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ח ῶởײַ

ᶫỵע ↔ ┼”
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ặҝѭ∫ ח ἆῠᶡ҇ᴄ ῀

Waymo
Autonomous 
Driving

Tesla
FSD

Huawei
ADS

#2 148 vehicles, 1,454,173 miles tested, 110

disengagements

Baidu
Apollo

#1 4 vehicles, 108,300 miles tested,

6 disengagements
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ᴄ ῀ Ṕײַ

֜︢ᴴ ᾴḟԄרᶪỖּ♩ײַ ח Ὕ׀ײַ

Â  ᵯԝ ᴶ Е ἥ ɻ ɻ ᾩ

Â ⅎ Ї

ᴄ ҼỖᵷַײ ֹσ

ὢ ᶿ ṃ
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ᴄ ῀ Ṕײַ

֜︢ᴴ ᾴḟԄרᶪỖּ♩ײַ ח Ὕ׀ײַ

Â  ᵯԝ ᴶ Е ἥ ɻ ɻ ᾩ

Â ⅎ Ї

◕ᾙἝַײᾉ αɎ ṓɏַאָײ  β

ḽ҇ᶡ҇┼ẘḘѼַײ Үזε
Ỗּר /ᾎὊᶬײַו ᾁכ ֞
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ѦᶁḪ♪ ח ἹỢ◕♀ײַ
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Ҡᴄ ῀ ָᶹ ᴂᵂỖּר

ᴄ רỖּײַ ג ֹᶇ Ứᴢ(Field-of-View)εᵻ ἻҹҒⱳ שאּ

ת ᴭ ת

ֶⱴ αVehicle - to -Everything, V2X) ε֪ҔҼỖ
ᵷᾎὊεỴṜ רỖּײַ ᵿ
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ҧ ҇ᶹ ᴂᵂὔֹ

ח ײַ ῴẺ
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רᴂᵂỖּײῪҬіַח

ᴂᵂỖּרᶀῑ
Â Ғ Ḫ ᶳ ‼

Â ғ ῗЕ Ғ Ņ ņ

ᾢ Ӡẫԃַײ

Â Е Ḫ Їᴶ ᴍẅ Ḫ

Â Ḫ Е ᵲ ɻ ᵤɻ ꜠ ɻ

Â Ḫ ЕḪ Ґ Ḫ

ᴑꜙ Ḫ

ᴌ
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ᴂᵂỖּרѦַײᶹ╟Ӡ ᴿᾛ←

ᴿ⁴ẩ  אָ ᴿ ᴜḉ ᴿ ◕Ề ᴿ

ӠᾎὊ B-KB MB KB-MB

ᵂ ₱ ῂ ῂ ᵃ￼₩ᶚ

Cooper [2] : ᴜḉ ҈ ᴿ V2VNet [3 ]: ᶡ҇GNNַײ◕Ề ᴿ
[1] "TR 103 562 - Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of Applications; Analysis of the Collective Perception Service (CPS)",TC ITS Tech. Rep. V2.1.1

[2] Chen Q, Tang S, Yang Q, et al. Cooper: Cooperative perception for connected autonomous vehicles based on 3d point clouds[C], 2019 IEEE 39th ICDCS. IEEE, 2019: 514-524.

[3] Wang T H, ManivasagamS, Liang M, et al. V2vnet: Vehicle-to-vehicle communication for joint perception and prediction[C], ECCV. Springer, Cham, 2020:605-621.

CPM[1]  אָ : ᴿ

ҮזḿᵆַײӠ ᴘ σҼқѰ&Ҽᶹṇψ

–ị σ

үחṀᵇ￼

ӡ◊ᴙ ᵙ

ṖҸקή
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ᴂᵂỖּרѦַײᶹ╟Ӡ ᴿᾛ←

[4] Li, Zhiqi, et al. "Bevformer: Learning birdôs-eye-view representation from multi-camera images via spatiotemporal transformers." European conference on computer vision. Cham: Springer Nature Switzerland, 2022.

[5] Hu, Yue, et al. "Where2comm: Communication-efficient collaborative perception via spatial confidence maps." Advances in neural information processing systems 35 (2022): 4874-4886.

[6] Wang, Tianhang, et al. "UMC: A Unified Bandwidth-efficient and Multi-resolution based Collaborative Perception Framework." arXiv preprint arXiv:2303.12400 (2023).

ᶡ҇◕Ề ᴿַײBEVαBird -Eye-ViewβỖּר

Â ԓBEV Ї ΐ֩

Â ҅ Ї⌐ԓ

ḽ◕Ềᶂ ₉ᴘ

Â ԓ ῗ

Â ԓ Ḫ

Â ԓ

ᴿ ←ḄӌḽἍ Ᵽ ᵻ ψ

Â ᵣ ғᵣ ɻ Ḫҧ



ᶢ҈V2X ӡ￼ᴃᵃỵ ▐ᴂᶽḙּכḒ ᵕ 14

ᶡ҇ Ề◕ײַַ ᶹ╟Ӡ ᴿ ←

ṃ┼ẘẘ ḘѼ (Deep Metric Learning) ᾛ←ẫԃҼ Ѣ ‭≡ אָ₡ ẩ

Â ה Їᴶ Regional Feature MapЇ Ḫ

Â ԋ ⌡ ᴮׂשЕ ‼ ᵣ Ḫ ϼ

R. Mao, J. Guo, Y. Jia, J. Dong, Y. Sun, S. Zhou, and Z. Niu óóMoRFF: Multi -View Object Detection for Connected Autonomous Driving under Communication and Localization 
Limitations," VTC2023-Fall, Oct. 2023.
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ᶡ҇ Ề◕ײַַ ᶹ╟Ӡ ᴿ ←

ᶼ ṭᶊᾼіַײᶹ╟ᶂӴӠ ᴿεὝ׳ Ἳָ‭≡ײַ א ẘ

῞

ә
ᴄӹ

ḽ҇ ֪ Ἳַײᵾ ◓ӋᴧỆ ײ9%ַ ẘὝ׳
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ᶹ╟Ӡ ᴿ ←ᶇᾎὊ ѕַײ

←ᴴᾀἵ ᾐשᶞ◕Ềᶂ RFM ᾎ εḪ♪‭≡ Ὕ׳ј /Ҽ ấ Trade-offײַ

Ḫ

⌡

( )

( )
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ᾎὊ ῴײַ ᴘ σֶⱴῪҬỴᾌ⁴ᶙψ

To guess the unseen: ӽ רּ

17
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ᶡ҇ῪҬỴᾌ⁴ᶙַײᴂᵂ בֿ ←DiffCP

ֶⱴⱳởẩ⁴ᶙεὃὁ ӌӽ֠ײַ ј ѱṭẦ
Â ᴿ ￼ ӈ

Â ᴃӐ ỵ ӡỤ￼ Ѳ ề

Â ‍ҭἛᾫ₩ᶚᶈ ᶊזַּ ấᴃӐỵ ӡỤ

Kbps

Ỗּר∫ ∫
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DiffCP ←ḽᴂӏỖּר◕Ềַײ ẤᾇῺ
Â Ҩ ᶊỵ ⸗ềᵙᴃӐỵ Ѳᵇ ѭ‍ҭ

Â ҡ ᵹᶲắ ░ ấᴃӐỵ ⸗ề

῞ᶉỖּרBEV◕Ề
ғ ᵲ BEV MSE: 0.550

ẤַײᴂӏỖּרBEV◕Ề
ғ ᵲ BEV MSE: 0.271

ᴂӏỖּרBEV◕Ềαּטөβ

ᶡ҇ῪҬỴᾌ⁴ᶙַײᴂᵂ בֿ ←DiffCP
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DiffCP ←ᶇ Ӡ ј Ấ ẘѕַײἎѦԊ
Â ӡᾭὯ ᶽι ấ ẙ

Â ӡᾭὯ ᶽι ֹῳҸ ấ ẙἍ ￼ Ҧ₭ᾭ Ӊ

Â ᶺ￼Ἓᾫ Ҧℓᾭᴦ Һ Ӊ ấ ẙεἛᾫ ζ

ᶡ҇ῪҬỴᾌ⁴ᶙַײᴂᵂ בֿ ←DiffCP
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DiffCP ←ḽᴂᵂỖּרҮײַזᾇⱴ
Â ҝ 5%￼ᾭὯꞌᴏᴵ ֹ ‰ ᴃᵃᶭ

Â ᶈSOTA⸗ề ᴃᵃ │іḫ14.5אӣᴙ

Â ᶈῴӈṽḳ ӡ ѧ Ҹầớ֧א љ ₈ớ

R. Mao, H. Wu, Y. Jia, Z. Nan, Y. Sun, S. Zhou, D. Gunduz and Z. Niu, ñDiffCP: Ultra -Low Bit Collaborative Perception via Diffusion Model,ò 2025 IEEE 

Conference on Robotics and Automation (ICRA), May 2025.

ᶡ҇ῪҬỴᾌ⁴ᶙַײᴂᵂ בֿ ←DiffCP σ
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ᾚ ҥ ח ẩɇɇ ָ ח

ח ῶở

Â ỵ χᵕᶀῶҜѱⱶӌό

Â ╜χ Ҏⱶӌ῾‎ḅӍ όט

Â ίχἅε  ζẔ ỘѱӮό

ָ ח

Â ỵ + ╜+ ίԄ∫ ‫ẘᴴҼ

Â љᶢ҈ ֱ￼₩ᶚ ⅝ι ῭Ḅᶴת Ṕᶋ῟

Â ֟Ṉּ֫҈י₩ᶒ ￼ ṮḾᾯӌớ ￼ẽᵠ

Â ԏᶵᾭὯ Ὑ￼ט ḙѽ☺ד

ᾭὯ ₩ᶚ ᶭד

22

ָ ח ј ἆῠ ᴿψ

Â ᵀỵ ֧Ẋ ὶῸ҈ח  ίֺ ‰ι
ј ◑ ט ￼ῳ ί ∂

Â ὠἇχ ֹ ⁭‟їᶺΰ ӌḅӍ ӡỤ
ҐҊᵙᴃᵃό
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ָ ח ᶹ῀ Ӌᶹṕ ᴂᵂ

Ỗּר ≡ј ὔᶹṕ ᴂᵂ ָ ח

Â ѕᶽ₩ᶒχᶃӵ ᵸ+ᶺΰ ӌᴃᵃỵ +ᶺΰ ӌ ᵀ ט ╜љ ί

(query)

23
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ᶹṕ ᴂᵂᾇῺ

Â ᵃSOTA ֹ ᶺΰ ӌᴃᵃ │ ⅝

Â ₅╜ớ ώ39.7%״ι ớ ώ77.2%״ιấᶃớ ώ23.4%״

Â ╜ Ṯ Ӊ10.2%ι ίL2 Ṯ Ӊ25.6%ι ᾖꞌ Ӊ20.0%

ָ ח ᶹ῀ Ӌᶹṕ ᴂᵂ

24
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ᶇḪ≡ᾎὊ DAIRV2Xѕַײ῏ ὔᾇῺ

ָ ח ᶹ῀ Ӌᶹṕ ᴂᵂ

25

Z. Song, C. Xia, C. Wang, H. Yu, S. Zhou and Z. Niu, ñUniMM -V2X: MoE-Enhanced Multi-Level Fusion for End-to-End Cooperative Autonomous Driving,ò 

submittedtoAAAIô26.
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ᶡ҇ᶹ ᴇῡַײҼỖӠ ẘ ←

ẓ ᴂᵂỖּרψᴂᵂᶬכḄӌẘ ψ

Â ᶈ tῊ־ιּזἋ Ὅ• Ὸח ᴃᵃ

Â ẬԄעᶫ￼ỵ ẙ

Â ӡҽ ꞌ ∂

Â ₅╜₩ᶚ ỗטזּ Ҩ ֹỵ ẙ ∂

Undetectedby 

onboard sensors

Detectedwith

additional data



ᶢ҈V2X ӡ￼ᴃᵃỵ ▐ᴂᶽḙּכḒ ᵕ 28

ᶡ҇ᶹ ᴇῡַײҼỖӠ ẘ ←

ҷאָצ σḪ♪῏ҷẇᶍᴂᵂᶬכ

ѥOnline Restless Multi-Armed Bandit (RMAB)

Â ҽ UCB │χ

Â Ἅώ │χ

Last-seen gain
Confidence Bound

increases over time 12

Procedure:
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ᶡ҇ᶹ ᴇῡַײҼỖӠ ẘ ←

ӟ

Lower bound for
any online algorithm
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ᶡ҇ᶹ ᴇῡַײҼỖӠ ẘ ←

ỨὝ גּ← ҇ᶡ ← ᾶ Ὕ׳

Average Recall

ỨὝ גּ← ҇ᶡ ← ᾶ ӈ

Learning Regret

Y. Jia, R. Mao, Y. Sun,S. Zhou , and Z. Niu, óóMASS: Mobility -Aware Sensor Scheduling of Cooperative Perception for Connected Automated Driving," IEEE Trans. 
Veh. Technol. , 2023, 72(11):14962-14977.

https://arxiv.org/pdf/2302.13029
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ἣṜָᶹᴂӏ ײַ ẘ

Ὓ
Â ֘ χ ẙᴂӏ ὥᶰםʐ ẙᴂӏ ᴿꜝ Ṗם

Â ‰χῳᶽ₅ זק╜ᴳᵻꞌ

Â ​χỞ ӡṾḴὡ

Â ᶺ ᴃӐᾦּז┼ẘ ᴿα β
Å ừ֙1χᶺҽỵ◊֑ӎ

Å Ὣ ὭȟὮ Ὣ Ὥ Ὣ Ὦ

Å ừ֙2χḕᶈҝᴃᵃỵ ἑᴵ₅╜￼ ‰

Å Ὣ ὭȟὮ Ὣ Ὥ Ὣ Ὦ

ҝᴃӐ Ὥỵ

ҝᴃӐ Ὦỵ

⸗ề ᴃᵃỵ

ᵲ Ὥ ᵲ Ὦ
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◕Ề ᴂᵂỖּײַר כֿ

Â ᾭὯ χұ ᾭὯ OPV2V[21] V2XSet[22]

Â ᴧאχᶈјṈ҈3ѦᴃӐ ￼ᶋ῟ѧι ᶽᶺᾭε99.94% 99.81%ζ ‰￼⃰ ₅╜◊҈Ԏѧ  ѥᴂ
ӏ ἆ Ѣѥᴂӏ ￼ỵ ᾭὯ

Ỗּאָר  ᴿע ה

Â Ḧѱσ ẙᴃӐ ᵀהṖםῊιᴵ₅╜￼ ‰ ᵀ

ע ה ὲᶰַײ ɮ ẕ ɴתהȟ ρ

Â ỵ ‰ ᵀ￼҆ Ӆ

ע ה

ɴה

ע Ὥ ᷾

ȟɴ ȟה

ע ὭȟὮ

Â ỵ ‰ ᵀχע Ὥ ע Ὥ

Â ҇ ỵ ‰ ᵀχע ὭȟὮ ע ὭȟὮ ע͵ Ὥ͵ ע Ὦ

҅ ԑ ɮẗЕ

ȟЕת ᵲ ᴶ ғ

ὲῗ ⅎ

ἣṜָᶹᴂӏ ײַ ẘ



ᶢ҈V2X ӡ￼ᴃᵃỵ ▐ᴂᶽḙּכḒ ᵕ 33

ἣṜָᶹᴂӏ ײַ ẘσ‭≡ᵺᾄῡֹ

Â Ḿ⅛Ѧ₅╜֧ ‰￼ ᶟιᴨ֧⅛ѦᴃӐ ￼⸗ềᶃ ⅛ѣѦ ᵀ￼⸗ềᶃ￼Ḿ
Ẕӈ ιὔὶἄ ắ⸗ềᶃιԜ₭ Ԅ₅╜᷃₅╜

Â ἴ ỵ ‰ ᵀע Ὥᴺע Ὥȟע ὭȟὮᴺע ὭȟὮ ע͵ Ὥ ע͵ Ὦ
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ἣṜָᶹᴂӏ ײַ ẘσҷצ

ј₱
Â ᴃӐᾦּז

Â Ҹק ѭ

ÍÁØ
ꜝ Ṗם

Ὣ ꜝ ȟ

ÓȢÔȢ

ᶰꜝ

ὄȟ ὡȟᶅὸ ρȟςȟȣȟὝȢ

Å Ῠі῏ᶼ שׁ (budgeted maximum coverage) ￼ὕẌẻẪιNP-

Ὣ ꜝ

ɴע ꜝ

ύ
ע ꜝ Е ᵲ ꜝ

ύ Е

Â Е ԓԑ Ї ῇŅ ⅎ ņ

Å ‗ɴ πȟρ ҿԑ ẇ

ᵲ

ע ὭȟὮЕԑ

ὄ ὸЕ ᵲ ᴍש

Ὣ ה Ὣ ה ‗

ɴע ה

ύ ὸÍÁØ
ɴה
ɵה

ὲᶰע ὭȟὮ
ὄȟ

ὄȟ ὄȟ

ᶡ

ᵲ Ὥ ᵲ Ὦ

1MHz1MHz

½
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Â 0.1 Ї 10,000ү

Â ᵲ ᶡЕ50%Ї Ḫ Е2~6MHz

3.5%

Ѓ80.6%Ŭ84.1%Є

⌐ ԑ ԓ׃⌐ ҅
Ї 0.5%

3.5%

Y. Jia, R. Mao, Y. Sun, Z. Nan, S. Zhou, and Z. Niu, ñC-MASS: Combinatorial Mobility -Aware Sensor Scheduling for 

Collaborative Perception with Second-Order Topology Approximation,ò IEEE Trans. Vehicular Technology, accepted.

ἣṜָᶹᴂӏ ײַ ẘσҰּט Ὼ
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ᶼ ⁴ᴂᵂỖּרᾎὊ ððDOLPHINS

DOLPHINS: Dataset for cOLlaborative Perception enabled Harmonious and INterconnected Self-driving

Â ᶢ҈Ầ◊Ґ ₩Ὁᵸ CARLA‗ấּוἄ

Â Ḿ⅝ԎҤ ט ᾭὯ ԏῶԈᶽ⸗♇χ

Â ᶽ ₩

Â Ԋ 42376ṿᾭὯ

Â Ԋ 292549Ѧ3D‰├ⱶӌ

Â ֝￼ᶊתӈ ᵙ›֝

Â ᶺᶋ῟: 6ѦԐᶚ ט ᶋ῟

Â ᶺ εV2Xζ:  ׁᾟὙѕѦ

Â ᶺ₩ỗ ֫ ꞌχᴵּוἄFull-HDᶃӵᵙ64 ᾭὯ

Â ᴵἛṝớχώӗḢᾯ￼APIᴵ⁞Ὧ ἄᾭὯוּ

R. Mao, J. Guo, Y. Jia, Y. Sun, S. Zhou , and Z. Niu óóDOLPHINS: Dataset for collaborative perception enabled harmonious and interconnected self-driving," Asian Conf. 
Comput . Vision (ACCV) , Dec. 2022.

www.dolphins-dataset.net
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ᶼ ⁴ᴂᵂỖּרᾎὊ ððDOLPHINS

DOLPHINS: Dataset for cOLlaborative Perception enabled Harmonious and INterconnected Self-driving
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