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Indoor Open Domain 3D Object Detection Method Based on Spatial
Reconstruction and Text Guidance

FAN Yilin', YANG Fangzheng', ZANG Yinzhu', LI Hui", LIU Zhiyu’, KONG Xiangzhen’
(1. School of Data Science, Qingdao University of Science and Technology, Qingdao, Shandong 266061, China;

2. Faculty of Information Science and Engineering, Ocean University of China, Qingdao, Shandong 266100, China;
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Abstract: 3D object detection is crucial for enhancing the autonomous decision-making and refined perception
capabilities of intelligent systems in complex indoor environments. Traditional visual methods are significantly affected by
the long-tail distribution of indoor objects and lack textual semantic guidance, making it difficult for models to effectively
generalize to the constantly emerging unseen categories within indoor scenes. To address the challenges of multi-scale
semantic aliasing caused by the complex and uneven distribution of object categories in complex indoor scenes, and the
representational distribution mismatch caused by background noise in cross-modal heterogeneous spaces, this paper
proposes an indoor open-domain 3D object detection method based on spatial reconstruction and textual guidance. At the
visual representation front end, this paper designs a hierarchical edge-focusing network, utilizing a shunt attention
mechanism to filter channel redundancy and enhance cross-scale semantic consistency. This paper constructs a hierarchical
fusion module to generate adaptive inter-layer attention, effectively resolving detection ambiguities caused by scale
variations. In the multimodal fusion stage, this paper constructs a cross-modal feature fusion module based on spatial
reconstruction. Based on statistical characteristics, the heterogeneous feature space is decoupled into information flow and

redundant flow, and high-value visual features are purified to alleviate the signal-to-noise ratio differences caused by the
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cluttered indoor environment. In the decoding stage, this paper establishes a semantically enhanced text query interaction
mechanism, which injects contrastive language-image pre-training (CLIP) text embeddings into the decoder as priors,
endowing the query vectors with target-oriented perception capabilities and reducing recognition errors for fine-grained
categories. Experimental results on the SUN RGB-D dataset show that the proposed method achieves a detection accuracy
of 11.33% for novel categories and an average detection accuracy of 19.30% for all categories, representing improvements

of 1.32% and 1.15% respectively compared to the baseline method. This demonstrates the superior 3D object detection

performance of the proposed method in indoor open-domain scenes.
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Figure 1  Network architecture of the proposed method
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Figure 2 Parallel attention shunt module
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Figure 3 Hierarchical fusion module
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Figure 4  Cross-modal fusion module based on spatial reconstruction
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Figure 5 Text query interaction mechanism
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2T BB o KB VT E IR ABSRIE . X
AGIFIE R IR A R AQ IR L RN .

AQ = MHAttn(LN(Q), LN(T), LN(T)) (13)
0.,=0+7-A0 (14)

H  MHAtn RRZ kBT, 0 RR&EH AFERE T
THOH A B R IR MR A ], TR 3R CLIP A= 8 SCAR J 7R
FEAE , LN R 2 3 — e #:4E , AQ J it 545 2 i 1 X
Wi, o MR — D BUNEE , S AR I 25
W B LT IR R e 7, BEVI 2R AT A 38 N o 5 ) AT

Zead R SCAE A G B SR O, B
T 7B X R 2 S A SRR [, AT T 2 B E
LTS5 0505 B . Bl S, 18 SCIG 5 19 A 1) 1) a2 B
A B WG RFERLS B T LI AR 28 5058 SCh S,
5 RhG B i 2 RS IE AT IR S, AT
SEIURRAE Y B 35 R A SO AP E R E N Q..
FH AR HE A X SR A IR W B L AR
P TEZ SRRV E BT IR E R . R
T SCHE SIS 1 2 75 AT R SRR IR I 2R
P 1 SO T D0 RCEE X SRR S P08 R AE R AT AR
Gro feJa I AR R S Bk 2 R A ) )
i BN

WT: O-(Wattn ! Qsem ) ( 15)

F e = GridSample(V, qﬁ(Pref)) (16)
K

Fagg = ;WTGFsample.k ( 17 )

0., =Dropout(W,,-F,,, )+ Q+PE(P )  (18)
Hirp | o 2R Sigmoid B PREL, W, W B TRCE &
R R 25 2] 280, VARR Z B8 Rl & R AR, @ %
N — S % 0P BT AR AR bR R A e 4
& , GridSample 1% & X2 P 36 (L 9 4% SR s F mple R 3%
WHE 2% mCRAEAS B AL R AE , W R i B s 0

SR BE A 19 U 5 BT L R, 7 25t W, RS
T BRI 5 K 32005 B B0, W, i HR 0
PE() 4 {3 B4 2 128 , @ Kt A VA B 0 46
Ao BB TS K W B A AR B4 10 1
fiF 5 CLIP SR 5 E A3 A B DL E 55

3 XWERRDH

Sk 56 T 4 = N 3D B bR R ik A A S8
55 7F SUN RGB-D brifE 542 LR IF . ASCRILT K
A N AR5 e, IR U R AR i Je 2 T
10 A~ 0 4 A0 R 0 28 531, L4 36 4~ 28 HIAE S 401
e 5 A SC AR | 5 = SUSEZSAE A A, S 56 v (il
JH AP AR AE Ry PEAl $8 bR, Horb o3 Bir A 2800 L il
FH B AN = EB 4y . KT IEAE T AR, >R H ToU 9
{84 0.25 B} 5 AP A1 AR AE R 56 1E S 4 RE TS A .
3.1 LREEE

W 1 fr s, A SOl GPU i NVIDIA RTX 4090
1Y AR 55 2 12547 )1 2 A

*1 XREE

Table 1 Experiment configuration
BIERG Ubuntu 20.04.4 LTS
CPU Intel(R) Xeon(R) Gold 6430
GPU NVIDIA GeForce RTX 4090
Python 3.8.10
Pytorch 1.11.0+cul13
Torchvision 0.12.0+cull3
CUDA 11.3
CUDNN 8.2.0

3.2 SKIGSKHEZRTY

7K 3 3 T MMDetection3D HE 22 52 B T 45 1 114 3D
H A K6 A 7Y BT 3 05 % DA OV-Uni3DETR 1 Jhy Jit 2%
W 4% o FE 45 B 5 T, 145 43 32 R A ResNet50 45
B R IE 4 T X 45 R R 22 RO R SE AR AIE 5 05 2 40 S )
5 i SparseEncoderHD 47 4 R A6 FR1E g 65 , 7R R R
SPRE N 0.02 mo EFXTIFHORNC AT 55, A< SCHE RLF]
FH CLIP SCAS g A T 0] AR AAG I Sk o FE VIR I,
AT FH AdamW AL 2%, FEfl 24 2] R A 2 x 107, 4L
FIEWCN 0.01. S PRI TN ZRRRAE (9 F e e, ) S
BT S a i ST 40 R E T 0.1 /23]
AN FR AL ARV R € 2 401> Epoch., [F]E,
i T 5L 2k 75 ¥ OV-Uni3DETR ‘B 77 3f K JF I = A
DCNv2 B ()% Ja Pl 2 A DL RCRE 2 1 CLIP 2851 ik
NS AR SCHEHEAT X L S5 B, 2R FH 38 FH 79 ResNet50
N R A B AR AT T W w1 iR Ak, I K T IF IR
CLIP LY [ 32 A Bl SCAR R A 7] 2t DA 58 iS4k 2 21
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3.3 HRHICIS
R AR R~ RN 8N SR G iU
BHARNJZ Pih G WA M 2% (HEFN) | 85 B S R 1E

Fill 5 A5 e (SR-CFFM ) , LA K 18 SC 3 5 1 SCAS - £ i)

SEHALE] (TQL) , 2 2 2 45 > B B Xl Az I #1552 46 45
Mo YR BE A A BEHR B[R AR
PERER BN AR AL BT H, RA KT T RILA K
TKG JEE

F2 BEERRENMEIR

Table 2 Effectiveness experiment of each module

Bk HEFN | SR-CFFM | TQI AP, AP, AP AR, AR, AR, HEHRHTAE / ms
N 10.01 4747 18.15 47.46 81.66 54.89 348.15
N N 10.25 47.58 18.36 47.92 81.70 55.26 360.65
N N 10.64 47.63 18.68 48.21 81.78 55.51 356.25
N N 10.30 47.81 18.45 48.17 80.86 55.27 380.39
N N N 10.91 47.89 18.95 48.86 80.98 55.85 388.49
N N N N 11.33 48.01 19.30 48.78 80.74 55.73 400.99

SLEEE R RN ML TRE L, ERIDGRE
M £ (HEFN) [ in A A3 ZLff o 17 = N RUBE 22 55
JRZ T B A w25 . SEIR IR B %A B A A T v
=15 A ERZ AL, S 4 3 0 T AR T
T B U, B IR TAEAS R S BER N G AE BB
55—, 5 SR-CFFM P 7] TAERF, Hoxt &
FRIE RS H AR 5> NG FE R T W .

B G| A 3 T2 () FE R ) B R S R AIE Tl A S B
(SR-CFFM) J5 , AP, #2 Tt T 0.63%, [A] i 75 4= 25 51 13
Ml - AR 4 25 o X 3R BB B o R AE A
FRALH , TR AR S P MR B S AR AT T
A2, RN E P9 ALY S RS Y R A, R R
4T R E S R A N SR RS X ST 2 T =
J i AR AE LAl o 1B SCHE SR Y SCAS - A 1 58 B AL
(TQI) X 3 #0125 Wl 45 b AP, B STHR 55c o i 25 . Y
SR-CFFM 5 TQUEK A fili I , AP, M FEZE 1 10.01%
BRFF 2 10.91% . X Bk 78 CLIP SCA R AAE A Je i
B R 25 0 P B | 3 B A 1) B
S T UBE FAE 5 08 SCR s 22 [ ) ol B 8 il 5 A 0
[f1) 2 7E A8 T i B BV 1 X 40 R T A 1 ) 5 o
5, AR T ENG SR WLAENREIRE .

IR 5T AR AR A 48 A b A f
as o LWL R UE I T A SCB T 1 B 22k
HEFN 71 5% ] B #G 1 , SR-CFFM 17 5% FRAE 07 16 , 11 TQI
TOVEE S T SRR AR R AR S ] R %5 (R S5 1
NS T PR PR, el e i T AT = N RO
3D K I 7E S5 4 RRAE 2R A 5 B RS X 5% O TH A Pk g

[/ i, 2 in A HEFN , SR-CFFM F1 TQI Ji #5554 f)
i H A ZE AN 3 30 12.50 ms . 8.10 ms F132.24 ms, 5¢
HE 5 ) B i P A A 4 A 400.99 ms, 29 2.5 FPS,
BB 85.25 M, HE PRI B A7l % 0.79 GB. i

T AR SCO7 v 0 35 4 T I R 0 R4 R A AT, S
JBRE T v S Ao AR R 2 4

(1) 2N %R LW 44 5

TR FIHT HEFN X 22 KRB REAE HEA 1 Bk
BT LA O LR 43 i 1 3 T Bl A B (PASM) 5 2 2%
A ALE (HF) TP T M SC 5, SCse s Rk 3, 7
GG Ty Bl G B (PASM) J5 L AP, 2T
% 18.28%., XUEH] T PASM i i 3= F 5 8l B 43 3 0
XU AE H AL, BE S A R i FPN i H RRAF 76 8 18 2
FERTUAY o dE 3 o i v s AL, BRI RR 8 [ Bl Ak
EL 2% I 3508 S Sk 38 S N, DT A I 2 Y 3D il
AARAE T ELA R e KA . B AR G
A AEE (HF) RV RE AT e T PERESE 35 . HF b 3 B
TE IV JZ RIS, AR T A A1 4R A J2 G 1R] 1 1 Tk
XA R T E N 5o i T W R RS R 2028 L
O ROBE RN, ), SEE M R W, HF B AR 6%
FPETHEIR G 2 RO H bR 28 68 1, el T RE X
RS S EN .
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Table 3 Ablation study of the hierarchical edge—focusing network

77{2 AaneI AP base AP..\H-'I'u;;P
FEL Tk 10.01 47.47 18.15
+PASM 10.16 47.52 18.28
+HF 10.12 47.50 18.25
+HEFN 10.25 47.58 18.39

(2) 5 T2 [l T FAY F) 55 285 R 5 A 201

LR 7 1 A3 i 72 0 Z MR WS S A 3D ]
PGAFRAE 5 05 = FEAE , BUAR 3D BEHGRFAE S2 4L T i 55 A
4 PR SCRRAE , (R Rl 5 07 OB , B0A 270 Bl S A
IR A5 R o it , AR SCHE S 2k Skl T3 in HEFN
BEHLR I RS, a5 Rk 4. W, BIASE TR
TR T Bl SR e DA A [ A8 285 A 1l TR 3R ) T
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AR, SEBURRAE 0 [ 3 DI o SE 5 A
B 7R T W (AR A S SOG4 T T 0.15% , WEBH T
I 7R B 1A TE 32 4t 3 X IR e 400 25 2% i 2 LS
X KRR o ARG ZE AR B M R A SE
Fh BRSO AR I 0 8 A% 0 235 A A I PSR 448
S AZ HL, T 5T 4 AR I TR A o SEE R AR
HR 5 3 L% 188 58 58 AL L SEBL T 3D a5 i LA 2
5 e EAROE R RS G AP, T
% 18.52%. B T 1% o0 K B I B A 8 i 47 4 25 8] )L
] 235 g 5 W0 T8 SR I — SO, A R T B
— MRS 5 | 1 A 8 T i 5 7 4% 25 R o 1 T %
BT B HMEVE T, B0 PR AE A5 2 B0 0 o L AT 4544
T R B X 38, PR 08 e B AT BE R B bR R0 $2 A1 A
B4R IES] S . &, 7S] ATUATERIE S A pL ] 5, A
RUA 8 TR BB A5 B AR AE 3RS T 0.16% MRS FE 4R T .
BCUF B T U A 43 e A T E R AR L BB AR
BT R 0 4 R T SCAE B DT AE 0 4 W 1 [ B
S T s S B
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Table 4 Ablation study of the cross—modal feature fusion module based

on spatial reconstruction

B HE AP AP | AP [ AR, | AR, | AR, ..

L ESWRS 10.01 | 47.47 | 18.15 | 47.46 | 81.66 | 54.89
FETRIBAER S | 10.17 | 47.59 | 18.30 | 47.75 | 81.58 | 55.10
(AR BB EVRHE | 10.49 | 47.54 | 18.52 | 48.16 | 81.74 | 55.48

SEREES A AL | 10.64 | 47.63 | 18.68 | 48.21 | 81.78 | 55.51

TEHEF 25 (8] T4 19 B5 BOS FR AR Al B B e P RRAE
Gy S BH A R L2 5 BURRIE S5 T A R A LRSI 1Y
KSR A 2/ B DA R0 08 7 5
P A AR, AT e S BOZ O LM 25 E K. R
I, AR SR XA [] BB 80 T 8 T UM S0 56, 25
M5 R,

IAFE 5 A 5256 K0 1T LWL B AR RORS B 5 A (]
X B A A AL B A SR B B . 2
B A=0.5 B, BB 7R 7 B0R BE 46 A [k B by, HAE
HAI S ) ) 30 e Ry g L X R I v A B Y 0o U
W BB A% B AT A0 T A N TS PR SRR AR R B . R
B EDRAG AR A= 0.5 76 22 47 ik B 4 Jmy dhe At , o 0 ) o i
B H bR RE S HBEE REE— 2T 2 0.7, R
R B0 B4 SRR AIE 4 ST Ui 0 IR S el 28 ) A R e e, S 3k
AR T W . SER S RA 1 RUE T SR-CFFM £
Heim i 3T A RRAE 43 (8], BB 2 I AR 78 A Ak
RINPI AR 8 L —2tk . 8 E TR, A T 3G
K5 A R 2R A R B, A SCHE i 22 A 52 56 rhoks
7% [B) EE A R 2 2 0.5,

ovel base

K5 SHBREST

Table 5 Parameter sensitivity analysis

BIfHA | AP, | AP, AP e | AR | AR | AR L.
0.3 10.44 | 47.50 18.49 47.90 81.45 55.19
0.4 10.18 47.44 18.28 48.55 82.04 55.83
0.5 10.64 | 47.63 18.68 48.21 81.78 55.51
0.6 10.54 | 47.44 18.56 48.81 81.83 55.99

0.7 10.48 47.33 18.49 48.26 82.20 55.64

(3) SCA - it 38 T AL A Rk

ST IR A ) SO - i) 22 EAIL I A% G B
104 R AR SCHE Al 2 B3 Transformer Kl 5
AT T B MR, BRI E Rk o .
B, AUFE 48 A st (o CLIP HE A7 70 2% 5%, Bk = 2
WU B i ST 1S, AR BT 8 28 1) A e DRSS A
M 1001, A S CLIP SCA SR E 1 35 5 2 i) 1)
SEPFEE, A5 kSRR B A s A T (H R
ARG FE T 2 47.24 0 3K 3% B S A (1) SCARRFAIE 71 A
IR T A 1) o505 AT 0 LA 23 (8] 0 A iR Ak . SRS 76 5%
BRYOh AT BT IR S S ORTE AR, iE
o AT o T4 FR KA 3 R T SO TR B R
AU T BRI RS B, 04 AP, $2 T+ % 10.30,
WERR T 1AL ZE R B LR R B8 1 5 51 A8 Lk
B Z IA) P, S T AR A AR R 5 A R B AE Bl
X B ARERAE R g ) Sk 2 b i

*6 XA-EHZEHFIERMILE

Table 6  Ablation study of the text—query interaction mechanism

ﬁ{f Aanel AP base APmmge ARn vel Alese ARa\&rgue
TiE GG | 10.01 | 47.47 | 18.15 | 47.46 | 81.66 | 54.89
HiEPHE | 1024 | 4724 | 1828 | 47.65 | 80.62 | 54.92

SERCREHL | 1030 | 47.81 | 18.45 | 48.17 | 80.86 | 55.27

3.4 XFLERIE

SR S A ST O i 0 e iR AR SOk S 3
TF3DETR A i th # M #E /Y9 3D-CLIP | Det-CLIP2 .
Det-PointCLIP . Det-PointCLIPv2 DL K 4 Fij f /il ¥ iY==
PN A S85AG) 10 HE 48 INHA . CoDAV2 #4755 1 .

W7 FR, 51 EUGAT B0 SRS 7 s R AR
TALLL & = AR B T 1k o AR S 3 7S ()
HAAYBHA SR 2B AA R BT & 7R3
fili 28 50 AP I i 35 8 3 BRI ) CoDA il CoDAV2, 38
HIDRS 1 1) SRR 1 X 5 5 4 i il R B S B A Ry o 2 42
M O B B 1 SCRN T, DT S B AR SRR AU S .
[i) A 2R FH RURSE 25 19 GLRD A Fb , R SC 7 Bk B AP 45
By 1 W b, {4 B S E & 2 TR AR, ) B AR TR Y
ARFE45, A BIVERE AL o LAh , FRER T B Ty vk
A SCA A /I g 186 1% 3 B 4 058 S BT K

ovel
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Table 7 Comparison experiments with other advanced methods

Jii: LN AP AP, AP AR, AR, AR_.... e HRI] SE/ms
Det-PointCLIP? Nao 0.09 5.04 1.17 21.98 65.03 31.33 262.4
Det-PointCLIPv2>! Mo 0.12 4.82 1.14 21.33 63.74 30.55 258.7
Det-CLIP22* Ha 0.88 22.74 5.63 22.21 65.04 31.52 271.6
3D-CLIP" AR 3.61 30.56 9.47 21.47 63.74 30.66 324.2
OV-Uni3DETR™" 1% 2.06 16.50 5.41 27.79 62.92 35.96 301.5
CoDA™! JEb 6.31 36.21 12.81 35.65 64.80 41.98 286.3
INHA Jb 8.91 42.17 16.18 51.34 78.65 57.23 312.8
CoDAv2™" M 9.17 42.04 16.31 43.16 71.64 49.35 307.5
OV-Uni3DETR?" UL 10.01 47.47 18.15 47.45 81.66 54.89 348.15
GLRD™ WA 12.96 49.40 20.88 47.74 80.93 54.96 786.2
ARSCTT PUE 11.33 48.01 19.30 48.78 80.74 55.73 400.99

3.5 KGHERAMRKRESHT
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Figure 6  Visualization of comparison experiment results
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Figure 7 Failure cases
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