 ENTES, 35
2, == TH 5D LIENT) EHFEFETHERLLEGS, BA 74— Ny 72T Z20fmz B gL,
BMOHARZES I EDBTE S,

CDEIBRVFE—FNT 4 — PNy 7 Offie LIGHEIZ, aiy F OB L #EISRE /) 2 Kk
MEI¥E, BARY MIFE—-DX U —DRAZEZ, ANHD XS ICEERORERFE2HAE L CERELZHREL
WISCATEI T2 2 ERXTESL LI IR D, ZHUc kD, PHIATIREZRBREL N COMMELR &Y A 7 EITH3 1] HE
ExD, vRy FOIHHEFADKIFICIERT %,

4. BREI DAL A HERE A DS

KIATLE, VTIVIALTT74— Ny 7 2H0 A, BEEOZLLAMEFME IS 2 @ IGAE S % M
EXE22EDBTED, WEPBHLGE, HE 74—y Z72HWTH L WLiiEZFRE L, BifE%
BT BIENTES, ¥, PHRRBEYIENGE. FEHTH 25 2 L TE3, 612, HE
74 =Ny JPFRERELZGE (BB EHLAFRIDBEY) | HOFHEEZITHI LWV TESL, 2
kb, PHIATRZBRE T T, YA 72k L CEITT 2 2 EWTREE X2 5,

CDRRIF, BH AT L DB MOBRINRE . NHEEY 2 — VO SflHEE ), X a Ry Hl#E:>
AT LDOBIGHIBEEE I K> THEBIN S, SRS AT LEREOZEZY 7Ly A4 L THRIEL, T
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P a—)L i3k L OMEERZEYICHIET S5, aRy FHIBIC AT LIZ, SN6D 74— KNy 712D
WT, iR A= ZBNICHET S, ZUTE D, AT AIFERBEOZLOAREFEEISHEIG LT, ¥ A
I ME L CHEITTH I EDNTES,

HK B E LT, 7—7NDLOUEERNTE29 20 %2258, PATLIIHE 74— RNy 7 %
Motk ofiEzfE L, 1 L TEE SN GHTICIET %, &b s BH) L 854, AT 41
FE7 4 — PNy 72 HOTH L hiEZRE L, BIfEHRIZ 3% T2, £, DRI PRLD S EVLY
B VATLEINE T4 —FRNy 7 2HOTZOEI ZHRAL, HREHZHENEE 20, WF TR LT3
REDWINEIT) I ENTES, S50, MEGITICEEYPENIGE, SATLAEHE 74— PNy 2
ZHOWTZOBEEY ZBEAML, BT 220, JOBGAICEET 2% EOXNEET) 2 EBNTE 3,

ZD X BBEOELRARHEEMEA~DBEIGHE1Z,. v Ry b OEMBcoBFMANEL2 KIECA 32, H
HFUIEICZML L . AEREMEICH D TV 270, BREOZPCAHERICHEHETE 2Ry M, £ h%L
DEMMNBY A7 %FTTHIENTESL, JHUTK D, FE, ER, BEEL Y e conry
t DIERDN S 2 E DRI NS,

5. HIFRAN— R DRI 2 TG & IRk -

K AT LIE, RAGEZ W THEER—AZ RN L, S AT LD REZER TS 2 L3TE S,
RO 7 Fa—FTlE, HEHR—ZADHNAEZEHNICSEETLDAYTFXIA LT 4 ¥V RIICHAAAL TV
72, HEER—ZADILKIZHE R T 3 =<V AP T 21D 572, KT AT L TlE, RAGZ HWTHI
R =205 BT A6 2 BIIGEIR T 2 72, ARRR—ADMERLTH 7 =<V A%MRTE S, C
UTE D, FILVAEROBIMPHEFNES LD, S AT LD N ZMGRICH EX8 3 2 EQHREL &
%, FEEERERIC XU, RAGZEH T % 2 & T, GPT-4DEIFEMER a2 72%0.742> 508812 L L, GPT-3.5-
turbo® UEMEZ 2 7 23%0.78%>50.861C 1A T3 Z L DER I T B,

CORRIZ, SHELM Y K =% F DRAGHEEEIC L > THII NS, RAGIR, 2—F—D 7 1Y) LB
DY AVIREER R FIVHELDAARIZERL | HER—2ADEF v 7t Day A, VEMEZHELT, &b
BEMED BT v v 7 238 IRT 2, BRI NLF v 7 ZEBEBETVOANIBME N, X 1 FEEcBHEM:
DEVINEZERT A ENTE S, ZNUITED, PATLIBHFERR—R ZRRITTEH U, IEEE: %
TBHIENTES,

BAKZHB E LT, SATLICH LWY R Bl Tvr—%%20E%, ) 28NT3858%25415 L,

kD7 Ta—F Tk, SRV —FEDICHTIETCOABESEETLDA Y TFA MY 4 v RO IHA
AGRERSD Y, BHEOAREGDLEZ LAy TXA LT 4 Y FUOHIRZBZ 2 0[fEMLNH -7, AR
FTATIE, S —FEDICBET 2 A6RZ ARk — 2B 2 721 T RAGHSHAERIZ)E U T BEH 3 2 JiEk
ZEL, SHEETMCERMET S, ZUTX D, FEER—ADBERLTH, SRATLDN7 3 —< v R %
FT232L2TE5S,

DD BHERAR—A DRI LRI, v Ry FOYEEN LR 2 KiEICh LIS,
Ry MIHLWAERZEFRIOEML, ALY A7 ICRIBT 22 e TESL LI kD, ZHUTkD,
Ry b OGHEBEPIERAL, XD DFEANRI A7 ZEITTEIEWHREE LD,

6. AR 7 BYEA L -

AL AT LIF, BHEETNERRERE TN ZHMAGOEL LT, FILOBERY -V 24EKTE &
NTE S, HlZIX, DALL-ER EOMBEAERETVER T, ¥—7—F @l "Sv8aklE T80
BiEY)) ) ICED VT ATy PRAERL, 2OT7 Y R 7 A it UTYBI I (F] 2 1) (g
5TENTES, THUTEY, 2—F DRI T, EMIABIE (B i, ) 27352
DML D, Eh. JOWMIE T — ¥ ORI T T T — i EDISAIC bIEETE 3,
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ORI, FRBUH 2 Y R —3 v F ORLEN B BIFEKEE ) &, SRARE TV OEBAEKREIC X -
THEEINS, SHELMa Y R—%2v ME, 2—F—DFErro X —7— P2 L. @EAERETIVICA
NT2, BRERETVIE, ¥—7— FIcESOTHRZER L, 2O o HiE#mz Mt 2, v
Ry bMilfle 257 20, S NABEFICB->T, v Ry roEERHIET S, ZUuc kb, AT LA
WENZREERZ AR L, FfTT5 2 L3 TES,

HARRWZ2E L LT, 2—% =2 TIIcMHiofkzifieC, SRR LGS, YA T4 My tv)FxF—v—
FZ#H L. DALL-EIC AT %, DALL-EEfio LTy Mgz AR L., > AT L1372 DHiE»S 77 b
A v RT3, SN 7 7 P74 E, MoJEIcEGbE TEBRIN, uly FEXRXRVYZHWTZ
D7 b 7Aoo THilZIT), £, Tr—FIiny == 7= LB OTETHi>T, L\WwHiE
AICRLTIE, YATLIE ThyE=—nN=—25—; & TfE; twH)F—7—F2#HEL., 7XA+ ELfEDE
flizflAafoMlzER L, FEITT25 2 ENTE S,

D &) BANGNZBEARBE IZ, v Ry F OREN &EHEH 2 RIICIAR T 2, v Ry bIZHiZ
IAEPESERE T e <, ZEMi R RBCEMERN 2 8IEEE 01T B TE 2 L) Ich%, Zauckh, =¥
F—TA XAV, BH, Bkl HitczaBconRy FOEABPES Z EBHIEI NS,

7. &AM EEED R |

AR AT L, ZEFRZHAALZ LT, SATLOEEELEEEZH LI EIENTE S, A
HERL N OHIR, (FEEEMOBRE Eofilid, EAXNARE—rar 7)) 374 7Ica—MeIntwa iz
b, BEETNVDLI —DBIN6DHIIZA—N—=F4 F5252 LIk, FlzIE, FEHEEIZ+0.05 m/sbL
WIS, A IZ+60°/sINICHIR S, =Y F27 227D hb20NIcHllREn 2, £/, =y F27x27%
BHEMERINEEEMOBRNCHREINS, Chck), aRy P OEERZELOEEEDOE VY
DERD,

COMRIE, v Ry Ml 2T L OLRHIFIFEIC L >THEESI NS, aRy Ml 2703, F&KR
HEER I DHIR, ERER OB %2 EoLatflfyzdE L, Ino iz iy 2, HlfcEKd 2
ESRIL S NG G, P AT LRHBNICEfE2EIEERBBIET 5, JUck D, YATLDEEMEE
EHME 2R T2 2 L3 TE B,

HIRMZEE LT, vRy P33R R L TR T 28, SEETANERL 722 — P> THEdE &
BEZIER LA TH, Ry Milflls 27 2 0ZeHFIC & 0 BR324 2 8 NI HIR &
%, ¥z, vy FWMEEEMOBERIGE DV GE, AT LI HEINICEIEZ BOR £ 7213 FE L, BR
ZEZZVWEIICT S, 612, kL oMEERICE VT, @EZL Db 2 kRS 2856, AT
LN EFIR L., Pk EREDBE % <,

k) ettt EEEom EE, vRy FOFEALE B RICAARTH 5, KeETEEEDRE D
Ay M3, AR EHEETIRETZOLLTHTS I L3 TES, ZHUTk D, HE, B, ZAELE. A
M & #BIcBb 20 con Ry F OIGHNEDR 2 LIRS N5,

S.AMEDHRRA VST av:

R ATLIZ, GHEBHE OREP 2NV %2EBL T, 2=V —LOHARRA VI 77> av2FEBT L
ENTES, 21—V —IZHARSETHETR 2525 LB TE, PATLALHASECTINETE I LDTE
5, £7c, YA DOFETHS, 21— — L ONEERMEE L, HEIEU THEMPHERZIT) T LB TE S,
Nk, =¥ —tuXRy ol a=r—rarvPIY)HBICAD, 2—F—Z 7 ARV TR
e (61 A A

COMNFIZ, FERE AT 2 -V OEFERTEBAE N &, SHELMa Y X—%2 v b O EE A
WKEoTEBING, HFEBak - AOKEY 2—1F, 2—F—DEFHERZRHZL. AT LOINEEHEH
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THNT S, FEEAE YR -2V M, Y- LONFERER L, HEIEL CEMPHERZTI.
NITED, PRATLEFL—F—LDHRBRA VY 772 a v 2HEBIT 5 LNTE 2,

HEMNRHE LT, 2—¥ =23 Ta—b—%2{E>Ty LHERLEEA, YATL1F ™ LIEDELL,

aA—b—Z2fED FT, SN TCHHHIBRETT? ) LIREL, 21— —DIFAEMER TS I LN TE 5,
. YAV OEFHICRIENRELZBE Wl a—t—E0XFRRLT0w3) ( YATAE Ta—t—H
PYnk )Ty, CoFERIETHL, ZRELMDORFI V7 2ED T2, LHEML, 2—9—DiF
WM ENTES, 5T, FAVDRETHICIE Ta—b—NTEE L, 2B FHENTESZ
ElEHDFETH?) EINEL, ROBREZFRFOZ LV TES,

CDEIBABEDHARRA VY 77 avigliZ, BRy FOFVLRT X EZAEZ KIEICH EX ¥
%, =Y — 3R AHES R Th, BARNFEZEBL TRy F28IETSZ 2 ENTES, I
2k b, EEREEYE, ML ARy b EEGIHEHTAI ENTES L) ICR
5,

9. R ME & Zedri:

K ATLIE N=F 727 IRGFEL 0GR >TEY, L hu Ry 7Ty b7 4 —LICHEAT]
HTHD, £72. RAGDA Y77 AL 77 F % HRMITENTE 57-0, HaystackPvebra’e E DA —7 v

V=AY —=NLZMHHTEI LD, OpenAIDRAGZ UL ZZ T2 L HHEETH S, X 5IT, AH~N—2
DHNBESFHIIAETE 2720, HLWLY R 7PN T 270D EZBMT 2 Z 08 TE5, Ih
KD, AT L Oz MEEICHER T 5 Z EDSHREE 4 B,

CONMRIZ, PATLDEY 27 —FGt LML INA VI —T7 2 — ALk TEHEING, KFarR—
v b (SR, QE 270, HEEY2—0VRYE) IS LCEEL., B3, vy —7 2 —
AEBLCHET S, ZHUCED, FFEDa Y R—2 v bR RLZFBEICESHEZITH, VAT LALERHE
L2 LD TES, ., HBR—ALEHELINLBRATHEEINTV LD, Hi L WAKE RS
BT 22BN TES,

BARWN Rl E LT, K RATL6Z28 208y V779 74 —24 (i Universal RobotsD 7@ 1 2~ v

. Boston Dynamics VU (TR Ay ) ICHAT 256, vhy Ml A TLD4 v ¥ —7 = —A %%
RTITY P74 —LICEbETHETZLTT, oa v R—2 v V320 EMHT I LB TES, £
7. RAGDA Y7 7A 77 F 22 ZHET 284 (Bl : OpenAIDRAG 7 1 & A %> & HaystackIC A T 5 15
A) . BB oY R—% v P ORAGEIEIS S 2T 22T, hoa v R—2 v MIZ0EEMHHT 2
TLEDTES, S5, HiLwy Ry Bl T¥REYE BT, ) KNIBT 272010, ARRRX—RAICBHET 2
B8N 2720 T, SATLEZDIRAIZZITTHIENTELLH) IR D,

SO &) BPRHRME & KX, Y AT L DR AT S RIA VIS Z FTREICT 5, S AT L IdERA &
N=FI27 77y b7 3 —LEATE, ALY AZICHIET 5T EMNTES, ZHUTED, Y AT A
DIEAFPADKIRICIERL . SRRBRERTI COIHADED 2 L PFS N5,

10. A X 1)L X — & BRETE ] ORI

K AT LIE, RN Y A7 FITICE D, TR —HE EREAM 2T 2 2 L8 TES, Bl
¥, Kinova Gen3 R Ay b7 — A DWHEEI113KI36W, NVIDIA RTX 2080 GPUDHEE 113£9225WTH D |
43Dy 2 7 FIFITE T B LR ET R 7g HEE I NS, Zhid, AMDFEMD Y 2 7 2 RT3
DG EHIEL T, TRLX—EPENI EEZRLTWDS, £, A7 0fkdEbic XY, EEKZ8{E%
Wo L, SHICZRAVF—EL2MA LI EVHETH D,

COMRIE, AT LDORHRN LY A 7 EHE EETREAIC K> THEBISND, AT LIE, A7 Z2iRkiH
BIEFCHEITL, MEALBEIEZR/NRICIIZ S 2 L3 CE 2, F7o, BREOZCAHEREICHEILE TS L
T, HfTPBIEOBREEZIES L, T2 VF 3K z2m L35 2 LR TE S,
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BRIl e LT, BROMEZ N T25 27 2EZ2% L, AT L3WEOAE L Hivhz ZRE L
T, REZIEF CYME2BE IS 2 L3 TE 5, Jruc kb, BEHEE L R 2 R/MLL, 3L ¥—iH
B2l T 22 L3 TE D, £, MHRDOIERHICRKL 56, SATLREREIONHE 74 —F Ny 7
ZHOTHIRHIEE D2F L, HETORDEZHO L LB TE S, JUTK ), HEUTOREZ S
L. TANVX =Rz L35I ENTE S,

ZD&I BB FIX— EEBRBEAMOMEIIE, Rt TRt DFEBUCEHBRT 2, TRV X —ZIFEDE
Ry b RATAIE, Bonl 2L X —&EREZIRWISTEH L, BREAOAMZHRNRICIZ S Z £ T
X2, JHUCKD, BURICHUE L 2T Tcor Ry MO I3tEd 2 LI n s,

INoohBIc kD AFEHIZ, AMEBEL, BRI A7 257 TE5 AR Ry ) OFEHRICH
MRS 22 EDTES, FT, REPEFEHG & EOFPHIAAEE 2B T coXig, 8IS 2 Rkt
B, Y—EZEICB I BEENINE E. L 2o cobHABEI NS,

7. 5EW 2 Gl g % 7 DILTE

BUT . RSO KNI TEIC OV TEAINC SIS 2,

Hi > A T LERR
K ZTL1E, UDFON=FI27EBLXO0Y 7727 av =%V b6 INS :

1.BRy F7—A

AEMEFETIE, THHEDKinovaGen3r Ry F 7—A%2#iHT 2, ZouRy F7—241%, EeEBE
EREE R RIMEE I 2 RS . EMERERES A 7 1IE L T\w b, 7oDmERBEIIC X D, AR OB T B fEEE

PH & i EH LT3, SBEfIIC3EBEOL Y a— Y= BRIncs b, BfiME 2 EcHE T

L2EMTESL, T, FHEEICE ML RV —DNEINTE D, LS DNERAT 2 2 L TE

%, ZiUuT XD HHIEHSE SRR e R R ERE R EBLLTw 2

Kinova Gen31 Ay b 7 — LD FEELRARIZLLTOHEY TH 5 -
-HtE 7 033, 1, F8E3)

- AU —F 1 902mm

- Al ¢ kg

- DR URSEE @ £0.1mm

- R 0.5m/s

SWHEET) 36W CEEEHERE)

- B 8.2kg

SEfEA v =72 —RA A —%%v ., USB

v Ry b7 —240%, ROS (Robot Operating System) %@ U CHIfHIZ 415, ROSIZ, vA Y FFEDZDOD
A=) =ADY 7 I =2T 7V —LT7—=7ThHhH, aAhn—Fr =7 toillie, @iffkary b
AT LDOREEITHE L T\w5, A AT L TlE, Kinova ROS Kortex7 A 77 V) Z{# ] LT, Kinova Gen3 12 A v
F7— 4 EDBERMELT B,

2. W 8= 8

0Ry b7 — 2D, Robotiq 2F-140mm 7)) v S—Z D F1F %5, 2D 7Y v 8—id, RWIELEWA 7
P/ RT3 2L TE, RAHOEIZ140mmTH 2, £, EFHEHBT L ENTELLD
Wiz A 7> =7 & (2 B0, A7 A8 »oBEAZA 7= (Bl TH, B&) T Kkixint7
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Y7 Y ENTHRT 5 2 ETE S, 7V v —oifillfilld, ROSZEU Tirha, BrPHEE s
NZ/ETHIEBTE S,

Robotiq 2F-140mm 7"V v S — D EERAARKIZLI T OEY TH 3 -
- i RBATTHE © 140mm

- R T £ 10-125N (FH3&ATRE)

- BB FE © 20-150mm/s (FH3EATHE)

-H kg

SWHEE S 5w CEFEEIERE)

-#fEA v ¥ —7 = —A  USB, RS-485

TV =ik, ROSODT7 7Y av P —N—2d@UCHIHEINS, 77 arvy—n"—=iF, 7Y v —D
B, Do, JREDE=% ) v/ EOEREZIREET 2, 7V vos—0fREE (BHEAGZIE. R %
&) X, SOHzD PR CHFII NS,

3R Y —

BRI D3R ILEIIZ BT % 72912, Azure Kinect DKIEE A X 7 Z{HHT 5, ZDA X F1F, 640x576E 7
IV DIRERIETI0fpsD 7 L — L L — FCEIfEL . SR &L RGBER % FIIRF ICHUS 56 2 £ TE S, %
¥ —iE, Time-of-Flight TXZEHM L TE D, SEELREENERETH 2, £/, LAL Y A2
LTV 70, JEOEHEA ORF120E, FEE120E) Z2HEHELTVY S, 22X TOKIEICIE, 14cmD
AprilTagz L, AX 7 vy FDOR—RADEDMEALEZIT), J1UTK D, 100-6KTHDIEETY
RO EBRHDTIREE & %,

Azure Kinect DKIEE A X 7 D BRI T oM D Th % -

- RGBRREE @ 3840x2160 (4K) . 2560x1440 (2K) . 1920x1080 (FHD) . 1280x720 (HD)

- TREEFRARIE © 640x576 (30fps) . 512x512 (30fps) . 1024x1024 (15fps)

-REEE— F I NFOV Unbinned (VTFERE, SAHREE) . NFOV 2x2 Binned CIEFHRE. (RAHESE) | WFOV
2x2 Binned (JAfH, {KARREE)

- VREEHIPH : 0.5-5.46m (NFOV Unbinned) . 0.25-2.88m (WFOV 2x2 Binned)

- BB A K120, MEIE1208

SEfEA ¥ —7 2 —R 1 USB3.0

ARXZ6 DB T—F1E, ROSO FEy 7 & LTAI N, BIEATAICL> T I NS, #HE>
AT LU, Grounded-Segment-AnythingZ i\ T, WIEDOHI L /X v 7 —> a v 2179, BRI 7-Yk
DAR—R (I7iE L £8) 13, W1/BHzD BB THEITI I NS,

4. 1z ¥ —

ORy FOLY REZ7 2782 N2 MET LI, ATIZIRE2 v —%2HHT5, 2ok
Y —ik, ofili 3oy L3D ML y) OMMENFRETH D, 100HzDH >~ 7)) 7L — b CTEIET %5, HIE
B 7 VA — v DR12%TH D, Wil e HOZLHMINT 2 2 LN TE S, Y —DKIEIX, EHD
WERZWIET 27012, MBI VIRETR vy =¥ e 2R T L) cifli%ds, cnickh, = Fx
77 b 3% IEMEICFHITCE 32, BKIEZ Rk 213, —oofickeryy—2¥oicl, vy —
ZHEE XY, ROEIcERIZT 3 LW FIEHTTbiILS,

ATIZ 2 v — D FEE LRI T 0@ TH 5 -
- MI%E : 6l (Fx, Fy. Fz, Tx. Ty. Tz)

- MIEHIPH ¢ Fx, Fy: £65N, Fz: £200N, Tx, Ty, Tz: £5Nm
- S7f#BE © Fx, Fy: 0.025N, Fz: 0.05N, Tx, Ty, Tz: 0.001Nm
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-7V 7L —F 100Hz
EfEA v —7x—AUSB. £ —HFv b

HEX VT —25DT—FIF, ROSODFEY 7L LTRZN., NEE 2—VICk-oTUHEEI NS, 1
TEYa— ik, WEINHZORY FDR—REERICEL . ZOEKREERT 5, 2D T O
Tifrbns .

Fglobal = Tend_effector to robot base x Flocal

Z 2T, Fgloballdu Ay F DR—RPERERZRTD IR 7 F)b, Tend effector to robot baseld ¥ FL7 =7 %
DEERD LT R Y F DX—RAEERNDZHLTH, Flocalld =¥ FL7 = 7 ¥ DJajitEEER TD IR T b
TH 5,

S
I—F— L DOEFNGEEEBT 27D, ¥4 707 4V ERAE—A—%FWL 7734 A (B : Amazon
Echo. Google Home, ¥7zI3HHD~vA /07 4 L AE—A—) ZfFHT S, ZOT34 RF, 2—H—
DEFHERZRRL . ATLDNEZEHETIHNT 2, BHEZAMEGKIE, 777 FR—Z2DHF—E 2R
(#9 : Amazon Alexa, Google Assistant) F 721, B —A )L CEITINS F ek « TP (f :
Mozilla DeepSpeech, Festival) Zfif] L CfTbi1 5,

T ik « AR TNA ZADFEERALARIIDI T OMEY ThH 5 -
-wA a7 4 v RS R R T LA A a7 v
SAE—=A— 1 7 ) Pl EEH RS R EA = —
-EfEA ¥ —7 = —2A : Wi-Fi. Bluetooth, USB

- EEE - HAGE, 3E3E,. Z oo FHEFE

- T RARAE L 1 90% DA (N 2 £xiEE)

- EEOEAE C BRI LS

LR ORTNAL AP S5DF—%1F, ROSO FEY 7 & LTABI N, FHERH - e 22—
koTHMBINS, GHERE#H - OREY 2—NVE, 2—F—DEHERE2 T XA MCEHL | SELMa v
R—2 Y MIEET 2, £, SEUHIVR—Z2 VoD TFANERZEHEICEHL, 22— —IcH
N9 %,

6. 2 Ea1—%:

AT LD E LT 72912, Intel Core i9 71 & » ¥ £ NVIDIA RTX 2080 GPUZED T A7 + v 7a v

Fa— 2 %2FHT2, Z0avEa—%id, vRy b 7—»4, @AY —, HELVY— FHEREH &
JETNA AEA =3y b r—7 N ERIFUSBT — 7V TR S LT 5, GPUIR, BIHAHSLSIHE TV
DIITICHEH SN, HEZAHZFIHL T2, £, +0%2€Y (RAM32GBLL L) Z2ERLTE D,
KBRS Z 7 — & U Gt H 2179 T L3 TE 5,

AVEL—YDOFEELRMARIIDUTOED TH 5 :

- 7'v% v Intel Core i9-9900K (827, 16 AL v I, 3.6GHz)
- GPU : NVIDIA RTX 2080 (8GB VRAM)

- X% :32GB DDR4 RAM

- A bFL—¥ : 1ITB NVMe SSD

- OS : Ubuntu 20.04 LTS

- XY F7—=27 I X¥AEY FA—% %Y b, Wi-Fi6
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av¥Ea—% ETiE, ROS, HIHMMET 4 77 (OpenCV, PCL) . ##AE 7L —27—72 (PyTorch,
TensorFlow) . St 7/VAPI (OpenAIAPI) % EDY 7 b7 =27 WEGFTINS, ZNo6DY 7 771
SATADK AV A=Y b (SR, HEIATLA, TREY 2R LE) 2EETIROIHHIN
o

1. ARV =T VTV RAT A

SATLDY 7 b7 HEMEE LT, Ubuntu20.04% T 5, TOARL—F 4 Y7 AT AL, ROSE
DHBMEDI R, RE L EERZFH LT3, £, L DuRy bEHED T A 77 VRV — LB K—
FENTEY, FIFEEREELTHELTVR S,

Ubuntu 20.04D EE LRI T DY) TH 5% -

- A —%J)V : Linux 5.4

-7 A7 by 7EE : GNOME 3.36

SNy —=U =Y ¥ I APT

- YR — MR S (2025484 H £ T)

k¥ 2T s @R X 2T Ty 7T — b
-N—=F =7 DR AN—F Y 272 A — |

Ubuntuld. ROSOARYR—FOSTH Y., ROSDA VA F— )L L HWEBKZTH B, /2. 2l Dairy
FREEED 5 4 775 VR — )L 23Ubuntuli i 718y 7 —I AL I NTE Y . HAEBEBEORENES TH 5,

g.ury Ml 7 by =7

u Ry ~oOfillflicik, ROS (Robot Operating System) Z i3 %, ROSIZ, vy FAFKEDZDDA—7
YV=ADY T EI T 7L —LT =0 ThHD, BRLABN—FY 27 LOEEEP, HHke Ry PP AT A
DOREEIZHE LT\ 5%, AP R T AL TlE, Kinova ROS Kortex7 4 77 V) ZffifHl L C. KinovaGen3® Xy k7 —
Lk DEE 2L 5, ROSD / — FIEEBHEREZ M LT, S0, $E 274, HEEY 12—
5D74— Ny 7 &AL, v Ry FOEIfEZHIHT 5,

ROSOFHEZBEREIZ DL T D) TH 5 -

-/—FH@E: FEy 7, ¥—ER, 7 avEEL L/ — FHEOMEE
A a—TF 4 v T EHBD A Ea—FIcE D50 Ry PP AT LAOREE
N=FY 7RI L NPT 27 EH NS oD, v —T7 2 —R
TNy Y =)t uaRy b RATLADTNYy JHXET Y —) (RViz, rqt)
-3 a2l —¥aYviGazeboh EDY I 2L —% L Dl

SNy —VEH aRy FEEOY 7 2Ty =V DEHE

ROSIZ. FEY 7, $—E R, 773 arvini3o0EErR2 L Tws, FEy 7ix, FEMRHO—
HIEFICHEHIN, 2y —T—FYDRELREICELTWS, Y= R, RO 7T A - LAKRY A
BEICHHIN, FHECHOELEREICELTWS, 77> avid, BEREFETINS F R 7 Ofilficfl
A, axy b OEEGIHZ EIELTWE, AP ZATL TR, 2o DEEFRZEYICHAG DY
T, FavR—%v MNEOMWEZ2EIH LTV,

SEETFI
2—HF—D I L) LEEETF— Y 2T 572910, GPT-4% EDO KBS EEF L 2T 5, GPT-4lZ.
HARS B L RO I E . MR ZHEL, EYRa—F2ERT 2 ENTES, AV R T

L TlE, GPT-4DAPIZEL T, S %2179, 7. RAGEFHHET 572912, OpenAIDRAG/ 0t A%
9 % 7>, HaystackvebraZs EDQOA—7"2 Y =2V — )V ZHHT 5,

GPTAD T E L RHEIIDL T OE) TH 5 -
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-8 X =550 IERBE (GPT-31317504%)
SaAVFXRALY4 Y RY 18192F— 27~ (§932,000H15E)

- SEBHLREE ) ¢ MR TR SR A L, WY

-a— VNN kAR TR ST S v EED a— FERER

- HERRRE D) ¢ GRBRAVHERR. HARAOHMERR. BOEMIHERZ: & R AT

- B SFENIG  WEE, HAGE, hEFE. A VER LS DFEEY A

GPT-4DAPLIE, PUFDNRIRX =S 2 RET LI EDTES ©

- BTV gpt-4, gpt-4-06137% &

SRR =7 VB AERT AT XA FORARE

-REE AR DS ARMEZ FIE (0-2, fKVIZ ERER)

SFy P AEBRDONY) = 3 2 (0-1. fRIE EPER)

SBHEERF LT 4t RO L 2D (0-2, @i £
STLEVRARFLT 4 H LYY Z7OEARMEE (0-2, HveiE )

RKIATLTIE, UMOREZMHEHT 5 :

-E T gpt-4-0613

SRR =7 U8 8192

-IEE 2 0.7 (RGN E —BEYEDNT v AZIS 72 9)

- by 7P095 (BRERINEEZEKT B7D)

SBHERF LT 4 100 (BEDIEL 20T 572 0)
STLEYARFILT 4 100 FLWEFEY 70EAZMRET 2 7-0)

10. HENHE Y 2 —)L ¢

YHRDER £ &2 7 X > 5 —3 a »iZlE, Grounded-Segment-Anything7Zs E DS ifi-tREE TNV ZMHHT 5, =
DETNIE, SERRICEDOCTHERZRIIL, 27XV T =2 a VoAV EBERTEIENTES, £

72, MobileSAMZ LT, 27X v MhEne~RA 7 2R L. SN Wihz2EE&T 23R0R7 &
WEERT 5, ZHUTX D, RO R—XZ2#ME L, vXy F OHFFCHRMEICHEHT2 2 L2 TE 5,

Grounded-Segment-Anything® T2 2RI DL T D@D TH %

- BEE-HEE TV L BB ICHED TR 2 R

-k IRX Ty av RO IR T =2 a vy AT B
-vuyay MEE T — 2 IR ke b BRI RE

- T A LB EE AR PR RE (§90.3F5/ 7 L — L)

- RS IE ¢ COCO zero-shotfiEik R Y F 2 — 7 T52.5DAP (FHSE)

FHENHE Y 2 —)Lid, DTOUEZFTS :

- WEROFLE © ) A RBRE, a v b TR B L

- Wkl SRR I TR R B

kIR VT=vav i BRHINIMEDR IR T =2 a v R T BERK

S3RTCHRER C RERBHE v A VT =Y a vy A7 2lAaG bR T, WIEKDIRILE T % 1EK
- R—=HEE : WIRDLE & BE% HEE

B MR O E) % BB

FULAILE S 2 — i, ROSD/ — F & LTHEIN, WX T oDMRT—% 2L, BiiIny
BOR—AZ Ly 7L LTAT 2, Ztuck b, Xy Milflz 272 3YEDOAE & 2R L
WY ER P RER 1T ) 2 ETE B,
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11, AR —R

VAT LDHFRNR =R, BHEREFADBEBRXB LOEXRDOT 7 avoflzégie, oL — 3T —
FR—ZZMHT 2, COF—FR—RI2iF, 2—Fl, T—>ar 7V I54 7. ¥ RAI5ROHZ LD
RRIICHEBINT VDS, o, BAIOAHEREEZHAAALLE—V a vHlbEENTE D, Sikas T
FICHIRT 5 2 LD TE D, A@R—ADBRIE, ~—2 8727 74 LGS 7 ISONE £, RAGY
AT L EHED S B ERT 5,

HEER—A D FELMRER I TOED TH 5 -

BRI a vy ) ST 7 L EANER), RIEGEE), 7Y v o— OB EOEEAR L E)E
-ViREfEOE—> a v 7)) 74 7 D HERE BRE, [ R R SR I 2 B
R E—a v ) ST 4 7 DB OEA, RO T WD . FIEH L OBHPH, filiZe &Rk %
Hff:

-ERDZ A7 2= —DERR, MOXEH, MIEDZFIEL 2 E DM s A7

- 7 — B L [EH - BifEh o s —IicxHL L, [BIET B 72 o fl

- BB ¢ BRELDZAL LA MEFENEIHEIS 2 72 D D

#HNiE, LT OBERPEENS ¢

-2 —F  EfTHEE &% Pythona —

AT A= L a— FOFTICRBE R T X =% (f : HEAE, #E, )

- s a— FOFETRER (B YR, 27 —X v & —)

- HIPRSRME - 3 — FOFEMTICHELEIRSM (B RREOMERBHEIET 2 2 L, vRy FHREE DR
Blchsr L)

- T a— FOFTRICHIGFINGIRE B DRI EDMEICREIN TSI L, BAy b
PREDIRIEEICH B Z &)

- AEFENE a3 — FOEITICBIE T 2 A HEFEM (B 0 MEROMED A HE» S, ORI ORSE)
SRR ATEEMEICWLT 2 7DD E (B HE 74 — PNy ZOiEH, IR 74— FNy 7 O
)

HERR—21F, RAGVATLIZ X o THEI N, BET IHNSHEe T VRIS, Znuckbh, F
EETIVIIEEDY A ZICHE LIS ZERT A ENRTE S,

#i S v R—% v b
Sy R—2 v MR, 22— —D 7 LBRETFT— Y RABE L, My A7 BFEITARER—ED A
T SRS L8 2 H 5

Wi S EET TV OEIR L 3BE

AREMFRETIX, GPT-4Z ZEE TV E LTHAIT %, GPT-4lE, HARSEMM L AMOIIDE . M~
ERZHREL, WYk a—F2ERT S LB TES, GPTADAPIZM LU T, SiEUIEZITH, APIDHKE
NIAXA=FIZUTO®) TH 5 :

-ETI gpt-4-0613

SRR =7 U8 8192

SMREE 0.7 (B E —BEEDONT v RES - 0)

- by 7P 095 (BRRRIDEEELT B7-D)

SBHERF LT 4 1 0.0 (DKL Z2MHIT 572 0)
-TLEVARFILT 4 100 (FiLhEy 7 DEAZRET 5720)
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INGDNRIRA=FF, FA7DWEPERINZAGEED L XNVIELC THET L R TE 5, HlZ
X, XD IRENRISERHRELRBEAE, IRELE Py 7PRELSHEL. X DANENZINEDRSHEL AT,
INEDNTIA—FZEHRET DI ENTES,

GPTA~ND AN (Fav 7)) 3, UTOEEZELSHERINS :
VAT LAy = L BTN DOEEPLHEDOHIKE HE

- I—H—Dr ) L 2—F =25 DR EM

SBBET— 8 lE R Y= 5 DR EREE D IRE

- FHIRE R —2 2> & OBHf] © RAGIZ X o TR & 17z Bl

SATALA =Y Df

bigtlza Ry FHlfISATLADT ALYV FTT, Y —DIFR LB T — 8 ICEDOWT, vRy b
FATITREY A7 %M L, #Y)7%Pythona — F&2ERLTL ZX v, a— Flid, ROSERETEITIN., #
RELXONE 74— FNy 72HHL £9, ZeEWrREL L. RAKEECHOHIR, /EREMOBER L L
DHlFI %2 F L TL &,

DX a7 RGN LD, GPT-4ILEY 2% E 2B L, ZeTHRNEa—F2ERTEI LD
TE 3,

HiH ¥ A7 3IRD 70 & A

BBl a Y R =%V ME, 2= —DELAVDIHER (Bl Ta—t—%fE->7T, ) 2FJNH, BRET—
Y (HEX =05 DHR) EHAGDET, YA7Z2HOY 7Y 27 IR T 2, Zo7ax X
ToOFIETITHONS :

2= —DifnRzir L, FELEGE Bl Ta—tv—2F2, ) 2RET 5,

2B Ty z2attL, FHARERY Y =R Bl ~7hy 7 a—t—8§, 7 IL) 2FET 5,

3. HEEZER T 270 ERY 7Y R 7 2R ET %, I, Ta—t—%{E2; LWwHFAR7IE, DT
DY 7Y A7 REINS -

-RTHy TEROITS

-a—t—GZHEDF3

- MV EEDITS

-7y 7% Y] e IS E <

_a—kb—E%F<LS

-a—e—Gx7hy FITANS

ST IS BEEES

4. %75 A7 BDOREBERZRET 5, HlAIX., Ta—e—GZ2<rhy FICANS) & T=7hy 72
Y7 priEICiE R § IS 5,

58078 A7 LT, EITFRMEEEIEEZEET 5, BlZIX, "7 Ay T2EOTF %, Lw)iv T
YA DRIFEREL, T~y T7OMEPREIN, vRy F23v Ay 72 TE 2 REICZ>Tw»
52¢&L) THA,

ZDIRINRO 70X A%, Ff EHEBORATREI NS, HlZIX, P(L2A, L2B|L1)IZ, ¥ A Z7LID
BRI FEATRRIC Y AV L2AE 12 FL2BICHEC AIREE 2 15 E T 5, ZUC kD, ¥ A7 D#EFTIRPLICIE L T, X
DY 7Y A7 ZENIHEINT S ENTES,

BRI, AT D X9 RS M EMERIERI NS ¢
-P(R 7y TR B0V |1 PIHIREE) = 0.9 : WIHHIREED & < 7 v 7% HO T B HEFRIZ90%
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-PEIEHLZBT B~y 72 Ao om0 =08: w7 Ay 72 Ao ok wigé, 51EH L %26
\F % E=E1280%
PRy TEREDTBIFIEH LRI 5)=07 5IEH L 2T 2%, 7 Ay 7R BOT 2HERIZT0%

NS DM EMERIZ, HERR—R2 DHPCBEDRIRIIEDWTHREIND, £, ¥ A7 DEfTHICH
LB T4 — Ny ZiIcEIWT, BINICERTA5Z LB TE S,

#it WRERAGAE R (RAG) D%
KT 2T LTlE, RAGEHOTHEER—2A0 6T 242K L., SEETLOHNZ28ET %, RAGD
FHIIE, UToOFEZHEHAT S

1. 72 OMDAA : 2—HF—D 7)) LBIED Y A 7 IRE%Z, X7 PIUVHOIARICEN LT 5, HOAAE
7L & LTIE, OpenAlDtext-embedding-ada-002%>, HuggingFace® Sentence-BERT 7% &' % i 9" %,

2.F XXV AR AEBRDOH LHNL (Frvr) Ko#ET 5, Fry o Rk, RORE
ERBEDNG A RERLTIRET 5,

3.5 v V7 DMDIALR  BF v v 7 BRI M VHDIARICEET S,

4 FEREFE - 7)) OMEDIAR LR T ¥ ¥ 7 DHDAADRD 244 VHELDEZFHET 3,

5. i F v v 7 O BRI WT, BRKED T v v 7 2#EIRT 5, kDfEld, ¥ A7 OEKMES LA
BAR— 2 DHELCIE U THE T 3,

6. AV T XA MER i BRSNALF ¥ 7%, SBEETLNDAEMNT 3,

TINEER BRI N2y T XA P EAOT, SBETADNE (a—F) 24EKT 3,

REMZRETIZ, OpenAIDRAG7 B AZfHHL, ¥2 L —FINLAFHERX—R 2= 774 L
LTEMY 2, 2720, REATLDT7 L —L7T— 7 Tld, HaystackPvebraZs EDY — )V 2l L 7:4th D
RAGT7 7R —F AW TH 2, CN6DY— L2 HHAT 546, MToarvF—xv F2#RT52L
BTES :

-FF¥Fa XY PR T HBRR—RA DR LRk b 5k (Bl - v—2 %727 7 £ )L, Elasticsearch)

S IURy F— 1 TXRAPERY PVRBUCEHT 2E 7L (B OpenAl Embeddings, Sentence-BERT)

Y PY=N— JZVICBET S P X 2 X v P 2R T 258 (B X7 PR, ¥—7— FEE.
47 v FR)

-F X UIEM G FX a2 XAV P EBEROD LM EIT 55 (B BESA X, BER—A, &<
YTAVIF X VY)

- BT TV L RN RN E 2 BT 5 €TV (il ¢ GPT-4, GPT-3.5-turbo, Zephyr-7B-beta)

RAGOFERIE LT, AT DX 9 Z%Pythona — FBEZ 515 !

'python

from openai import OpenAl

import numpy as np

from sklearn.metrics.pairwise import cosine_similarity
# OpenAl AP17 7 4 7~ k OHIHH{L

client = OpenAl(api_key="your-api-key")
#HAGHRNR—ADT v v 7 L Z DMOARZ RIS b HEE

knowledge base = {}

#HAGRAR—2 DY (=287 v 7 74N 6F v v 7 2L, HOARZEHH)

def initialize knowledge base(markdown_file):
with open(markdown file, 'r') as f:
content = f.read()
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H— 0 2BROH B F v 71 oE

chunks = split_into_chunks(content)

#5F v v 7 DMDIAAEFE

for chunk in chunks:
embedding = get embedding(chunk)
knowledge base[chunk] = embedding

# 7 X A N O OAARZ B

def get embedding(text):
response = client.embeddings.create(
model="text-embedding-ada-002",
input=text

)
return response.data[0].embedding
# 7 T VICBET 5 F v 7 2IRE

def retrieve_relevant chunks(query, k=5):
# 27 L) OHLDIA A % B

query_embedding = get_embedding(query)
#8F v L7 OFBIEZ R

similarities = {}

for chunk, chunk embedding in knowledge base.items():
similarity = cosine similarity([query embedding], [chunk embedding])[0][0]
similarities[chunk]| = similarity

# BRI IS T KD F v > 7 2 &R
sorted_chunks = sorted(similarities.items(), key=lambda x: x[1], reverse=True)
top_k chunks = [chunk for chunk, in sorted chunks[:k]]

return top_k_chunks

# RAG%Z H\» 72 I A ik

def generate response with rag(query, system_message, k=5):

#EEHET B F ¥ v 7 BRER

relevant chunks = retrieve relevant chunks(query, k)

# a5 XA+ ZREE

context = "\n\n".join(relevant_chunks)

SHEETNCANZEE

response = client.chat.completions.create(
model="gpt-4-0613",
messages=|

n.n "non

{"role": "system",

n.n " on

{"role": "user",

content": system_message},
content": f"Query: {query}\n\nRelevant Information:\n{context}"}
I

max_tokens=8192,
temperature=0.7,
top_p=0.95,

frequency penalty=0.0,
presence_penalty=0.0

)

return response.choices[0].message.content

DL ) KRAGIEEIC L D P AT LA —A %5 BT 26 2 SR AICHRE L, SHETAVOHN%Z
BT B ENTE S,
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i a0 — N & AT

BagllH a v R —F v ME, RAGZME U CHUS L 7Bl 2 dkic, ST mfaEka— P24 R %, BRI

7-a— P, ROS & AH#aPED &H % Python (v.3.8) TilidI N, AT OHEEE & ¢

1. B IAL T IV EES 2 —LDA K=}
2.ROS/ — Fo#i{k
3HBEBLONRE 74— NNy 7208 T % 7= 0 OBEEFOH L
4. X AT FITDT DD XA v B

5. 27 =MLY AN =X H =X N

6. LAl D SE%E

I N a—Fofl:

*'python
#!/usr/bin/env python3

HNBETRFA T IV EEY 2 —NDA VER— L

import rospy

import numpy as np

from std_msgs.msg import String

from geometry msgs.msg import Pose, Twist
from sensor msgs.msg import Image, JointState
from kortex driver.srv import *

from kortex driver.msg import *

from cv_bridge import CvBridge

import tf2 ros

import tf2 geometry msgs

from tf.transformations import quaternion_from_euler

#ROS / — F o#Ifk

rospy.init node('coffee_making node', anonymous=True)

#2710 = IVEHL

robot_name = "my_gen3"

bridge = CvBridge()

tf buffer = tf2_ros.Buffer()

tf listener = tf2 ros.TransformListener(tf buffer)

#P—ERT7 747 FDFRE
base service name ='/' + robot name + '/base/base_service'
base_client = rospy.ServiceProxy(base service name, Base ClearFaults)

#BUE 7 4 — PNy 7 2 S § 2 BA%

def get object pose(object name):
try:
#4727 ORIRER 2 IS
object_pose = rospy.wait_for message('/vision/object_poses', Pose, timeout=5.0)
return object_pose
except rospy.ROSException:
rospy.logerr(f"Failed to get pose for object: {object name}")
return None

# N7 4 — PNy 7 2 H0S$ 2 B4
def get force feedback():

try:
# N5 v —DE ALY i 2 G

force data = rospy.wait_for message('/force_torque sensor/wrench', WrenchStamped, timeout=5.0)
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return force data.wrench

except rospy.ROSException:
rospy.logerr("Failed to get force feedback")
return None

# 7)) v 8 — 2 ifilgE$ 2 BIEK
def control gripper(position, speed=0.1, force=0.8):

try:
# 77 v 8 — DOl — B 2 2 PO

service_name ='/' + robot_name + '/base/send_gripper command'
gripper_client = rospy.ServiceProxy(service name, SendGripperCommand)

# 7)) v —awy FORE
gripper command = SendGripperCommandRequest()

gripper_command.input.gripper.finger[0].value = position
gripper_command.input.mode = GripperMode.GRIPPER POSITION

# 7)) wos—awy FOXEE

gripper_client(gripper_command)

return True

except rospy.ServiceException as e:
rospy.logerr(f'Failed to control gripper: {e}")
return False

# 0Ky b 2BET %%

def move robot(target pose, speed=0.1):
try:
#71— besiandEa <Y FD 7)) v o v —%FRE

velocity pub = rospy.Publisher('/' + robot name + '/in/cartesian_velocity', TwistCommand, queue_size=10)

# BUE D ALIE 2 IS

current_pose = rospy.wait_for message('/' + robot_name + '/base/tool_pose', Pose, timeout=5.0)

# HERGZIEAN DTN T bV 2 GHE

direction = np.array([
target pose.position.x - current pose.position.x,
target pose.position.y - current_pose.position.y,
target pose.position.z - current_pose.position.z

D
# 7R 2 kLD IEHAK

distance = np.linalg.norm(direction)
if distance > 0:
direction = direction / distance

#HE a2y FORE

twist_cmd = TwistCommand()

twist cmd.reference frame = CartesianReferenceFrame.CARTESIAN REFERENCE FRAME BASE
twist_cmd.twist.linear x = direction[0] * speed

twist_cmd.twist.linear y = direction[1] * speed

twist_cmd.twist.linear z = direction[2] * speed

# HEMZIEICENET 2 F Ol a~ v F2kfE

rate = rospy.Rate(10) # 10Hz
while distance > 0.01:

# BlAE D71 2 I

current_pose = rospy.wait_for message('/' + robot_name + '/base/tool pose', Pose, timeout=5.0)

# HAZAIE A~ D SRR 7 bV % FEHE
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direction = np.array([
target pose.position.x - current pose.position.x,
target pose.position.y - current _pose.position.y,
target pose.position.z - current _pose.position.z

D
# KX 7 Lo IERAL

distance = np.linalg.norm(direction)
if distance > 0:
direction = direction / distance

4 WHE a2y FOHEY

twist_cmd.twist.linear x = direction[0] * min(speed, distance)
twist_cmd.twist.linear y = direction[1] * min(speed, distance)
twist_cmd.twist.linear_z = direction[2] * min(speed, distance)
#HE a2 FORE

velocity pub.publish(twist cmd)

rate.sleep()

#ist ik a =y FOR%E

twist cmd.twist.linear x = 0.0
twist cmd.twist.linear y = 0.0
twist_cmd.twist.linear z= 0.0
velocity pub.publish(twist_cmd)

return True

except rospy.ROSException as e:
rospy.logerr(f"Failed to move robot: {e}")
return False

#~Thy 7RO 5B

def find mug():
rospy.loginfo("Finding mug...")
#~ 7 7y 7 ONEZ TG
mug_pose = get_object pose("mug")

if mug_pose is None:
rospy.logwarn("Mug not found in the current view. Searching in drawers...")

# 5l E L 2510 2 B2 WO 3

open_drawer()

# P~ 77y 7 OhLE % TS
mug_pose = get_object pose("mug")

if mug_pose is None:
rospy.logerr("Failed to find mug even after opening drawer.")
return None

rospy.loginfo(f'"Mug found at position: {mug_pose.position.x}, {mug_pose.position.y}, {mug_ pose.position.z}")
return mug pose

# gl =L 250 2B

def open_drawer():
rospy.loginfo("Opening drawer...")

# 5| EH L O PV ORLE Z B
handle pose = get object pose("drawer handle")

if handle pose is None:
rospy.logerr("Failed to find drawer handle.")
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return False

# NV RLiciro

approach_pose = Pose()

approach_pose.position.x = handle pose.position.x - 0.1
approach_pose.position.y = handle pose.position.y
approach_pose.position.z = handle pose.position.z
approach pose.orientation = handle pose.orientation

move_robot(approach_pose)

# Ny POL & fIEr

move_robot(handle pose)
control_gripper(0.5) # 7"V v X—%ZFAL %

# 74— Ny 720G
initial force = get force feedback()
if initial force is None:

rospy.logerr("Failed to get force feedback.")
control_gripper(1.0) # 7"V v 38— %[ <

return False

#5lEHLZ5]<

pull_pose = Pose()
pull pose.position.x = handle pose.position.x - 0.3
pull_pose.position.y = handle pose.position.y
pull_pose.position.z = handle pose.position.z
pull pose.orientation = handle pose.orientation
# N7 4 — PNy 7 2Bl 035 5]<
try:
velocity pub = rospy.Publisher('/' + robot name + '/in/cartesian_velocity', TwistCommand, queue_size=10)

twist_cmd = TwistCommand()
twist cmd.reference frame = CartesianReferenceFrame.CARTESIAN REFERENCE FRAME BASE
twist_cmd.twist.linear x =-0.05 # W > { h & 5[

rate = rospy.Rate(10) # 10Hz

#5| ZHL2BHC £ T, FRIEIBEZEZ 5 £ T5l<
max_force = 10.0 # ik K71 (N)
max_duration = rospy.Duration(5.0) # f K5 [ < IRffH]

start_time = rospy.Time.now()

while (rospy.Time.now() - start_time) < max_duration:
# N7 4 — Ny 7 2 G
force = get_force feedback()

if force is None:
break

# NDPEZ B 756, 51 D210 25

if abs(force.force.x) > max_force:
rospy.logwarn("Force threshold exceeded. Stopping pull.")
break

#ME g FD%E
velocity pub.publish(twist cmd)
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rate.sleep()

#iE ik a =y FOXE
twist cmd.twist.linear x = 0.0
velocity pub.publish(twist cmd)

except rospy.ROSException as e:
rospy.logerr(f"Failed to pull drawer: {e}")
control_gripper(1.0) # 7"V v 3—%[ <

return False

# 7)) v oR—%BH<
control gripper(1.0)

rospy.loginfo("Drawer opened successfully.")
return True

#a—t—%79< 5K

def scoop_coffee():
rospy.loginfo("Scooping coffee...")

# 2 — bt —RarDALE 2 IS

coffee container pose = get object pose("coffee container")

if coffee _container pose is None:
rospy.logerr("Failed to find coffee container.")
return False

# AT — v DPLE E S
spoon_pose = get_object_pose("spoon")
if spoon_pose is None:

rospy.logerr("Failed to find spoon.")
return False

# AT — o % Hik

move_robot(spoon_pose)
control_gripper(0.5) # 7"V v X—%FAL %

# A 7= 2Fib EiF 3

lift pose = Pose()

lift_pose.position.x = spoon_pose.position.x
lift_pose.position.y = spoon_pose.position.y
lift_pose.position.z = spoon_pose.position.z + 0.1
lift pose.orientation = spoon_pose.orientation

move_robot(lift pose)

#a— bt —R D LB

above container pose = Pose()

above container pose.position.x = coffee container pose.position.x
above container pose.position.y = coffee container pose.position.y
above container pose.position.z = coffee_container pose.position.z + 0.1
above container pose.orientation = spoon_pose.orientation

move_robot(above container pose)

#AT—%a—b—ReHA

scoop_pose = Pose()
scoop_pose.position.x = coffee_container pose.position.x
scoop_pose.position.y = coffee _container pose.position.y
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scoop_pose.position.z = coffee_container pose.position.z + 0.02
scoop_pose.orientation = spoon_pose.orientation

move_robot(scoop_pose)

#RAT—vKPIcEP L Ta—kt—%273< )

scoop_motion_pose = Pose()

scoop_motion_pose.position.x = coffee container pose.position.x + 0.05
scoop_motion_pose.position.y = coffee container pose.position.y
scoop_motion_pose.position.z = coffee_container pose.position.z + 0.02
scoop_motion_pose.orientation = spoon_pose.orientation

move_robot(scoop_motion_pose)

# A 7T—r2Rb B3

lift_after scoop pose = Pose()

lift_after scoop_pose.position.x = scoop_motion_pose.position.x
lift_after scoop_pose.position.y = scoop_motion_pose.position.y

lift after scoop_ pose.position.z = scoop_motion pose.position.z + 0.1
lift_after scoop pose.orientation = spoon_pose.orientation

move_robot(lift after scoop pose)

rospy.loginfo("Coffee scooped successfully.")
return True

# B 21 CBI%L
def pour_water(mug_pose):
rospy.loginfo("Pouring water...")

# 77 bV OALIEZ S
kettle pose = get object pose("kettle")
if kettle pose is None:

rospy.logerr("Failed to find kettle.")
return False

# 7 b s

move_robot(kettle pose)
control_gripper(0.5) # 7"V v X—%ZFAL %

#7 bLVERL B3

lift pose = Pose()

lift_pose.position.x = kettle pose.position.x

lift pose.position.y = kettle pose.position.y

lift pose.position.z = kettle pose.position.z + 0.1
lift pose.orientation = kettle pose.orientation

move_robot(lift pose)

#~7hy 70 LICEE)

above mug pose = Pose()

above mug_pose.position.x = mug_pose.position.x
above mug pose.position.y = mug_pose.position.y
above mug pose.position.z = mug_pose.position.z + 0.2
above mug_pose.orientation = kettle pose.orientation

move_robot(above mug_pose)

#7r FVEMET S
pour_orientation = quaternion_from_euler(0, 0.5, 0) # #J30EEf#H 1} %
pour_pose = Pose()
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pour_pose.position = above mug_pose.position
pour pose.orientation.x = pour_ orientation[0]
pour_pose.orientation.y = pour_orientation[1]
pour_pose.orientation.z = pour_orientation[2]
pour_pose.orientation.w = pour_orientation[3]

#NE 74— Ny 7 2Bl R 57HC
try:
# WIS D 71 % Wi

initial force = get force feedback()

if initial force is None:
rospy.logerr("Failed to get initial force feedback.")
return False

#7 PAVRET S
move_robot(pour pose)

# —ER R (BBETESN2)
rospy.sleep(3.0)

# BIE D 71 % i

current force = get force feedback()

if current force is None:
rospy.logerr("Failed to get current force feedback.")
return False

# JIDZALD SIED T B 2 HEE
force change = current force.force.z - initial force.force.z
poured_amount = force_change /9.8 # JJDOZ Lz BHEIC £ (&)

rospy.loginfo(f'Estimated poured amount: {poured amount} kg")

#7 PV DR FITRT

move_robot(above mug_pose)

except rospy.ROSException as e:
rospy.logerr(f"Failed to pour water: {e}")
return False

#77 VR ILDMIBICET

move_robot(lift pose)
move_robot(kettle pose)

#7) w =B <
control gripper(1.0)

rospy.loginfo(""Water poured successfully.")
return True

# XA VB
def make coffee():
rospy.loginfo("Starting coffee making process...")

try:
#~ Iy TrEDITS

mug_pose = find_mug()

if mug_pose is None:
rospy.logerr("Failed to find mug. Aborting coffee making.")
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return False

#a—t—%279<9)

if not scoop_coffee():
rospy.logerr("Failed to scoop coffee. Aborting coffee making.")
return False

#27hy Flca—t—% A3
# (ZOWTIZERINTOETY, A 7—v 22 7hy 70 BICBH L, HIF Ta—t—%2 A3
HSHETT)

#BH2EC

if not pour water(mug_pose):
rospy.logerr("Failed to pour water. Aborting coffee making.")
return False

rospy.loginfo("Coffee made successfully!")
return True

except Exception as e:
rospy.logerr(f'An error occurred during coffee making: {e}")
return False

# XA v ELT
if name ==' main

try:
# 1Ry b oYL

rospy.wait_for service(base_ service name, timeout=10)
base client()

#ta—t—%1E3

make coffee()

except rospy.ROSInterruptException:
pass

DXk I9a—FiZ. RAGZHEL THUS L 7-BEMH 2 BBk S 1, ROSE At & 2 cidid I
W3, a—FZiZ, ARBIOIE 74— "Ny 7 ZHHT 27 00BEFENHLEEFNTE D, BED
ZACRAMER ISR T 5 2 B TE S, £, Zafliy GHREFIR, HofilR4 L) blaAFnn
%,

ERENTa—FiE, eXF a7 REETETING, ZOEEIE, HIERINBEBOAICT 7 AT
ZEHICHIBENTEN, PATLDOEEMZHHR LT3, £, 2a— FOFETHIIC, lFzv otk
XaVT4F 2y &0, BENZMELZRNT 2,

HH IS A T 4
RS 2T L, BEOIRIGRREZ LR L., WEONEL2RET 5&EHZH S,

#i H A 7Dy b7y 7 EKIE
REMFZAETIE. Azure Kinect DKIEE A X 7 2T 2, A X T DFEIZLLTOMEH TH 3 :

- fRARFE : 640x576E 7 &L

-7L—AL—} :30fps

-EJEE€ — F : NFOV Unbinned (UTFFEfE, mSfRERE)
-A7—74—<v bk :BGRA
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- FE LRI @ B

A AT DRIEIZIE, 14emD AprilTagZ H T %, AprilTagld, BEAHIOV A X LR EFFO>—A—TH D, &
A7 Ry FOR-ZADHEDMEGOEICHEING, KIE70 R AL TOFIHTTHONS !

1. AprilTag%z 1 /Ry b OFFESE22 N D BEA1 47 1E 1< i i

2. A 7 TAprilTagZ 5 L | %wu%k#4x%@m?5

3 EINAABEE A X6, HATONEH AT A =% (LA, 305 Lo x—% (fiE, &
8) ZEHET 5%,

4 FRINT N IRA=F T, AR FTEERDP LU R Y F DR—RPEBRERNDLEHITH %2 KD 5,

CORIEIZ X D 100-6RTl DR TYMEDALERRIE A E & 72 5, ZHUTINIBL T DA TREI NS

PR =TAR x (TCA x PC)

ZZT, PCIEARX TR TDR, TCAIZA A 7 R D & April TagEE R~ D {741, TARIZ AprilTaglk
TR SR Y P OR—RAFEEERANDZEHTI], PRIZVAY FDR—RAEERTORTH 5,

BIE7 v+t 213, ROSORTA 77V 2 WTHEINS, 13, Bl 2 EERAMO L ZEMT 57200
74770 ChhH, FEMIZELT 228 S ;&#f%éo

YRR e A v F— a v

VRO &2 72 v 57— a »IZlX, Grounded-Segment-AnythingZ i3 %, ZDETILIZ, SiEfERIC
HOWTYERZFINL, 2 I7A YT =2 arveRA 0 2EMTHIENTES, WH7u—ZTO@ED TH
A

1. A X 75 6 U L 72l % . Grounded-Segment-Anything® 7 /VIZ AT 5,

2.ETNVIE, RS Bl TAw=72hy 7 TROT FLy ) I »T, WST 2Rz d %,
LI NIMEISH LT, N T v TRy JARART B,

4. MobileSAMZEM LT, £ /X ¥ MLIizv A7 Z{ERT 5,

5. REEHR EHAGDE T, SNz EET 230K 7 VEIERT 5,

6. K7 N oYEDO R =X (Il & 28) 2td 5,

o7t AICEk D WERDIRIGHIE & X ZRE L., Ry F OHFFCEREICHEH T2 2 L8 TE 5,
YA DHEREE X, A ORERBIESMIC Ko TR 228, BB I UL, AVl y 7ol
EIZRI70%. B FLOBEREEIX79%. FOMEREIZRI53%TH - 7,

Grounded-Segment-Anything® %251k, LN D X 9 %Pythona — FCTfrbir s :

'python

import torch

import numpy as np

import cv2

from PIL import Image

from groundingdino.util.inference import load _model, load image, predict
from segment anything import sam model registry, SamPredictor
import rospy

from sensor_msgs.msg import Image as RosImage

from geometry msgs.msg import Pose

from cv_bridge import CvBridge

class ObjectDetector:

def init (self): )
# Grounding DINOE 7L D &t AIA A
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self.grounding_dino_model = load _model("groundingdino/config/GroundingDINO_SwinT OGC.py",
"groundingdino/weights/groundingdino swint ogc.pth")
# SAME 7L Dt A H

self.sam = sam_model registry["vit h"](checkpoint="sam vit h 4b8939.pth")
self.sam_predictor = SamPredictor(self.sam)

# ROSBHHE D E

self.bridge = CvBridge()

self.image sub = rospy.Subscriber("/camera/color/image raw", RosImage, self.image callback)
self.depth_sub = rospy.Subscriber("/camera/depth/image raw", RosImage, self.depth_callback)
self.pose_pub = rospy.Publisher("/vision/object poses", Pose, queue size=10)

# OFT DR & REETE 2 IR 5 2 28

self.latest image = None
self.latest depth = None

#HNRD 7 7 2

self.classes = ["mug", "kettle", "spoon", "coffee_container", "drawer handle"]

def image callback(self, msg):
# ROS D Image’ % OpenCV O [l {5 12 25

self.latest image = self.bridge.imgmsg to cv2(msg, "bgr8")

def depth_callback(self, msg):
# ROS D Image’t % OpenCV O L Hif5R 12 25 #

self.latest depth = self.bridge.imgmsg_to cv2(msg, "32FC1")

def detect objects(self, text_prompt):
if self.latest image is None or self.latest depth is None:
rospy.logwarn(""No image or depth data available.")
return None

# R O HTLLBE

image pil = Image.fromarray(self.latest image)
image tensor, = load image(image pil)

# Grounding DINO T H!

boxes, logits, phrases = predict(
model=self.grounding_dino_model,
image=image_tensor,
caption=text_prompt,
box_threshold=0.3,
text_threshold=0.25

)
# BRILRSR DS GG

if len(boxes) == 0:
rospy.logwarn(f"No objects detected for prompt: {text prompt}")
return None

#SAMTE I A VT — a v

self.sam_predictor.set_image(self.latest image)
result_poses = []

for box, logit, phrase in zip(boxes, logits, phrases):
BN VT4 TRy 7 A DR TG
x0, y0, x1, y1 = box

#SAMTER X v 5 — a v
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sam_mask, , =self.sam predictor.predict(
box=np.array([x0, y0, x1, y1]),
multimask output=False

)
# 2 R 7 %\ CTHEEF#RD 53D E % G

mask = sam_mask[0].astype(np.uint8)

masked depth = self.latest depth.copy()
masked depth[mask ==0]=0

# AN R Z RO E 7 2L 2 il
valid depth = masked depth[masked depth > 0]
if len(valid depth) == 0:

rospy.logwarn(f'No valid depth data for object: {phrase}")
continue

# REE DO IHEZFEL (/A RITHRY)
median_depth = np.median(valid_depth)

#NT VTRV TRY 7 ADFRLEGIHE

center x = (x0+x1)/2

center y=(y0+yl)/2

# R IR R ) & 3DIERE R~ D A

# (A7 DN T X —5 D3

fx =500 # 7 X 7 DFE R (EBEOMEICESIRZ 2)
fy =500 # 71 X 7 DEREEy (FEBROfEICEE#RZ 2)
cx =320 # Frix (EEOMHEICIESIRZ 2)

cy =288 # Ty (HEDOEICEEZHEZ 2)

# 3DJERE % GHE

z = median_depth
x = (center x - cx) *z/ fx
y = (center_y - cy) * z/ fy

# Pose X v £ — ¥ B,

pose = Pose()

pose.position.x = X
pose.position.y =y
pose.position.z = z

i RS U ADYE N X VAL ive s @ )
pose.orientation.x = 0.0
pose.orientation.y = 0.0

pose.orientation.z = 0.0
pose.orientation.w = 1.0

# it AL 2 BN
result poses.append((phrase, pose, logit.item()))

#fEHETY —

result_poses.sort(key=lambda x: x[2], reverse=True)

T i /N

for phrase, pose, _in result poses:
rospy.loginfo(f'Detected {phrase} at position: {pose.position.x}, {pose.position.y}, {pose.position.z}")
self.pose_pub.publish(pose)
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return result_poses

def detect_specific_object(self, object name):

#HEOYHREMBT 20070 vy 7 2K

text prompt = object name

# VAR 2 ST
results = self.detect objects(text prompt)

if results is None or len(results) == 0:
return None

# i b EEE DR VAR 2K T
return results[0][1] # Pose% iR

CDa—FKiZ, ROSH/ —FELTEEIN, AXT7H05 DR EFEEBGREZLHML T, WEOR—X %K
HL, ROSOD FEY 7 & LTRBIT %, SN PEDO R —X1F, vxy Ml 2 7512 X >THA X
n, ko EclHI N,

A 7V —3 3 v E AFEFEE OB
B[RS AT LI, A7 V=2 3y (WERO—-EDMOYRICEERN D IRIE) AMERMEICHLT 2 X H =R L
PATWS, A7 V=2 a vyodficiz, MTo7 7e—F2HT 5% :

1L PR D71 7 iR IS IO SRR A D — TR AT W 3546 TH, Z DRBUCES W Tk 2 i
¥ 5,

2. IRFFEI 203880 © PRSI IC RN 72556 T o . BEDMEBERICE D W OEBZ fkFi 3 %,
3B S OB IR TH UL, R 3ME, S OBl ZHAGOE T, A7 V— a v OFEZIE
AR

AHEEEOLBIZIX, UTo7 7 un—F%2HHT 5 :

1 WEREEL - MR DAL & BB 2R A L LCREL, PMEFEIEZHRNICEET 5,

2.74NZN YT L ANRY TA NI R EOTIEZMCT, /A4 ADWEZER L, L DUEL HEE2lT
r

3.7V T4 THIE  AERMERECIGE, vy FPREBINCHRZEZ 22 EOTEZID, L% D
THRZIET 2,

FEFEHIC L UL, A7 — 3 VERDN0%~30%DHE. HVe 2 v 7O IIERIZF90% TH - 7=
DB, A7 N—2 3 VD% ~90%IZ 7 B &, BHEBIIERIZFI20%IIE T Lz, 2o k) R Tlx, HE
74— Ny 7R EDOMDESY) 74 ZIEMT 5 2 ENHEL 1 5,

FIN— a v EAEFHEONIIL, DUTD X 9 %Pythona — FTHEINS

*'python

import numpy as np

import rospy

from geometry msgs.msg import Pose
from filterpy.kalman import KalmanFilter

class ObjectTracker:
def init (self, object name):
self.object name = object name

#H= v 7 4L ORIHIAL
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self kf = KalmanFilter(dim_x=6, dim_z=3) # {RHE: [x,y, z, vx, vy, vz], #Hl: [x, v, z]

# IRAEEL AT
dt=0.1 #RefIR 7 v 7

self kf.F = np.array([
[1,0, 0, dt, 0, 0],

D
# BT A
self. kf.H = np.array([

#JE A X
self kf.R = np.eye(3) * 0.01

# 70t A /AR
self.kf.Q = np.eye(6) * 0.01
# IR

self.kf.x = np.zeros(6)

# ALy
self.kf.P = np.eye(6) * 1000

# IR IR D L A 7 Rf ]

self.last seen_time = None

#EDIEZ 75 Te o Th 538 2 iV % B KIRH (F9)

self.max_tracking duration = 3.0

# M)tk o R

self.is_visible = False

# ROSBHHE D E

self.pose_sub = rospy.Subscriber(f"/vision/object poses/{object name}", Pose, self.pose_callback)
self.tracked pose pub = rospy.Publisher(f"/vision/tracked object poses/{object name}", Pose, queue size=10)

# 74 ~—TEMINIIREE 2 T
self.timer = rospy. Timer(rospy.Duration(dt), self.update)

def pose_callback(self, msg):
# ROt S GG

self.is_visible = True
self.last_seen_time = rospy.Time.now()

# BLE 2 BT

z = np.array([
msg.position.x,
msg.position.y,
msg.position.z

D
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#ANTY T4V & HET
self.kf.update(z)

def update(self, event):
# K&z M
self.kf.predict()

# YRR Z 7 { 7 o THr & OFEIBIRE ] 2 515

if self.last seen_time is not None:
elapsed time = (rospy.Time.now() - self.last _seen_time).to_sec()

# —ERFRI DL B Z i a, BRI

if elapsed_time > self.max_tracking duration:
self.is_visible = False

# 3B A 2 B

if self.last seen_time is not None:
pose = Pose()
pose.position.x = self.kf.x[0]
pose.position.y = self. kf.x[1]
pose.position.z = self.kf.x[2]

# LB L D 7 D AP TE L T %

pose.orientation.x = 0.0
pose.orientation.y = 0.0
pose.orientation.z = 0.0
pose.orientation.w = 1.0

# PHEFEMEDOEHRZEM (ROSDPose X v £ —PICIBEEED SNk wicd, o sy 7 AT
27>, RS B DD B)
uncertainty = np.sqrt(np.diag(self kf.P)[:3]) # DAEDAHEFINE (BEHE( )

rospy.logdebug(f'Tracked {self.object name} at position: {pose.position.x}, {pose.position.y},
{pose.position.z}")
rospy.logdebug(f'Uncertainty: {uncertainty}")

self.tracked pose pub.publish(pose)

class ActivePerception:
def init (self, object detector, robot controller):
self.object detector = object_detector
self.robot controller = robot controller

#EMMEOV AN (@R b DORX—RJEER)

self.observation poses = [

# 1R 2> S DB

{'position': [0.5, 0.0, 0.5], 'orientation': [0.0, 0.0, 0.0, 1.0]},
# 1o & ORI

{'position': [0.5, 0.3, 0.5], 'orientation': [0.0, 0.0, 0.3826834, 0.9238795]},
# 410> 5 ORI

{'position': [0.5, -0.3, 0.5], 'orientation": [0.0, 0.0, -0.3826834, 0.9238795]},
# b0 5 OEIH

{"position': [0.5, 0.0, 0.7], 'orientation: [0.0, 0.3826834, 0.0, 0.9238795]}
]

def find_object with_active perception(self, object name, max_attempts=4):
rospy.loginfo(f"Searching for {object name} with active perception...")

# H BN ED & Wik 2 3R
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for i, pose in enumerate(self.observation poses[:max_attempts]):
rospy.loginfo(f"Moving to observation pose {i+1}/{len(self.observation poses)}")

# 0Ky b 2NN E I )

target pose = Pose()

target pose.position.x = pose|['position'][0]
target pose.position.y = pose['position'][1]
target pose.position.z = pose['position'][2]
target pose.orientation.x = pose|['orientation'][0]
target pose.orientation.y = pose['orientation'][1]
target pose.orientation.z = pose['orientation'][2]
target pose.orientation.w = pose['orientation'][3]

self.robot_controller.move to pose(target pose)

# Pk 2 B
object_pose = self.object_detector.detect specific_object(object name)
if object pose is not None:
rospy.loginfo(f'Found {object name} at position: {object pose.position.x}, {object pose.position.y},

{object pose.position.z}")
return object pose

rospy.logwarn(f'Failed to find {object name} after {max_attempts} attempts")
return None

ZDa—FKix, Aer 74V EHCEYRERE., 77 T4 7HRICX 2R EREZFHIEL TS, Y
BB TIZ, MR —RICENZEATYH., BEOMEBR E HEHRICHE WO 2 kR T 2, £
oo TV T4 THIE TR, WIEBEO» S WA, uRy PR ZEE» SEHEZT V., MR ERERT
5,

R EY 2 —)L
HNEEZ2—IiF, ARy bOIZY FZ7 27 903%F 2 2 HEL., WEAEREOKE 2 A LI 5%HE %
9,

i J1H X Y — DRE

NEX Y —DKRIEE., BEHDOREZMIET 27010, IREIR L WIRE T Y =X aeZz2d X I ICH
e, iUk, TV FZ 7277 b 3980 % IEfEICFHITE 52, KIEZvR 213, ITOFIE
Titbin s :

. =2 Tty —2¥ulzd s,

2. v —ZEIRIE S,

3. RO TR Y —EX¥uicT S,

4. TRCOEICHEED 7t 2 %2 DR T,

BIER, a—ANZ%)1% 7a— OV FRICEH LT, B ZRIETOLY F27 27 712lb % LR E D)
EHEET 5, BIIUTOATITONS ¢

Fglobal = Tend_effector to robot base % Flocal

Z 2T, Fgloballd B Ry F DR—REFERTD SR 7 bV, Tend effector to robot baseld LY FL7 =7 %
DIERERDP ST Ry F DR—RPEEERNDLHLTH, Flocalld =¥ FL7 = 7 ¥ DRFTHEERTDHIRT Fv
Th 5,

NEX Y —DRRIEX, DUTFD X ) Z%Pythona — FCEEINS :
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'python

import numpy as np

import rospy

import tf2 ros

import tf2 geometry msgs

from geometry msgs.msg import WrenchStamped, TransformStamped
from sensor _msgs.msg import JointState

class ForceSensorCalibrator:
def init (self):
# ROSBYH D B
self.force sub = rospy.Subscriber("/force torque sensor/raw", WrenchStamped, self.force callback)
selfjoint_sub = rospy.Subscriber("/joint_states", JointState, self.joint callback)
self.calibrated force pub = rospy.Publisher("/force torque sensor/calibrated", WrenchStamped, queue size=10)

# TFBHE DB
self.tf buffer = tf2 ros.Buffer()
self.tf listener = tf2 ros.TransformListener(self.tf buffer)

#IEH DT X —%
self.gravity compensation = np.zeros(6) # [fX, fy, fz, tx, ty, tz]
self.is_calibrated = False

# I DNET—5

self.latest force data = None

# I O PHETIR R

self.latest joint state = None

def force_callback(self, msg):
#IRHDNE T — 5 2 /7

self.latest force data = msg

# BIEFE A DA, ML L 72712 235

if self.is_calibrated and self.latest joint state is not None:
calibrated force = self.calibrate force(msg)
self.calibrated force pub.publish(calibrated force)

def joint callback(self, msg):
# I D BHEIINAE 2 PR AT

self.latest joint state = msg

def calibrate(self):
rospy.loginfo("Starting force sensor calibration...")

if self.latest force data is None or self.latest joint state is None:
rospy.logwarn("No force data or joint state available. Cannot calibrate.")
return False

# £l CIIE 21T 9

axes = ["Xll, "y", HZH]

for axis_idx, axis in enumerate(axes):
rospy.loginfo(f"'Calibrating {axis} axis...")

# BIED ) % Gk

current force = np.array([
self.latest force data.wrench.force.x,
self.latest force data.wrench.force.y,
self.latest force data.wrench.force.z,
self.latest force data.wrench.torque.x,
self.latest force data.wrench.torque.y,
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self.latest force data.wrench.torque.z

D
# I fiE 2 ST

self.gravity compensation[axis_idx] = current_force[axis_idx]
rospy.loginfo(f" {axis} axis calibrated. Offset: {self.gravity compensation[axis_idx]}")

# Ry k% TR RLIE T 2 HEfi
# (EFEOa—FTid, uiry b z2#Elic ot S 2 0853
rospy.sleep(2.0) # [F[REE DZEE %2 12

rospy.loginfo("Force sensor calibration completed.")
rospy.loginfo(f'Gravity compensation values: {self.gravity compensation}")

self.is_calibrated = True
return True

def calibrate force(self, force msg):

# N5 7 — % % NumPy[lt /1) 12 25464

force_array = np.array([
force msg.wrench.force.x,
force_msg.wrench.force.y,
force_msg.wrench.force.z,
force_msg.wrench.torque.x,
force_msg.wrench.torque.y,
force_msg.wrench.torque.z

D
# T 2 E

calibrated force array = force array - self.gravity compensation

#ILY FL7 27806 X—2EERANDOLHZ BT

try:
transform = self.tf buffer.lookup transform(
"base link",
force_msg.header.frame id,
rospy. Time(0),
rospy.Duration(1.0)
)

# [R5 2 fil

g = transform.transform.rotation
rotation_matrix = self.quaternion_to rotation matrix(q)

# L bV RAEH
force local = calibrated force array[:3]

torque local = calibrated force array[3:]

force global = rotation matrix @ force local
torque_global = rotation_matrix @ torque local
HEWMINTIE PV TRy 2=V %R

calibrated msg = WrenchStamped()
calibrated msg.header = force_msg.header
calibrated msg.header.frame id = "base link"

calibrated msg.wrench.force.x = force global[0]
calibrated msg.wrench.force.y = force global[1]
calibrated msg.wrench.force.z = force global[2]

calibrated msg.wrench.torque.x = torque _global[0]
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calibrated msg.wrench.torque.y = torque global[1]
calibrated msg.wrench.torque.z = torque global[2]

return calibrated msg

except (tf2_ros.LookupException, tf2_ros.ConnectivityException, tf2 ros.ExtrapolationException) as e:
rospy.logwarn(f"Failed to transform force: {e}")
# AT E R VEA, BEIMEORBET L Xy —Y 2R T
calibrated msg = WrenchStamped()
calibrated msg.header = force msg.header

calibrated msg.wrench.force.x = calibrated force array[0]
calibrated msg.wrench.force.y = calibrated force array[1]
calibrated msg.wrench.force.z = calibrated force array[2]

calibrated msg.wrench.torque.x = calibrated force array|[3]
calibrated msg.wrench.torque.y = calibrated force array[4]
calibrated msg.wrench.torque.z = calibrated_force array[5]

return calibrated msg

def quaternion_to_rotation_matrix(self, q):
# VLD © BRI T~ DA H
X, Y, Z, W =q.X, q.Y, q.Z, q.-W
rotation_matrix = np.array([
[1 - 2%y*y - 2%z*Z, 2*x*y - 2¥7%w, 2*x*7Z + 2*y*w],
[2*x*y + 2*7z*w, 1 - 2*x*x - 2*z*7, 2¥y*z - 2*x*W],
[2*x*z - 2%y*w, 2*y*z + 2*x*w, 1 - 2%x*x - 2*y*y]

D

return rotation matrix

Zoa—Fid, HEX VY —DRKRIEE ., u—A VERERD 6 70—V ERERAND ) OE %2 FEE L Tw»
%, BIE/a k2 Cld, loEMERZIEL, Chz2HOThETF— Y 2MIET %, £, TF9A4 7
7V EHGWT, TV FZ 7273 DEEZRP SRR Y P DR—RAEEER~NDOEfE T\, HE VI E2T
0 —N)VEBERTRIT 5,

#t N1 7 4 — FoNy 7 DIEH

HET 4 =Ry 71k, UTDX) kc ey A7 i I NS .

1. AR DFE A B DHIH :

WAIRZIECEE, 74— MRy 7 2HOCGEARZHIET 2, #EESEZ2IRE L., ETOEER
Mz 0, HEBEBOBBRZAH L TREZHET S, BEMICIEZ, IFoXTtRINS

Fup = mg
AFup =~ Amg

Z 2T, Fupld HAIZE D)), miZER, gldB\EIMEE, AFupld HOZA{L, AmiZERDOZ(LTH S, ZDH
REHCT, OB SEAREHET S EWTE 2,

FERFERIC LU, ©y FHED m/sOBG, EARBEIZ100gdh 72 D #5.4gTH o7, 2L, Ey FH
FEASREINS 2 ERERLIET L. 30 m/s TIREZEDHI20g/s I L7z, Saud, ET-E O BED AL, HAME
kLB DERDMBIMERE IS ET 270 TH 5,

2.5 EH L DBHEA :
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JlEH L 2RI 288, DR 74— FRNy 72 lWCEY R 2N 5, 51 ZH L OES PEE L SOk
PIEC T, HORES S LHMZHET 2, PIZE, JISHLPECEERI 2o Tw 354, K DK
SBNEMABRENRDH B, Fz, SIS L oS zHAML., FAHDOETRILZE=2Y ¥ 7§ 2,

3. UMADIEE ) ¢

WikzE B, IR 74— PNy 72 oz ML, @Yok ziE, i, ~7hy 7
ZECE, LRAZOHOE—7 2RI L ABEOREE LTHEAT 2, Zuckh, k2L E L TEL 2
EWTE, EINPHEZFCZ ETES,

4. = v DIESHIHE

i & 2 7 Cld, HE 74— KRNy 22Ty oEL26d 2, H—aFEHz2H# BT 8T —
HBLAMORI LEZMRT I ENTES, o, ZHEOM I RERE R EORMEICIN. T, Bz F%S
22 ENTES,

AT AIE, 3SR THRY ML EMGEINICE I L . AR —ANOIAEIC TS WTINZ 5 %2 5T

%, LLMiZ, FFEDY 7V A MY =LY A7 DEMEGT- I, BRERITOKE I LFin%zBIER
T3, HlZIX, FBERX—RIZIE, 7Y FORESRY A7 OFRIGG. THEHINARA B TTORE S
PREINTVIYENRH 5, 2O77a—FITL D AT AIFRIECEAIEEIC GO THRNICTE)
IS L EBTE D,

HNE7 4 —FRy Z7OiEMIZ, BLTD X 9 %Pythona — FTHEEIN S :

'python

import numpy as np

import rospy

from geometry msgs.msg import WrenchStamped, Pose, Twist
from std msgs.msg import Float64

class ForceController:
def __init_ (self):
# ROSEIH D EXE

self.force_sub = rospy.Subscriber("/force _torque sensor/calibrated", WrenchStamped, self.force callback)
self.velocity pub = rospy.Publisher("/robot/cartesian_velocity command", Twist, queue_size=10)
self.poured_amount pub = rospy.Publisher("/pouring/amount”, Float64, queue size=10)

# IO N T —5

self.latest force = None

#IEANBDOHEEM T A —%
self.initial force = None
self.gravity = 9.8 # m/s"2

# Il D 85 X — 5
self.force_threshold = 10.0 # N

self.contact threshold=1.0 # N
self.max_velocity = 0.05 # m/s

def forceicallback(\self, msg):
# IR DI T — 5 %R AF

self.latest force = msg

def start_pouring(self):
rospy.loginfo("Starting pouring...")

if self.latest force is None:
rospy.logwarn("No force data available. Cannot start pouring.")
return False
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# I D 1) % Gk

self.initial force = np.array([
self.latest force.wrench.force.x,
self.latest force.wrench.force.y,
self.latest force.wrench.force.z

D

rospy.loginfo(f"Initial force: {self.initial force}")
return True

def update pouring(self, target amount):
if self.latest force is None or self.initial force is None:
rospy.logwarn("No force data or initial force available. Cannot update pouring.")
return 0.0, False

# BUED ) 2 Bl

current_force = np.array([
self.latest force.wrench.force.x,
self.latest force.wrench.force.y,
self.latest force.wrench.force.z

D
# HOZAD S TEAR 2 #HEE
force change = current_force[2] - self.initial force[2] # it /771D J1 DZEAL

poured amount = force change / self.gravity # kg

#IEARZ A5
amount_msg = Float64()

amount_msg.data = poured_amount
self.poured_amount pub.publish(amount msg)

rospy.logdebug(f"Estimated poured amount: {poured amount} kg")

# HERICEL D89 22 HE

is_complete = poured_amount >= target amount
return poured amount, is_complete

def open_drawer with force control(self, direction, max_distance=0.3, max_duration=5.0):
rospy.loginfo("Opening drawer with force control...")

if self.latest force is None:
rospy.logwarn("No force data available. Cannot open drawer.")
return False

# HIHA D ) % Fldx

initial force = np.array([
self.latest force.wrench.force.x,
self.latest_force.wrench.force.y,
self.latest force.wrench.force.z

D
#5lEHL 25 < HRDR7 FL (IEBHL)

direction_norm = np.linalg.norm(direction)
if direction_norm > 0:
direction = direction / direction norm
#HE a2y FORE
twist = Twist()
twist.linear.x = direction[0] * self.max_velocity
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twist.linear.y = direction[1] * self.max_velocity
twist.linear.z = direction[2] * self.max_velocity

#lEHL 25

start time = rospy.Time.now()
rate = rospy.Rate(10) # 10Hz

moved distance = 0.0
last time = start_time

while (rospy.Time.now() - start time).to sec() < max_duration and moved distance < max_distance:

if self.latest force is None:
rospy.logwarn("Lost force data during drawer opening.")
break

# BIED 1) %2 Bl

current_force = np.array([
self.latest force.wrench.force.x,
self.latest force.wrench.force.y,
self.latest force.wrench.force.z

D
#HDOKEZZ2HE

force magnitude = np.linalg.norm(current_force - initial force)

# IDSBEZ A 7, WL 2 %

if force_magnitude > self.force threshold:
rospy.logwarn(f"Force threshold exceeded: {force magnitude} N")

# AL 2

scale factor = self.force threshold / force magnitude

twist.linear.x = direction[0] * self.max_velocity * scale factor

twist.linear.y = direction[ 1] * self.max_velocity * scale factor

twist.linear.z = direction[2] * self.max_velocity * scale factor
else:

# 3
twist.linear.x = direction[0] * self.max_velocity
twist.linear.y = direction[1] * self.max_velocity
twist.linear.z = direction[2] * self.max_velocity
#RE a2y FRkE
self.velocity pub.publish(twist)

# RSB HE 2 BT

current_time = rospy. Time.now()

dt = (current _time - last time).to _sec()
moved _distance += self.max_velocity * dt
last time = current time

rate.sleep()

#igEla<y F2%EE
twist.linear.x = 0.0
twist.linear.y = 0.0
twist.linear.z = 0.0

self.velocity pub.publish(twist)

rospy.loginfo(f'Drawer opening completed. Moved distance: {moved distance} m")
return moved_distance > 0.1 # 10cmBA_ LB\ 72 & pRY) & A7

def place object with force control(self, target pose, approach_distance=0.1, contact force=2.0):
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rospy.loginfo(""Placing object with force control...")

if self.latest force is None:
rospy.logwarn("No force data available. Cannot place object.")
return False

#77a—FhEEHE

approach pose = Pose()

approach_pose.position.x = target pose.position.x

approach pose.position.y = target pose.position.y
approach_pose.position.z = target pose.position.z + approach distance
approach_pose.orientation = target pose.orientation

# 7 70— FALEICEE)
# (EFEOa—FTld, vy F2BE I 25 0B 0EH)
rospy.sleep(1.0) # F£EI5E 1 ZfFD

# I D 11 % Gk

initial force = np.array([
self.latest force.wrench.force.x,
self.latest force.wrench.force.y,
self.latest force.wrench.force.z

D
#MEZ T %

twist = Twist()
twist.linearz=-0.01 # W->< H L FIF3

rate = rospy.Rate(10) # 10Hz
contact_detected = False

while not contact detected:
if self.latest force is None:
rospy.logwarn("Lost force data during object placement.")
break

# BIED ) %2 BT

current_force = np.array([
self.latest force.wrench.force.x,
self.latest force.wrench.force.y,
self.latest force.wrench.force.z

D
# DALz

force_change = np.linalg.norm(current_force - initial force)

# $2 2 B

if force change > self.contact threshold:
rospy.loginfo(f"Contact detected: {force change} N")
contact_detected = True
break

W a2y FEkE

self.velocity pub.publish(twist)

rate.sleep()

#islh o~y F2%E

twist.linear.z = 0.0
self.velocity pub.publish(twist)
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if contact detected:

# HE DR £ LT 2
twist.linear.z = -0.005 # & 5ICW->< H L FNiF 3

target force reached = False

while not target force reached:
if self.latest force is None:
rospy.logwarn("Lost force data during force application.")
break

# BUED ) %2 B

current_force = np.array([
self.latest force.wrench.force.x,
self.latest force.wrench.force.y,
self.latest force.wrench.force.z

D
# IO ZFHE

force_change = np.linalg.norm(current_force - initial force)

# HEDNGEL el T 2 v 7

if force change >= contact_force:
rospy.loginfo(f"'Target force reached: {force change} N")
target force reached = True
break

#IRE 2~ v F2%E
self.velocity pub.publish(twist)

rate.sleep()

#iEka~ v Fe%E
twist.linear.z = 0.0
self.velocity pub.publish(twist)

rospy.loginfo("Object placed successfully.")
return True
else:
rospy.logwarn("Failed to detect contact. Object placement may have failed.")
return False

def control pen_pressure(self, target force=1.0, tolerance=0.2):
if self.latest force is None:
rospy.logwarn("No force data available. Cannot control pen pressure.")
return False

# BUED ) %2 s

current force = np.array([
self.latest force.wrench.force.x,
self.latest force.wrench.force.y,
self.latest force.wrench.force.z

D
# GRS (R DEH)

pen_pressure = abs(current_force[2])

# HE ) & D&% EHE

force error = target force - pen pressure

# PAHHND T = v 7

New York General Group

44



if abs(force error) <= tolerance:
return True

# NPT 2. 0DEEa s F
twist = Twist()
if force_error > 0:

# 1177 % A

twist.linear.z = -0.005 * force error
else:

# [ % 98

twist.linear.z = 0.005 * abs(force error)

#RE a2y Fe%kE
self.velocity pub.publish(twist)

return False

CDa—Fix, hE74—F PNy 7 2IERALekxc 5y 27 (BEOEAROHIE, 51 % H L OB, %k
DEZT], XRVOENHIE) 2FELTw5, FYRA T TR, HE74— Ny 72T, @bz lizn
Z2170, NOZ» SIREZHEE L 720§ 2, PIAIR, WEDIEARDHIE TR, HOZd S5 ARZ
L. BERICGELZSHEAZEILT 2, £/, 5ISH L O TR, I2BIfE 28 2 72356 1HE 2§
L. SIS L2 L2k T 5,

H A ek © AREY 2 — L
RS - AREY 2 -V, 2P —OERERERML. VAT LOWEEEHE TN T 2REMEH)

HHHE TP ok

HA R, T —DEFERZ T XA MBS 2 70 A TH D, AVATLTIE, 777 FR=2
DEF Rk —E A (] : Google Cloud Speech-to-Text) F 7210 —A L CEITINS FH bk Ly SV
(] : Mozilla DeepSpeech) %M 2, HiHaRik 7 2t A ETOFIHTITHbI S ¢

wAu7 Ao EREETEIET S,
EHEEEETYIUEL, B (24 AfRE, ERERE) 2179
R P VICER T 2 REL, TXAMIEET S,
R A SENIE O Y R — 2 v MOEET 3,

AW N~

HE sk DI, BB/ A X, EEDOFHE., 5. SmETVOMER EQOBERICHEINS, KA T
LATIX, BARY FOEIEEREE ) 4 XICHIRT 2702, /A4 XX vre) v E—LT7 3 —3 v
JEMiE T %,

HHHE B AR

BHEOGHIZ, PATLDIGEZ T XA INDPOERICEIT 2 70 ATHDL, REATLTIE, 777 F
R—ZADFFARY —E A (] : Google Cloud Text-to-Speech) 7210 —A L CEITINLZFHARI VY
> (# : Festival, eSpeak) ZffiflT 2, HHAK 7B RAIUTOFIETITONS :

1. EENE VR =2V 6T XA MNNEZZITELS,
2. T XA LNZEEARI VS VICEEL, BET—YICEHT 5,
3. EET— R A— A= hT 5,
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HREAROMEIE, BRIy Yy MR, FOER, Bt ([ x—ray, 77e¥ b, YRL) O
7 EOERPEIND, KR ATLTIE, ARGIEG ERG 2RO OEH 2 LT 2 70Ic, RHOHEH
BB 2 T %,

HHH N B B
HENGERIX, 2L OFHENGEEZEH L, HAREHA2EHT 5270 A THS, KPATLT
3. TR % fRfit 5 % -

EEHBE RO~ —OFE B L . EAOEE L ARG,
R = — OF R S R L. YA AE AT

BUSE RS BUEE () B&E. F7 OB 2ERL. RIEBRT 3,
REERIRAEAEE ¢ MO SIRE I L . B AIEE & T 3,

CHID AR T 2 — | AR E R L, ETICHIET 3,

[ S S

HRANGEEHIZ, S v R—2 v FEHEEEL T, 2V —LDHRBA VY 77> a v 2EBT 2,
Bk« AT 2 — i, AT D X 9 ZPythona — FTHEINS

*'python

import speech_recognition as sr
import pyttsx3

import numpy as np

import rospy

from std msgs.msg import String
from google.cloud import speech

from google.cloud import texttospeech

class SpeechModule:
def __init_ (self, use_cloud=True):
# ROSPH#E D i3t

self.speech pub = rospy.Publisher("/speech/recognized", String, queue size=10)
self.text_sub = rospy.Subscriber("/speech/synthesize", String, self.synthesize callback)

# TP ok D B
self.recognizer = sr.Recognizer()
self.microphone = sr.Microphone()

#BREE ) 4 A DFHEk

with self.microphone as source:
self.recognizer.adjust for ambient noise(source)

#7797 P —CRAZMHHT 209D

self.use cloud =use cloud

if use cloud:
# Google Cloud Speech-to-Text 7 7 A4 7~ ~ DHIHA{L

self.speech client = speech.SpeechClient()

# Google Cloud Text-to-Speech 77 7 A 7 >~ t DAL

self tts_client = texttospeech. TextToSpeechClient()
else:
# B =V DERAKRT YT Y OEIIL

self.engine = pyttsx3.init()
# T DEE

voices = self.engine.getProperty('voices')
self.engine.setProperty(‘voice', voices[0].id) # 0: Bk, 1: &
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self.engine.setProperty('rate', 150) # aiik

self.engine.setProperty(‘volume', 0.8) # ¥ &

# TR AR D YA < —

self.timer = rospy. Timer(rospy.Duration(0.1), self.recognize speech)

# st D7z O DEEHEH 7a 7 7 A )V
self.speaker profiles = {}

# N ERIR AR
self.dialogue_state = {
"context": [],

n,mm

"last_query": "",
"last_response": "",
"is_listening": True

}

def recognize speech(self, event=None):
if not self.dialogue_state["is_listening"]:
return

try:
with self.microphone as source:
audio = self.recognizer.listen(source, timeout=1.0, phrase time limit=5.0)

if self.use cloud:
# Google Cloud Speech-to-Text % fii

audio_data = audio.get_raw_data()

audio_config = speech.RecognitionConfig(
encoding=speech.RecognitionConfig. AudioEncoding. LINEAR16,
sample rate hertz=16000,
language code="ja-JP",
enable automatic punctuation=True,
model="command and search"

)

response = self.speech_client.recognize(
config=audio_config,
audio=speech.RecognitionAudio(content=audio_data)

)

if response.results:
text = response.results[0].alternatives[0].transcript
confidence = response.results[0].alternatives[0].confidence

rospy.loginfo(f'Recognized: {text} (confidence: {confidence})")

if confidence > 0.7:
# Pk e 2 B
msg = String()
msg.data = text
self.speech pub.publish(msg)

# X EHIRAE 2 BT

self.dialogue_state["last_query"] = text

self.dialogue_state["context"].append({"role": "user", "content": text})

else:
rospy.logdebug("No speech recognized.")
else:
# SpeechRecognition D 1 — 77 )L i85k % i
try:
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text = self.recognizer.recognize google(audio, language="ja-JP")
rospy.loginfo(f'Recognized: {text}")

# w2 B

msg = String()

msg.data = text

self.speech pub.publish(msg)

# N EEIRTE 2 BT
self.dialogue_state["last query"] = text
self.dialogue_state["context"].append({"role": "user", "
except sr.Unknown ValueError:
rospy.logdebug("Google Speech Recognition could not understand audio")
except sr.RequestError as e:
rospy.logerr(f"Could not request results from Google Speech Recognition service; {e}")

content": text})

except Exception as e:
rospy.logerr(f"Error in speech recognition: {e}")

def synthesize callback(self, msg):
text = msg.data

rospy.loginfo(f"'Synthesizing speech: {text}")
# XEHIRAE 2 BT

self.dialogue_state["is_listening"] = False
self.dialogue_state["last response"] = text
self.dialogue_state["

context"].append({"role": "assistant", "content": text})

if self.use_cloud:
# Google Cloud Text-to-Speech % fifi ]

synthesis_input = texttospeech.SynthesisInput(text=text)

voice = texttospeech. VoiceSelectionParams(
language code="ja-JP",
ssml_gender=texttospeech.SsmlVoiceGender. NEUTRAL
)

audio_config = texttospeech.AudioConfig(
audio_encoding=texttospeech.AudioEncoding. LINEAR16
)

response = self.tts_client.synthesize speech(
input=synthesis_input,
voice=voice,
audio_config=audio config

)
#ERT— Y% K7 74 IVITHRE

nn

with open("output.wav", "wb") as out:
out.write(response.audio_content)

# B 2 g
import subprocess

subprocess.call(["aplay", "output.wav"])
else:

HO—ANDEFEERT Y v 2

self.engine.say(text)
self.engine.runAndWait()

# R EHIR A8 2 BT
self.dialogue_state["is_listening"] = True
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def identify_speaker(self, audio):
# GE AR D FELE
# (FEBDa— i, FEERANDOIDOD TN T X LD3AE)

return "unknown"

def recognize emotion(self, audio):
# }_E [ﬁ II‘LA\E%}&@ %’H:

# (EBoa—Fclid, BERBROLDD 7L I Y X LDHSHEE)

return "neutral"

def recognize environmental sound(self, audio):

# ig-'[ﬁ =] wmu%ko) %'ﬂ:
# (FEDa— T, BEEZSRO OO 7L 3 X LDNE)
return [ ]

Cha— R, HHERHE - AOREY 2 VORI L2 FIE L T\ b, HARa% Tk, SpeechRecognition
74 77V ¥ 7213Google Cloud Speech-to-TextZ il L T, =¥ —DFFZ T X A MEHT 2, FHEK
TlX. pyttsx37 4 7 7 Y ¥ 7z 1XGoogle Cloud Text-to-SpeechZ i LT, 7F A b 2 EHICLMT 5, £,

WEGREBZEHL, 21—V —LOHRLEF2FEHT 270 DKEEL LT3,

# 1 Ry MEIEIS A T L
o Ry Ml AT L0, SEAE, HESATL, IRE 2 -, TEERHE - ARE S 211560
74— RNy 2Z2HE L, e Ry F o@EEZHIHT 5 %E 25,

HitH# ROSD RE & HfE
ARFEMERETIZ, ROSZEH VTR ARy F 2{llfll T2, ROSOKE & BIEZITOFIETITHNS !

1. Kinova ROS Kortex F' 7 4 /N—Zifd#)j L, ROS* v 7 —7 &Kinova Gen3 1~y k DR D#fE % 7§
5, 2O/ —FiE, ROSEY b7 —7NTEEZARICL, ¥ TR IAN=DBTI7LATE LWL D0D
FEY 7ML, 0 Ry FOREREZEETZ2OICFVOHET I ENTESZY—E2A2RMMtET S, R—2
YaA v MI40HzD FBETET I NS,

2. Robotiq 2F-140mm 7Y v /S —/ — F 2 50Hz CEEI§ 2, 2D/ — Fid, USBERZNMLTIY v 8—LD
WEY 7 2BEL, 7V v 8= DOIEMEHIH & E T — & OS2 AIREIC S 2 7 7 2 a v — N —ZFih
ERN

3HEEY 22—/ — P2 E#EIT 5, Tclassesy 28 LT, BRENOBRINA 727 FDF—
Ty FR—AZEMNT 5, ZOLFIIENNICHEFITE, > —vOZLICHIETE S, A7V 27 FDOR—X
PERX, #13HzCABE NS, Z4UEFIZ, Grounding DINOYA 7Y = 7 bR L AN VT4 VY IRy
7 ABRMENLT 57D DAERIC X 2 b DTH B,

4. 1% — FZ100Hz BN L . ATINHE NS5 VAT a—H—Ilcu—7h 94 R INL%iEE X ONEEEH O
AR EZ AT 5, FARD fHIZ, TR —Z2 D3 3EEEfTH]Z#HA L Ta Ry D 7a — )L X—2
7L —LICAbETEHIN, BESn-BHEICOK: 2BES DDA T v Fichb i 240 & B E
% fRftd

5. B B — F2EB L, 22—V —DEFERZ#EHL. Y AT LDIEEZEHRTHAT 5,

6. ROSVEFBEMNHE, HES AT L, HEEY 2—)L, BHiik  ORES 2= LD 6DRILVFE—FIN T 4 —
FoXy 75— % % M I ALBE S 5
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ROSOE & HAEIZ. LT DX I Zlaunch7? 7 A L TEEINS :

el
<launch>
<l--Kinova Gen3@ R v b N7 A N—DjlH) -->

<include file="$(find kortex driver)/launch/kortex driver.launch">
<arg name="robot name" value="my gen3"/>
<arg name="ip_address" value="192.168.1.10"/>
<arg name="cyclic data publish rate" value="40"/>

</include>

<I--RobotiqZ' V) v 73— F 7 A /N—Dj#) >

<node name="robotiq 2f 140 driver" pkg="robotiq 2f gripper control" type="Robotiq2FGripperRtuNode.py"
output="screen">
<param name="comport" value="/dev/ttyUSB0"/>
<param name="baud" value="115200"/>
</node>

<!-- Azure Kinect N 7 A 2N — D i) -->

<include file="$(find azure kinect ros_driver)/launch/driver.launch">
<arg name="color_resolution" value="1080P"/>
<arg name="depth_mode" value="NFOV_UNBINNED"/>
<arg name="fps" value="30"/>

</include>

<l- HE S 2 T L D) -->

<node name="object_detector" pkg="my robot vision" type="object _detector.py" output="screen">
<param name="model path" value="$(find my_robot_vision)/models"/>

<param name="classes" value="mugkettle,spoon,coffee container,drawer handle"/>
</node>

Q- THEX Y —F 7 A4 NN—DiiH) -->

<node name="force sensor driver" pkg="ati force sensor" type="force sensor driver" output="screen">
<param name="ip_address" value="192.168.1.11"/>
<param name="port" value="49152"/>
<param name="frame id" value="force sensor link"/>
<param name="sample rate" value="100"/>
</node>

<-- JJHEE Y 2 — )L DFLH) -->

<node name="force controller" pkg="my robot force" type="force controller.py" output="screen"/>

<. FEFE - BT 2 — N DiLE) >

<node name="speech module" pkg="my robot speech" type="speech module.py" output="screen">
<param name="use cloud" value="true"/>
</node>

<l-- B 2 v K —2 v + OfLH) >

<node name="language processor" pkg="my robot language" type="language processor.py" output="screen">
<param name="api_key" value="your-api-key"/>
<param name="model" value="gpt-4-0613"/>

</node>

<L 2L FE—INHAEY 2 — L DILEH) -->

—n —n —n

<node name="multimodal integrator" pkg="my robot integration" type="multimodal integrator.py"
output="screen"/>

<l-a Ry bl 25 L DildH) >

<node name="robot_controller" pkg="my robot control" type="robot controller.py" output="screen"/>
</launch>
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Z®Dlaunch? 7 A Wik, P ATLDK Y R—%> F (KinovaGen3R Ay b FF A ¥—_ RobotigZ'V) v /$—
RS54 N—_ Azure Kinect F 7 4 N—, AR AT L, HEE 21—, HHEBHE - GRTEY 22—, SIEW
HavR—32v b, ?PAFE—FINLHRAEEY 2L, uRy Ml A7) 2EEL, 216 DMDEE
ZWENLT B,

Hi L ARIlR D FEEE

oRy b OEEZ, HEZHIHET26AHED YA A ravr PE, DDA ZEEEEL LD S
Yy RX—=FIHIEDCTwE, ZHc k), RKNEELHOHIR, (FEEEOEA L EDON—Fa—F3n
T ZefNERAETE S, BRNRTFRIE T oM Th % -

1. SR 13+0.05 m/sEANICHIR S 415,

2. FR 13 +60°/sINICHIR S 41 %,

3.2V RI7 27 DHIF20NICHIRI N5,

4. TV FX7 =2 77 IFHAIER I NAFERBOER (x=[0.0,1.1]. y=[-0.3,0.3]. z=[0,1.0]) WICHIRZ
ns,

NS DHRIEHEANEE—Sa vy Y I T4 Flca—FEINTw 32D, SEETLDIT—BINS
ORI A —N—F 4 FT23Z L ldn\w, £, TV FZ 72273 OMiEIZ. 10HzD JEAPEET T Y »
Sy — ko TIERDKEIA Ty T CF 2y 7 EN 5,

LRI DHEILZ, LT D X ) Z&Pythona — FTfrbi 5

*'python

import numpy as np

import rospy

from geometry msgs.msg import Twist, Pose
from std_msgs.msg import Bool

class SafetyConstraints:
def init (self):
# LARHRI DT X =5
self.max_linear velocity = 0.05 # m/s

self.max_angular velocity = 1.047 # rad/s (60 deg/s)
self.max force =20.0 #N

# (RS ZE M DTSR

self.workspace bounds = {
'x': [0.0, 1.1],
'y': [-0.3, 0.3],
'z": [0.0, 1.0]

}

# ROSBIHE D E

self.velocity sub = rospy.Subscriber("/robot/cartesian_velocity command_unsafe", Twist, self.velocity callback)
self.pose_sub = rospy.Subscriber("/robot/cartesian_pose", Pose, self.pose callback)
self.force_sub = rospy.Subscriber("/force_torque sensor/calibrated", WrenchStamped, self.force callback)

self.velocity pub = rospy.Publisher("/robot/cartesian_velocity command", Twist, queue_size=10)
self.safety violation pub = rospy.Publisher("/robot/safety violation", Bool, queue_size=10)

# BT DIRE
self.latest pose = None
self.latest force = None

HEERF 2y I DIAL 2 —
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self.timer = rospy. Timer(rospy.Duration(0.1), self.check safety)

def velocity _callback(self, msg):
#IRE 22 N 2 LAl RE > THIR

safe velocity = self.apply velocity constraints(msg)

#ERAERIE a2 v R 2
self.velocity pub.publish(safe velocity)

def pose_callback(self, msg):
# BT D R — R % A

self.latest pose = msg

def for(ie_callback(self, msg):
# BHT D 71 %2 R AT

self.latest force = msg

def apply velocity constraints(self, velocity):

#ME a2y PO aE—2{E

safe_velocity = Twist()

# AT L D Tl FR

safe_velocity.linear.x = np.clip(velocity.linear.x, -self.max_linear velocity, self.max_linear velocity)
safe_velocity.linear.y = np.clip(velocity.linear.y, -self.max_linear_velocity, self.max_linear velocity)
safe velocity.linear.z = np.clip(velocity.linear.z, -self.max _linear velocity, self.max linear velocity)

# F1 L Dl R

safe velocity.angular.x = np.clip(velocity.angular.x, -self.max_angular velocity, self.max_angular velocity)
safe_velocity.angular.y = np.clip(velocity.angular.y, -self.max_angular velocity, self.max_angular_velocity)
safe velocity.angular.z = np.clip(velocity.angular.z, -self.max_angular velocity, self.max angular velocity)

return safe_velocity

def check workspace bounds(self, pose):

# PR OBR %2 F = v 7

x_in_bounds = self.workspace bounds['x"][0] <= pose.position.x <= self.workspace bounds['x'][1]
y_in_bounds = self.workspace bounds['y'][0] <= pose.position.y <= self.workspace bounds['y'][1]
z_in_bounds = self.workspace bounds['z'][0] <= pose.position.z <= self.workspace bounds['z'][1]

return x_in_bounds and y in bounds and z_in bounds

def check force limits(self, force):

# HDHIRZF = v 7

force magnitude = np.sqrt(
force.wrench.force . x**2 +
force.wrench.force.y**2 +
force.wrench.force.z**2

)

return force magnitude <= self.max_force

def check safety(self, event=None):
if self.latest pose is None or self.latest force is None:
return

#EEZEEDER 2 F = v 7

workspace safe = self.check workspace bounds(self.latest pose)

# WoflR% F = v 7

force_safe = self.check force limits(self.latest force)
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# LRVEERD D 570 £ ) B2 % B
safety violation = not (workspace safe and force safe)
msg = Bool()

msg.data = safety violation
self.safety violation pub.publish(msg)

if safety violation:
# HEVERD S 256, ary b z2igik
stop_velocity = Twist()
self.velocity pub.publish(stop_velocity)
rospy.logwarn("Safety violation detected! Robot stopped.")

if not workspace_safe:
rospy.logwarn("Workspace bounds violated.")

if not force safe:
rospy.logwarn("Force limits exceeded.")

ZDaA—FiZ, vRY FOEEHNEFELCwE, #Eawy F2LeHfIciE->THIB L., fEE%EM
BREDOHIRZF 2 v 735, ZethEKPHmEINLGA, vRy F2EIEL, BEXA v —Y2FR
95, ZNUTXD, aRy b OEERZEr OEEEDOEVb D E R D,

W 7 4 — BNy 7 )L — 7 D EHE
Ry Ml AT L IE, AEBLOHE 74— Ny Z2Z2H0HLT, V7L A L CEIfEZFH5% T 5,
74— RNy I NV—=7DFEEIDTOEY TH 3 :

LEE7 4 —FnNy 7

TR AT L0 6 O Z T, WEOHIE & L8 EZMKIICHETTT 2, MEPIBEIL 2856, Filv
Pz e L, BfETEZ2 359 2, . PHCAEEYLRNEA, BT 2510 %, $5E
74— KNy 713, FRCUERORPRLE S &, MERENEEZ Y X7 THETH 5,

2.IHE 74 =Ky 7

N v =06 OEWRZ VT, Yk & OMAEMENZ T 2, B2, RiEzZECEIE, o2k
PoFEARZHEEL, HERBICELZOFEAZIEILT S, £/, 5ISHLZEAT 5B, ToRE3 L)
MZHELC, AL—ALHHZEHT S, NE74— PNy 7%, FRICHEEHRIR S L7 kpl (1 81
RSN 5EG) CEETH D,

3.EF 74— Ny 7

Hriak « OREY 2 —VH 6 DIEREZHNT, 21— —LOXEEZMET 2, 22— —DHRITEL T,
RV OFTHIZER L), BIMOEHREZIELD T2, HFE 74—y 71k, Rlica—¥—LDHAR
"AVY I aveERT S LTHEHETH S,

4. RNV FE—IILHE :

., NE, HEREDRLEL2EYY) T4 2o DERERA L. XD B R BREERR & IS 2 fTE A K
ZEBT 5, P2, HEER> OVEOAEZRE L, WREER» SYEOEI ZHEL., I 6 DFER
Ziie U CHY 2k B2 IRET 5,

74 —=FNy 7)—71%, 0HZCHIY FL7x 75 DAiE (p) L% (@ OEFZEAR, BRy F24
G Bl 2= =tk 2 hy 7OBE) KINETEDLXIHICT B,

74— Ny 72V —7DFEIE DUFD K ) %Pythona — FTfrbi s ¢
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'python

import numpy as np

import rospy

import tf2 ros

from geometry msgs.msg import Pose, Twist, WrenchStamped
from std_msgs.msg import String

from sensor _msgs.msg import JointState

class FeedbackController:
def init (self):

# ROSPH# D R
self.pose_sub = rospy.Subscriber("/robot/cartesian_pose", Pose, self.pose callback)
selfjoint_sub = rospy.Subscriber("/joint_states", JointState, self.joint callback)
self.force _sub = rospy.Subscriber("/force torque sensor/calibrated", WrenchStamped, self.force callback)
self.object pose sub = rospy.Subscriber("/vision/tracked object poses/target", Pose, self.object pose callback)
self.speech sub = rospy.Subscriber("/speech/recognized", String, self.speech_callback)

self.velocity pub = rospy.Publisher("/robot/cartesian_velocity command unsafe", Twist, queue size=10)
self.speech pub = rospy.Publisher("/speech/synthesize", String, queue_size=10)

# TFBLHE D i
self.tf buffer = tf2 ros.Buffer()
self.tf listener = tf2 ros.TransformListener(self.tf buffer)

# R DR

self.latest pose = None
self.latest joints = None
self.latest force = None
self.target object pose = None
self.latest_speech = None

# 5 2 7 IRHE

self.task state = {
"current_task": None,
"target pose": None,
"is_tracking": False,
"is_force controlled": False,
"is_speech_controlled": False

}

#7484 =N I NV—TDIA ~v—
self.timer = rospy. Timer(rospy.Duration(0.025), self.feedback loop) # 40Hz

def poseicallback(\self, msg):
# RFTD R — X % R A7

self.latest pose = msg

def join*ticallback(self, msg):
# BoRT O B FIR 8 % OR AT

self.latest joints = msg

def forc*eicallback(self, msg):
# BB D ) % ARAF

self.latest force = msg

def objgct - pose_callback(self, msg):
# T DO NRYED R — X 2 /17

self.target object pose = msg

def spegchicallbgclg(self, msg):
# IR D P ik e 2 PRAT
self.latest speech = msg.data
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# S a ey R e

self.process_speech command(msg.data)

def process_speech command(self, command):
#EE <y R

if "5 1" in command or "Ik ¥ #1" in command or "stop" in command:
#aRy b zfFEE

self.stop_robot()
self.speak("fFIE L £

elif "7 T" in command or "FFF" in command or "continue" in command:

# 5 A7 % b

self.task state["is_tracking"] = True

self.speak("¥ A 7 Z FB L £ 9
elif"% 9 4> L" in command and "\ >C" in command:
#IEMTES
self.speak("BHITHEE £ T)
# (FEBROa— FCld, @ICH 7z O UBAH )
elif "+43" in command or "enough" in command:
#ECDZIFIE
self.speak("VEC D ZEIEL £
# (FEBEDa— Pk, ECOZREILT 270 DNHAHNE)

def speak(self, text):
HERAEA v —2 % R

msg = String()
msg.data = text
self.speech pub.publish(msg)

def stop_robot(self):
#u Ry kzEE

self.task state["is tracking"] = False
self.task state["is force controlled"] = False

#fEIkavy FE%E
twist = Twist()
self.velocity pub.publish(twist)

def track object(self):
if self.latest pose is None or self.target object pose is None:
return

# NRYMENDITEN T b L2 FHR

direction = np.array([
self.target object pose.position.x - self.latest pose.position.x,
self.target object pose.position.y - self.latest pose.position.y,
self.target object pose.position.z - self.latest pose.position.z

D
# B2 BHA

distance = np.linalg.norm(direction)

# 7R 2 RV D IEHAK

if distance > 0:
direction = direction / distance
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#IRE a2y FORE
twist = Twist()

# R D L & BE

max_velocity = 0.05 # m/s
velocity scale = min(distance, 1.0) # FEBfICIG U THEZ R 7 —) v 7

twist.linear.x = direction[0] * max_velocity * velocity scale
twist.linear.y = direction[1] * max_velocity * velocity scale
twist.linear.z = direction[2] * max_velocity * velocity scale

#ME g v FERE
self.velocity pub.publish(twist)

def force control(self):
if self.latest force is None or self.task state["target pose"] is None:
return

# HEZLEAND TN TtV 2 Gt

direction = np.array([
self.task state["target pose"].position.x - self.latest pose.position.x,
self.task state["target pose"].position.y - self.latest pose.position.y,
self.task state["target pose"].position.z - self.latest pose.position.z

D
# B2 B
distance = np.linalg.norm(direction)

# 7R 2 R LD IEHAK

if distance > 0:
direction = direction / distance

#HOKE I ZEHE

force magnitude = np.sqrt(
self.latest_force.wrench.force.x**2 +
self.latest force.wrench.force.y**2 +
self.latest_force.wrench.force.z**2

)
Y FORE
twist = Twist()

# )0 U O % K

max_velocity = 0.05 # m/s
force threshold=5.0 # N

if force_magnitude < force threshold:

# NDBIMERTEDOSG, AR IS h > TRE)
velocity scale = min(distance, 1.0) # FEEfICIG U CTHEZ A7 —) v 7

twist.linear.x = direction[0] * max_velocity * velocity scale

twist.linear.y = direction[1] * max_velocity * velocity scale

twist.linear.z = direction[2] * max_velocity * velocity scale
else:

# JIIBELA DY, DT & BT B E)

force direction = np.array([
self.latest force.wrench.force.x,
self.latest force.wrench.force.y,
self.latest force.wrench.force.z

D
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force direction = force direction / np.linalg.norm(force direction)

twist.linear.x = -force direction[0] * max_velocity * 0.5
twist.linear.y = -force direction[1] * max_velocity * 0.5
twist.linear.z = -force_direction[2] * max_velocity * 0.5

#HRE a2y FeRkE
self.velocity pub.publish(twist)

def feedback_loop(self, event=None):
#ME 74 — Ny o

if self.task state["is tracking"] and self.target object pose is not None:
self.track object()

#HNE7 14—y
if self.task state["is force controlled"] and self.latest force is not None:
self.force control()

#EH 74— KNy 7
if self.task state["is speech controlled"] and self.latest speech is not None:

# (EBEOa—FTiR, TE 74— PNy 71250 S B2 05)

pass

def set_tracking_target(self, object name):

# BB R 2 BRE

self.task state["is_tracking"] = True
self.task state["current task"] = f"tracking {object name}"

# (FEPED 2 — P, object namellWJnd % My 7 ZWHET % 72 0 DAL )

def set force control target(self, target pose):

# STl O B EAIE % 3

self.task state["is force controlled"] = True
self.task state["target pose"] = target pose
self.task state["current task"] = "force control"

def enable speech control(self):
# 5 = il 2 AL
self.task state["is_speech controlled"] = True
self.task state["current task"] = "speech control"

ZDa—Fix, fE, WE, 74—y 72 EL 74— Ny 7 V—7%FHE LT3, I
74— NNy 7 Tld, NEUEOMERZBINL., ZRUCALSTBEITS, hE 74— XNy 2 Tld, Ho
REZIEHFMIGL CHEREZMET 2, THEI4— KNy 7Tk, 2—¥F—DFFEa<w Y FIZBELTY A7
ZHEIT 2, SNS6D 74 —FRNy 2 Z2HEAT S 2L T BEOELPAMEEICHEL 2086, YA 7%
MHELCEIT T ENTES,

HH#H L FE—INHEEES 22—
RILFE—INHEE S 2—0I3, WE. I, BEFLEEDRLZE5Y T4 26 DEREME L. X hE
7 BREEHIAR & WIS 22 TE AR R 2 FEBL T 2 1% 2 5,

#it €5 ) T 4 MOEHR A

CAFE—INRAET 2 —NIE, TSV T4 06 OERZHEYNCHEAMN T L, HaET 8082 RAT
%, BIZIE, BEER> SMEOMEZRE L., DEERPSVFOEI ZHEL., Ihs DERZHA L
THEY LR EMEZRET 5, £/, BREERDP S - —DREXZHE L, HIEERLEHAGOET
HY e NRYEZ2RET 5,

New York General Group 57



Y T4 MO A L. BLTFD X ) Z2Pythona — FTHEEINS :

'python

import numpy as np

import rospy

from geometry msgs.msg import Pose, WrenchStamped
from std_msgs.msg import String, Float64MultiArray
from sensor_msgs.msg import Image

from cv_bridge import CvBridge

class Multimodallntegrator:

def init (self):
# ROSBH D B

self.vision_sub = rospy.Subscriber("/vision/object poses", Pose, self.vision_callback)
self.force_sub = rospy.Subscriber("/force _torque sensor/calibrated", WrenchStamped, self.force callback)
self.speech sub = rospy.Subscriber("/speech/recognized", String, self.speech callback)

self.integrated info pub = rospy.Publisher("/multimodal/integrated info", Float64MultiArray, queue size=10)

# T DE — FIVAER
self.latest vision = None

self.latest force = None
self.latest_speech = None

# A TER

self.integrated info = {
"object_position": None,
"object weight": None,
"user intent": None,
"confidence": {
"vision": 0.0,
"force": 0.0,
"speech": 0.0
H
}

#EY Y T4 DEIA

self.modality weights = {
"vision": 0.5,

"force": 0.3,

"speech": 0.2
§
HREGIA 2 —

self.timer = rospy. Timer(rospy.Duration(0.1), self.integrate_modalities)

def vision_callback(self, msg):

# IHT OB Z TR AT

self.latest vision = msg

# A & YR D ALiE 2 Al

object_position = np.array([
msg.position.x,
msg.position.y,
msg.position.z

D
# e TRz T

self.integrated info["object position"] = object position -
self.integrated_info["confidence"]["vision"] = 0.8 # T IEM DS (f1)
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def force callback(self, msg):
# BB O ) IR = R AT

self.latest force = msg

# NEFRD S VRO E S 2 #EE

force_magnitude = np.sqrt(
msg.wrench.force.x**2 +
msg.wrench.force.y**2 +
msg.wrench.force.z**2

)
# HNNEEZ 2 ZE L CHES 24HE

estimated weight = force_magnitude / 9.8 # kg

# e Tz T

self.integrated info["object weight"] = estimated weight 3
self.integrated_info["confidence"]["force"] = 0.7 # JIRIERDOEEE (H1)

def speech_callback(self, msg):
# T D Gz IR AT

self.latest speech = msg.data

user_intent = self.extract user intent(msg.data)

# e I 2 ST
self.integrated info["user intent"] = user_intent
self.integrated_info["confidence"]["speech"] = 0.6 # &5 = [ERDEHEL ()

def extract user_intent(self, speech text)

HEFRTXA RS 21— =X % fif

intent = {
"action": None,
"object": None,
"location": None,
"modifier": None

}

# A B (EBED 2 — FTid, X0 SR HAS B A
if "H{>T" in speech_text or "£f > T" in speech_text:
intent["action"] = "pick"
elif "[Ei\>"C" in speech_text:
intent["action"] = "place"
elif "\ >C" in speech_text:

intent["action"] = "pour"

if "#7 v 7™ in speech_text or "~ 2" in speech_text:

intent["object"] = "mug"
elif "7 b )L" in speech_text:

intent["object"] = "kettle"
elif " A 7°— 2" in speech_text:

intent["object"] = "spoon"

if "7 — 7" in speech_text:

intent["location"] = "table"
elif "5 Z Hi L " in speech_text:

intent["location"] = "drawer"
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if "W < D "inspeech_text:

—n

intent["modifier"] = "slow"
elif "3# < " in speech_text:

intent["modifier"] = "fast"
return intent

def integrate_modalities(self, event=None):

#4TY ) T4 DIEREHE

# e I N EWE 26
integrated data =[]

if self.integrated info["object position"] is not None:

integrated data.extend(self.integrated info["object position"])
else:

integrated data.extend([0.0, 0.0, 0.0])

if self.integrated info["object weight"] is not None:

integrated data.append(self.integrated info["object weight'"])
else:

integrated_data.append(0.0)

# 21— —DEX 7z Bl

if self.integrated info["user_intent"] is not None:
action_code = 0.0

if self.integrated info["user_intent"]["action"] == "pick":
action_code = 1.0

elif self.integrated info["user intent"]["action"] == "place":
action_code = 2.0

elif self.integrated info["user_intent"]["action"] == "pour":

action_code = 3.0

integrated data.append(action_code)
else:
integrated data.append(0.0)

# (S L TR 2 38

integrated data.append(self.integrated info["confidence"]["vision"])
integrated data.append(self.integrated info["confidence"]["force"])
integrated data.append(self.integrated info["confidence"]["speech"])

#i o w2z Db

msg = Float64MultiArray()
msg.data = integrated data
self.integrated info pub.publish(msg)

def update modality weights(self, vision weight, force weight, speech weight):
#EY YT A DEARZEH

total weight = vision_weight + force weight + speech weight

if total weight > 0:
self. modality weights["vision"] = vision_weight / total weight
self.modality weights["force"] = force weight / total weight
self.modality weights["speech"] = speech_weight / total weight

else:
rospy.logwarn("Total weight is zero or negative. Weights not updated.")

Zoa—FiE, HfE, WE, SEOKES ) T4 o0EREZHEA L. L) B LRBREHEREEH T 5L
FE—INUMAEY 22—V 2HE LTV 5, HEHER> SYEROMEZIE L, ITREER» oVEDOES 2
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HEL, BEERG -V —0BMEHET 2, 0o DEREFRE L, FES Y 74 OEEELZEEL
T, &V IR BRI 2 KT 5,

Hi 7 0 AT — FILAEE

JUAE—FNFERIT, B35 T4 HOBREZEE L, BROMAMTEEZER TS 7vLATh 5,
Bl Z1X, SREERE NREROBEFRZAEHT 5 2 LT HEER> SVFRORERIZHEE LD, NEEHRD,
SVRDIGRZHEE L 72D T2 ENTES, £/, BHElEREUEEROBGRZAET 52 LT BHE
RO NFYEZRET 5T ENTES,

7URAE—FNEEIE, DTDX I %Pythona — FTHEEINS :

"'python

import numpy as np

import rospy

from geometry msgs.msg import Pose, WrenchStamped
from std msgs.msg import String, Float64MultiArray
from sklearn.linear model import LinearRegression
from sklearn.ensemble import RandomForestRegressor
from sklearn.svm import SVR

class CrossModalLearner:
def init (self):
# ROSBH DB
self.vision_sub = rospy.Subscriber("/vision/object _poses", Pose, self.vision_callback)
self.force_sub = rospy.Subscriber("/force torque sensor/calibrated", WrenchStamped, self.force callback)
self.speech sub = rospy.Subscriber("/speech/recognized", String, self.speech callback)

self.predicted_weight pub = rospy.Publisher("/multimodal/predicted weight", Floato4MultiArray, queue size=10)

#FEET—5

self.vision_data =[]
self.force data =[]
self.speech data =[]

#2EEE T

self.vision to force model = RandomForestRegressor()
self.force_to_vision_model = RandomForestRegressor()
self.speech_to_vision_model = None # HIAT GBI D 7 7 0 — F H3ah#L

#LEERT T

self.is_trained = False

#PEIA ~—
2%

self.timer = rospy. Timer(rospy.Duration(60.0), self.train_models) # 60%) Z & (2 H

def vision_callback(self, msg):

# B ERZ 7 — 2 2 v MIZEM

vision_features = [
msg.position.Xx,
msg.position.y,
msg.position.z,
msg.orientation.x,
msg.orientation.y,
msg.orientation.z,
msg.orientation.w

]

self.vision_data.append(vision_features)

New York General Group 61



# FERFEADG G, SEERD S 7% FHl

if self.is_trained:
predicted force = self.predict force from vision(vision_ features)
self.publish_predicted weight(predicted force)

def force callback(self, msg):

# NHEEHE T -2 2y M

force features = [
msg.wrench.force.x,
msg.wrench.force.y,
msg.wrench.force.z,
msg.wrench.torque.x,
msg.wrench.torque.y,
msg.wrench.torque.z

]

self.force_data.append(force features)

def speechfcallbac}((self, msg):
# EEERE T — 7%y MBI
# (REEOa—FTIE, TFRA 2R VISR 2 B L)
self.speech data.append(msg.data)
def train_models(self, event=None):
# TP D B GA. ETIVEEE
if len(self.vision_data) > 10 and len(self.force data) > 10:
rospy.loginfo("Training cross-modal models...")
# T D 7 — 5 % ]

recent_vision data = np.array(self.vision_data[-100:])
recent force data = np.array(self.force data[-100:])

# S TER D & NHEERZ P 2E TV 254H

self.vision to force model.fit(recent vision data, recent force data)

# NBENR BN FHT 2 € 7L 2 2

self.force to_vision model.fit(recent force data, recent vision data)

self.is_trained = True

rospy.loginfo("Cross-modal models trained successfully.")
else:

rospy.logwarn("Not enough data to train cross-modal models.")

def predict force from vision(self, vision_features):
# B AR & W HE S Z 7
vision features_array = np.array([vision_features])
predicted force = self.vision to force model.predict(vision features array)[0]

return predicted force

def predict_vision_from_force(self, force_features):
# R S SRSz T
force features array = np.array([force features])
predicted _vision = self.force to vision model.predict(force features_array)[0]

return predicted vision

def publish_predicted_weight(self, predicted_force):
# Pl N1 o EHI 2GR

force_magnitude = np.sqrt(
predicted force[0]**2 +
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predicted force[1]**2 +
predicted force[2]**2

)

# HNNEEZ 2 Z 8 L CTHS 28
estimated weight = force_magnitude / 9.8 # kg

# PRI NEHS 2R

msg = Float64MultiArray()
msg.data = [estimated weight]
self.predicted_weight pub.publish(msg)

ZDa— R, HEHERENEEROBERZFZEL, Aotz PHT 27 02— yeE 2583 L
T3, HEER> HREBEHRZ PHT 27 VE, HEBE#RD> S HEERZ PHT 22TV 2%EHT 5,
Uk, —HDESYY T4 DEFRBRELEATH, tWGDESY Y T4 26HI5%ETEI LN TES,

#it <L F & — F L HEG

vV F =AM, A INERICED VT, BECRIUCE T #5217 e A Th B, Hilx
. HEERENEEREHRE LT, WEoMESHEZHEE L), HEERE EHEEREZMA LT 12—
P—DEKZHELZD T3,

v IVFE—FNHEHIZ, LD X 9 ZPythona — FCHEINS !

'python

import numpy as np

import rospy

from geometry msgs.msg import Pose, WrenchStamped
from std msgs.msg import String, Float64MultiArray
from sklearn.ensemble import RandomForestClassifier

class MultimodalReasoner:
def __init_ (self):
# ROSBYH# D i
self.integrated info_sub = rospy.Subscriber("/multimodal/integrated info", Floatb4MultiArray,
self.integrated info callback)

self.object property pub = rospy.Publisher("/multimodal/object_property", String, queue_size=10)
self.user_intent pub = rospy.Publisher("/multimodal/user intent", String, queue size=10)

# Uk DRI B AR
self.material classifier = RandomForestClassifier()
self.content classifier = RandomForestClassifier()

# A DRHET — & X—2

self.material database = {
"plastic": {"weight range": [0.05, 0.2], "hardness": "medium"},
"ceramic": {"weight range": [0.2, 0.5], "hardness": "high"},
"metal": {"weight range": [0.3, 1.0], "hardness": "high"},
"glass": {"weight range": [0.2, 0.6], "hardness": "high"},

n.n

"wood": {"weight range": [0.1, 0.4], "hardness": "medium"}

}

self.content database = {
"empty": {"weight change": [0.0, 0.1]},
"water": {"weight change": [0.1, 1.0]},
"coffee": {"weight change": [0.1, 0.3]},
"sugar": {"weight change": [0.1, 0.2]}
}

# 21— — B DFHFL —
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self.intent rules = {
"pick": {

"mug": "pick up the mug",
"kettle": "pick up the kettle",

"spoon": "pick up the spoon"

}

"place": {

"mug": "place the mug",
"kettle": "place the kettle",

n.n

"spoon": "place the spoon"

"pour": {
"kettle": "pour water from the kettle"

H
}

def integrated info_callback(self, msg):
# e TE Rz AT

integrated data = msg.data

# IR DALIE
object_position = integrated data[0:3]

# Yk DES
object weight = integrated data[3]
#1—Y—DEK

action_code = integrated data[4]

# fS L

vision_confidence = integrated data[5]
force_confidence = integrated data[6]
speech_confidence = integrated data[7]

# VMR DIME % HEE

material = self.infer material(object weight)

# VMR O & & HEE

content = self.infer _content(object weight)

# 21— — DR % R

user_intent = self.interpret user intent(action_code)
# HEdm G R 2 b

self.publish_object property(material, content)
self.publish_user_intent(user_intent)

def infer material(self, weight):

# H S D 6 YR OME % e

for material, properties in self.material database.items():

if properties["weight range"][0] <= weight <= properties["weight range"][1]:

return material
return "unknown"

def infer content(self, weight):

# B DZALD o WE D B 2 HEE
# (FFEDa— Tk, BEIORLZENT 20E8H 5)
weight change = 0.2 # 5
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for content, properties in self.content database.items():
if properties["weight change"][0] <= weight change <= properties["weight change"][1]:
return content

return "unknown"

def interpret_user_intent(self, action_code):
#7773 ava—Fhs1—%—0ERZ R

action = "unknown"

if action_code == 1.0:
action = "pick"

elif action code == 2.0:
action = "place"

elif action code == 3.0:

action = "pour"

object_type ="mug" # (KD a—F Tk, YFEOMHZHEE T 246503 H )

if action in self.intent rules and object type in self.intent rules[action]:
return self.intent_rules[action][object type]

else:
return "unknown intent"

def publish _object property(self, material, content):
# MR DR 2 R B

msg = String()
msg.data = f"Material: {material}, Content: {content}"
self.object property pub.publish(msg)

def publish _user intent(self, user intent):
# 21— —DREX % A

msg = String()
msg.data = user_intent
self.user_intent_pub.publish(msg)

Zoa—Fi, MAInLERICED T, RO EY TS, 20BN A L2 ERT 5L FE—
AR Z HE LT 5, WHROEI POMEZHEEL, BIOLMU» S hH2HET 2, £/, T77¥ 3
¥ a— FEVMEORED S 2 —F - DB ZMIRT 2, Ztuck b, K0 B 2B & OEISH R T4
RASHRE L % 5

8. PEE LD FIH Ml REME:

IR, DU DRERTECOMM BRI S ¢

# 1. KEAY— 20 Ry b
FIERE I FHIATEECEETH D, Ry FRRA R Y A7 2EFTT 201213, EVIHEIGEE S & HIRED
METH DL, KATHIE, UTDXI) BEKEHY—EC2ulry FOIGHICHEL TV :

IWEE ST

- TAERAEED B OME, T ADXE, BBOMELR L

- TR KRR, REOMEELY . Y OFEHIEH £

- VR RO, A OB, R L KREOI D Ak
- BETE R ONE, YEd, I E

2. i - BEEH SR
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PIZIE, EilEOAETIE, TRBROMHTT L, #2F-oTEELr )02, LAEZRT, KEzH T
SHEKRZHERL, MEZLETLILENTES, £/, SHOSYBREMPLTTN? ) Lah, HH
WIGEU T O¥ENRZ TR ) C LD TE 5, DL RHRLNG L#EICH 3R IF, "l OHE L 74
H2XA5 L THETH S,

#iy 2. BLESE
BEHETIE, SRV BEECTRBAEETI A VOTFEPEET->TED, HISEBHOE Ry T AT A
BRDSNT WS, AVATLIE, UTDL ) RELEEDIHICEL TWS :

1. $HAT P -
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- KBRS el 2 i DAz E G b & HZ
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- PRI © AR L A 7 b OFHE & FEfT
-EHATE - I o, #iRA — ¥ — D4
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3. YAl -
- b— b EFH] 2 BERN 2 B ERR S O G Hl] & FEAT
- Bl L b 7 v 7 SCRLEFE N DRI 2 v L E
- BUREHESE © FORNET 120 U 7o B D5 V) &

K AT LDBRRE X ONHE 7 4 — Ny 7OMAICE D SRRAGEMOBEY D e mgg s s, &
7. RAGZHO 7 AR — A DIIRNZRTEMIC X D | FT L orim PRI BT 5 2 enTE5, &
512, B DZACPAHERIEN DB I X 0 M L BB P R T 211308 —VIC b G T
%

B ZI1X, Eav—ABETIZ, TZOEXVAMOEMZEY X7 LTHELTL 22X v, Lw ) ERICR
LT, Siamziksl L, @2k ol LTilE T2 2 880 %, £, TZOMOERIRDLZ#HEZR L
TS EVIHHERIIHLT, Bz AX vy L, EEEEMVEZRETLILNTES, ZDLHI %R
RN Ey X v 7 LEHEHIZ, Wi a X F OB & SR E DR FICEERT %,

#H#10. Av— b 74 - Y —E 2
A= T4y — AT, TROSHLE = —XITHIG L, 24 CHIERN a8 B % HERF &
ZRERH L, AVATALIE, UTDLEIBAR—F T4 - AEF—E2DGHICHELTWS :

LRI RE

-t L EE, SR, AR £ O
- KR A V7 7, SR DRGSR
-« NBIBRR BRI, AT F v R

2Ry —ER:

- B BDERA, MEEREN, BEALE

- EERE A R MER, lfER. RAERR E
- 3B ¢ Rl P REEE OB SR, iR &

3.HEEM

- it - RETH OB, EREIKDLO R
-l BRSO, BIRERBE ~ o ik

- IR © I A, REEEA I, RS MLE e &

R AT LDEL N)VIERFRRE ) & BEEEISE 11. ka2l L iR = — XIS 2 DIc#E LT
W3, . HEBIONE 74— Ny 7OEIC LD, R EE B 293 o9, #Ess) bl
B, 361, HHNGEEEICLXD, TREODAHARZII 27— a V23FEHEI N, Y—EXDED
m kg3,

B 21X, N TIE, TCTOERYORNZ LT ES v L vy KEDOBERICH LT, MiROBE % 3
L., HNOGTEF TENTLZENTES, £/, TZOFMORELZ AL TS LIV, &) FHE
DRI LT, iz HRNICHEEL, BF0EHLME TSI TES, 20L) ZNFHFRHOEAN L
R, A —E 20 EEOM LICHBRT 5,

AEPIEETIE, T2o ) 7oEREZ LTIV EwHiERica LT, I3 2@l L. @YxAEc
BT 22 ETES, £/, TCOHEKDKEZHERL TS ZI vy LW )RS LT, BEKDORER
B, BEPOGNEMETH2 L3 TES, 20X BHENZEIE S, ALEROER L L
DHERFICEHETH 5,
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#H# 11, FHEE - MmIBEE
FTHEACHREE COEE TR, SOBEAEEEINE RO 5 E, K AT61E, IFTD X 9 RFH
BE - BEEOGHICE L TW5 @

L FHRE :
- BRI - WIZSRE, ¥ v 7OV RN
- ?Eﬁx%‘—?\/ 3 ‘/ﬁf% : 1‘%%%@%&%‘ ﬂ%ii\ RUFFUR
- FHREER SV oML, BRI O EE

2. TRIBERAT

- MR e v v o ARRRREIEE, BREA

- MRIERAESE © 7 — 7OVBGER, ERIEERIE, Y v 7 VERIL

S PRSEY SR T 7 Y b7 — A L SA T4 v o iR

3. MR A -

- OKRGREL « KJERE T, 2 7RI SR B

- MR SO © MR, A X v T v A SRR

-BEE =2 v AR, TPRWERI, SBEEE) T — 5 I

Ry 2T LD AN & EIGEE . BEEBEPHIB I N ZBRE COEEICHELTWwD, £k, HEB X
DHETZ7 4 —FNy 7OMEICE D, RAOBRIE CORERIBENTE L L5, & 512, RAGZ W 725k
R—Z DR LIETIC LD . FPHICRRBLIC O MIBT 2 2 £ TE 3,

Bz X, KEEETIEK, TTOEADY Y IV ERILTL 23w LW HiEkD o oiFRicy LT, &5h
DFEE RIIRICIG U 7258 2 HIETH v PV ERINT 2 2 8 C& %, £, TZoMEzHEL. X4k
BEZ RO T EZ vy LRI LT, FEOHEZ ST L, BEEYEZET Do X2 BT 5
TENTED, 2K HEMNZHNT &G IE, EEEIED H 2 HEERE COWEICAAIRTH 5,

FHAT—Ya vk, TZOBBOBEZIR—F LT LI V) L0 FEHRMTLOBERICH LT, &4
B THZMERL, BHFIHZFHL 2o FEL2 BTS2 LN TES, £/, TZoFEBEEELZ LY b
Ty 7LTLEIV) LRI LT, BEOKBMEZHEYNICEEL, BT 5208 T&%, 20X
) RSB ERE L BIE. Bon )Y —REE L WEEEFDOH 2 FHRETRETH 5,

#HH12. 08 - Jl S 21— av
HBE -l 2L —varaBcik, V7 VRREBELIRNZER L, 21RN A8 R A A9 2 8N
Hb, KATLIZ, UTDX)REEB -l I 2L —arvppHITELTWS :

1. BRI -

Tz T av—vay  ARTIRO T, S ofiE

- BRTNIEHIE « BRABRLE, ) 7 — Y DR

-BET T 2% B V) T2 3 VEITOEE

2. Bl -
- TSR« BERERAE, Az, BB, BRI
- RSN« EARERE, MR, M TR OB
- PR LA, PR, SR o SRR

3. SEFEXICGHIHE -

- EHEERRIE ¢ SEEHINFOREEER I, FEEEAN DI

- WIS - B SE OERE, it B EULIE DR
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L[l

- FERE P ¢ REIECRAR. REEINEE, R PCE DRI

KEATLDEEE X ONE7 4 — FXNy 7OMEITE D Y 7 el & QAR Z RS 5 2 L30T
%5, o, HASHEEMAENICL D, FEE L ONFEHROIFEN MR L k5, I 512, BEOZLPAMERE
TENDEIGREIT X D BRA s T ) APEHHZITHIGT 52 2 LB TE 5,

B AR, BEHEETIE, TZOREDBELZIToTLEZI V) LIRS LT, N—F v LEZDREIR
EREL, PEOBRICIGE T ENTES, £/, TZOFMPIEZFEEL T LI v vy ERIC
NLT, FIMOKEATy 72FHL B0 HH L, FEPHEET HBICIE 740 — PNy 72275 2 &8
TE&%, 2O BNEFERDT T 2L —2a v EHIRT7 4 — PNy 713, BEFREMROBRICHRN TS 5,

FENIGIBETIZ, TP TOKREDRFHEEL £ L, BHEFFE2T TS, L) FUFITHL
T, KEDIERPEED I 70 EDRDZALZ FHELL | FllFEE OFIWT & TENCIEC TRULZ 2L S5 2 &3
TE 5, £/, "ZOHBD MTHEEEP T, LTI LI v, Ew) T F YA TR HEEOLENE
P IEE DIRFBITIG U 7l e iEZilll S 2 2 3 TE %, DX BENEY I aL—varv iR
DU E, FEERIY 725 SEFERNGRE I D 1) EICHBRY 5,

9. Fitifil

DUN ., ARFEHO BRI 2 I DWW TEHHT 2, &k, LT DFEERIZL, New York General Groupfh:d
Categorical A1 % {fi\ 2 fTdH 417z, Categorical AllZ. Anthropicth:(Z X > THJE T % Claude-3.7-SonnetE 7 /)L % —#f
TEEALTE D BAEMNTICE T 2 SR LR LRTE ORISR, 71 77 L BRSSP/ N 7
- BIERE21T) 2L TE, LMTOURLLGENT 2 Z &N TES

https://www.newyorkgeneralgroup.com/ouraimodels

AREREHTIE, BELILFE—FIL 7 4 — PNy ZiRGRARRR R Ry Mg 2 725 0F81E
Z FEICBIEE S 5 72 12, Gymnasium (IHOpenAI Gym) ZHW/cEERY S 2L —v a VHEERZIT- 7%,
Gymnasium!Z, J{LFAE 7L TV ZLDFAF ERY F =7 DD DEFHERN A V¥ —7 2 — A%t T %
Python7 4 777 ) ThH D, k4 GERETcORRY FMlfIF A 72> 2L — 1§52 LN TESL, AEBRT
1%, GymnasiumDFEREZ KIFICIRRE L, <V FE—FL 74— FNy 7 LAl (RAG) Zfia L7
R RS DB L 72,

HH S S 2L — a VEREDRES

YIal—vavBiEE EEOXy FUBRBEZEEICEELbDOTH), Ta—t—%2fE5, tvw) ¥
AP RFEGTD21DDEKLEA 7Y 27 (97 Ay 7, a—k—F, F b, A7=r 5IEHL, W
Ji, B&ilhE) PREINTVS, BENOA 7Y 27 ME, (CE, B8, WERE (B3, BEERERE.
HPEREL, BMEERL L) 256, REAYHEY S 2L —Ya VICEDOWTHAFAT %5, £7-. WK
Ok, a—t—) ©HR (a—t—H) REDH MEYEDY S 2L —>arbFEL, XDBIENES X
7 FEfTz "REIC L7,

BRI ONEFEIZIZ, GymnasiimDIEAR 7 7 A 2K L 72 H A& LB 7 5 A TKitchenEnvironment | % 9825 L
oo 2D7 I RIF, DU OR#E RO

1. #1225 (Observation Space)

- BITETE - RGBIHIR (1920x1080E 7 &)L, 24E y MaEE) LPEE -~y 7 (1920x1080E 7 &)L, 16
vy FEE)

- R 6RTER 7 PV BRITLD S EIRILD FL )
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HAEER 7 XA MEAOE R & RN R (AR ARZ FL)
SBREMREE 1 A 7Y 2 7 P OMIE, BB WHEIVIRE GRE. G/KERE)
2. fTE)Z4[H (Action Space)

-wvRy oBfifME (78 HEE)

-7 v o—DBHPHREE ()

IV RIT7 278 ONIEEES (6XI0)

- HHE S A =8 (BRI, 2y T 747 A% L)
-ELLTrvay (MERT 2, TFb EF5, ES) &Y)

.My S 2L —va v

- Wl 717 PyBulletZ A\ 72 SR EE 2 ks S 2L —> 2 v

- Vi 1% SPH (Smoothed Particle Hydrodynamics) %% H W72k S 2L —> a v
B BMBEE RO S a2 —vay (a—t—DiRERRY)

- R os s BERE MR, OREVEZe EoEMR DY S 2L —va v

4. BRELDAHEFENE

X727 N DINIED T v & bl (BEHEMR 25 5cm)

-UHRED IS0 F (HI£10%., BEEREE20%7% L)

Sk VY= AR BE TS T )4 Re=001. IHE : B> 7 v/ 4 X6=0.1N)
ST F 2T — DEME (10-50ms) & RREEME FEAMHEDE2%)

SBEOBNE (o —Y2 vy Mok23 A 7027 FoBEILY)

5. RIS
SFAVETHIN : 7Y A7 ZEDOFIM (+10) £ ¥ A7 EEO5ETERM (+100)
- SRR ¥ R 7 58 T RN R HA 9 2 i (Fok+50)
- TEA VRN ¢ S 7 RO IS T B RV T 4 (BK-50)
- KBS © AR D AR OREEL I il 3 2 W (R K+30)

BiBii%, Python 3.9 LT3 X 41, PyBullet3.2.1, NumPy 1.22.3, OpenCV 4.6.07%% EDFH T 4 75 ) %]
LTWw3, ¥3alb—yavid, Intel Corei9-12900K CPU, NVIDIA RTX 3090 GPU, 64GB RAM% #&#k L 7=
J—JRAT—aVYTEITIN, VTNIALLT7 775 —08 (ERHDOSGOHE) T Ial—vav
DHEFTT %,

HiHE S AT D DRI

REAT LG, EP2—MUESNIT—F T 7 F v CEREIN, Ha v F—2¥ ML LB - 72
F It mMEIN, YATLOEMET—X T 7 F vk, ROS2 (Robot Operating System 2) (27 F4T
{5t (Publish-Subscribe) 3% —IZHDVWTE D, Fa v R—% v FMEUDOMEEIFIEFPA X v -2 v 7T
fThnd, TEIAVR—F v F OFEMFEEIEILL T 0@ TH 5 ¢

HH 1. BB 2 Y R—% v b

Balay K-> M3, RS, 270, a— FAER, BREBRILER (RAG) DHEREZ f2it
¥ 5, FEGEHIMIZLITOE) TH 5 ¢

BT T7V P GPT-4 (OpenAlAPIiEHH) 2 FEEASHEETNE LTHEM, Ny 77y 7L LT, v=ALT
FATA[AE 22 Llama 2 (70B) € 7L b S
SIURTY VT ETIL D LFEDR Y FVEBLTIZ0penAlDtext-embedding-ada-002 (1536%70) % fififf,
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-RAGH2E @ Langchain7 L — 27 — 7 ZH O THEE, FXa XV b Frrdr s (Frv 784 X5120—7
Y. A =N=F 9 750b =2 ) . X7 Pl Faiss% O 7T REE %

-Tury v )y YRR, a—FER, 27— 0EA ey Ty L —
FZBFZE, 7ur 7 hicid, YA TLORE, BREORD, MWEDOITHEERE, L7 —EReEVEINS,
-FRY TN T XL BEEN S R 7 R I, EL RV R 2L LY R 7T, L R)LY A
7 HARL RV Y A 73RS B3R, 5L VB OKRERBIRIE A IIEKR 77 7 (DAG) THEEL,

- EHERE TV 7Y R Y M OREBIR 2 ST S HERP(T T i) & UCERBL, MERMEIZAGRR—A
DRI HHFEIN, ATV 3y FT7—7 & LTHE,

- 2 — F4AHK - Python AST (Abstract Syntax Tree) % H\>7-%&4 7 a2 — FARR EMRGEE, BRIz a— R,
P PRy 7 ZBRECEITHNICEHIVRNT L BN F = v 7 % Eli,

I 7 —MH, 2B FEOLODEHEY -, 7Y =V DT —IRX=R L BWED
I 7 —[EF % 15,

B a v R —F > M E, 40HzO AW CEREGRREEZ Bl L, MEIE U CTH R 7 EHlZ EH T 5, ¥ R 7
SR E a— FARIZIEFRcoET I, BRPF 22— IS NG, AT L41%, BIEOBREMREICHK b
L7ca—FZ@ERL, #7735,

#H 2. S A T b

BHS AT LG, BEOIRILRBEZ AR L, A7V 27 PR, /A vT—vay, R—AHEETI.
FEFEMIELL T oM@ ) Th 5 ¢

ATV 27 P YOLOVIZ R—R E L7 7V 4 2R HER (mAP 0.56@0.510U) , 30FHMHD ¥ v
FUF 7Y 27 MR LTI, R EE X 30FPS,

A VAY VAR T AT —3 a3 Mask R-CNN (ResNet-10173y 7 R—2) & Segment Anything € 7 /L % #f
AEbLEINA Ty P77 u—F, 77X 7— a vIEEIZmloU 0.78,

- BT EY 2 —) L  CLIP (Contrastive Language-Image Pretraining) € 7V % H\ 7 SEEE R IO A
7Yz M, TR Ay 7y TRERT PV ke EOREHEAM SR ISR,

3RICHMERR : Yy TR AV TF—v a v AV ARG DR 3RICEREER, RANSAC (Random
Sample Consensus) 7L 3V A L%z - Wil 74 v 74 ¥ 7,

- R —XHEE ¢ ICP (Tterative Closest Point) 7L 3V X A & (A E I N IRE 7L 2 F V> 726DoF AR — X
T, HEEREE T O EESmm, L3,

SHERIRBEES : ANV 724N ENY Y Ty TATY R L2V FF 7Y 27 M, A7 —
Ya v (R 1o LTRSS PR B BERE,

- AEFEVEHEE © FW & R —XHEE I T 2HERDA (BERAN Y A5010) DHEE, PEFEMEIE VL
G TV T4 7HE (RBEINAHEEE) 2 Y A—,

- SRR - & R 7B I D  SIRMER 0BG, BEOY 78 A 7 1T 24 7Y 2
MCERMICERZ AT 5,

BT AT L, 20HzD A CHGLEE 2 FIT L, MEERE R —HEZ 7Y v 293, iEHARD
AL BRITEEER R &) 13, BEICIG U TIRW RS (SHz) THEITI NS,

HHHES. JIHEY 2 —)L

NEEZ2—VIE, Ry FODZVY FIZT7 27 80BRF2HE PV Z2HEL, YiEEEoREzH L3¥
%, FEEEHIE T O®E) Th 5 ¢

AT ANI VT ANy T4 NY ERBEPTFE 7 4 LY 2B EDEINAL Ty F 748 V7,
R, A X DFRE & 2B 2D B 2 WAL,
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SRIE7Z VY AL EAMIE EREE N Y 7 FIEZ S HEKIE 7 a R A, 6l 2 v — D&l 2 iy
WKIEL, 78R b= 2813 % M,

- Befili i ESIERfE I D  BEfilA X > - oM, B o (22, R4 74 v oL ) 2aBT
%SVME 7L,

-UMEREHEE IR 74 — PNy 7 oMRDES | S, BEREG E2HET AT VET L,
HEERGREIFE S £5%., T S +10%., BEHEE15%,

SHEHTZ ATV XL L 4 v E=F Y RTIH, A 7Yy BAZE/ IS, w2 R IE Ul h B 2
2 X5 g, TR 1kHz,

-RIBREEEE TV REROEARZ TOZND S HEET TV, BRICTPHISEM: & BIVRIR 2 E5E L 72 B
PEHERE 7L ) X4, HEEREEEIZ+5m] (100mIDHEARE)

SERH MRS N 18 — v 6 ot 2 M T 5 BEER, 7 BRI T, 2 —
2 a7 &,

-HEAERY BWEONTEARY - RFEL, BRI oY) 2 A7 X =y 2T 5TV T
TATAEY,

HEEY 2=, IkHzDERBEETT — Y G L FHEARWZ2 7 4 L8 ) ¥ 7 %47\, 100HzD B EECTRERR
W (RriEfeE. Bt ) 28075, IET—21E, )V onNy 7 7 IR ESI N, B@ESHREO
F—FIT IR ATE 3,

Tk s BAREY 22—, 22—V —LOHARLNEEZEHT 5, FEFEMIITO®E) TH 3 :

- 157%?3‘%}41 V¥V Whisper Large V3E TV Z R—R L LI HFHE RS A T L, HAGELWEFEDNA Y VA
PRI, HEES D (WER) 13 HAGES. 2%, J45HE3.8%.,
FHA I > Y~ & FastSpeech 2€ 7L L HiFi-GANK 2 — ¥ Z flAaH b L EMES H AN 2 74, A
PEMOS (Mean Opinion Score) 4.3/5.0,
- ahE el ¢ x-vector £ PLDA%Z Fl W 72 GEHFRA & A T Ly 20 NDGEH % 98% DAEEE Tkl , FrkiGhH o B ik
FERED D .
S AR EF@@@%&&X“yF»ﬁﬁ%ﬁ“ﬁﬁ@ﬁ@ml(%U\%LA\%D\M“ e, %
L) DR, SRR X 72%,
% ok - mmma%«—x&L%PFﬁmﬁ/XTA ¥ v F v BHOSOHOE (WEE. ¥4 ~—
. UIbE 2 L) 2k, Rk 1X85%,
- RERE B Wgﬂﬁmm%%mkkwAﬂ%mﬁ7v—Av—ﬁ%mﬁéb@kA470vPﬂ%%ﬁvz
T Lo A¥T XA MR, BIEHN, MEREK L EORKRE 2 91,
- B S AL BREE ) A RSB CRBEk S 7 X — 7 iR T )57 V3 Y AL, SNR (Signal-to-Noise
Ratio) DIRWEREETH LE L 7 ik 2 HEL,
-V FE—FUNGES  HREEHRE EEERERAE LN AT L, TNz ->T) L EDERERE
LFEFHITN LT, BRENURZ BRE L 7@ 2179,

HERH - AOREL 23, 16kHzD Y ¥ 7Y v 'L — P CHFZEUF L, U 7L YA L TRk % 1T
Jo oA lI100msEANICIF S, MNEEEHS AT AICEL NS, HREAMKIE. 7 XA b A% 5200msBh
WIZHKERZ2ART 5,

HHH S vV FE— I NHREES 2 — L

RILFE—INHEE S 2—0I3, BE. I, BFELEEDBRLZ2E5 Y T4 26 DEREMREL. X E
R BREEEIAR L OEINI R AT EN R 2 FEH T B, FEEFEMIZI T @) TH B -
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SHERNKA 7L =L T =07 i RAP T U2y T =7 E8=T 4 V7 4 V7 A EDLY HRNKA
7V—0T7—7, £EY ) T4 DAMEEMEZHRNICEE,

-EHINEAMIT LY XL KT T4 OEEEICHES CHNERMNT, BEEE, v —DIRE,

BRBESEME, & R 7 BRI EED W CEHEL,

-JBAE—INEE  E3A— T a—% (VAE) ZHwk7uAe—¥LVEREFEEH, ~HDES) 74
oM DES) T4 2T 5E TN EI,

- RIVF T — FNEERRE | Transformer 7 — % 7 7 F ¥ 12D 7 n A€ —¥LVEEEE, €5 741
DREMEZEE L, EHRHS 2 &k,

-REEZY TG DY) T4 BFHATER OGS (R —fE, A7 —Yarvil) | fl
DEYY 74 06 KEHERZ TFMT 2 X A=K L,

- IS © B 2R 7 — VDTS T4 (EdEANHE, REEHER L) Z2HET 5 720 DR
TIARYETNTY XL,

- AHEREMEE - TS T4 ONEREEZHEE 70 A2 CEIE S &, B 7 REEHEE O PHEELE %
Ewtl,

-WAFE—SGEE BEDOCNTE— SR ZE L, BRI ToOMEY a2 MR s o e
YV — FEES A T4,

RLFE—INHEETY 2 —ViF, S0HzO AP TET SN, FEYY 74 6 DRFIERZHA L. BED
WEHEEZHEH T2, HAMEE, ory Ml A T4 ESHBAMa Yy -2V MR EI NS,

#HH## 6. 1Ry FHIEIS R 7 A

oRy Ml 2T aF, FEEAEL, BES AT LA HEEY 12—V, HREEH - AREY 2 -, RV F
E—INMEEL 22— A6 D 74— PNy 7 2L, ary FOEEZHI#ES 2, FEEEGEMIEDUT 08
DNTH5:

-FEEHE T — % 7 7 F v ¢ A7 EHEIE, BIfEEHEE, BoEERIE, AR OVHIEE o4, KR
75 B AR 7 — )V cEIfE (0.1Hz~1kHz) .

-EETY S T4 79477 ARBEORAEE (EABE. BHR, R, Fib R 1R E) 2,
BTV T4 71F8 T X =S i, RVUTIE U CHIEEATRE,

- B it = TV PG (MPC) & IlmlfEc 50  Hudiiodit, = 2L X3, W\,
ek %EE L 7% HiNRwE{,

SERHIE B L ¥ A 216 U TR T X — & & JEE T 2 WIGHIE 7oL ) R L, ' TOVEE & HlEES
7 X — & FE R AT L CTHAT,

- BAIR S EERIR (+0.05m/s) . HIHIBR (220N) | PEFEZERIHIR (x=[0.0,1.1], y=[-0.3,0.3], z=[0,1.0])
7 LA % I, HIFREK OB L X ) =X L EET,

- [ReEY IOk - BIYEEEY & B L 7 ER R EYbEE 7 L 3 R L, WELERY; (Potential Field) ¥ & RRT*
(Rapidly-exploring Random Tree Star) ZfHAGOEIoNA 7Y v K7 70 —F,

- R & RIS BEERITRORKE R L, @Y R DERIKE EIT T A =R, RS —2 D
F—F R—2 L HEBIED F 4 75 ) &2,

- AEEAUHIE - B L bR R A A O R, TEVA L= a vy s oA Y
> L TR S DR Y o — iR S,

Ry Ml AT A, B 2 FWEECEIET 2 EEDO LT oS NS, KL VY — 7%
IkHz CHEAT I 41, WLEENE &L LM EZHY T 2, BifEsHE & WL B IZ50Hz CET I, BREEDZbIC
JIGU CEtHZ T 5, ¥ A7 EHENIFMEEICIN U CTEF I, @E120.1-1HzOME THEITEN 3,

H 7. AR — 2
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HFER—21%, BEEEADERB LI OERDOT 7 a v oflzE&t ¥ 2L — b EINET—IR—2ATH 5,
FEESEHIZLL T O ) TH 5 ¢

- RIEREREL © FEkIE, MHEISONT7 + —= v P CRBL, v bYICiE, ¥ A 70D, Hifestl. #Biisett,
Ff7a— P YRS, AHEFEEE R EREE NS,

- R AR AR RIS OB EREE (FRY A7, HRY R T &R Y A7) CHlfgdt, BEEROY v o
kD, Rk EERDES,

ATy 22U EROBE (YA, A 7Y 27 M, BESARE) hondg v Ty 7 21,

FaissZ W 7 @R 7 VIR % 9235

-AHERMEE TV 7t & T 7 > a VBN 2 AEFRIER S (RIIHER, MRS L) 25, XA
7 VETINE A A E R,

- FEEIRIERE @ & A 7 FAT ORI FH & FMERp 2 BB AR — 2 BN 2 BERE, BRI &
i 2 =R LR AT,

-N= a VEH  JIENR—ADOLHBEREREIL T 2 0N—2 a VEMY AT A, EEOBH, v—NLNy 7,
SIS B 73 & DERE % S8

ST 7R A EBOI =Y 2 FDRERHC T 7 & A TE BOBAGRN— R, —EMHER & AR X

Sl VA 3=t

kv T4y VR AREBE IV ICES ke v T4 v VIR, TV RT v IR 2 OFEREE
HE, HEls ) SEEHAGDE N, 7Y v FERER,

HIEE~X—A X, MongoDB (F¥ 2 X ¥ PR 7)) &EFaiss (X7 M4 VYT v 7 R) ZflAacGbENg T
Yy FF—48X—2 ¢ LCFHE, BE ABRX—AZEUToy PYBEENS !

-EARBETY 54 7 100/ (EREE), [, R L)

-PIRBE Y S 74 7 SOFEME (R R B, HECKRLY)

-FHRBRE 7Y S 54 7 SRR (IR, MR T CWED , SIS HLBHRZ &)

SRRV E AT L e0fE (2 — b —HEfiE, b —R MR L)

-V 27 30 (WIEHE, 7 —FED & L)

- I 7 —JLPE L A 40fEE (MIARVE T, ik iENn AR L)

- BREDEIGH] : 35T (4 7Y 2 7 MEAL, FEDHEL L)

HiH FEBRERE

FERETIE, Ta—t—%fFE5, LwIHIFZ A7 ZNRE L, T OGS TY AT L DOYERE 2 Hfi L 72 -
i 1. BRI D AESE L XL

BUEDOAMEFRIEZ AT D3L RV THREL ., FL NNV T AT L OWREZ G L 7

ARAHEFNE (Level 1)

AT 27 MEED 5 v MU B 2em
CBEEEDIE SO X L R X45%. FEIREE10%
kv =74 X T H{E (6=0.005) . I (6=0.05N)
CFTRTCOA T 2 7 b RN

- PAHESFEME: (Level 2)

AT 2 MEIBED S v I R Sem

- VHERED IS O F L EE£10%., FEEEREE20%

kv =74 X (6=0.01) . HF (6=0.1N)

-—HOA T2 b (P Ay TERIZa—e—H) 5 EHLAICKE
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- EAAHETFEE: (Level 3)

FA T2 WLED T v F A EEER A2 10cm

-PBRED IS5 O F L EHE120%, BEEREE30%

- =4 X HE (6=0.02) . JIE (6=0.2N)

-BEOA TV (w7 Ay 7 a—t—5) P EH LRI ElE
-BkEEY BET 54727 ) OEA

- R v —FEE (EE 23 IE RN 2 EEHREE L)

2. B R OTREL XL

2—F =5 DIFRDIMBEZ LT DIL XL THEL, KL LTy AT LOMERE ) & FZATHE ) % S
LiE ¢

- EIHERE (Level A)
- Ta—v—%2{E>7,
- o Py 72z HELT
- A7 2 A UL

- R E (Level B)
- = Ay Fica—t—% AT,
- Ta—be—HZHnT, BG2HEVT,
- TRy y 7a—Ee—%2#fiF LT

KR E (Level C)

- T Ay TEN-T, a—t—H%2TL>T, 7 M oEBGE2ENT,

- TRw= 22y 72505 L, a—t—5%222 77— A, 80D B L% 150mliEV> T
- TUFOFHCTa—e—2EoT 1.7 hy 72, 2. a——H2 A5, 3. BGEES

3. 7 4 — RNy 7 &
B2 74— Ny VEHETI AT LOMEREZTHMET 5720, UTOSME2FEL 72 ¢

-5 T4

-BEDH N EEE 7 4 — FNy 7 2 850
-NEDH BT EFHFH 7 4 — FNy 7 2 ML
-HAEDA B E T 4 — BNy 7 2 it

-TFATNVEYY T4 ¢

RN BHE 74 — BNy 7 25t
-BUEAES R T 4 — PNy 7 2 s
- NFEAER R 7 4 — BNy 7 2 st

-7IIVEFY T4
S HEAEAEE TR TD 74 — RNy 7 2650t

- EIGHREA
RVUCIE L THES Y 74 OEAZ BT
- PHEFEMIHED il € 5 7 4 1E R
-T2 T4 7HIEIC X B SN
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HiHH 4. RAGHEER,

BEREILA R (RAG) DRIRZFHS 5720, DUT DR Z il L 7z -

-RAG% L :
- AN =R 2 fEHE 9 FahET 7V O MAERD A KL

- HARAG :

- Wil e o YA VB IC D R
N RVALAEDL 4 S b |

-FEEF AR 512 =2 V)

- JRERRAG :

-NA 7Yy PR (234 v EPEBM2S)

- BINBRERE (¥ 2 7 DM ITIE L T3-101F)
SHEIRNF ey XV (ke v T4 v s F X LY)
HIVX VAR

- H)IGIRAG :
-av T XA MRIEZ )RR
-V F Ry TR (WSRO R MEER)
- 74— FRNy JiE§MmEHBE L R
- FATREIE I HE D < HER R — A T

#itHt 5. BT FE A
SATLDWREE L ARNICEIHMET 2720, LN OfREZHIE L7

SHARIGETR AR EY TY AT DETH
- FATIRER] : ¥ AR LY TF R T DFELTIRERH]
- FEEEHERE ¢
-RAETEAKRE - HEER L 0% (ml)

- VMARCIERE © BEZE & D372 (mm)

- IR © HEE L ofFE (N)

- BhEREER ¢

STV XF il v Ry b OB b2 o A
- BN S 2 IR O R

- BRI © CPU/GPUH IR & JUEE R

- R

KT 2 B R 7 FATR DR KT

- TREEE I ¢ AR EETHIPR % 2 7z (Rl

- fEZEIRE 2 BREE L DR L 2 o fil ]k

- TR

-[ER D 27— 5 OREERIIER

SBERSE B A 7Y 27 P OFERE

- BRI ¢ B2 AN D TE R IR
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FEL, HRMFOMAGDYE (PHEEMEL NV RIIREX 7 4 — NNy 7 & <RAGHEK) T20[H]§"> 5
L. REROMEHIE B2 MR L 72, 7o, EREMADOIATFIZT v FafiL, FEBRICLZ A T2
m/MEL 72,

HH FEBRG SR & R BT
i 5 A 7 58 1 RO CEE T

Ta—b—%1E2, S RA7DFTRE, B 2 HREATHMICHI L MR EZUTICRT :
L AHEFEMEL XV E 74— PNy 75D HAEA ¢

RESZTL (7VEYY T4 HHEIGIIRAG) DAMEFEMEL V7 2 758 7K
- EAHESEE @ 95% (20[m]H119[R]EREh)
- RSN © 85% (20[mIH 7[RI ))
- EANHESEE @ 70% (20[m]H14[0]ER )

74— FNy 7 & DA MEEMERE TO Y X 758 T3 ¢
-FED A 1 45% (20]FolH] B Eh)

- HEDH :30% (20F6[H L)

- HR DA 15% (200 H3[EE D)

- B 65% (200E1H 13RI ))

- AR 1 50% (20[m[HF10[R]ERE)

- NIEAE 1 35% (20081 7[E]EE))

-7IVEYY T4 1 70% (008 14[8]53))

S EISIERA 1 75% (20lE 1 5[El )

CNSDREEDS ., BEORHEEENREAICONTIYARAVZZTEMETT LR, SLFE—FINLT74—F
Ny JDMEIT X > TZDEEPENINDG Z EVBHS IR o7, Rz, HE & THEDHAEDLEDZR
HThh., BCHHEET 7u—F08E S lciEr2n L€ 5 2 LRI N,

HEtohT (CICECEANOVA) DFSHE. AHEEMEL LD ERH (F(2,456)=78.3, p<0.001) . 74— Ky 2
D TRR (F(7,456)=62.5,p<0.001) . ¥ X OMiFEDLZAIE (F(14,456)=12.7, p<0.001) 23§ X THET
bHote, THUE, 74— FNy I FMEORNIRBIAHEFEEL NNV K> TREZ ZERZR LTV 5,

2. HER R L L RAGIEIR D ZEHAFA

BRMREND Y ZA 758 TR (7VEYY T4 %04)
-ARE (Ta—te—%fF>T, )

-RAG7% L :50% (20[m[9110[RIEE))

- HARAG : 70% (20[]9 14 [R5 ))

- JEIRRAG : 80% (20[m[H116[RIE )

- H)RIRAG : 85% (200l 17[0] B )

-hHRE (=2 y Fica—ke—% ANTy )
-RAG7% L : 65% (20913 [R]5K5))

- HARRAG : 75% (20[R[H115[RIE )

- JEIRRAG : 85% (20[]917[R5K5)

- WIGIIRAG : 90% (2000 7118[RIEL )
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- RHRE (Gl 2 FIH)

-RAGZ L : 80% (209 16[mIELEh)

- HARRAG : 85% (20l0]H17[0]ER L))

- JEERRAG : 90% (20[m]H118[RIEREh)

- WIGIIRAG : 95% (20[0]7119[RIEL )

NS DFERD S, FHRDMRENE N IE ERAGDIEDVHE TH 2 Z EVBHS NICR o7, KT, &R
RAGZ: L DA L HEIBHIRAGD A T35% b DAL 72, ZHud, RN ZLER%Z B4R

EDIERTIE,
RAGHDMRME T 2 G S N AR EE 2 &H 2 17T 2 L2 L T0w 3,

7Y AR T BRI,

ettt (IR EANOVA) DFER. FERTRIED BAR (F(2,228)=45.2, p<0.001) . RAGHEEL D T5IH
(F(3,228)=38.7, p<0.001) . ¥ X OMiZHDLZHAEH (F(6,228)=8.3, p<0.001) 23T XRTHETH > 7,

3. RME — FOEEOHT
5 27 RBDFEK %2 FERNC T L 726558, DUT o8y =V BHS 2 cik o7z .

- 7Y 27 MRHIEK  28% (RKKDHT)
- B R - BIEEREWE, SR 7 v — a v BISAE
-BER VT Ea—RE. 77 T4 7HRE, RKEN—EEoml

- R 22%
-FERER ED LT OREL, ALERLH, HEE
SRS EIBRIRE L, LT 7 1 oA — i, SRR B

- WA ERAER I 18%
- ERER  REHEERE, RS HIEA R, REEL

- SGER - BV — 7RSI, S-SR A, e T D REIL

- BHEI L 15%
-FEBERA ALY AT R, REBIR ORI, BREZ A DAREIS

- SGEK - BEEEHE O @A, BiEEE, 2> 7 ¥ 2 R HIGRAG

- AT LA 10%
-ERFR 'Y a2 - VREBEGEEL, JEFRIHABEOME, VY —AEA

SBGER X v =Y VIV AT LADREL, BHRER—ADAT Y 2= VI LB
- Z DMl 7%
-y Ial—yarvFHoOMNE, 7y aEERE

Z DN S, BITIEERE & MR ERIE (RRICRRME) DEELRBIEKRTH 2 2 Lotk 7,
NS DMEICNLT 572012, VT E—FNT7 4 — Ny 7 Ofits L#ESNHIBEIRICEETH 5 2 L

MR I N,

-

—

Hit ¥ A 7 3R L EET OFEM O HT
ra—te—%1E%2, YR 7O EEFT 7O 22O L iR 2 U FICRT

1. & 2 7 53R DB HIRTH -

fa—t—%2fE>T) L) EIMRERRICNT S5, Hk 2RAGHKTD Y R 7 53fEfp)
82
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-RAG#% L :
.7y TH2EADOT %
2.a—t—G%HDI}3
3. B EET %
4. a—t—% A3
(RFERR R, BARINZ Y 78 2 7 O KA

- HARAG :

.27 hy 72RO %
2.3—t—H%2HD}3

3.7 b VvE RSO S
4.7y 7% Y IR AEICE <
s5..a—b—HE<7hy SITAND

6. B2 ES

(HEARW Y 79 27 &0, FEMIICRITS)

- WIHRAG :
1.=27hy 7% HoF 2 (MBEIZIGEU TH & H Lo adtl %z #E%)
2.2—b—G%REoO3% (BEIGU THABREHIT )
3.AT—vEHERDITS
4.7 FVE DT 2 (MBS TBGEHBPT)
TNy TRBE LI NCE <
6. A/—rvCca—t—HE#EET<)
7.a—b—HE<7hy FITAND
8
9

9]

T Mo B EEREC (R L B2 E)
BITEC T EEE S
(FEMl 2D & DITE) 2 & L BB Y 2 77 %)

HIRIRAGE F\L 7256, BREOIRBIEL 256064 78 ( THEIIRL T ) PEENTE D, I
FEHEADWIG TN ERWRI N, $72. "R~V Z2HDOTF2 ) L, o7 7 u—FTIlzHE L

SNDELRBEELY TR 7L EEFNT T,
2. %78 A7 FATORIIFE ¢

B 7Y A7 OEIE GEIGIIRAG, 7 VESY ) T4 50F)
- Ty TEREOTS 0%

- JEEDLE * 95%

-5l EHLN  85%

- BN 80%
-a—b—ExH25% 1 92%
A=V REDIT D 1 95%

-7 PV DTS L 98%

- T Ay TREL 9%
-a—t—E%73<) :88%
-a—t—HZAN3 1 93%
-BEEES 1 85%

-FEE (HEERE L OfEFE) @ +8ml
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INLDERPS, =7 Ay 72 /12175 (RIENTWREAE) & T8G2ES) M HERIEE L Wy
TIRITHEIEDPHSLII o7, TNHEDHY TH AT TIE, SVFE—=FILT7 4 — Ry 7 DHEED
KrlicEETH - 72,

3.9 7% R 7 R OMA BRI :

S EHERE TNV Z Y 7% 2 7 BORGEEROH)
P20y TRBISHLTET | =2 Ay THNEEALEIC 1) =0.85
PR Ty TERBEIMMTCHET |~ 7y BRI EHLIZH ) =0.90
-P(BGZHDIT |7 PO B TZ0)=0.95
-P(a—t—ABWEITS | a—t —E»PRZ7%\1)=088

NS DEMA EMERIZ, RAGZHEL THUS SN MGk E . EIARERD S22 HI NNy — VIR
EINTz, AT A, 26 DRERIHED TEIWICEHH 2 FH5E L, BREDIREZMLICHEHINT 5 Z L3 T
Fic,

4. FATHRFEISTHT -

BT8R 7 DFYETIER (7))

- Thy TREOFS 123 (BHEME) | 287 (BT w 3854)
-a—t—HZH21F3% 105

SAT—=VEREDOITS 182

- RV EEOITS 9.0

- T Ay TEREL 54

-a—Et—F%7<9 1158

-a—t—HZAN3 173

-BEEES 1226

@ 27 DNIFATRE 9578 (ANFETH L) | 7838 (MHETH D)

WHELTDOH = T b o BE2HrLTR2HIC, v7hy 7L a—t—H2MEfT 2, &L, 7L
7Y 78 A7 W AT LTHEITT 25 2 LT 2ROFETHRIEZEMNT 2 2 LTS,

HHH 2RV T E— L7 4 — FNy 7 OFIAHT

VIV FE—FNT 4 — Ny 7 Oty ERIRZ TN L KR 2 LT IORT
1YY T4 AT =V DI -

Rx Y TYRAZICBIBEESY 74 OEBE (EHA)

STy TEEOITS
SR 075
- % 1 0.05
- H7E 10.20
(HENTE, FHEIC L 2 EEROM5E)
-BlEHLZBET S :
- 040
- % 2055
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-HH 0.05

(MR, BRI X 2 A7 EFRE D HfBY)

-a—t—HZ3<IH:
- 5L 1 0.60
- N5 1035
- EH 10.05

(FE & T T D)

-BGEES:

- B5E 1 0.30

- 15 1 0.65

- EH 10.05
(HEPTE, HEIC X 207 BT 0MB)

IS DEAZ, BHWHA T VTV AL E>THNICTEI N, KT T4 OBHE (23 —D

REE, BB L) L. A7 OBEHICHED W TRIE R EHADRE S L7,
2. 7B AE—FNFHIDOFEE
—TJTDEY ) T4 oMM DESY T4 2 FHIT BHEE

- HE SR
-DMRER T £15% (R S OHEE)
- REEETH] - £25% (HET 7 2AF * 6 OHEE)

- IESEETFH
- DATEIR T : 60%IEMES (TR D & DHERE)
WL OV £12% (BEEZLD & DHEE)

- HESHE T
X7 METM  45%IFHES  (FIREN D & DHEE)
ARV MR 75%IEHES (R 250> & DA X M ERE)

INSOFHNE, JurReE—9NYEHRETIN (BOA— b1y a—39RX—R) IZXko>TERINL, ETL

3, HEDREERD SR 5E8Y) T4 MOBRZAE L, —TDES Y T4 HBHATE BWLEEIET25

FHIT 2 ENTES,
3.4 T4 RAEREDOVERE
—HBDESY T4 BHHTE R VEAED Y AV TR (PAMEFLEERSEE)

-TRTCOEY Y 74 FIHATHE : 85%
- ERE (IR)

-FHTERR L C 40%
-JBAE—INMTEDD : 65%

- NERE (—IRY)

-filigE7e L o 55%

- BAE—INMTEDD 1 70%
-BERE (—R)
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-fsER L 75%
- BAE—FILMTED D : 80%

INSDFERDS, 7ORAE—FNMAGER DR LD, kv —[EED RN ERBRICNT 232 b
M2 RiFICH E3E2 2 LRI N, R, HEEROKBERICHE &EEF D S OfEHRZ I f5Ess
R TH > 7=,

4. IR B DRI
R EAR T — NV DES ) T4 AT K BRI

B T7 4 — RNy 7 (1kHz) : SEdE o Z e m B
- RS © 205N (RFRIIEAH D) vs 12N (L)
- P HBEAE @ Sms (H D) vs25ms (%2 L)

7 4 — RNy 7 (30Hz) : HIEEIRORSEE A
-MIEHEERZE  B3mm (FENHEEH D) vs+8mm (L)
SENA 7Y 2 7 FBHEIIE 1 85% (H D) vs60% (L)

B 7 4 — RNy 7 (SHz) : EHEEFTOZE A
- BB~ OISR - 128 (RS H D) vs3.58 (L)
- FEHER I 0 90% (H D) vs75% (7= L)

R A 7L TV R L3, R 2 EED 7 4 — KNy 7 Z2@YNCHE U, il JOS & R 2 — 81
WS IED I ENTER, BT, NREOEE7 4 — FNy 7 LB OHHET7 4 — PNy 7 2HlAaGbE 5
LT UMRRIEDREIE & ZEMEDSIA B L 7o,

#HH# RAG D FEML 3BT

BRI (RAG) DWIF EBIEX A = X L2 FEMIC N L2k B2 LT IR ¢
1. BESRKE L & Bk 0 23 HT

572 ZRAGRER COMREHREE (BhdER 27, 0-127 —)L)

-HARAG (294 VHEBEDH)
-SEEBEYE 2 a7 1 0.68
- EfistErh o @B CE (R a7>0.8) OB 1.84¢

-JRERRAG (N4 7Y v FIRR)
- SEHBEEEYEZ a7 1 0.79
- EAistErh o B ESCE O£ 3.21

SHEISIIRAG (2 v F X A b AHE)
- SEEBEYE 2 a7 1 0.85
- EfrstErh o B ESGE DR - 4148

B 2 a2 713, ARSI X o THIGICHHE I - 58 L o —FE IS W CEHE I N2, BB
RAGIZ, Z7ZUHERE Y T XA MMERDIEHICE D, X OEHEEDSH O EZRRT L I ENTE L,

2. HIFRR—A YA X ERAGH:BEDRIR ¢
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HFER—ADYA A2 ZLS I GED Y 2 758 TR (RAMEFE L)

50> MY 155%

-100-> F Y 1 62%
-200-> Yt 68%
-400- > Y 1 73%
-800L > MY 1 75%
-1600> Y 76%

TNSDFERDS . HER—ADY A ADEEHNT 21220 TH A 75 TER A BT 588, $800-> Y LL
RO EASERNICR B Z EDERI N, U, AEROBE T TR E LSO EETH B
ZEETRRLTWVS,

3. RAGDEMERN ©
B2 ZRAGHE TR (2 V)

- FEARAG :
- ILYNTS VR D 45ms
-7 FVREE ¢ 15ms
-2 Y5 %A MFESE : [0ms

-&&F  70ms

- JEIRRAG :

- IURT4 VTEE  45ms
-NNA 7))y PR ¢ 25ms

-HI7 v F¥ 7 20ms

-2 YT F A MEE D 15ms

- A&l 105ms

- JH)BHYRAG :

- 7 Y P55 ¢ 15ms

- IURTA VTR 45ms
-NA 7Yy PR : 25ms
-RIVF By TR 40ms
-FH7 VX7 20ms
-y T ¥ A M D 20ms

- &l * 165ms

NS DEHEREE X, Intel Core i9-12900K CPU. 32GB RAM. NVIDIARTX 3090 GPUZEHK L 727 — 7 A 5 —
L a v COHEMTH B, TUyXF4 v EHBEIZGPUTIESILE X, MRIZCPUTEfT I T,

HIERAGIFR DEIR I X FSE VA, F v v o v M (R =) o Rz HHM) 28AT5Z L
T, PHEHRIRE 2 fY85SmsICHIR S 2 & L 3T E 7,

4. RAGD ELARI) 72 BRG] -

RAGHSEHE AN 7 > 7 BRI 72 7 — R -
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B A 7Y e 7~ OBERIEN
T 7%y T3ROS 5 ) JRILT, RAGIZEEDHELHEF2S T SH LB MEET, & vk
W2 deft, RRIRIIFEDI40%7> 5 85% I ) |,

WA DR L
T8% %) ¥ A7 T, RAGIZBHLIDOWARTE A D> & B 701 & FE & 2 24k, AR +15ml2>
5+8mlic [ k.,

- 7 —[n|{E R
Mra—b—5G%2I1FL7%) RWT. RAGIRERPDO LI —[HEH»S TR 7= THEDH S L0 ikigz i
fit [AERR IR B350%D> 5 85% I [H] |,

-RAF 7Y 27 b DERE
FHTHET2 T7L v F 7L 2 12 LT, RAGIZEPLD 2 — & — X — 7 —#AEHD & Y] 2 50 /71
IR, ¥ 2 75E TEDIB0%D> 5 70%I1C M |,

o DFlE, RAGHSHLZ: 2 [EHIFR Tld 7 < | JBEDFED & LA FZHERZ HT L WIRDUSTEIG IS ¥ 5880
EROZLERLTVD,

5. HIGHHERTE D T -

LY A 7 ORI ORR

- Ta—ev—%2F3, - THiEZANS,

BB L (RAGR L) 60%K I3
SIS D GEIGIIRAG) : 85%RIH

- Ty RS - TSI ARG
-HRFE R Lot 75%B R
SRR H D L 95% IR

SRR Lt 65%R P
B Y ¢ ORI

INS DR S, RAGZIME U 72 HGRIRED, HTL ¥ A7 DE L ET2KNIBISHIERNT 2 2 & HERZ
Nz, KR, BENRIZ R 2 DIHEERN L EE Y — o 3RIT 5 % A 7 I TOEBRIEEE TH - 7,

#ittt M & APRIE DRI T

s

AT b DL E R TSN L AR A2 DU T IR T -
1. ZEGFI D FINE
LD EMIZ X 24 VT v FFERD HEE

- BRI L

SBEEZR S (520N) 1 153%D Y A 7 HEETCHRAE

- EEENE (>0.5m/s) 1 22.7%D Y R 7 ELTTHE

- VEEZEENANDIEHE) : 8.5%D ¥ A 7 EITTHAE

- {22 1 18.9% D ¥ A 7 FELTTHAE
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-BZAEHRIH D ¢

BEER T 1 0.5%D Y A 7 FEITTHE (97%HI1TEH)

- BN R 1 0.8%D ¥ A 2 FEFTTHA (96%HITK)
-MEEZEZRNNDOBE) : 0%D & R 7 FEFTTHAE (100%H1I5)
- {822 1 3.2%D Y A 7 FEFTCHAE (83%HIH)

BEFIDOFTEICL D, BEAEDA VTV DI I N 2 LRI N, BT A>TV b
T, BNREZ (P aEoBER L) ICERT 20 TH- 7%,

2. TR INVFX —EIED ST ¢
Ri557 70 —FTOLIAX - (B bV 2 O TR, M)

-R—=274 ¥ (RAGHRL, B—E5VYT4) :1.00 (FLHE)
-RAGH D, Hi—ESY 71 :0.85 (15%Hl7)
-RAG%Z L, <ILFESY T4 1080 (20%HI75%)
-RAGH D, RILFES Y T4 1065 (35%HII)

IRV X —RPRIA LD TR A

- DWW S Hr it (2L D iR/ME)
- Y e ) DI Gl 7 71 o [alikE )

- SR 2 B ENE (fEBk 7 B) & o HIlR)

- PRIRHIE (aFiAa i X 2 207 B IR O [RlE)

VNFE—FNT 4 —FNy 7 LRAGOMAGDLEICL D, OE IR LF —RIEMNER I N, Th
WE, YR 7 4 — BNy 7 ERGROTERDS, X D RPERI R BRI & EITIS 0% 2 EER LTS,

3. BHRAR D 3T
SAFLhavE—%v T EDFRAM (CPU/GPUEHI)

- BB v R—% v b
-CPU : 15-25%
-GPU : 60-80% (S A€ 7 /L iEqmIR)
- X%EY :4-6GB

SHES AT L
-CPU : 10-15%
-GPU : 30-50% (P&t - 2 7 X v 57— a2 V1K)
- AEY 12-3GB

- HEEY 2L
- CPU : 5-8%
-GPU : <5%

- X%EVY 0.5-1GB

SNV FE—IINREES 22—
-CPU : 8-12%
- GPU : 10-20%
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-XEY 1 1-2GB

- Ry Ml R T L
- CPU : 10-15%
-GPU : <5%
- A€ :1-2GB

SR E— 7 iR
- CPU : 45-60%
-GPU : 70-90%

- A% :12-18GB

NS OYEMD» S, BIET TN OHEH & HEABEPROIEAMOE IV R—3% Y b ThH S Z L DR
INT, oM E LTiE, ET Vo' TMlh, Ny FAUHOEA, FEY Y —2OFNEI D BTk L
2zons,

4. LA T
ITYFY =TV RFOLA Ty (FRALDSa Ry EERE % TORIH)

-EHREER (Ta—te—%21E>T, )
-RAG7 L : 320
- JEGHIRAG : 3.8%

-hHRERR (T2 y Sica—ke—%2 AT, )
-RAG% L : 218
- HEBIIRAG 2.5

-AERIMR TS GR 72 FE)
-RAGZ L : 137
- JHJGIRAG - 1.68

aviR—xvillov A 7y NR GEIGRAG, SHMRERROEE)
- G Rk 0.3

- SaodfE 1 0.5%

- RAGHLHE : 0.6%

- R 128

-a—FAER:08F

- EATHER © 0.410

RAGZMH T2 L HTDOLA Ty BB o2y, ¥ 275 7 Hom L & FEATRE O REiEIC X > THB
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