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SLAM Algorithm Based on OneFormer Network in

Dynamic Scenes

ABSTRACT

With the wide application of intelligent robots in industrial and service
fields, vision-based Simultaneous Localisation and Mapping (SLAM) has
become a core module of robot autonomous perception and has received
continuous attention from scholars. Traditional vision SLAM algorithms
are usually based on static environment assumptions, and when facing
dynamic object interference, the system is prone to erroneous feature
matching and position estimation, which leads to localisation drift and map
distortion. Currently, the mainstream approach is to directly reject dynamic
objects, but it is not suitable for scenes with a large proportion of dynamic
features and certain dynamic objects that contain favourable information
and cannot be rejected. In this paper, we propose a dynamic SLAM
tracking algorithm based on OneFormer universal segmentation network
for all dynamic scenarios, which improves the system's positioning and
mapping accuracy.

Aiming at the problem of insufficient dynamic target segmentation
accuracy of traditional visual SLAM in dynamic scenes, a dynamic object
segmentation algorithm based on improved OneFormer network is
designed. The algorithm takes OneFormer general image segmentation
network as the basic framework. In the low-level signal feature
enhancement module, lightweight convolution and feature signal
recombination are used to strengthen the shallow feature expression, which
improves the discriminative ability of weak semantic features and makes

the network more focused on dynamic feature extraction. In the dual-
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domain collaborative attention enhancement module, the channel-space
dual-domain attention mechanism is used to adaptively enhance the
network segmentation weights of high-dimensional feature dynamic
regions, which improves the network's recognition accuracy of dynamic
regions.

Aiming at the problem of inaccuracy of traditional SLAM positioning
and mapping in non-rejectable scenarios where dynamic objects account
for a large proportion and dynamic objects contain favourable information,
a real-time tracking algorithm for SLAM based on dynamic object
segmentation and mapping is designed based on the improvement of the
OneFormer segmentation network. The algorithm combines the relevant
information obtained by network segmentation, uses camera position and
object motion deflection angle estimation to achieve potential dynamic
object judgement; and maps the identified dynamic objects back to the
network segmentation mask map to form a layered structure, which retains
the effective information on the dynamic objects through the accurate
display and tracking of the dynamic objects, reduces the systematic error
due to the lack of information, and improves the system position estimation
Accuracy.

In order to verify the effectiveness of the algorithm proposed in this
paper, the algorithm is tested in the public TUM dataset, and the
experimental data show that the pixel accuracy and the average intersection
and merger ratio of the improved segmentation network reach 88.6% and
60.4%, respectively, which achieve an absolute improvement of 4.4% and
5.1% compared with the pre-improvement. The proposed tracking
algorithm reduces 17.70% and 19.63% in absolute trajectory error rms
value metrics compared to DP-SLAM and DynaSLAM, respectively,
demonstrating good bit-position estimation accuracy and map building

performance. In addition, the results of indoor and outdoor real scene tests
v
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on the constructed mobile robot hardware platform show that the algorithm
in this paper has strong adaptability, which provides an important reference

for the vision SLAM algorithm in dynamic scenes.
Yang Supeng (Electrical engineering)

Supervised by Professor Chen Mengyuang
KEY WORDS: Simultaneous Localization and Map Building, Dynamic

Scenes, Deep Learning, Motion Determination, Image Mapping.
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Bl 2-3 OneFormer HEZEZEF4

Horpr, B 2-3() R 2 REERHEEEI B, R U A BRI 2 R RHIE
JERE G g as . 1B 2-3(b) R Gt — AR 55 kA & W BL,  OneFormer W24 7E4E
M Qo TR T, BFX AR LA N ERHIE G — ) N — I MESS S A w4k
R V4 REEFRFHE, K Q.0 5K HEAHAR I N-1 DA WERER, il
P G — L p=1/3 XRS5 BEAT AL, FFAE FH SCASS 25 A2 B B SCAR AR Q)
N T AW SCARRS U R R 5 SR S5 TR R X ), AT DAAE SR BRI AR rpoll o SO A
LSS 25 » M T A A6 7R 2 5 R 1) 2-3 (o) R AT 55 AT 55 SR I R B »
OneFormer W25 {4 FH] 2 % 38 Hs At 25 SR FRAFAE 25 Bha S8 S HERS Tl .

P 285 v () SCAS WS a5 A N ] 2-4 FT7R, OneFormer ] 6 J2 5% # SO g i
BTN SIABNR Qg BATIRIC S RS, K5 — 4L N, A B iAS H, ARG N
N CEBEN Oy
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0.

| 0 00 =
% ] -
]
G .
i ]
8 O %
- - NtCXt Q
text

N o

K 2-4 ORGSR

2.4 REING

A #FE A SLAM H AR5 OneFormer i 73 B B TF RGMENH. &
e, BTG SLAM RERIAISE BT JRuG b, BRI DY K%
ORBHBET N, VEAIIA T SR B D e fr S LB R AN . Hodk, BT
M5 SLAM HUERBRL 4T T S8R R GUIRES A THEm, &S itiash B
PRAE At TH iR 22 AR AR BN HERR S AR ) . B s, RGN T BT 1
OneFormer 38 FH 73 %11 2% 1) 613 4844 S HAE 255 7 B PR RE AL 3, W0 IE AR
SLAM £ St 4@ fi im0 08 SUE BT, Mt 715 LW 1) SLAM &
GiBE T HIL AL
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% 3 & ET ¥ OneFormer MBS IMAR S 2NE A

REE XSG SLAM 3N 5 335 B AR FEEEA 2 MR L, i
ih 7 —FdE T OneFormer M4 IZNESYIIA 7> EI5H% . %5435 L, OneFormer
i BB B 2O AR, AEARZ S5 SR LR s B, T 5 N B
MG R AE LA SR PR R R IR IR BE TT, AT 1 X 5915 SCRAE A HI B PR RE
A5 W8] 208 D0 L3 T B AR A R Mo 72 XUk By [RVE T 3 s B, A I -
() XU T 3 SR A LA ST sl 25 X I R A i S R, S 4Ry 1 28 X 3 2 H
PREGIRARE L . 70 BRI AR S B I 3-1 B

ET s ETWERE - T T T 1

P3[ LSSEM x >

RGB
C1 “— me

|
| |
| l |_> | CBL+UP ] [ Gsconv | |

FPN
| 2 b 2| P4| LSSEM F— GS—ELAN }—| \ GS*ELAN_' ! .
| l T | ——— — — — — — — G—> X — %
_________ 1% i

| C3 +—>» P3 | IP4 Fcos box head SAM
] | |
|
|

] 3-1 OneFormer 431 % 28 i gk B B = K]
3.1 RERIFHEES1EEIRILSSEM

3.1.1 BERHEFTFER GSConv

FrfEE R (Standard Convolution, SConv) it 43 IE s Ais 5 S BRI $2
W, Fofn U RFAEZE B2 B AR B e o AR, XM BRI B R RIE 7 AR K
TUARRFE, AR E IR B4R, B e LA Bl 72 5 80 B 5 2
BRI i, AFRAREREPEY GSConv BAURHEERR, 2R
BRI H 7, TELRRRRFIESR AR /) (0 Rl B 2 35 PRI T 45T S 40
GSConv EAREE MIHESE R 2 BN &l 3-2 s

B A R P AETE IREE (5 B 38007, GSConv JlIE 51 NIRFE AT 43
B R I TE TR BE (R B [ R AL SE IR AE RIS e ) i3 . AT 5, TE4H
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BeitJith, GSConv KM T 5x5 KFCHAEEBRKBERESR NN BRI,
FERFF S HRCRIEAARIIATIR T, BEY R 7SRRI R 5, 615
28565 /N U H B B RF AL AT IR BE 7045 2 W] 2 S T o AR 4P AL R A5 B 5 1T, GSConv
FIN TEIERYARAE, SR e @I e AT A R B A, Sl T
AN I AR 6] (R RFAE A B A T o IR B[R DL A ATL 1R R BE 3T A8 A% 40 6 AR R A i
8] A (5 LB, (e (oK B ARl 90 SRR B BEAT 78 20 1A B A0, L REE I F il v
VeI, (8> HIMEAETH R 20 K SRF LR & ROR 2 1R S R 45T, BEAk,
HIERVEERAE S N b — DAL T BRRHE 5 B AR, MR M R R
BAMFER SRS T E R RN BETT .

C2/2 ik
| v _
[DWijonv] ( CORcat > '>
i
C2/2 it - QB

GSConvy..

K] 3-2 GSConv 45k~ K]
GSConv £ ¥R A GPU ZEM ) TH Rt AT TR AT, 7E N AF TG I

7T, X I A SR, K e TR AL P R E 4E R 4 U 50%, 15 DRAM 1]
V7 PR AR L) 40%, A2 ME T RN G 1 ILIK A A7 TSI el o 7217 fik
G SRR TG T B R AL B A AT SR AT a4 SR BE S S A A 3L
EAF SIS EER, W2 ELBRIES I B CUDA k%, &
KT AR BT

3.1.2 FHEFSEHIER
FEDR L 57 > 73 F 0, s A P A4S0 7 0 4R - S IR 2 SRR AL I 7 2 ]
MR R . SR H T MR EEPIZ I HER IR A, XML B i i1 X
5 RED, ZIRTREEZE LR, SRR R IR sh&y 5t 5 B Ikl
W LG S SR S ) . Rl A H A SLAM E A i B SRS
B, RPREFRAIA T H AR B B 24 AR AR A B 1 AR G R R S K ) SR R A
AR T — PR ERFFAE(E 5 W 58 B (Low-level Semantic Signal
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Enhancement Module, LSSEM), FF-#& T+ W 25 XHEK 2 2 RHIE 1) 2R 1A RE 1 AL fb 8%
U . BT e NG, a2 RS SRR 2 70 SCOR K, AT 4h
JEE WA 2% B [P R FHBE 75 BG5S 9515 SCRFE ISR BURACR, $2 70 EME 55 1 AU AE
Kikfe 1. BB EARSE KW 3-3 B,

1/8 14 112 +

A
D | B|_ |F4%
GAP
GAP i
— GMP

K 3-3 Oneformer I%)Z 2L 5 1 s AbiHk LSSEM

Horp, S8 A R RBEERFER B IR, BT MNRFIERE P e R 34T
Ix1 B8, CLREEE SN B b B EgERE C,, » RIS AR B IR A6 43 3% 26 1 23 1A
H1E 1B SCHE B UMLK EE AR SR IR Y, i@ i 42 )Ry B Kt Ak ( Global Max Pooling,
GMP) WAFAEEIHAT N RAE R 12 RE, FEEEY 1x1 BRE4EHESC,, /16
At B SRV S W06 7 e, S50t 23 H AR IX IR L Be 77 : S C
5 D N4URLE B SCEBIA T, i3 4 ReF 4K (Global Average Pooling, GAP)
SAAE 1/4 5 1/8 T RFER THRINE KL RZ BFRHE, S5 R 1x1 BT
JEAELEAN 1:16 (I 4E  Re e, 2 I8 i SR M AR (I 7 R R S 2 R
GRARN AT e, B SR TE D ST RO RHE R, G 1x 1 B 58 SRR
WAL S5 515 REE S —, TURRAG 2 [R]85 X VR AL AR R
AR R . LSSEM Mt w=3-1). (3-2)5(3-3)Fin:

n n W W
Fa (P)=F‘/2{ }[ "},(n=1,2,3) (-1
GMP GMP Hp Hn
Wi+2p—k+1
/4
nT,=J| '|= > ,(i=1,23; w=h=1) (3-2)
H ] |H+2p—k .

S
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Q:‘]{Sff|:yup(nTl)’yup(nTZ)’yup(nE)’P:I} (3_3)

o, W5 HFERRNEEE P S FlL #raRBoRii. Fa
5 RS om0, E AR o A A B 2 T R
BERyw* b, KA b, BTN p RS R, AR BRI 1%1, Bl w=h=1
¥, (0T, ) FoR RS L RpEi R nl T, nT 477 3 4R AR R itk
B GBI 0 FRIEERE (S 2 IR LSSEM 725 {1y 74 (T 1 .

T LSSEM BB IANEE, 16 (REFAHEAEIRIIR T, ET M REFN
{162 4 L PRS2 25 000, BT T I8 0 42 37 B o BRI R 0 5 A
H, ARAL T PR ORI AE SR R

3.2 WEHELNEE NIEERIRDEAM

Et%F OneFormer WZSTEAFERALA R LA R, AT T —FRUZFE
R /IR (Dual-domain Attention Enhancement Module, DAEM) . iZAR Bt
R 2R e A 25 JA)E R S LA (Spatial Attention Mechanism, SAM) 58 iE7E:
& JIL#| (Channel Attention Mechanism, CAM), SZHL T X HFAE K75 2% [A] 45k 15 8
IR BB BEHR AR I QI 3-4 PR .

C Zew CAM 0"

O O c. |

e ®— CEEE »e—@ 0
P } e{]

&l 3-4 XU [R5 DEAM
DEAM Z5& % RIZRHMIERN & S 4ERE BACH., BeA RUg st M s H

PREVRFIERIERE ST, A5 R0 48 RENE AE AN [F) /2 SRFALL 2 18] A S 37 SRS A R R 0 A
MTIARAL Y8 IR SR B S RAK RE AT, SRTHE B 2R T K 2% 7 EHs 1L
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3.2.1 ZEGEEHLE SAM

2 ()R R IHUH B A% 0 B AR 8 18 3 A E B A5 40 T, SRR I BA
BEE S B X, BT S, 4R HEE Qe R, RM 4R
¥4t (Global Average Pooling, GAP) 5 4> J&) £ K it f£.( Global Max Pooling, GMP)
SRS AE B HEAT DU A RAAE BRI, A2 i 4 S T 384 i [ RS FE A IR 4, Bt sR(3-4)
5(3-5)im:

&W@FﬂiWZZQ@D (3-4)
FGW(Q):(%Q(Z’]) (3-3)

Hrf, QFFETEERZ 4R, ce{l2,..,C) RpRmiERs| . WidimE e
DR RERAE, M R AHRE ¢, e RO, TR i R(3-6) o
4. = C e Four Q) Fonn (Q) ] (3-6)
SR P 25 U2 BT B A B 26 0 . AT 2 () A PE LS, A P I A
JIK S, e R™™, BAmRG3-7)Hi 5%
Su=0(Fin(a.)) (3-7)
b, o (-) A Sigmoid KL, Fom 3R 3x3 BAURIE. Mm%, Wbk A
70 15 SR G AT EERIINRL, AR FORE R O = 0® S,

3.2.2 BEFE NS CAM
TEYEE SIALH CAM %0 B bR il 2 S AEIEE AL, fif 2 REFE

ﬁ@é¢%ﬁL%%ﬁ@oNF%A%EEQGRMW,ﬁtﬁ%?ﬁ%%GM?
L& R oKl GMP #AE SR BGETE e A it RefiE, Bk in=X(3-8) 5 (3-9)Hin:

Zpg = HxW;JZ;Q (3-8)
e = (%Q(Z,J) (3-9)
Hr, e RC Fmidid 4 R E i GAP of 25 R 4 B i AT F I #AE J5 A&

&%é%?i@ﬂﬁfﬁg, ST I (B AE RS s 2, € RC KRl 4
JE e KA GMP S HU Ak I8 1) 22 1) B AR A2 A B I Jag 78 S 2 RPALE X 4t
TS, N T RTHEEZ B PARL IR BAe S, ARt T — M ERENZ R
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JEFIHL MLP W28 458 %M 254 2,0 PAWE RN, GBS R
FC 5 ReLU Wi e £ f%r?ﬁiﬁﬁﬂ%%ﬁ%'%ﬁﬁ%, M 3E— 20 B SRR S AR

PERE . BRI (3-10)53B-11) .
W, =W, ReLU (W, z,,) (3-10)

=W, -ReLU(W,-z,,.) (3-11)

Heh, W, e RY7C 5 W, e RO S MATRIENFE: r ARSI, BB
N 16, (A E R R ENEE AL LA TH R RS, ReLU BEUEZ RE Hh 5T NHE 2R
PR AR P 4 TH IR () R IK B 7 o o TR AR AR (K B T 3R W, 15 W I 2
Sigmoid M A4S B WE & AN EC, e R, Bk ins(3-12) 5

Couo =0 (Wyg + W) (3-12)

Hop, o ERCEBSTRI0,1X A, HTRagmEmEEE. % C, 5
NFHIE @A AT IR, R ERIRE TR O =00C,, .
3.2.3 MFIEENHETIENH

SAM 5 CAM LR F AT -GRICTR & 2844, B 38 ik 2 37 % A) - G A
KA, e RBEEALGE R L] 4 A5 BARXS AL 18 . 5 JefE R e TiAk
AT, BN E 2 BN SAM 5 CAM 433, 56 0% [R5 38 10 355 e
SRR, B EERAE S, SiliEEE A E C,, BT SR, AR
WREER B A, =S, % C BATRHERL G, BSHIE A, X R GG RFEREAT X
ARG B RO, =0®4,,,, SERAFIEE .

3.3 LWERS ST

A ELY G BB N: Ubuntul8.04 A Linux #:1F 245, AMD Ryzen
55500 CPU, Fi3.6GHZ, HAF 16GB, RX6750GRE GPU &, W&AF 24GB.

SRR E AR IS 43 B BRI AR R R TE RS B B DK% OV R AT TUM
P Bt A rh BEAT IR o 1% 405 S2 R FH Klinect v2 W46 18 5 N 25 M AL 3 5 SR 48,
A5 I FEXS 55 640x480 153 RGB 435 16 iR SR, RINEBCRAERN
100Hz [#] IMU B8, IREALIR GG ik bnE , AR R Z AT 1%. 1EA
THEHURLE S A B R, 20 A5 25 B A P 5 77 P 0 s A 8 HE oA W
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8y T B A7

. SLAM Skt RE VAl 1 B e 551, H AT CAEA DS UIEAR B i 5 e 72 51
J LG SLAM 45U IR PP B B o AR SO T TUM s 5 h B A RHAE 5
B2 1 S P 41 £13_ walking xyz.

3.3.1 BB IRBRIR AR IEUE LG

AT 28 73 BN RCR B4R bR £ 247

(1) %2 He(Intersection Over Union, IOU): 1E A RIZ& 5 EIF 55 A% O 1P
fabr, HECAE SO BEXPRETE 0, Tl ) X385 TS X A5 3K 42 1A
R AE B 5 IR THAR I E — A LU AR o a2 A8 Arod i v S RO e 5 5 LM - [A] ) 5
JZ, BB G RS AE AR T, BUEEGEIT T 1, TN EE RS H SRR
A — S . AR (mean IOU, mIOU) M tH 5 ATA 15 L300
10U WISEARFIME, 56 PEAR L A 42000 0 B BE o MRS T EEHLAL 5 St 22 56
AEN, 24 mIOU i 0.5 BB, AIHERR B 5 An) 7 HIREE, AR
SO REBCE ZE AL TE AR . SRS HUE TOUMTHEL 2 st 30(3-13) s :

ou!l = Di (3-13)

PP P
(2) B EMEWIH (PixelAccuary, PA): —FhEZRANGEE /IR, 1ERIE S
BN EREE VPN RIS, HHE Oy BAENNA AR BRSNS R R
EHMAEG R OHEFE, ERERMECIESHER T, 2380 T E0
LU R FE ARG REATE O AT E, IR RS B R MR A 7y kG
o PATHE AR WA(B-14)FiR:
P Dall (3-14)
DI IP 4
VPl AR ST HH 1 e B BRI, AR T R TR AR EETE TUM 4
PEEEM fr3_walking xyz IAHHRAE LITH T REVEINRSLLS, AT HE S
BERT 545 OneFormer #E4T PA. mIOU SAgHiR M Zxf b, Z5RWKE 3-5. 3-6 5
3-7 FR e
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1.00

0.80 F

0.60

PA

0.40 F
e R

ﬂmm_

020 F

0.00 4 1 L
0 50 100 150 200 250 300

Kl 3-5 chidtRr s PA fEXTEL

1.00

0.80

0.60

mIOU

0.40

0.20 } ORI

Bk fE

0.00 1 1 1
0 50 100 150 200 250 300

K 3-6 HdtRETfE mIOU 15

1.00

0.80

0.60

TBR

0.40

o i

0.20
— Bl
0‘00 L L L L L

0 50 100 150 200 250 300

B 3-7 Sk i R R R L
NER GRS AT, AT RFFAR R ZR SRS 260, BASGH

A 546 OneFormer W48 {E NFEZRAR AL, @ #IiE5] N GSConv & AR R |
LSSEM 1% 2 2415 S s il DEAM XUy 2 SR gk 47 0F B S2a6 40 4 o 45
R 3-1 fron.
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® 3-1 JHESLE

GSConv LSSEM DEAM PA/% mlOU/%
84.9 57.5
~ 86.8 58.9
v 85.4 57.8
~ 86.4 58.1
v v v 88.6 60.4

W 3-1 47, JELE OneFormer 7 fr3_walking xyz $iE4 E{5 &
HERE PA N 84.9%, P8I mIOU 2 57.5%. 51\ GSConv Btk 5 £k i
R 3-1 58 AT, AR T DA RO e WY 4 TRV RFAE 5 e 7, R/ W 2 S 40
SINJE G ERUER R PA 5521tk mIOU 2532 T+ 2 86.8% 5 58.9%, X T
J5i# OneFormer 7 PA #6545 E42TF 2.2%. mIOU #&45_E3RT; 2.4%. #"IN LSSEM
RREPUE B Q2 3-1 58 =AT P, 1AL RT DAAT 200 5 0 28 8 7 545 B IR RPALE 2
BEETT, IR B RN R PA 55 IFHE mIOU 73 7R 71 2 85.4% 5 57.8%,
FHXS T 546 OneFormer 7E PA 545 LIRTT 0.6%. mIOU #E#5 L3RI} 0.5%. @i
DEAM BEE G HE a3 3-1 5 VUAT BTN, 1A R A3 510 4 26 XoF B A5 0 2 1 40 1
B, EEXNS SRR IAERIRET, SINGERMERE PA 5VH5C
IFEE mIOU 73 7l 52 28 86.4% 5 58.1%, AHXS T+ 54 OneFormer £ PA fi¥5 b4
Tt 4.4%. mlOU $&45 32Tt 5.1%. = At R TAER £ a0k 3-1 35 1
TR, Bl R B R AER 2 PA 5P L mIOU 43271 % 88.6% 5 60.4%,
FHXS T 45 OneFormer £ PA f5#5 LiRTF 4.4%. mIOU f845 L#RTT 5.1%. %% L
Pk, ANTHEERG TSR A, 4B S RIE ST

332 SR T oEIMERESLR

AL TUM A s+ 120 S50 4E 3 _walking xyz 1E RS20 2 4E,
RGRAE T IRFVEE AR RSB 5 R I SITE R TH AR . 8 2R LA
1280x960 )il 7 R RE T A& B RS TMNHE N A5, NEE
PPAG TR AL T BLAR AR B o 7R SSER T, AR H AU B SR ST
I SR AR PR 2 1 N A H AR R E BB TR, 18Ik OIS A H AR e B
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AP THD 7 B 52 DA 2 320 JRiE 55 1) TS BT (L5 #7227 #126. #577. #182.
#318), M T MEahAs b7 L BURBNAS &7 L) s B 51 o 3 b ik =) 52 50
JT R AT RGP EEEARNRZESTHRIRE R HI Skt Suti/E
BEAE R R M SR B 25 50 1 40 BIRCR S L B 1] 3-8 i, Horh i sh s o
bt 5 LG E SR 552 3 B R AR EERE T, TR BhAS b7 L) 2 5 5 s vk
SIS BN T BURE .

Wi#727 iz 182 Wi#318

SEEE R S

MEES

K 3-8 Budt il Ja s s 2 HIRCRE

K 3-8 S —AT o TR R4 RGB B, J5MT 3L 1 3has Nk 5
It A AL B G R . B 3-8 5 AT R 1 U AT R 45 OneFormer 73 %119 2%
> EIZ5 R, AT LG ARSI B ARIA G 5is s Ak 3L & 70 B8k B 3-
8 B = AT T AR 5 NMRZURFILAE S5 5mB LSSEM 5 XU by IR &
JI¥E5ERIEE DEAM i ik 3% 58 28 OneFormer 43 %1 2% 1) 73 BIECR, P& H BT
AHIENES NAR Y e R 7, B2 4T T OneFormer E5)2S H b5 70 H1 L1 78 844,
Rl e AR AR DY SR S5 4015 X3 b o B 0 7 REAE S bR e 1 Bk e A 1 O i
2 5 X 35

3.3.3 NEIEEAXTEL LG

AFFET TUM ATTEHEE PRSI i3_walking_xyz JTREFZN H
L6, SEIGIEHL YOLACT. Mask R-CNN. Mt ai i 4h OneFormer % it o
OneFormer VU 43 HISVEBEAT 2 155 43 RIS LS, 28R ER &5 T 3)
BYFIIHAZO R mEE s 3800 H AR X 5 2 B iR 282 sh s
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Y, Szod BARR @ K] 3-9 Ao g DU 2 A i DU SR, PR e A £ AR S
By 1 DU AP B AR 3 7 ) LR ] Rl k5 X 3 P g 82 175 40
JHE A YOLACT MaskRCNN OneFormer VN RS

S N s N

ST ) ERCR A §

-

zd "~

I S ]
h' F =

] 3-9 TUM £ T 4 FEvE 4 B 8CR A L
W 3-9 5 4 5% =% ff7~, YOLACT 5 Mask RCNN 7E3)75 5 N fRAE

VERESRBR, P TS R AR IR A o B 5e 4, JoHOR A M G
P32 Z B R AT N ATEME b e BAT N5 ) R 855 2 TB) A B R 44 P 1 L I

YOLACT 5 Mask RCNN B2 HIlL 1 BTGV R A4 E a3 F 2R T
HAEM 28 BN B SRE, SZ 1TTH HARRPAESS SEALA S5 A RO R K s L,
FERFIERALE S 2 TR BR R S AT ORISR, [RIT7 7E 73 B AN Be CRAUE )4 10 7 56
HEVE, G RAE S B RE A W 5 2 B B R B J5R OneFormer 51570 FIRUR
B &l 3-9 SBIUSIFTR, BRI 5 A B BEAT TARKARTE, B X&)
AT LA R G771, ABFEShASR D BT HAAFE T BA L, L5 BB Bon HAES)
SR GFFAER I B AR BB B . AREFEH N MOE OneFormer 431 /4%
TR AR A S T R A TE B R T — AR SR SRR R
SHEATHE R, RN, BN T —AS 2R B T 0 SR S0 AR B R S Re
77, HIFGHAm AR LIS B, IR BN KR SHERTE, BRI E 3-9 5
AR, S A &S S 3SR w R El.
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N DIGUFSIGROE, SEIGS T PA fH. mIOU 18 & =L s 57 i
AR 3-2 Fros.
X 324 FhEE AP EXEE (AL %)

Algorithm PA/% mlOU/%
Yolact!>] 74.7 50.6
MaskRCNNI3¢) 77.1 52.2
Oneformer 84.9 57.5
AL 88.6 60.4

HHER M, YOLACT 5 Mask RCNN 7E4 % 4r #IHE 2 PA 522 I mIOU
R 74.7% 77.1%5 50.6%- 52.2%. Bk ET R 4G OneFormer 14 2 43 %k
112 PA 5223t mIOU N 84.9%5 57.5%, uidk/5 OneFormer 1% 2 4> FVHE i %
PA 5223t mIOU $2F+ % 88.6%5 60.4%, 5 Yolact A EL 1% 5 4> E v 2R PA HX
37 18.6% 4RI, AZIf L mIOU HUAF 1 19.4% )47, 5 MaskRCNN #H EL{&
RO EIENI R PA S T 14.9%M3RTE, 2ZIFEE mIOU B T 15.7% 42T 5
Ut AT 545 OneFormer #HHUAR Z 3 BIHER R PA 522tk mIOU 43742+ 4.4%
55.0%-

334 AR ToEIRER

A UEAS SRR SE bR P PR RE , 722 AN SEah S5 o Al T e &
Gk, =N AP R T A FIRCR A 3-10 fros. &l 3-10(a) 5 (b) 2L
LS = oW S E WSS 5, 2R AR E AL 0.5-1.8m/s AN[F] T
FEREHLRE Zh S N 5F, L 1w E 7 M IR s S HX R S N =
LI Bl B 5 1M 7 A AR IE B 0O 75 8 5 g se e N A e sl Tl 7 AR E ST A%
RIBERe I Ak o AEAER AR, SRt h RN AR RIEE S T . RIRSCRAT T,
[ SFAEANEBPRES . B 3-10(c) 5 ()W s 1 5 Bkl B A% el ETHE =
SEEhE Y, R AMUALE LA 0.5-2.5m/s A [F) 18 FEAT E B B AT AN BEE, 18
WA R EZ R S BRI R R, W5t R it 7T A
g RSN EIHMTR. BER SRR R L. S s KRR,
AN TP A SRR X S TS S A AR AR 25 1 R B REORIF A 7 10 7 IE e
HER IR I 20 H1 5 2R3 A H A
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PN

(a)B 3 Oneformer 43 K1 (b)Bei# Oneformer 4y %1 2

(c)3t Oneformer 43 K1 (d)Bei# Oneformer 4y %1 2
Kl 3-10 Z=NAPE S5 R HIROR

3.4 KRENGE

REEIEGA R SLAM s fEZN7 H bRsZm R 3 5c Wk 7 B FEEAS
SRR, Wit T —Fh3E T G OneFormer W45 (I Zh 2 W4 70 B o %5 LA
OneFormer i ] E15 73 B 45 N HERIAESE, TEARZ S S RAERY SRS, R %R
BRGNS RS S EABIRERERIE, $ETE T 0 55185 SCRHIE 1203 Re
R 2% IR AR T B A RAE SR AL . FE XU P R VE R g g s b, ) Je - ) X
S T AL [ N 5 e R AIE B 25 X I P 2% 23 B, B v T XA
XA IRRAS BE o 76 TUM B 88 N AT SO SORIIE S8, 25 R R W], Frits
G R UE S PA 5 °F128 35 mIOU 43 7iA E 88.6% 5 60.4%, #HXTT-pkit
ATSEIL 4.4%5 5.1%M4Ex 52T, RE G 1A WRIIRAAEE, 1EW 7 A
BRI R
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F4EF ETHHEYEDEISRETR SLAM SERTIREFE L
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Ve, KRNMEPNZSEL, 1, NEpfEmi M, ,, 8 3D #5.
Wy, € SE(3) AAINLLA FIANXT ALt B, SE(3) AREIRRR A, & B
W2 R HN A (4-2) 7R -

Ey, € SE(3)= {E(R,t) - (5 ;J IRe SO(S’)} = exp(e(R’t)) (4-2)

b, o oMM, b 2D BEAKR S, BB A RTIAAER, B iR/
A E AN - AR WAL SR AT A B B R DU AR, B MUE R R
e, =(4-3) i

€ "t~ (E(R,t)’ K, 10—10) (4-3)
TS RS RURFIE A UR 22 B S B — A S AT pR B 2 (4-4) P -
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R, 7E TR M, rih s 25 R P KR, PR AR 8 A i
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RS IIZ ), WIS R A A R, P BRI (4-5)
F(4-6)FT 7R :
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D10 = w(kmc—IO’kmc—IO) (4-6)
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M —REMEILR R G RGB MG LI — MRS E TS X . SRJE Rt
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#, DP-SLAM 75 i3 2 T A R A AR BN 4, JREE & T U4 R
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NT B EIA R PERE, B B ROR SEA M PERER B, SR SLAM
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£, 1 ATE WA T4 S SR AN L AR — S0 SR . seat et B
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% 42 TUM 505 F 4 FOR RS0 Ui 2 L . CRBre m)
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