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Abstract: With the rapid development of deep learning, point cloud-based 6-DoF (Degrees of Freedom) grasp perception and
generation methods have achieved remarkable progress. Traditional approaches predominantly focus on evaluating geometric
and physical stability. However, for natural language instruction-driven grasping tasks, these methods struggle to effectively
incorporate semantic constraints during the grasp candidate generation phase.To address this limitation, this paper proposes a
Point Transformer-based conditional diffusion method for 6-DoF grasp generation. Specifically, a Point Transformer is utilized
to extract features from the scene point cloud, and a cross-attention mechanism is introduced into the conditional diffusion
denoising network to achieve deep alignment and fusion between language instructions and point cloud features. This enables
the generation of task-relevant grasp candidates within a continuous grasp space. Furthermore, a joint consistency scoring
mechanism is designed to evaluate and filter the generated candidates, thereby enhancing semantic matching and overall grasp
execution quality while ensuring physical viability.Experimental results demonstrate that the proposed method outperforms
baseline approaches in metrics such as semantic consistency and grasp success rate, exhibiting strong generalization
capabilities and significant application potential.

Keywords: 6-DOF grasping; Multimodal fusion; Cross-attention

03lF

HLEE AU 5 7 5 HUMRES A2 BRSSPI AT )
B BRIREN® (75 B O T B AT, L
L IE AR, SET S RHBE SRR, (B
SHET, HRRMETENETSAE: (1) BiFfh
FI: B T AL T N i 4 LT B R R 2O
W AR, SEOTEUREN (LU AN s R
BRI (2) SEERA RS : B HHEL AT RERiE
BRI, TEHET R A Y B R T | SR,
X R (R A B RO AR R (R 5 K5 (3) AR

VORAEAERRG : 7 B A2 B S B 2,
Lo B R AR B R )= 51, MEDUE RS2 T
BEAREA, FNEG SRR TR S1E )R

At ASCHEH—FPELT Point Transformer FYZ1
BONEHHEIECER T BH55, R Point Transformer
S 5 AT T LRI ED, R A B 4 ke 5 R
FAERETT, FIHEENBUOERTE; Hk, ERG
FMERLE PG | A\ SOERB AL, KBS KHEA L TFX
B B 5 BB TBHE 5, 18 AR G A
R &E, SIAB SRR — TRy, SYE AT

167



HMEEARENA 3% 34

ISSN: 3060-9461(Print); 3060-9453(Online)

VPP SRR A TP WL, FI THBUE Rk, 76
(RIEHE AT AT AR, 4RTHE S TS R (8 M IERD
M (TS5 SERE
1 X T1E

BT ANEHEE (6-DoF) JTEUIITT LG T “fs
SERKET B CUWRBIEEIAT , EE ENEET Kok,
FH AT =2 T REERSEY, W% ST
TREE I b A e T, R AT b m o ST
AT RTINS, R — RO, 24,
R TR e RS A T L R R BT R —3 T 4,
P BRI TR AR IR R . SR
SRR, LU e RIS K

S, RO EE RO S, S 4
I BB S R A\ SR R RIS R, $28
BRI 5 St

AR, B AR SIS B SY, HALEE
B ITEE S . 5280 TIERBEES R EITEL. (B2
B S B B e s BRI, SRR
P FRARE 205, ML RS — R S I ESE.
2 Fik
2.1 @R S EAIER

AR OB R SRS SOASE S LRI
FAB Lo SYFRIE L Ly, BEWASETZO e RS, Wi
BEAFAEIE DS BB A, BFRETE 6-DoF 23/
HE RS XA T LB AT BT IO GIE G, S5 AT
IS IES TR SE S, BethpeiEanEE 1 His.

G = Diffusion(0, Ly, Ly,) (3)

Hift G %A 6-DoF JURHITE, 1 T—-F47 3TN
B, 6D RIS R RS TS AR AR T 1 R A b
FEARAAFR AR A, H e R TSI G 38 Fa AL
YRR RIS TR 2R

G = (,R) (4)
t e R*FETFFHIAE | R e SOB)F e,
=
—!:
(e )—

| BRSHERRSHERR

: EHEXER i
H xR H
B =2
[ A PR b -,

e Cer ) @8 o

5?_’-»—-—-
=

B B RAERE

SIS + RAFD)
(Ft, Fps)

RERAE

—HiE AR

168

2.2 XARIESHIITE W FFHE
EARIE SR EF RS TUARRIR, SR AT HE
WtERE . AT AWEELR, RAOFIAH VLM $25UTE%S
BFrSRaS IR mET, ASChkH GPT40" AHEA: stz
B R, BRI 2 R,
{Luust> Ly } = VLM(L) (5)
BIETES L, GPT4o WHRMEATEIE IR L5
PrFIE SR Ly, B 5718 518 S P ERHIE
PR A BHTU S S ST oK
APEIAER: A

“EERERESRIR"
HARGBEIR :

B2 75 L5 5 R B
23BEFRARBEXRLEBE A K HFIE
R
231 SEEEF AR A B

SRR AERASLE P={p}l, peR,
Hrbp, € RPFERANAT. JUMAILES AT MBS S =
EIEAHBIER TUARHE, DARAEIRI R TR 5%
ey . ASCR A PointNet™ fEA S gntlH T4, %
CEIRE W TR AR LA 5% 2 1Y IR A e R AR e TR Rt
MIHETHE R USRI IR GE ) . B ZmIL2s, A
R PR B HRIE R

F, =Enc,,,(P), F,eR™ (6)

Horb d FFIEAERE . 1SRRI SUFHIE RN 2R s L
MEE SRS, HIEEE SRR A AR
R IRCIE 7

15 CBIERE A ENLE ASEESH, T
H s mT A s i i T BRI SS1E o it A
BT — R 18 YIRS EIE W EoR T, B emTiE
SCEEE SRR S, R SOATHE SUREFA% 2 511
VE SRS, SRR RS L FORF,, HE AT

F,,=MLP,(F), F,eR’ (7)

ZFRoRAEE N AR, TR EgREIE
SRR R, MIITESE— IR A A SCBLE
XAE B SR E B RIER ST,

LR IR A H— RIS S B ST YY
W, ARSI Transformer FYAE SRR IHLHIR SCATE SRR
{IE PrBEiE R A S S s AR TR G
RIS, 7 U-Net WHAES A Cross—Attention

/7 Prompt 1%

i EESRAMARESMLAIAR

| SR, FAE AR E AR 48 0 7 MRS H
BYSCAHA BB A YIRER”

T ZESEIIE

—— e ey

1 REERAFHRLBMFEE,

2 RFI BIRA R H BRI FI SRR |
- H




HMEEAENA 3% 38

ISSN: 3060-9461(Print); 3060-9453(Online)

fieth, Hh SRFHEF S RS SIE AR 0,
B SURFIEF SHIFIE SURAF 53 B IR G 5 K ROE V.
R R

Attention(Q, K,V') = softmax ( oK

@]V (8)

BRI T RS A Y
2.3.2 M BAER B
T BERE — R B, Tl E S N
“IhE R RRRAEEIE, AERR R B ATE AR
PBERS, ASCRHTE A B 5 B R . e
SHREAIE g, B B & 25 I A o e 7 A ey i
FEA g1,ennrt
q(gtlg,_1)=N'( l_ﬂtgt—l,ﬂt[) (9)
ERIZ] ¢ PR REAR A
g,=\/af,go+ﬁe, e~ N(0,]) (10)
TER FIAERIEE, B SIGEEER p(gia | &15C)
HAR S o GRS UM, SRS SCRHE false LKA
HHE SURAF g
TEMEEERE b, A SO A B SR8 B A2
RSB DL IS g, VAR AR R, HAES « MR EE
WCTURIERIEF, « SCAIE LR ERE SR A, BN SR
B, MRS TN :
(gt | ), FL Fy) (11)
TR B M AT P 1 A5 FeMe A st I, It
B X — S R IR 75 |, M ARk X
I HYE AT RIS o
2.4 1B X - W — BT THIE ML
AT P RIS S YR E NG, A
FEHIE X - WP —BUEIE Sy IS, A BT AT 284 T
LY Sk, MEEanE 3 .

EX— | [ mmiEx | (e
Biks ) | —BEeis | | 7S
)

[ BT ST ]

i

[ SRR AR (FLFp) ]

i

( FEEBAMBRAFE )
B3 4 % A R A

BEBREIEL g, & 5eAEH R AAFR A R HREUTELAR
WA, B RS gmiGas LE FRATE U ORFHIE -
f. =LE(FR,) (12)
N T EINIE GRS IRE 29, ASCR A FILM
X B E R TR . BkHb, BSOARIE RHIER S
YIS SR AL AR S (p.8) HAVER T RHMRHIE :
Juns =V(FLF) O [+ BFLF) - (13)
ZALHIRERS AR 5518 SR F B M SIS TR TR X
BURMIER B2, R4S BERS B RIAE 24 ATESSZU 50 B9
BUmtr
TESIFRI G FREERA b, TP R L=+
5 mmggry, salkais 8k Wi S5
SC - P EETESY s Sem o Sphy » Seons BB IEL
HAESRIG IG5
S = WeemSsem T WonySphy + WeonsScons (14)
ZIFr T B HER Sk, el PE R LR
BSISME5, MITSEEE & FE S E rTH T 58
—fk.
3 X
3.1 HilEE
SCBG P i PR A P AT R B A T &, BT
GraspNet I RIG UESIES, ZEEEN T K&
B U R B B, A b BT YCB U
YR TsFoR, B8 66 MRS 36 MES K
1A, REFERBIAE . FREE. mARAE B, DRE
XK. EUFENES, 2 MEREEIUET TIEE L, W
RESMA EEGR LG RN ARL, DLRIESLS R FE
Bk,
3.2 IWIZE5EMEHR
3.2 £EEE
A T BGIEAR SCTIEAETE 5 S MBUE S5 f A R4,
EITEEESLNZE P& IR TEss . RS 5 E
SRR SRS
LA TES — T E N SR R BN E NI
A, BB AR RS EE, HER
— it A LA BRI B ST SRR (5 EINR
S pyBullee SEE MR, SLIBTHESE S S AL #E NVIDIA
GeForce RTX 2080 Ti GPU AR P520 TEu:, RGE(T
T Ubuntu 20.04 #7E A58

169



HMEEARENA 3% 34

ISSN: 3060-9461(Print); 3060-9453(Online)

3.2.2 5 AR
A ERP S ESZ P NERE, W18 S F-AIRED

Plas NI REE T RGEMEE(Y . PR E S M MES
E55, BMESHUESE R K (A R=15) , HXE

SR EIOVF K PSR (A KR=8) o %5 i ME
%5, BrixEE. B RS, EXRTEEE: T
PN FALIE R BRI TEE 55 W nl A TR AR AU fir 2
TehlpAE B D faE s 15 R T CLIP HHIE
MR THNE, FAEUREE R 518 S LR 22t
PARIRE XA o
IELE LD (GS) - L
GS =Rk 22 2 (15)
PyERfTH (PF)
PRSI o)

B SGRIF—EE (SC)

zyi,r,kci,r,k

SC — i,r.k
> Viek+e (17)

=
FE455eRRst Xoh: ZHEUES T ko, AR
R RTE G —8 , WHZESS e :
wo=Ummeen=) e
y

|
TC=EZZZ~ (19)

i=l r=1

LEETEY T EMA T :
0S = W, GS + W, PF + w,.SC+w,TC (20)

3.3 ikttt

A THAEARSOTIER AR, BA RS ZMREE
BT PHHET THAR, & 1S TARTTEEEITERR -
FIEARERERTE

RGBT A E YRR E Mt TH RIRLT, (AR TR
ZIESE N EWREE ), HAB B TEAR, IR
TEES R

(55 SR il 5| AGE EEFRENS — R TR
THE X —5tE, (HRTAREAEEIE S 2 HE R,
AR MR A E—E JBIR

MR, AXHFEBELIAGE Y - Y — 5k
B, HFEIMEAE R B | A— 80135 |5, (AR BERS
RIS FEFIMEGRE 518 A, RILEE C—8hE .
RN 2R DL NS5 Se R R E TR bR E B L ERE

170

%1 ETTHIEH LRI LR
Method | DEERA | 1B | JBUK | (2552 |
sk | sk | ok | wek | 9%

GraspNet Baseline 87.3 425 82.1 48.6 65.1

GPD 84.6 39.8 79.4 45.2 62.3

Contact—GraspNet 89.5 46.1 85.7 52.8 68.9

Task—Conditioned| 86.8 63.2 83.4 66.5 74.1

Grasp
Diftusion Grasp (w/o| 90.2 58.4 87.1 63.7 75.3
guidance)
Ours 93.6 78.9 91.8 84.3 87.2
3.4 FENENIES LB
AT WA AE SRS AR R 820, Bl PRF G

SRR AU bR AR IR / Bif
ATHRES . HA R4 BRI BRI, Flin

CPREAAF-" 5 B AR R R &A@ B ARtR, NiREks
FPRE; AR 7 BUEEARSRRAR I MERE s ThREEsE

IR FEEIAE, it SR T
4B T RRIE R4 2R RIS o R,
SR BRI, UIE L FAEOY FEA (1 Label 2545

L), RELTTIEEH RS BUS LS BT 3 . SAifnfil
E1G N E RN (40 Function 28454 ) , B4 5101k
REmE T,
I Contact-GraspNet
100 =i o
[ Ours
= 80
& 60
X
1R
§ 40
T 20

tRE BRI BR/EE DhE
B4 RRELIEA XA THES TR FE L

FERZ T, AR AE T8 ﬂ%f%%é&
BTSSR, RS P — S R R R A R T
TP A2 R 5518 S FRARBE D

AT TR SR R (AR M R
PRHERRSEES . SR AR RN 2 FoR.

MG EE R AT DB R, 4 fH FHZL Al B s 2
i, BERRENS A= B T AT RO ES, (E1E X — 5ok
%, PUAESSSERE N, MATESURAJG, BREITFIERE
SR TS S5 E T AEs .t ,  Mfis SC—Eu 0 AUE 2]
Pt BB INAGE EI R iR S, ARAURENS T
HFEARIE S T Z BRI K F o MEAIAREE5 | A
FILM S FRHIBOR IS, 18 & B RENS SISt/ E R T4
EREBARAE, (RIS X 08 ARl g A A5 2]

ERYTTER, FATET T



HMEEAENA 3% 38

ISSN:

3060-9461(Print);

3060-9453(Online)

%2 FRERHIEIAER NN BRR AR

Variant Semantic Mapping| FILM Modulation | Consistency Head | Score Guidance | Semantic Consistency Grasp Success
Baseline Diffusion X X X X 52.3 86.7
+ Semantic Embedding \V X X X 61.8 87.2
+ Semantic 'Physical v y v y 205 48 3
Mapping
+ FILM Modulation vV vV vV x 74.2 89.5
+ Score Guidance v v v v 8.9 018
(Full)
ol RIS | A—EETES S | G, EARETS s [3] Ten Pas A, Gualtieri M, Saenko K, et al. Grasp pose
WERRE SR — B m AOEEES, i BRI E detection in point clouds[J]. The International Journal of
B FERHR Robotics Research, 2017, 36(13—14): 1455—1473.

4 25
XN H B E AR E S iR Z 0 E A S

FRE T Z (6] — 2 R AR ARG RS, FL T Point
Transformer 250798~ H A EIE AR5 1:, @ s
X EYREENG—FR, Hs l/\Hééé\H”A%M%H , SEELT

IS EZ G T SR T R DR L L. SEBG45 R,
TR B | (55 ERR e B LT3,
R RFHRITTIES R HE ]

SEARSTEEER T RAR L, (BERIFE—EN
JRBRYE . BRI R TT TR Z 0 =428 ) LR ZI
RARKESHENE SR —EKR, EEgLkth, KHE5EE
AR R I TR, DU I X RS 2 e i
HOER, E— 27 R 55 A SE R
SE 3k

[1] Sud rez—Ruiz F, Zhou X, Pham Q C. Can robots
assemble an IKEA chair?[]]. Science Robotics, 2018, 3(17):
eaat6385.

[2] Dantam N T, Kingston Z K, Chaudhuri S, et al.
Incremental task and motion planning: A constraint—based

approach[C]//Robotics: Science and systems. 2016, 12: 00052.

[4] Liang H, Ma X, Li S, et al. Pointnetgpd: Detecting
grasp configurations from point sets[C]//2019 international
conference on robotics and automation (ICRA). IEEE, 2019:
3629—3635.

[5] Fang H S, Wang C, Gou M, et al. Graspnet—1billion:
A large—scale benchmark for general object grasping[C]//
Proceedings of the IEEE/CVF conference on computer vision
and pattern recognition. 2020: 11444—11453.

[6] Li M, Zhao Q, Lyu S, et al. Ovgnet: A unified
visual—linguistic framework for open—vocabulary robotic
grasping[C]//2024 IEEE/RS]J International Conference on
Intelligent Robots and Systems (IROS). IEEE, 2024: 7507—
7513.

[7] Achiam J, Adler S, Agarwal S, et al. Gpt—4 technical
report[]]. arXiv preprint arXiv:2303.08774, 2023.

ReIH: EREARFEESER (X)) A1ES52
IE (45 62061136006 ) TiH),

VEFEIA: TR (2000.10—) , B, 1K, Bebs
EEmA, b5 Tk A TERE ST BN SR, W7
T, W 5IR. AT ERE, BEBERENIEA.

171



	基于 Point Transformer 的条件扩散六自由度位姿生成

