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Object Counting: Visual exemplar to Referring expression

* Object Counting?
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Object Counting: Visual exemplar to Referring expression

* Visual exemplar: few-shot counting
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Object Counting: Visual exemplar to Referring expression

 Text instruction: zero-shot counting / referring expression counting
: Visual exemplar 810| VLM= &9l class name TF2 = counting =

- Referring Expression Counting

- &2 class L 0| A &= expressionO]| [CF2} subclassS 1=t O count
O =2 AZO| A|ZEOI0 M E 9 MAst OlAl TQ

o —
- Counting datasetsO]| annotation= =7} REC-8K H|O|E{ A2 Sol <& 5! B}t

% wine bottle on the middle shelf
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- (d)
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+v person sitting 4 male person
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* Decoupling What to Count and Where to See for Referring Expression Counting [AAAI 2026]
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W2-Net

* Background — GroundingDINO
: DINO (DETR with Improved deNoising anchor boxes) 7| &t
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W2-Net

* Background — GroundingDINO
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W2-Net

* Background — GroundingDINO

- Hungarian matching
- Query-based detection/counting model= 173 =l 72| prediction queryE =4
- S} X8t GT object /=== O|O| X|O}C} Ct&
-[2FM O predictionS O™ GT objectOll LS A|ZX| ZA B0 &t
ot

- Prediction—GT pair2| cost matrix& Bt=211, ™AN| cost’l [ 7} E[= 1:1 matching= M1 Eiot= €1 2|&

elephant in the water. | detections: 9 | high-score unselected: 20
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W2-Net

* Background — GroundingDINO

. CountingOf| A 2| Z-&
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W2-Net

« REC-8K dataset =A| &

2
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W2-Net

e Introduction

- Decouple problem into “what to count” and “where to see”

- Subclass Separable Matching% =t classLi separability vAg=):

- AT feature= 7HX| = &€ = class L Of| A referring expression| [LF2} subclass& L2 H?

Referring Expression Referring Expression Referring Expression Referring Expression
Person Standing Person Walking Person Standing Person Walking

Baseline

. = .
Ground Truth Point * What-to-Count Where-to-See » Attention Point
Query Query

ﬂ sHY TSk
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W2-Net

e Framework
» GroundingDINOZ2| decoder& M= C[AFQ!

- Box detection to point-based localization / W2 decoder

_______________________________________________________________________________
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W2-Net

 Method

- Query mitialization L H
W2 Decoder

- What-to-count(w2c¢)2f what-to-see(w2s) querys T 0t AfE
s:w2sE 900702 w2c7t EXE|O E7|3)

iU —

- Parallel query refinement

— ) = " = E Object Query Attrihqt:_a Query
-+ 7HX| queries& SA|0 X 2[SHHA, M Z CFZ text featureE H& . Postoml () el
:=w2c: full text feature (red pen, walking person) S i 1,
! : FNN : ]
;= w2s: attributed text feature (red pen — red, walking person — walking) @ TiTes ool
| eatures I | _Ffat_mis_
-w2st attribute-related wordOf| focusSt= 5 BHE7| | [ TextCrossAttention |1
- Fusion and iterative update i  cemna
. .. " oo . : —» Image Cross-Attention J:(—
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W2-Net

* Method
- Subclass Separable Matching

- Zr ==l 1CH1 Hungarian matchingO| & H510] <t
- Subclass= O| AP”‘" o=z DH S AFSHZ| M

M7t SCIHGI K| = —.—Xﬂ F§}

------------------------- . Classification cost Repulsive t
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W2-Net

* Experiments

- Referring expression counting & text”| 2t zero-shot counting SOTA

Test Set Val Set Test Set
Method Venue | Backbone |\yrap ' RMSE| Prect Rect Fif  Method Venue Prompt || i p 1l RMSE] | MAE| RMSE]
ZSC (Xu etal. 2023) CVPR23 | Swin-T 13.00  29.07 e e e SIVAETT = T S s
CounTX (Amini-Naieni et al. 2023) BMVC23 | ViT-B 1184  25.62 Paich-Selection (Xu et al. 2023) CVPR23 Text 2693 8863 | 2209 1517
GroundingREC (Dai, Liu, and Cheung 2024) | CVPR24 | Swin-T 6.50 1979 067 072 069  VLCounter (Kang et al. 2024) AAAI24 Text 18.06 65.13 17.05 106.16
CAD-GD (Wang et al. 2025b) CVPR25 Swin-T 5.29 17.08 0.71 073  0.72 CounTX (Amini-Naieni et al. 2023) BMVC(C23 Text 17.10 65.61 15.88 106.29
CAD-GD7 (Wang et al. 2025b) CVPR25 Swin-T 4.59 14.68 0.72 0.70 0.71 DAVE (Pelhan et al. 2024) CVPR24 Text 15.48 57.57 14.90 103.42
W2-Net (Ours) - Swin-T 3.59 9.59 0.77 080 0.79 , R
~GroundingREC (Dai, Liv, and Cheung 2024) | CVPR23 | SwinB || 3542 1847 071 060 0.0 gmm:g't';gim? (,DT?I".L",I’ amli gg;;“g 2024) %]VESRif FH :g?ﬁ igg? }gég 1;}; ;;
CAD-GD (Wang et al. 2025b) CVPR25 | Swin-B 4.94 1465 075 077 076 oun (Amini-Naieni et al. ) ext . - - .
CAD-GDY (Wang et al. 2025b) CVPR25 | Swin-B 4.34 1293 077 071 074 CAD-GD (Wang et al. 2025b) CVPR25 Text 9.30 40.96 10.35 86.88
W2-Net (Ours) = Swin-B 3.56 9.15 0.79 081 080  W2-Net (Ours) - Text 8.73 37.32 9.53 83.46
~ Pred 12 Pred 5 | Pred 7 Pred 2 Pred 56 Pred 29 4
a et , Py 7w e Tadaien s ghte fy iy e Y f WS . PEEEIR I ARR) SRR II A 9
N T & - e/ h " R, e 4 Y z
Q| : FEEPPANT THIRI G s a
-
& » ] RO OATAAT L Cotetb e 0l #
- " ' ) -\,:?_,‘ i £ , \ : y | 1 s E
Pred 2 | Pl ed 36 . Pred 5 Pred 4 ~ Pred 18 Pred 22 o
; i ' | ' A TN ®
o iy | PEEEIPRIENRN eRb AR e
: LE Ly -
= i‘- Lf‘_[l' PEEEPP RN THIMIN A f00 i
= ?;;?;LL' A0 I 000 g
T =

person standing person walking person approaching person riding a bicycle  pink lip stick bird on the bottom line
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W2-Net

* Experiments
- w2sOi| CHolf BLHE ot 271 Glg 0| = EHE| E 22 S A0 attention

Ours: queries of Ours: w2c and queries and Baseline: w2c queries and its
six layers their attention points attention points

person riding a bicycle

elephant in the water

shutterstr.ck shutterstr.ck ' shutterstr.ck

R AW CHEE

& UDSL
SOGANG UNIVERSITY 17




* CountGD++: Generalized Prompting for Open-World Counting [CVPR 2026]
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CountGD++

* Intro: Generalized Prompting for Open-World Counting

 COUNTGD: Multi-Modal Open-World Counting2| 2
| =X

7

- PromptO| CHot 228, AKX HE A|Q| ot~
- O text = ERSESIE ¥

-Exemplars 37| ?{ofl O|O|X|OCt Of| A| 24A

= visual prompt”/f 7

- 1. Negative prompt
-CountS}H QHE|= 28| 0f| CHSH M = negative prompt £ O
- 2. Pseudo exemplar scheme
-Text/ |9t 2 2 Z2 visual exemplarg Z-E0t= 2-stage T+

= “sugar apple”X| & O| F L2 Z = visual conceptO| &E=2+S}X]

OF O o
LS = 7C:>|_I_

- Synthetic exemplar image
O|EI|X| MM S E-‘-H

R AW CHEE
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=0T O Al O|OIX| =&

_I__I L

Oll bounding box& annotation ot 7| ¥/ et overhead = AH

(b)
“Count sugar apple”

(forward pass 1)

eudo -enernpl

, hot

(forward pass 2)

N A
Inputlmage

Pred Count: 10, Gt Count: 19

— CountGD++ —» Bl ™
i
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CountGD++

* Framework
« GroundingDINOO{| A{ feature enhancer2f decoder fine-tuning
: Exemplar tokens =7/}

. Negative prompt= 1121 Bt object filtering module

Exemplar extraction module ;
RolAlign
Pozitive exemplar
Ezemplar
Negative exemplar image Ohbject filtering module

tokens Positive Negative

[I] prompt
— Y Prompt
B 'E ) ) features

— a1 &|—| &

T
H

& =
Image encoder E = £
= =emplar tokens g 3 Filtered
Exemplar image e H .
5 H oBJECt Filtered
n E boxes .
[] f f = Positi Negative prompt object
" oo | . I — ositive prompt g .
strawberry . blueberry . fﬂ'['l' |:| ) ’I',f) Object — |0 O — (][] P ! queries
(positive text) (negative text) Text tokens feature cross- boxes Object . Confidence D 0 ] Enumerate
. Text encoder enhancer modality ries [] threshold . ! m 1 6
interaction . q D - 1 Positive ] g 0 Negative )
E | Y.|_ ; scoTes > ) ) : Y_ 5 Seares : |:| Predicted Count
N —~ —~- | O ) u
fEﬁwinT ] . - . I:' 0
: . Max IMax
—_— _—
Image encoder Input image - D Positive similarity Negative similanty
tokens matrix matrix

Input image
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CountGD++
* Method

- Exemplar extraction module
- Exemplar image: Target 21 X| 7} bbox JEN =2 HA| =l O|O| X|

-Swin-TE &l = =l feature mapOl| A bbox0i| oll & St= E Y featureE poolingdt ] £FY exemplar token(d=256) 4 S

=
= O . = — ols =~ re)
-O| ™ BE A =2 Of exemplar image= BF=7| 9t cost/| =S
Exemplar extraction module Rol Aligﬂ
| Pozitive exemplar Exemplar
Negative exemplar image Object filtenng module
tokens Positive Negative

- [I] prompt prompt
. ¥ Prompt A_‘
! B D  — featurss

= &~ b 8 =
Lm'age encoder EIE'I[PISI tokens D g E‘ Filtersd
Exemplar image I L] > . object
[] H |g . ) Filtered
< = boxes object
“"strawberr blueherr v | f . [] I f . f",ill) El Positive prompt Negative prompt queries
¥ . —}F . H-['I' D Ip Dh_]ECt D D faztures D D features .
(positive text) (negative text) Text tokens feature cross- boxes Object ] . Confidence D 0 [] Enumerate
= Text encoder enhancer modality B oueries threshold . . ! ] 1 6
interaction q D - 1 Positive ] g 0 Negative )
E R Y.l. ; scoTes > Jj . Y_ : Scores I:‘ Predicted Count
7 [ — ad. NI : = 1
o — —_ : : —_— max
Image encoder Input image Positive similarity Negative similanty
tokens matrix matrix

Input image

4% U B & UDSL
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CountGD++

 Method

- Negative prompt
-Query 9007 = Z=E°5HA| prompt featureE SA|0f A

L. HH O &
| Egl—Il-

s 7| E GroundingDINO T+ Ol| A text featureOi| Sl & o= £ 22 =
- Positive prompt 2} 2| similarity 7} threshold= & =X| £l & Negative prompt2t2| similarity 2 Cf == K| BHEF

- Exemplar2} text token= Al 2 &= class | G2 self-attention= &t & W= =3

Obiect filteri ful
Positive Negative
prompt prompt
Prompt |
_"D ’—?ﬁ.“ r‘—!n’"- features =
— ' 0 = £
Exemplar tokens 2 ®
N z z
O 'l Ey -
[] f f I:I = Positi pt - Negative prompt
. . ositive prom NER
I:' ¥ ¢ Object D D features D D features
. Confidence
Cross- bo Object
Text tokens mer ‘modality - que-,]I:es L] . threshold H 0 -
mteraction |:| - 1 Positive =5 0 Negative
D T Y_I_ : ECOTES > C}- ) . Y_ : SCOres
i I R S = g Y R all .
E— —_ : : max Imax
—_— —_—
Input image -l D Positive similarity Negative similanty
tokens matriz matrix
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CountGD++

 Method

- Pseudo Exemplar (automatically detecting visual examples)

- Text prompt2F 2 2 1X} 3

=2 S AHS|

— =

&, confidence/| ==

Top-N prediction box& A

- M Ed =l box & visual exemplarX| & CHA| (I &SI 2kt =& =3

|:|=|EO|

ﬂ AW CHEE

SOGANG UNIVERSITY

& annotation 91 0| visual cueS —|—7 Fol| text- only counting ‘S ds 74 M

(b)

“Count sugar apple”

Input Image

- CountGD++

[forward pass 1)

(pseudo-exemplars) Top

< - -
“Count sugar apple :

Input Image

- CountGD++

{forward pass 2)

Pred Count: 10, Gt Countﬁ

—+

s-;.:g.—ﬁb;m
Predicted Boxes &
Confidence Scores

23
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CountGD++

* Method
- Training objective
- Classification loss

:': Hungarian matched pairQi| sigmoid A

-Localization loss

N S
o T

Focal Cross Entropy loss

:Bbox2| center/| 2| 2} bbox 2| height, width2| MAE

- GloU loss

Intersection over Union (loU)

(Object detection benchmarks)
} e Jaccard index
e Encodes the shape properties(the widths,

Generalized Intersection over Union (GloU)

. |An B|
loU =
|AU B A C 7 | |
e The most popular evaluation metric S a
GloU=0 loU =0
heights and locations of two bounding boxes) B GloU=-0.7
and calculates a normalized measure GIoU = IoU — |C\(AU B)|
e Invariant to scale 1 |C] 2
Loss = 1-GloU Loss = 1-GloU

L= )\loc(ﬁiqw - £center) -+ )\GIOUEeG]OU + AcisLels

ﬂ AP THELD
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Please generate an image where a girl is reading a book, and her pose is the same as the boy in the image

® COuntGD+—|— as an EXp ert A g eIlt . example.jpg, then please describe the new imzrlge with your micf"' J

- Request
LLM h h 1 1 1 - Stage #1: Task Planning Stage #2: Model Selection
u - L L= ) J L) S e
as lg eve p anner : task: pose-det. i: task: image-class. |: task: image-to-text : : task: pose-det. i I’: In-context task-model assignment: 25 1
| args: ) args: )| args: | boommmmmmmmmmos L @ hustfyolos ting I
. . I Image: examplejpg |1 Image: <resource-2> :: image: <resource-2= || | T . ! ! acebook/detr-resnet- :
- ViperGPT(CVPR 2023), HuggingGPT(NeurIPS 2023), 'ET;]---E-I---']-_-JE%* - ﬂ;mw‘g’j ------- b o | R o able devcton |
VideoAgent(ECCV 2024) - it || e | = =
| text:areadinggil ]! args: ') args: : PTTTTTTTT T TTTTS W :
= = ez sars iy wer e | b Sreveir g mE s ) =
- User request= sub-task. 2 = Off A @ .......................................... J
- 21 sub-taskOf] =2 Tt vision model 41 EH ~  Stage #3: Task Execution \ Sl it U Lol
{T1] pose-det. HT4] object-det.
L. = ) - o PTTTTTTTT oo : :'___Q_GTJE_J_T] _____ openpose facebook/detr-resnet
- Vision model2| &= = (box, mask, count &)= CIA| Z-&0F0] |1 stam e 1} soemeese rmage-2) fbounding box
xl = O EI— AH A—I ' bj-det 7 : | (facebook/detr-resnet-101) -[Tz] pose-tn—lmage F{TE] |mage—tn-text
—= — LE_;_:_‘TT‘_’: I ; lym/sd-ctl-pose nlpconnect/vit-gpt2
- o © H o o L'facebu}ukfdetr resnet-101; : [image-a] ’ “:gir‘i sitting oan p !
. Local Endpoint T3] image-class. HT6] text-to-speech
Q_-I- O O O : ask, args. mode ' acebook/detr-resnet-101) google/vi facebook/fastspeech
" Agent7|_ A|- (@) |-7| TT O C)|_|- eXpertEA-l —| —| —| L2k s mone ) L-[.f--h.-k. ....... - _:11_;_“' ![Jclasses v:iu'l prob] |  [audio-1] ’

= Olgd O HIF O EH : f ------------- b
-Text prompt= &5 52 = T2 visual exemplar? | gt siingona bed
E M E XN O |._9_o|- A 0Ol©S '«--E“f"i"l‘-“-"f“-"--s'
Ilegathe pI'Omp = - 11— E | =] [Text-1] = <resource-5>
i 28 XM= O|O|X| Lijof Eﬂ’”
-Negative promthf exemplar &2 Atk OO X[ L :
o EI‘ 7H X O = I I‘ O OI_ [[ O I‘ [Image-1] = example.jpg [Image-2] = <resource-1> [Image-3] = <resource-2> Te- [Audio-1]
(@) H o ______________________________________________________________________________
OH o -” = | H I The image you gave me is of "boy". The first thing | did was use /= to analyze the pose of the boy in the image. |
|4 B E ly 24
fed that image, specifically located at [Image-1], into the model to get an output image of the pose, located at [Image-2]. Then | take that
pose and generate a new image, located at [Image-3], using /= and the instruction "a girl is reading”. Next, |
ran object detection on the image generated in the previous step, to get predictions of the objects present in the image, including the box
location. These predictions were run through the /= model. The box was drawn on the image, which is located at
[Image-4]. Then, | used the predictions of a image classification model /= and a image caption model a
w model to generate the caption for newly generated image. It generated text: "a girl sitting on a bed
kreadlng a book". Lastly, | ran the /= model to convert the generated text into audio, located at [Audiu-l].j
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CountGD++

* CountGD++ as an Expert Agent

- Example 1. Synthetic exemplar

-Image generator= & off EFZU10]| TSt synthetic example imageS

B E IZFZEV QDA 27 example s ‘4 -d

~

e S

- CountGD++& &5l exemplar box TE

- Example 2. Iterative agent for images

~Top-N box= CountGD++0]| pseudo exemplarZ CtA| | EHSI count/t =B [ 77HK]

“Count sea shell”

Input Image . "

LLM Lseahel” _» generator —
"}‘V\ “- S PV e
The task 1. Generate synthetic exemplar image
«seo shel] “sea shell[(L |~
=7 —» CountGD++ —>
PR Synthetic
LT Exemplar [ o %

2. Get exemplar box

PR ssonsa
SOGANG UNIVERSITY

3. Getfinal count

visual exemplar77} X|
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— CountGD++ — 8
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Input Image
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CountGD++

* Experiment

2

AR CTHE-D
SOGANG UNIVERSITY

Pred: 1, GT: 1

27

FSCD-147 Test Text Only

Method Counting Detection
MAE | | RMSE | AP 1 AP50 1
DAVE,;m [42] 14.90 103.42 X X
CountGD [7] 12.98 98.35 X X
GrREC [16] 10.12 107.19 X X
CAD-GD [55] 10.35 86.88 X X
CountSE [32] 7.84 82.99 X X
PseCo [61] 16.58 129.77 37.91* | 62.45%
DAVEyprm [42] 15.52 114.10 18.50 50.24
_CGD-B [5] _. 1501 | 118.16 30.44 61.56
Oursy 16.55 129.76 33.01 61.75
Ours¢ 4 p 10.29 33.52 37.778 68.90
Olll'St+ p+s 8.39 27.03 38.93 71.35




Thank you
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