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• What is Object Counting?

▪ Few-shot object counting

▪ Zero-shot object counting

Introduction to Object Counting
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• Importance of Object Counting

▪적용사례

−상품계수및불량품탐지

҉ AI 기반 object counting으로실시간제품계수

−생산부품제고관리

҉ AI 카메라를통한부품개수집계, 재고관리자동화

−불량률모니터링및품질향상

҉ 제품계수와동시에불량품자동식별, 실시간모니터링

҉ 생산품질향상가능

▪인력절감, 생산성향상, 품질관리강화, 비용절감

Introduction to Object Counting
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• Limitation of Traditional Object Counting

▪ Annotation 의존성

−Supervised learning은 class 별로대량의 bounding box/density map label 요구

−시간/비용낭비

▪ Generalization 성능

−Train data에없는 object category (unseen categories) 계수불가능

Introduction to Object Counting
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• Zero-Shot Learning

▪핵심개념

−Seen classes에서 unseen classes로 knowledge transfer

−Semantic embedding space 활용

҉ Object의 visual/text feature 연결

▪ Object counting 적용

−Annotation 비용절감, 실시간 novel object를 count 가능

−Open-world 시나리오대응력향상

Introduction to Object Counting
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• Zero-Shot Object Counting

▪ Challenges

−Density map 생성의한계

҉ Unseen object는 pixel 단위 label의부재로전통적인 density regression이불가능함

−Visual-semantic gap

҉ Text description과실제 object의표현이불일치하는경우가많음

−Background noise

҉ Unseen object와유사한 background를오검출

Introduction to Object Counting
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• RichCount: Expanding Zero-Shot Object Counting with Rich Prompts (arXiv 2025)

• T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting (CVPR 2025)
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• Introduction

▪기존 zero-shot object counting의핵심문제

−Modal gap

҉ Text prompt와 visual feature 간불일치

−Semantic 정보가풍부하지않음

҉ 단순카테고리 label (e.g., “사과” 등)만사용

҉ Object 정보부재

−Prompt 유연성부족

҉ 복합적인 text를입력했을경우처리가불가능함

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)
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• Method

▪ RichCount는기존 zero-shot counting의한계를해결하기위해 2-stage train 제안

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)

▪ Stage1: Visual-Text Alignment

−Description Augmentation

҉ ChatGPT-4로 object의 detail을설명하는문장생성

҉ 색상, 형태, 위치등정보의추가

✓Visual-semantic gap 해소

−Feature Enhancement via FFN

҉ CLIP visual encoder 뒤에 FFN 추가

҉ Category embedding과 image embedding 출력
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• Method

▪ RichCount는기존 zero-shot counting의한계를해결하기위해 2-stage train 제안

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)

▪ Stage1: Visual-Text Alignment

−Adapter Training for Textual Refinement

҉ Adapter를활용하여 text encoder 개선

−Contrastive Loss

҉ Visual-semantic 정보 align
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• Method

▪ RichCount는기존 zero-shot counting의한계를해결하기위해 2-stage train 제안

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)

▪ Stage2: Text-Based Counting

−Feature Fusion

҉ Interaction module

✓Q, K, V를받아 fusion하는역할을수행함

҉ Multi-prompt 지원

✓카테고리, 세부설명, object 일반화설명
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• Method

▪ RichCount는기존 zero-shot counting의한계를해결하기위해 2-stage train 제안

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)

▪ Stage2: Text-Based Counting

−Density Map Generation

҉ Decoder에서세개의 density map 출력

✓카테고리(𝑡), 세부설명(𝑑), object 일반화설명(𝑑′)

−Consistency loss

҉ ℒ𝑡 = σ𝑎 ℒ𝐷(𝐷𝑎 , 𝐷𝑔) + σ(𝑎,𝑏) ℒ𝐷(𝐷𝑎 , 𝐷𝑏)

✓𝐷𝑔 =ground truth density map

✓𝑎 ∈ 𝑡, 𝑑, 𝑑′ , (𝑎, 𝑏) ∈ 𝑡, 𝑑, 𝑑′

✓출력된 density maps 각각 비교

✓GT와각 density map 비교
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• Method

▪ Inference

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)
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• Experimental Result

▪ Datasets

−FSC-147

҉ 다양한 object category를제공하는 zero-/few-shot counting 연구의표준 benchmark

−CARPK

҉ 드론으로주차장상공에서촬영한 dataset

−ShanghaiTech

҉ 대규모 crowd counting benchmark dataset

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)

< ShanghaiTech >< FSC-147 > < CARPK >
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• Experimental Result

▪ Quantitative results on FSC-147

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)
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• Experimental Result

▪ Cross-dataset evaluation (FSC-147 → CARPK)

▪ Cross-dataset evaluation

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)

Trained on SHA

Trained on FSC-147

ShanghaiTech

Part B

ShanghaiTech

Part A
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• Experimental Result

▪ Ablation study on FSC-147

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)



19

• Experimental Result

▪ Impact of image descriptions on counting performance on FSC-147

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)
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• Experimental Result

▪ Analysis of image-text alignment

−Misaligned cluster를노란색원으로표시

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)
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• Experimental Result

▪ Zero-shot density maps on FSC-147

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)
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• Experimental Result

▪ Illustration of density maps generated from various texts

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)
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• Conclusion

▪다양한 text prompt (detail/일반화설명등)를활용해 zero-shot counting의한계극복

▪ Visual-semantic alignment 강화로정확성과일반화능력동시향상

▪주요 benchmark에서 SOTA 성능달성

1) Zhu, Huilin, et al. "Expanding Zero-Shot Object Counting with Rich Prompts." arXiv preprint arXiv:2505.15398 (2025).

RichCount1)
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• RichCount: Expanding Zero-Shot Object Counting with Rich Prompts (arXiv 2025)

• T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting (CVPR 2025)
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• Introduction

▪기존방법의핵심문제: Text insensitivity

−CLIP 기반모델의한계

҉ Global semantic 정보에집중 → pixel 수준 object counting에부적합

҉ Text prompt보다 image 내다수 object에편향됨

−Text prompt에민감하게반응하면서다양한 object를정확히 count하는 framework 제안

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Method

▪ T2ICount는위와같은문제를해결하기위해 pre-trained diffusion model을활용함

▪전체구조

−Stable diffusion 기반의 pre-trained model 사용

҉ Image-text alignment 능력, pixel level 표현력보유

−Single-step denoising

҉ 효율적인 inference를위해 (speed↑, text sensitivity↓)

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Method

▪ Hierarchical Semantic Correction Module (HSCM)

−Three refinement processes

҉ 1. Multi-scale feature fusion

✓U-Net decoder 부분의 feature map (𝐹4~𝐹1)를 up-sampling 및 concatenating

✓𝐹𝑖
′ = 𝐶𝑜𝑛𝑣(𝐶𝑜𝑛𝑐𝑎𝑡 𝑈𝑝 𝑉𝑖+1 , 𝐹𝑖 )

• Output = 𝐹3
′, 𝐹2

′, 𝐹1
′

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Method

▪ Hierarchical Semantic Correction Module (HSCM)

−Three refinement processes

҉ 2. Semantic Enhancement Module (SEM)

✓Image-text cross-attention을 적용하여 visual 정보와 text 정보 align, 𝑉𝑖 생성

✓Cosine similarity map 생성

• 𝑆𝑖 =
𝑉𝑖∙𝑐′

𝑉𝑖 𝑐′   → Pixel-level alignment 품질향상

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)

𝒄′
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• Method

▪ Hierarchical Semantic Correction Module (HSCM)

−Three refinement processes

҉ 3. Semantic Correction Module (SCM)

✓Low-resolution → high-resolution으로 hierarchical refinement, feature map 재구성

✓𝐹𝑖
′ ← 𝐹𝑖

′ + 𝑈𝑝(𝑉𝑖+1⨀𝑆𝑖+1)

✓Low-resolution에서대략적 object 영역식별후 high-resolution에서 detail 정교화

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Method

▪ Representational Regional Coherence Loss (ℒ𝑅𝑅𝐶)

−Point-level annotation만으로신뢰할수있는 supervision signal를 생성하는것이목표

҉ PNA (Positive-Negative-Ambiguous) map 생성

✓Positive: GT den𝑠𝑖𝑡𝑦 ≥ 𝑇

✓Negative: መ𝐴𝑐𝑟𝑜𝑠𝑠 ≤ 𝜃

✓Ambiguous: 나머지 (ambiguous 영역은 background로강제하지않음)

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Experimental Result

▪ Datasets

−FSC-147

҉ 다양한 object category를제공하는 zero-/few-shot counting 연구의표준 benchmark

−FSC-147-S (본논문 contribution)

҉ Minor object counting 평가를위한 re-annotation subset

−CARPK

҉ 드론으로주차장상공에서촬영한 dataset

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)

< FSC-147 > < CARPK >
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• Experimental Result

▪ Quantitative results on FSC-147

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Experimental Result

▪ Quantitative results on FSC-147-S

▪ Quantitative results on CARPK

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Experimental Result

▪ Qualitative results on FSC-147-S

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Experimental Result

▪ Qualitative results of T2ICount

−Density map (left)

−Similarity map (right)

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Experimental Result

▪ Ablation study on the key components of T2ICount

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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• Conclusion

▪ Text sensitivity 문제를근본적으로해결한 zero-shot counting framework 제안

▪ HSCM, ℒ𝑅𝑅𝐶로 image-text alignment 및 minor object counting 능력향상

▪ FSC-147-S라는새로운 benchmark dataset 제안

−Model의 text 기반 counting 능력검증가능

1) Qian, Yifei, et al. "T2ICount: Enhancing Cross-modal Understanding for Zero-Shot Counting." Proceedings of the Computer Vision and Pattern Recognition Conference. 2025.

T2ICount1)
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