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ETEFERHRKEN (LOD) BAERISE H AR 918 5 RIEX 5. RERCXT
B PON TH2TF LOD BRIz ALRE . SRl B, EofrImrseFl i
WS-SR (VLM) S H AR A s iR sk, s By il
B X R, RATIWEE] VLM 1 %] 58 & T 20H drdiik A
fERfy (BIANHEBRAAR. BREATEAR) , PRI 1A J SR s T
> VLM 158, FATFe 7 —F i RiE S AL (LLM) #6108 sk T
PR, JEad B I8 Y IR R AN SCAR R R SR EDRT X 5P 5 S H AR Fdl]
K% TARGL A4 0 Real-LOD, e fpidl . T HAHAN RS IR (a4
E KA EAGI HARA VLM 561l 5 RIS KB, Real-LOD fE5 H3)
PR, FFEET AT AR S B2kt (B . ZahifEed
TR R R R AN SO R, R Hodi A S VLM s DLVECEH R H AR (BT
HAM) . BJ5, FAHH 5 —4 LLM S Bk Se0iAl 5 Y 315 PASR AR5t
(B o XS IRVMEER I AT, A Ol ik, (i S5
H AR HT 57 FAHE T A0 18 KR B B S i 5 #6ib
MR, IS T —ANRATAY LOD B, FEbnifE R el AR T BUA
LOD 53471 12 50%. ifid Hah e ia o ifk, A1 Real-LOD T AE
TR TAEY R AR (] I ORISR R T 7, I AABSHRN 57 14
JEE—4e R T LOD TERE-

I

PG T RB 5 H AR IR — EAEA W K. W), B2 i AR 2 il bR 2
(Redmon et al., 2016; Ren et al., 2016; Carion et al., 2020) RIEZEWW Hix. Big, 5IAT
JH1E (Akbari et al., 2019; Li et al., 2022; Gao et al., 2023) A Hir. d—HH, 8%
ik (Su et al., 2020; Zhang et al., 2022) FISEEEHEIAR (Schulter et al., 2023; Yao et al., 2024)
Bk SR T HARRIIN . A TE S ML bR 258 A S AR 2R, (H H ARkl i A A5 48 /2
G S B S B AN 5. I TIE SR TRREM AR TR MR T, X
W5 E AP AT AR B AR, R AGE 2 AR RIS ke, oA ¢
WHAREMERRE D (FIBE . TeAR. SORAR S R BRI KR ) . XFZ S
MA-1EF (VL) XFAERE S, TSN E S RIAEAVVH TEAIZ%. iz,
BBy VLM (Zhang et al., 2021; Liu et al., 2023a; Ye et al., 2023; Sun et al., 2024; Yuan
et al., 2024; You et al., 2024; Zhang et al., 2024) 3w T4 iZE A FL . H a4
W H RIS F RIS M T AR IS E T . A EZL VL Zdsil25 LOD Ak,
BF9E (Pi et al., 2024; Dang et al., 2024; Kong et al., 2024) FgN R T TR MERE, THE
TEE S A2 AL A IR B AR R IE LT

RS VLM AETE S 28 & A mts, Hh TRIZNL) S, ENTRBETCIRHER I id H rxt
Zo B 1R TRIARB. N 1(a) Fos, /NERSSE VIM L EFRRIK . t1oh,
B 1(c) s, ARBAHHFE & B brrE ] CAR R &S 280 VLM 8 IR AR 2. EEX7N
HErmBIRZ) 58, |A1AIAK, VLM B ZRH08 T R BB Q- Frsi it &g (Radford
et al., 2021; Schuhmann et al., 2022), H AR/ =B iA 2/ EB NIRRT E R 1%
SR RO B L T SCH 2L, B0 VM AL b P45 o — i it
HAr AR SRR (Bl “fELL@fEd”) &S558 VLM B IR AR . $EmiEd
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<Prompt>: What is the <Prompt>: What is the <Prompt>: Describe the <Prompt>: What is the color

object in the red box? object in the red box? person in the red box. of person's clothes.

<Response>: The object <Response>: The object is <Response>: The person is <Response>: The person is

is a blue and red hat worn a flag with a design that a woman with long hair wearing a black and white

by a young girl. resembles the Union Jack. wearing a black top. striped shirt, dark pants, and
black shoes.

(a) VLM for a small object  (b) VLM with extended crop  (c) VLM with general prompt  (d) VLM with specified prompt

L P R R S SR (L L o R 0. AF (a) P VNH R, VLM
R THIRIINE (LEAHR) . 76 (b) o, TN T (a) MBI, 060 T s
K% (SREHRID). 55 B, (o) SOIE R S8 T BHRENZS, T (d) P Bk
B AT B DA

SRz HARPRR, (45 VLM X AR ARSI, MRS . X SR R 15 7
?%?ﬁﬂﬂ/\ﬁﬁ , HARSIEF RN, PR T LOD PERERIEETHPA K VL Hfm

FEXIT AR, AT I TP A 34
5 2B SRR R BN R ITIA,

AN S 8 B i VL Bl i . 3K Raw expressions =/ Planning

fITAG RT3 1 LLM 3R 57 7 ﬁ// IR
12]3 ( Elj Real'AgEnt ) ?i ﬁ?lJ E/‘J I 'ﬂz (}ﬁ 7TE dt?eingsb?;;?s éﬂg Tool use
S ' 2 SRR TR AR = A \

g;% 5 E]] %mji” (planning) N IE‘@)EH (tOOI Re-aligned expressions RealLob @ Reflection

use) FIZHE (reflection). Z5%—ikH
A I E B E AR A , e
ﬁg{géﬁ?&%@@)‘%% %}%}%ﬁ I 2: F&A1] Real-LOD AOREYE . & LA K2 Y
LR R I VIM 2B fs VRIS R FOR ) R TRa oA, B
IAE = 1kt A S| Real-LOD h, XIFFFIEDASAFHVCECYI K o a i (o 10 55 B4
S5, BT REIR S f ity pppk  UIEREARXS, FA19edt 1 LOD HytkRe.
BILHG 2 VE. RS/ eI T B

TAE TAER P ELF 5300, HpRAT0E LT HARE, AR TE S W -5 05t
GX5F . BFIRSZ EYH— PR EIME. FEMRIP TR 5, AT REAREUTE), N
THAEA (B VLM/LLM) ###H@EN VL 2R, B R a6 T R A GE I 4
HLZUGEE RS AT FRiE . fETHMHPRZ G, UERRIk S e HEa 5T LLM
A SRR DASRIBUR S5 BBt JE BB B4R R BB A, PATEXE R — B BR P b ATkl . 1 5 JoR
T—AmB, HpFIRFRRES IR S, AR H AR 4.

FATH Real-LOD 3@ it 8 0 75 R AR A E 5 - H AR ZE X A T LOD BiBIlZh. AW
Real-Model R T —FRATHBAIZEY), i Swin-B 3T MZ (Liu et al., 2021), k%
BRI, FRAVE A E SRS Real-Data, il fr 18 J7iKEIME, s 140 HAES-H
FRBCXT R o« FE A I L I 3 (Mao et al., 2016; Schulter et al., 2023; Xie et al., 2023) Hr,
TATHIA T ERF T 29 50% . X FRIBHREE A BT LOD JIIgh 2 X B2, TR
BIBERI AL, N1 Real-LOD i RELRFF MU 1y Bt . 35X 15|40 T — Rl s,
RGBT T B A B, B R B B X s T AE— 204 7+ LOD $Efig.

2 MHRIAR

HETIRHMHBRN . LOD ZORBARE AR Rk 07 20E (i K50l et TE-1H 5
Kl & J€, LOD AR5 i HERfRAGE] THRERTF . MDETR (Kamath et al., 2021) HK

Ul TR, ATFR Real-LOD S AEMK LA, Ak Real-Agent S LLM YR K, Fk
Real-Data AL, i Real-Model Sy ATiIlZf) LOD 4L,
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S BT 7P 3 i ) ARG 2, I A ARSI H AR . GLIP (Li et al., 2022) $EH T —
i & - RN, TR RSO . ST L 278 . GDINO (Liu et al.,
2024b) BIAT —FIFAE HARK g, R A ek, FevE R SO A (U125 4 7k
BEARRIS) 47 HARKI . FIBER (Dou et al., 2022) 33 17— B iy L ug-1F 7 LA L4
RESALBEZAPMES:, WlIE g (VQA). BB FH. HErI4. APE (Shen et al., 2024)
FEth T —Ahil AL SRR, ] R AR b MR SR SE NG Rk, A ERS
TETC TR E S O G DL T AT AR TR S5-It 95 . OWL-V2 (Minderer et al., 2023)
PR T — AN B ARAT R AR SR, A ATTEE ] 10 ACTE - F AR s B 5 BRI SC
AFFIE. RO R AR F - H AR BRI AR g, f4h COCO (Lin et al.,, 2014),
Objects365 (Shao et al., 2019), Openlmage (Kuznetsova et al., 2020), SBU (Ordonez et al.,
2011), GoldG (Li et al., 2022), CC (Sharma et al., 2018; Changpinyo et al., 2021; Xu et al.,
2023). LVIS (Gupta et al., 2019)., Flickr30K (Plummer et al., 2017), GRIT (Gupta et al.,
2022) #1 V3Det(Wang et al., 2023a).

ek AR, th LLM 3KSh AR B A4 BB 00 H] P 2 MR e & A2 T 55 (Askell et al,,
2021; Liu et al., 2025; Significant Gravitas, 2023; Yohei Nakajima, 2023; Reworkd, 2023).
et T LLM SRR BEAIHERIRE J) (Wei et al., 2022; Wang et al., 2023b), X HH FE(ARE
W HE T RIPASE IS € B AR, iR THPAHATIES (Yao et al., 2023; Liu et al., 2023b; Tang
et al., 2024; Yang et al., 2023; Guo et al., 2024; Shen et al., 2023; Cai et al., 2024), ARz
A AL (Madaan et al., 2023; Shinn et al., 2023; Yu et al., 2024; An et al., 2023; Gou
et al., 2024), HE{EEE HME GEAME (Chen et al., 2025; Xu et al., 2024; Holt et al.,
2024). HuggingGPT (Shen et al., 2023) 22— KA REM, B HIH LLM #3345 AT
B, DMROCA RSSO Be IR B TEREAR RN R 45 1 AT 155, IF B SRR G
1) AL BRADRPAT A TAESS . KB, LLaVA-Plus (Liu et al,, 2023b) ZEfr T — M HESE,
Ho @& RE-EF TR, DAWERSA 2RSSR, HAURBI 4G Gorilla
(Patil et al., 2023), GPT4tools (Yang et al., 2023) F1 ToolAlpaca (Guo et al., 2024), jX#&
22 tiAny LLM, B 1P APT RE ). MAh, mopiffocididan 1 oy
ERRTHE RRR BRI . iR OB e — 2 R, BVEREMRRT B SR AL, HFRH
X B iAo Self-Refine (Madaan et al., 2023) il Reflexion (Shinn et al., 2023) &
I E S R RE AR BRG] 1 CRITIC (Gou et al., 2024) 78 Bad 5| AT
AN TR, A AR e 1) A RA T2 5 . 5 MEPFRAR, Real-LOD R T
—ANEE EIR AP IR SRR BRI AR, DABETE LOD 155t VL Fduitx 55 it .

3 HOFSTIEE S H b

FEAT R, FATHSCRE T LOD fEA8, R 7 anfgF i VL FoXtfi A S H Anxs &, I
FERS 3.1 1 R B AE AR TR G 5 RA M3k BiS, BRATES 3.2 37 Pt k(]
Real-LOD By XHATE (B, THAM. &), & 5 @ T—ARBl, EIRR T
TE FA TR EF LR OO ACTE T RIE . FE58 3.3 5, JATHE— P00 T LA 5 1Y
ik, BT TIIZREERS . PARTE LOD fERE.

3.1 LOD HEZEFINEF ik ER

i URBhY F AR (LOD) HEALIHH i 12

Wb, TR — MR A AR K 3 & _
AT HARY . LOD fydig ARG —KIFBRIM o s
i, SRS ARG S Kk, LOD flIE peroe — S — L
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SRR ] R A SO A R e '
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7. ZJ5, LOD 5| AR B, MinkA2% %%
PR ENARV I H AR, YNGRk (Flan L1 $i%k. J
GIoU #i2k (Rezatofighi et al., 2019). Xf 5k

(Li et al., 2022)) @ EHET DETR §y5¥E . A 0 e 5 .
(Carion et al., 2020; Kamath et al., 2021; Zhang E% i))/.L ﬁ%%%;gﬁ%gﬁﬁlﬁ%%&%%%
et al., 2023). s P

LOD HEZE A T 5 5 HARZ M k. Y2

BRa s E% . B FHE (bbxs) FEEFEA. MR ETEE (Mao et al., 2016; Plummer

Image Embedding



A Reasoning: State 1: Right
Raw expressions Since the expression is ..., I can reason  |Action: Stop

VLM, LLM the current state as ..., and execute the State 2: Wrong

action ... Action2: Rewrite
Image EI Planning State 3: Uncertain (category / attribute)

Action3: VLM with object crop

Global captions = =
State 4: Uncertain (relation / accessory)

Object locations N Action4: VLM with extended object crop
8 State 5: Uncertain (location / behavior)

Action5: VLM with object highlight

@ Reflection ﬁ
Re-aligned expressions <:j Analysis: Tool use
Given the output of tools, ... ’ LLM: Vicuna-v1.5-13B ‘
Feedback:
A The expression mentions..., VLM: LLaVA-v1.6-34B Real-LOD

but the tools..., so ...

B 4 AT RER TARRMEYE . S A BRI AR A . Rl B P AR s an ik . 34
i1 Real-Agent HERLIRAHLHESNME (RIALKR]) . FERSTERE T, Real-Agent /1] VLM Al
LLM SHA NI ofe ks (RITRA ). &5, LLM Xl 492 R e 04 (B
B8 . BB 4 Real-Agent DAFEFT N —4 LK -

et al., 2017; Krishna et al., 2017) i FUREARS SE R FEDE, WMAE TH REERE
X, ORI PRI . B AIBEST (Dang et al., 2024; Pi et al., 2024) F|f] VLM
ARG A IR NI . NGB E RIEY R, Fra> i) LOD B geig ik 2 FE by H
bRk, R — B, AT VLM #% LLaVA-v1.6-34B (Liu et al., 2024a) 4 18.8
Tk EG . 33.65 TAHARER 67.3 J1 k18 F #ibk. [FEf, FATAA LLM Vicuna-v1.5-13B
(Zheng et al., 2023), TR CRBFES FBHEM 67.3 TP RE 13461 1. XT
R IR B ARG R AP S5 27 Y. RIE - EHAREC AR 5, IRATMEA SigLIP
(Zhai et al., 2023) 734 VL PCEdfS5r. XFFEMET 0.5 WECHESE, FA1RH Real-LOD
P RIAE S 25, W 3.2 WR. X2RAFATFI A SigLIP M TAER AP i T
2 75% WA, AUPREEIE 25% HEATIGSRAb B,

3.2 T E T R EFN TR R AR R TARR

A TR S FOA TR SRS RONDLIE . A5 1 S5, ARy b SCHY 200 sl BB 6 ST
AR TR Al BEFEUR L] 5E . Oy TP — e, AT T MEFR TR, fF VLM
AENS 1 1 N SRR TRyl Dk, HARYE H At S B AR SCASR R . BE T LLM YEAiE 754
AR HAE VL BT HEBL S HER ) A B, FA T 1 280 ORI ChatGLM-6B (Zeng et al.,
2023), W ASCAAE N FATH Real-Agent HPEHITZ TAER . & 4 o THAMEL, B
X THRMAMEEEE, PABSAAEIGTE k. A T8 VL BRI, JATERL
TR PR BT TMEFF S0, BT 5 FRESMmshfE, arps.

MR (Planning). 7EHAPRY, FATHE L T IARRES, fERRis I VLM g Y
ERRXT RS 5% o A RREN Y — A FEIATR . X 2RSS E R S LI T 34T
FEHS 3.3 W AT, HAhATWE T VL RECTESS B R UM A LR . g &Rk,
BIBAA . FARAEBIA K b 1 S BB O Al SO AL (2R 55—, Uk
;%% ;%liﬂ% LLM 9Kz Real-Agent FHEHY HRRASFHF UL HE S . TUAPUE SRR
AMBER T

WA 1 EH. o fF 1 5 k. Real-Agent Bl 1% 5 45 5 AR L ICHL, Real-Agent
A5 1E TR 24 B s

KA 20 %%, 3i1F 20 E5 . Real-Agent Hif{5 A4 HIHYFRE S HARXRAITHL. L, Real-
Agent P /1] LLM S84 sliakis . T EEHY LN SRR IR 77 Prosithd:

=

o
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Object Category horse
Bbox Coordinates [223.07,267.79, 101.47, 59.39]
Image Caption

The image depicts a group of people on horseback in a forested area. The
person riding the horse in the red box is wearing a blue shirt and dark pants,
and appears to be leading the group. The horse is brown and is walking on a
dirt path. The riders are wearing backpacks, suggesting they might be on a
trail ride or a guided tour. The forest is lush with green trees, and the sky is
visible through the canopy, indicating it's a sunny day. The overall atmosphere
of the image is one of outdoor adventure and exploration.

i Can you specify if the raw expression that {brown horse walking on sand} is referring to the target object? If not, please modify it to a correct ‘

expression.
Request

/‘& '

| Reasoning: The expression describes a brown horse that is walking on sand, but

the image caption mentions the horse is walking on a dirt path, and there is no

| mention of sand in the caption. Based on this information, I reason the state is 4

‘ ﬁ Planning ‘where I am uncertain of object relation with surroundings. So I plan for Action 4
where I can crop a local object region in this image for VLM to further re-

perceive. The description of VLM supplements the current information for me to

‘ conduct a more thorough expression examination.

! Action: [{'Tool_name': 'VLM', 'Tool_parameters': {'Prompt': 'Questions:1. Is the

I horse walking on sand or on a dirt path?', Tmage editing": 'extended object

! crop.'}}]

|

|

|

|

|
|
|
|
|
|
|
|
|
|
enable me to evaluate the current expression more thoroughly. !
|
|
|
|
|
|
|
]

Response: I will consult with a VLM to acquire supplement information that will
‘ Tool use [VLM output: 1. The horse is walking on a dirt path, not on sand.
| @ Reflection Feedback: The expression {brown horse walking on sand} describes a wrong relation (on sand) of the horse.

Reasoning: Based on the feedback, I reason the state is 2 where I am certain the expression {brown horse
Real-LOD | . walking on sand} is wrong. So I plan for Action 2 where I use an LLM to rewrite the expression, and then check
| §| Planning the correctness of the new expression.

\
|
|
|

Actions: [{'Tool_name": 'LLM', 'Tool_parameters': {'Prompt: Image Caption, ..., Response, ..."} }] |

| The ion {brown horse walking on sand} contains flaws, now I will first leverage the LLM to | |
|

|

|

|

|

|

|

create an alternative expression for you.

| LLM output: New Description: {brown horse walking on dirt path with rider in blue shirt and hat, leading
‘ Tool use theway}

| . Feedback . 5 o o I ] 2 .
‘ @ Reflection .The pres {brown 'horse' walking. n.n drr.t p.nth with rider in blue :vhrrt and hat, leading the
way} describes the object category 'horse' and provides similar context to the caption.

|

| Reasoning: Based on the feedback, I reason the state is 1 where I am certain the new expression {brown horse |
| E Planning walking on dirt path with rider in blue shirt and hat, leading the way} is correct. So I plan for Action 1 to stop. |
Actions: [] ‘

|

| Response: The expression {brown horse walking on sand} is a wrong one, and a correct one could be {brown
horse walking on dirt path with rider in blue shirt and hat, leading the way}.

— 2

The expression {brown horse walking on sand} is a wrong one, and a correct expression could be {brown horse walking on dirt path with
rider in blue shirt and hat, leading the way} .

B 5: —A> Real-LOD #IMARE U655 20 % W EHR T m Bl BT A BIMR . ARl
Rl 2 (*F 4, Real-LOD Eﬁﬁ{ﬁlﬂf‘bmﬂlﬂi’}h ikl TR AR, %L'ﬂﬁ?‘&?ﬁﬁ
AESAT ISRt FRAR R R & FOE PR, DA B T R AR D SE 5 A X R Al ik
Ml etk % R E R X 5

WA 4 F#iE (KZA/MBEW). shE 4 FH VLM ¥ EEAR. EOTIRES 3, Real-
Agent RNEERAE HAr X R (5EEIEE) i @Y. ©MRIEsT— % H RS 0BeR
XK, A VLM 78R . VLM A4 iR S B T — 5 0 SeA S R .

Hm 5: AHiE (LE/AT%). 1 1F 5: R VIM R i B R4 & KLITARTS 3, Real-Agent
BEf € HARE RS R A B B AT . BRI A 64T (Shtedritski et al., 2023) %
tHELl/T X5 X, HHH VLM ﬁﬁi%‘ﬁ@%ﬂ VLM A= B AR5 B i—EjCZI-‘TzE/T A .

FESATENAERS , FAVAESNAE 2 spOUfif sk, mfEshfE 3. 4. 5 f, FAIEH VLM *h
FERERME A LR SR, SRR T R8I TR B P

LI (Tool use) . 1EMAIFTEL, Real-Agent T2 TEHATSIIER G HZ AT H
(EJ VDM &1 LLM) . Rf1B0eE% 7 TH%, @ 4 LLaVA-v1.6-34B fil (fE



A VLM) , PAK— Vicuna-v1.5-13B #% ({Eh LLM) o JF-%F 24 5 R RS RE,
Real-Agent i@ AR THEE “$Eniafl “EBmia” 2480, HiENHEZEW S NEF
SRR . PR, % LRGSO AT VLM B pma sy, SefifbEis =, f
wn, FERAT VLM BEfFILE NS BRI, Real-Agent SR H ARXT R IAAME (bbxs)
W EH BRI, o, Real-Agent #1008 Hl AR R & 38 H AR RS HBRXT S AH 3¢
X AR, Real-LOD REA RS/ MBI L) b, 185 B 2k 7 2ok THE 55X 4
REREM . VLM B O AinE 5 3ORTE RE 77 PER.

8 (Reflection) . fEffi il THJ5, Real-Agent C58 Mg fEHAT. FATMA LLM (B
Vicuna-v1.5-13B) 20 ROBAEHAR LS & BRARE AT 45 R . SUBBLR S Uk 2 i1k 75 X
A5 HPRARITEL. XHTRES 3-5, Real-Agent AT AHIIRAS, SRR & HoF by
FIKRAIEMRENFE . M TRE 2 (Real-Agent THRIEERKI ), FUEBIHORA A
BT A IERA . SOSBLERAY AT 45 RO U BHE B, AT Real-Agent 75—
A REAT AL -

3.3 BT AL H AR B

Category
89.6%
4.4% Behavior Attribute
o 75.0% 88.2%
2.2%
Category
Attribute
18.9% Accessory
66.7% Relation 100% 100%
Location Location Accessory
Behavior 80.0%
Relation
B 6: RULHL LN 6 ARTEE S, 30 B 7: 83 Real-LOD 7E 6 i i it 5%
SIS ECEZ 1 @ PR A

Real-Agent lZisithi. AR T SCAEXWINZGESE, PUHT M ChatGLM-6B F{i
153 Real-Agent, 156, FAIM Objects365 idite (Shao et al., 2019) HFHEHIRECLEE
i AR R . SR, 5 Sec. 3.1 2L, FRAVMEA VLM BRI IEEAR L ;
SigLIP i &4 5t X, BUPCEC A BUR T 0.5 po%daxtd. JATEILHER T 1.5 TR AL
FH T2k Real-Agent. &5 AL HARIEH], JEIRFGAPA SR BT LLM ()%
R (58 XAE Sec. 3.2) WHERE, PMGAIRIARIIEG S HARMRILE. K5, FAi1F3)
NS AR BCERES, JRild LLM (B} Vicuna-v1.5-13B) T SRR WS i [ (2
G OCHERD R CEhAET), HPEUREEE T T LR LR SORB (WEE 77), XEET
LLaVA (Liu et al., 2023a) FUEM . 5, AT AN TRA, AR ORGSR ERE Hsch f .
WS BEASEERUNTE AR LoRA (Hu et al., 2021) #47, A& ChatGLM-6B i
ik

S SRR FRATH Real-LOD &1E 79 SigLIP JERRIEIHZRE . BTFRAIM
SeIt T T RIMEIEREhTE, RICIRATRENS AT L ik anfn] 5 H AR X R PT L . FRAT]
FEMLIZEE T = A R bR 2k, 020 T N TR A DI B, BRI, &1
AR T8, FRATFEIRITHC A R B E ASFEE : 1) ) (Category): Fik iRy
A —AE, MEAEEXS: 2) i (Attribute) : FRIRFRAL TR EME, mFi@. B
AL 3) HHE# (Accessory): HARX LM EYHiIAHR: 4) i (Location):
H bR G e R g A 7 B AR 5) % & (Relation) : H bt R 55 ] i PRSE A 56 2255
% 6) 1ih (Behavior): HARXSRE AT MR, Kl 8 Bn T ARG M AL IR 6
WA IE T AR TIRATHESS 3.2 T ish efF S aifisat, KR T Eg
?ﬁiﬁ?ﬁ”&ﬁf (RPE AR5 ‘object crop’. ¥ JEHPR#ET ‘extended object crop’ UERTEN
H /R ‘object highlight’) RIS VLM X} HARAH 3 2 HIRAARE Sy, 1 6 R THXN
RBAERA TG R FA PR S, R R SRR R VB P e s vy . 20
BIEG, ?ﬁﬂ‘]ﬁ‘ﬁT%%’él@%ﬂﬂ"]ﬂ%ﬁﬂ@@ﬁﬁi%%7 WE 7 s, HA SRR E M R
Z R FINER ] AR A IE



Real-LOD (4B, BT 455
TRF B IR ITEL A 6 FE AL, FeAll
AT T Real-LOD FE 53874 55 H1 1)
AHRE RAEBATHN VLM Bt T A
PIZNVEASE LB BT, EERAPIRS T
(i BUESEIL (IR 22Tl CAISN)51S - S0 N N ——
:J:Pé—] 4 EP?U,EHE"J%/\, Real-Agent %E» rI:‘eﬁned:bl:u:kancl<||vercoFfee
BRI T IR, A TR
WIEIYE. AT B Real-Agent (14
PAEST, BATECT 1.1 TAEEA, If
FIAT R %, RIR ALk 20 B8
BRI — RS/ S EAE— |8
HABIEFE . XA TAER A, FRAT A
R R SRR H W i A R HUME ravsstowsporscar
ERB Y, R R E N ™

3. FEf#H Real-LOD FIREALIESE 77 5
HEATRIAE LG, WAVRERII A 18] 8: JRBIA 6 FIFIEE4E T R F IR IS,
AR TAT% H 35.6%. X-—XFHRW],  DALRIRATEHN R R

Real-Agent [/ EffHE L E & T %8

K IERE. Beah, FRATEH SigLIP iR T K% 516 1F 5 & E 2 MK Vet 5k, A1
Real-Agent R-F35 VLRl 40327+ T 66.27% (RIA 0.0673 $2F+% 0.1119), 1 FEALER: 7 %
PIFT 32.69% (REIA 0.0673 $2£T1 % 0.0893). X FH] Real-Agent FFLBENLIER T E4em T
WLy SigLIP PLRt/4 (B 66.27% 1 32.69%) . M EEHTXIFF I TR A SigLIP 434442 Tt
HIXT LA, FAT1H Real-Agent FEEREE AMRES . IEHIRLRIS01E A I & IE R iR 26380
MR T REZFRRCR . FRATEFES 77 Wbt T 2 073850 .

Raw: bread on the dining table
Refined: fresh white bread held by girl

ay jacket s playing frisbee
£ people watch and play

efined: man in a gray hoodic is directing

4 EFEE I H b SL

Real-Model @& —FhifTHIE S 515 HArklll (LOD) BIAIZEH, quss 3.1 iR, A1
JHEGH 57 5 1% Real-Data SRYNZRZHAL . YNGR FSRES 27 47, FEAH, A
P R FRAATBALAE LOD W5t FIREL. AT ER R i S HERRE . THAhsE 5
A T BRIV, AT I AT

BRdEREHE . AT TR a0 EMER OmniLabel (Schulter et al., 2023), DOD (Xie et al.,
2023). RefCOCO/g/+ (HI RefCOCO. RefCOCOg. RefCOCO+) (Yu et al., 2016; Mao
et al., 2016) Fil OVDEval (Yao et al., 2024), OmniLabel {£E H =4~ H Anta il Eia s, Bl
Objects365 (Shao et al., 2019), Openlmage (Kuznetsova et al., 2020) I COCO (Lin et al.,
2014), FHRNGFX =ATHEMTIEN . S 1.22 TKEG. 2.04 FTAHIRE (bbxs) |
158 Jj 533k, VIRIREIE AP. AP-des-pos il AP-des-S/M/L, 4Bl k. (L
R BEE S RIBIFERG . DOD A5 1 TkEMR. 1.8 JiNBARERT 422 K155
i, i “Presence” (f£7£) Ml “Absence” (NAFTE) il PPAGRIAUAE I AT IR N AY A I
FI. RefCOCO/g/+ K H COCO Hiladk, A 9.9 TiKEMR. 2.29 A HARHEHM 4.65 7
AR . OVDEval ) EARZH ULES 77 . Frf EHESCI B indr et , DAGRIIE LY

WFHE

Real-Data. #f7f) Real-LOD il i i 5 S8 BB 0 55 A ) — D Hidledl . RATTM
Objects365. Openlmage 1 LVIS %ffsd rp R P 52 Fr Ay KRy 1%, G4y 18.8
Tk A 134.61 T3 % HAR-Erifnt . Horr, 47.38 JXHREAHE SigLIP fifivkil, iXebkeac
30.71 JTX 2 H Real-LOD HEHxi5%. %M T % Real-Model FFEA Ry 117.94 Tk}, &
IR A 6 %2 Real-Data.

4.1 FEdt LOD Jrikixt

FATHERRUERLE VP4 T3] Real-Model 5B LOD LIAMRI, FrfEEMERFE Omnil-
abel, DOD HI RefCOCO/g/+, WN5E 1-3 Fin. ERNFRY, 1501 7 LOD ARl A
AR DE 32T 2 IR AR (RP “BIE”) PARH T INZRm) e (RP <EI5BE).
FAMEH VG, OL, 0365, RefC/g/+ Fll CC 4 5FE~ Visual Genome (Krishna et al., 2017),

BN R NG A IR SRR ES IS IE AR5, MR 2R R 5 .
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%% 1: 7£ OmniLabel JfE et Em LR

T4 |LOD ¥ FET M B %% | AP-des AP-des-pos AP-des-S AP-des-M AP-des-L
MDETR (Kamath et al., 2021) | ENB3 | COCO, VG, Flickr30K |0.3M | 13.2 31.6 15.4 13.5 12.4
GLIP (Li et al., 2022) Swin-L| 0365, OI, RefC/g/+, etc|17.5M| 13.9 36.8 28.9 12.9 11.5

COCO|mm-GDINO (Zhao et al., 2024)|Swin-B|GoldG, 0365, COCO, etc| 12M 15.2 47.0 29.3 14.9 15.1
FIBER (Dou et al., 2022) Swin-B| COCO, CC3M, SBU, etc| 4M 14.3 38.8 31.3 12.7 16.1
Real-Model Swin-B Real-Data 0.18M| 26.2 59.7 39.4 25.4 24.3
MDETR (Kamath et al., 2021) | ENB3 | COCO, VG, Flickr30K | 0.3M 3.2 5.9 3.0 3.2 2.7
GLIP (Li et al., 2022) Swin-L| 0365, OI, RefC/g/+, etc|17.5M| 24.0 35.2 44.5 20.5 11.8

0365 |mm-GDINO (Zhao et al., 2024)|Swin-B|GoldG, 0365, COCO, etc| 12M 19.6 31.0 32.3 17.8 12.4
FIBER (Dou et al., 2022) Swin-B| COCO, CC3M, SBU, etc| 4M 25.9 38.2 44.7 22.5 14.1
Real-Model Swin-B Real-Data 0.18M| 36.0 52.1 55.7 32.3 23.7
MDETR (Kamath et al., 2021) | ENB3 | COCO, VG, Flickr30K | 0.3M 6.1 10.6 9.6 5.7 4.1
GLIP (Li et al., 2022) Swin-L| 0365, OI, RefC/g/+, etc|17.5M| 20.1 31.2 33.3 18.7 10.3

Ol |mm-GDINO (Zhao et al., 2024)|Swin-B|GoldG, 0365, COCO, etc| 12M 23.2 34.5 32.3 23.8 16.9
FIBER (Dou et al., 2022) Swin-B| COCO, CC3M, SBU, etc| 4M 20.1 30.9 34.1 18.5 10.5
Real-Model Swin-B Real-Data 0.18M| 40.5 51.4 54.9 37.8 30.6
MDETR (Kamath et al., 2021) | ENB3 | COCO, VG, Flickr30K | 0.3M 4.7 9.1 6.4 4.6 4.0
GLIP (Li et al., 2022) Swin-L| 0365, OI, RefC/g/+, etc|17.5M| 21.2 33.2 37.7 18.9 10.8

ALL |mm-GDINO (Zhao et al., 2024)|Swin-B|GoldG, 0365, COCO, etc| 12M 20.8 33.1 31.9 19.8 14.1
FIBER (Dou et al., 2022) Swin-B| COCO, CC3M, SBU, etc| 4M 22.3 34.8 38.6 19.5 12.4
Real-Model Swin-B Real-Data 0.18M| 36.5 52.1 54.4 33.2 25.5

% 2: DOD HeifE Fyitfhigi .
LOD J: FET M Kt K% | Full Presence Absence
OWL-V2 (Minderer et al., 2023) | ViT-L ‘WebLI 10B 9.6 10.7 6.4
UNINEXT (Yan et al., 2023) ViT-H 0365, RefC/g/+ 0.7M 20.0 20.6 18.1
GDINO (Liu et al., 2024b) Swin-B | CC4M, 0365, RefC/g/+, etc 5.8M 20.1 20.7 22.5
mm-GDINO (Zhao et al., 2024) Swin-B GoldG, 0365, COCO, etc 12M 24.2 23.9 25.9
OFA-DOD (Xie et al., 2023) RN101 CC12M, SBU, VG, etc 16M 21.6 23.7 15.4
APE-B (Shen et al., 2024) ViT-L | LVIS, 0365, RefC/g/+, etc | 2.6M | 30.0 29.9 30.3
Real-Model Swin-B Real-Data 0.18M | 34.1 34.4 33.2

Openlmage (Kuznetsova et al., 2020). Objects365 (Shao et al., 2019), RefCOCO/g/+ (Yu
et al., 2016) 1 Conceptual Captions (Sharma et al., 2018; Changpinyo et al., 2021; Xu
et al,, 2023), AN, K HEINGEBIEARERT ILE 77,

7£ OmniLabel FH#E [, FA11 Real-Model #£ i M4 39 8300 TH8A LOD Jrik. %
BEFE Ol ##isE I, £ AP-des 4843, Real-Model &2 T 4 — 4% mm-GDINO
(Fabnar 5k 40.5% F 23.2%) 5 [FIAY, #E AP-des-pos #8475 ¥, Real-Model 1% & it T
[FRESS 4409 mm-GDINO ($#5F543 %14 51.4% F1 34.5%). Real-Model [ FPEREIS 2T
Real-Data Fr2tnym i aiE s - bR 8. 75— b, JATWER| GLIP f H i 2;
BARHR T Real-Model, {EHERIRICAHTRNTITENIZ) 50% ., XL, BRI LB Z5 R
Ba i TR SRR R AR

# 2-3 A3 R/ THE DOD il RefCOCO/g/+ Hf FTTEAESE R . 4555 OmniLabel JiE
TR, BRI SR, TR0 Real-Model BIFE £ W 845 N 15 T8 045
B, BE TIAR LOD k. X—MERER TSR T AT Real-Data gt 5 L HEH
EEFEL, BRI TIES S5 ARNFFREZALEE . ik, 1109 Real-Data iK% S5
HARANEREIE T, @i 2 iES il , #E3h T Real-Model AP REIR F FSe kKT
g@ﬁb, FFHE OVDEval b iPAk g5 R DA FRA T v oAl LOD #i8 B, LA 77
o

4.2 JHSEE

FAVEEM =R UG EAE S (B A, B A1 C JBN) RUIZIATH Real-Model, J1E
OmniLabel B EPFAGAHYA LOD PEfE. FAIM 0365 Hl O Frslide rpEEHLIER 1 9.4 75
SRR ITA IR, X J& Real-Data fy—> 4. X S8R5 H A H AR RN G
FEEM T IRAT RN, Bk 93.3 7 (R A ). RS, AR SigLIP
DRI H FRA RO DU R xS, RIRBAEA 69.5 77 (B B JEsL) . #t—2h, &
i Real-LOD Ff X} 57 ik Se 45 iR Xt Bedlixs, IR Hepselnl B b, TR 4ot
XTI 86.3 7 (BI C JEX) . FA14- 5 A, B F1 C =FhEsCpEuins kI 2
Real-Model F-3FAGRIRIIPERE, AT 20 AT Real-LOD FERH8 X 57 A1 _EXF LOD PEAESE TH

DT -

A ROR TIEE=FERILE T (B
il v S A s o K2 el

A, BAICIERX) 1 LOD 458, 45R%H], #£ COCO
A ) B, Real-Model iK% T 21.2% 1Y) AP; 7EHIRZ%



%% %%RefCOCO/g/ + HEUE ERTRARER  Hoh A RORBAEYIZRI ] T RefCOCO /g/+

N N - " RefCOCO RefCOCO+ |RefCOCOg
LOD Jrik ETM% Lo SLES val testA testB| val testA testB|val-u test-u
MDETR (Kamath et al., 2021)| ENB3 COCO, VG, Flickr30K 0.3M | 73.4 - - 58.8 - - 57.1
APE-A (Shen et al., 2024) ViT-L COCO, LVIS, 0365, etc 2.0M |34.2 34.8 36.1|33.5 32.3 36.0 [38.9 40.5
Real-Model Swin-B Real-Data 0.18M|74.0 79.6 66.0 |76.4 83.1 68.5|80.8 81.2
GLIP* (Li et al., 2022) Swin-L| 0365, OI, RefC/g/+, etc |17.5M|53.1 59.4 46.8 [54.0 59.4 47.0 [60.7 60.4

GDINO™ (Liu et al., 2024b) Swin-B|CC4M, 0365, RefC/g/+, etc| 5.8M | - - - 73.6 82.1 64.1|78.3 78.1
APE-B* (Shen et al., 2024) ViT-L | LVIS, 0365, RefC/g/+, etc | 2.6M [84.6 89.2 80.9 |76.4 82.4 66.5|80.0 80.1
Real-Model* Swin-B RefC/g/+, Real-Data 0.24M|91.3 93.1 88.0(85.4 90.3 78.6|88.4 89.0

% 4: OmniLabel EHERTIHRISCE . FATINZEIRXT BB AARGRAMFERLN. Al
LA AL H (B SigLIP 5 jE 841 Real-LOD) JFUIAZ KK LE R, HPbmH
WRITERE. TTER, AT T Real-Data (1745,

s 4E b e sty K% | AP-des AP-des-pos AP-des-S AP-des-M AP-des-L
FlaFik (A) 933k | 21.2 59.4 31.3 21.1 18.6
COCco BlaFEik GhER) (B) 695k | 22.2 59.4 32.4 21.9 19.4
JFih2s (i4E)S) + Real-LOD (C) | 863k 24.2 59.6 35.2 24.2 21.1
JIhFERE (A) 933k 27.6 43.1 39.8 25.5 17.9
0365 FiR#EE (4EE) (B) 695k 28.5 43.7 40.9 26.2 18.5
FilaFEik (GiE)s) + Real-LOD (C) | 863k | 32.4 48.5 47.5 30.0 21.3
JRIGE (A) 933k 30.5 43.0 37.2 30.3 23.2
o)1 sk Ghks) (B) 695k | 31.4 43.5 38.1 31.2 24.0
Jih#EE (1E5) + Real-LOD (C) | 863k | 33.5 44.9 42.2 32.9 24.8

ik 5 AR CE SRR (B #£30), Real-Model $27F % 22.2%. X—#2TFR, HdEmk
EMRA LA FIT LOD PERe. #E, A1 Real-LOD XF#hI gt e rit4k, If
R ENGE (CERX), X1 Real-Model #E—H#2T+ £ 24.2%. X FH] Real-LOD #£
T R R BH RB R RS, MO E—25 887+ LOD tfE. #EHABPAIK5E (BRI 0365 F1
Ol) bmgs 2 AR IS, 721125 Real-Model f3d e, HdEFEH % LOD
PEREF RSP, e AR U R B0 R o FRATT) Real-LOD il i 5 X 5 A PLE
FEE-H AR, ERTIEIEECE RS TR . FL, MR C Bl (RIEXFF
BoE) 74, Real-Model 78 OmniLabel JEifE  H 94k

4.3 IEIE BT

TEF AT Real-LOD H, FRATIER M T PR EME LARE— P B AR TARURA I T4 1) 3R]
A SigLIP &R TAERH 75% WIgRBids, (PRI 25% EATAREE; 2) FATHRE LAY
FRRAGERRBCBLE N 4, DRI () A FITERE . FRATIESR 77 "piEamui i T AT BT
o XITEEARFORIIILIL, FROTHE TR PR F-S5 I  UCRA B4 Ui ) B i e T4 o
IS T FHETAE 48 3K V100 32G GPU _ESATHA TR TARGRINAG . itk 2Rk EAER
1579 b, ~PIYFHE 3.08 YAEFR. FABLAER 77 s fit TR AR B 01l . THEE R,
ET T, AR E R ORI AR 100 B1EAh, FRATHY TAERE 484, A4l LOD
R R SR M TR U

5 4t

T S HARREHON 5 E M Tk K 5 VLM 82248 al. B iy A AN
PORVAIESE LOD Ry ertng. TR L)oe, Asagtidn f85 B AL, Hit, ]
$2th T Real-LOD, il B BEAR TARMIE LR 5 25, e T B [ i R B Rl ot
o FATHMTX LRI 7 — AT LOD A8, KiE#d B 1) LOD Jrik. FeA1im
H 2h TARGLE A FOF 5 AL 5 H AR T S A R 9 R Ty o 45 & T ICA) A 15 £or
AR AR A AR, PAK VLM HIT9 3k, FA1H Real-LOD 54 il it il
Zixt, PARTE LOD HEfE.
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