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Rule-based generation .
Q: Which UAV perspective
</ shows more vehicles? =
A UAVZ. - UAV_Q
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orative decision analysis, the annotations in this part also Quality: "Excellent" (YR EEIE)

include image quality scoring, perception usability assess- Collaboration when: "1 (Yes)" (XIEH{aIAHHBE)
ment, and perception degradation reasoning for better event Collaboration_who: "UAV2" (RRutfEINIER)

understandmg The whole manual annotation process costs
OvVell— U [l(JUI'b IVIOICT (lB[dllb dl'c 1[] Appenalx

Object-level Labeling. Traditional annotations for object
labeling involve the list of specified objects in the scene, the

Degradation: "Small target" (XJRIBESR1F4d)
A

base

ZD73D bounding box of cach object, and the corresponding Question
attributes of objects like motion state (Hu et al. 2022). This Generation
enables accurate collaborative perception for targets, includ- ZRZN

ing target detection, classification, and tracking. A

Quality
Control
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"MDMT_when2col UAV1 1"

"MDMT_what2col UAV1 1" Data

Collection

"question 1d" "MDMT when2col UAVI 1", "MDMT_who2col_UAV2_2%

"question type": "4.1 When to Collaborate (UAV1)", "MDMT_why2col UAV2_7*
"question": "Should UAV1 collaborate with another UAV to address need "MDMT _ CA_UAV1 173%....
for collaboration due to incomplete information?" {

"options": {
"A": "Yes, due to partial occlusion of key objects", [B)RRERY :
"B": "No, the scene is fully visible", Method1: EIFam
"C": "Yes, due to poor visibility of the objects", Method2: EFKiEH
"D": "No, all object learl tured" -1

. o, all objects are clearly capture Method3: AT#R

correct answer ':

"uav paths'":
"UAV1": "All_Samples/UAV1/23-00000001-UAV1.jpg",

Question
Generation

"UAV2": "All_Samples/UAV2/23-00000001-UAV2.jpg" Real&SIEIETHE/MNUAV
Simg=. 4
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Data
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Method1: EFNY
Method2: HEFKIEE! ({fHHGPT-40: def call chatgpt api(messages, retries=3):)

Method3: AT#RiE (fEData AnnotationSB43SCIR)

{E£53 4.1: {aJAS1HE (When to Collaborate)

# [EF MR # (SR A THRERY 'Collaboration_when' ZFEZ,
#1248 iEEY JSON FRRY "Yes/No", EIEIIiETIRAYEIRRT,

result when = CALL generate rule based collaboration when_q(annotation)

IF result when IS EMPTY (FotriE&41E): [
o

Question
Generation

# [BFKIRBIERK]

# HIIEAER (Fallback) ,

#iB5E: 1SEIRIAN GPT-40, iLEBIRTHIHESEENR.

result when = CALL generate model based collaboration when q(images)
ADD result when TO uav_questions
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Control
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1.ABTEME: evaluate _question_quality: BV EFERETIREK)

required_fields = ["question id", "question_type", "question", "options", "correct answer"] Data
for field in required_fields: Collection
if field not in result:
ﬁ%}ﬂ%‘é . issues.append(f"Missing required field: {field}")
Method1: fREHEEE
. = 23

b ALEETELsE iEE;E}f 248 —3E: evaluate question quality: (EEVEFERETRTRK) D

Method3: AI;E;E if "opti " . - o ata
if "options" in result: A

# ... checks if options is a dictionary
Method2 MEE s # ... checks if len(options) ==
(Blind Filtering ) . # ... checks if keys are ["A", "B", "C", "D"]

{53 n 1> MLLM ZEAREA

@@E’gi@ﬁ?ﬁiﬂﬂ%ﬁé an Question

;ﬁfgéﬁzi?%?gﬂﬂﬂ R 3.EFBWUIE: evaluate_question_quality: (R BUEFERETIREK) Generation

- i HEEIFRE 2RISR

Method3. A THB}=: if correct not in options:

AT(EXHEHAnIRR, Fousk issues.append("Correct answer must be one of the option keys...")

IEIETSE L # HTENABIE, BrLEERE RN
similarity = difflib.SequenceMatcher(None, optl, opt2).ratio() Qu ality
if similarity > 0.85: return False... ‘ Control
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Observing Posture 1086 670 6600 EmbodiedCity (3 UAVs) 106297
9 492 912 Coperception-UAV (5 UAVs) 274 938
Object Recognition " What to Collaborate 60001 AeroCollab3D (6 UAVs)
946 12.7% 1366 5400 Under Shadow 047 5.8%
23.3% § 4800
_ ) 449 When to Collaborate S 4200
Object Counting 1133 %5 3600 30.9% Small Taraet
29.4% AirCopBench g AirCopBench 1446 Small large
. £ 3000
- 1537 Causal Assessment 2 2400 912 63.3%
Object Grounding 34.6% 1800 Complex Background
1200
- 1”3 “lom I wm W 969
Object Matching 1780 Usability Assessment 0 1022
& & Fx 2% . . Out of FoV
; a;.‘-q‘g@q o’o\é’@g L& Object Occlusion
Quality Assessment o é&‘@o Q@(:é;;& @00 ch
&
Scene Understanding Perception Assessment og\b'z' o“b ¥
Object Understanding Collaborative Decision Task Dimensions Sensor Failure Environmental Interference Object Attribute
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f 3 \):‘ Experlments Method | Rank  Avg. 5] O] 3 S ) 3 S < = S = = = =

\\ / Baseline
k / Random 23.47 | 19.30 4419 1852 | 16.67 2346 2768 17.14 | 19.51 1951 28,57 41.38  18.52 2469 24.69

Human | - 7825 | 7143 7586 42.86 | 8571 88.80 83.04 87.62 | 9048 9146 8571 | 51.72 8272 8272 7531

. — Proprietary Models (API)
I-IEF“H:E*ZF: ;Eﬁmg GPT-40-2024-11-20 F 5179 | 6491 5581 44.44 | 6548 4444 5089 67.62 | 2076 4878 7024 | 3448 58.02 1481 60.49
o » Gemini-25-Pro | 5  49.08 | 70.18 6279 37.04 | 67.86 27.16 47.32 47.62 | 1548 3659 7262 | 4138 6173 34.57 6543
%X{]’@Eé&/}%{@ﬁé& Claude-Sonnet-4-20250514 3 50.73 | 59.65 55.81 33.33 | 61.90 3333 52.68 56.19 | 3571 57.32 7143 | 2069 6049 30.86 51.85
o, " Qwen-Max-VL-latest | 4 50.53 | 52.63 65.12 29.63 | 61.90 41.98 5446 61.90 | 44.05 4634 6667 | 1724 53.09 39.51 39.51
}ﬁ: 1{%77%@\ E;@H&é&?&ﬁ%”jﬂ-ﬁo Step-lo-turbo 52.87 | 75.00 70.83 21.05 | 66.10 3333 6L54 5926 | 2742 5593 7167 | 4138 67.27 1852 56.60
Doubao-seed-1-6-flash-250615 | 2 51.79 | 59.65 48.84 37.04 | 5476 4444 5357 6381 | 41.67 5244 67.86 | 48.28 5432 34.57 48.10

Open-source Models

LA, Phi-4-multimodal-instruct | 5 52.76 | 63.16 6047 3333 | 51.19 2593 52.68 6571 | 26.19 4024 7024 | 24.14 66.67 7037 60.40
Z.i‘jthﬁzE- Qwen2.5-VL-7B-Instruct | 10 47.33 | 66.67 60.47 2593 | 63.10 2593 50.89 5143 | 47.56 47.56 66.67 | 13.79 3457 2593 4321
. s by Qwen2.5-VL-72B-Instruct | 4  54.90 | 59.65 65.12 33.33 | 5833 4198 6339 67.62 | 4878 4878 7381 | 1724 5926 37.04 48.15
Pl’Opl’letal’y Models (W;ﬁ) InternVL3-8B | 6  52.18 | 56.14 6047 2593 | 5952 30.86 S58.04 56.19 | 56.10 5122 7143 | 2069 5432 S53.00 50.62
:jﬁ) InternVL3-78B 3 5538 | 66.67 67.44 4444 | 6429 2469 67.86 62.86 | 58.54 5837 76.19 | 1379 5556 50.62 41.98
Open-source Models (;:F' Janus-Pro-7B | 12 4491 | 52.63 4884 2222 | 5119 1852 S58.04 5143 | 2857 4634 6190 | 31.03 6049 3333 37.00
Hiﬁl Chameleon-7B | 15 3822 | 36.84 3721 44.44 [ 2500 24.69 2946 46.67 | 1667 2073 5357 | 2759 4568 7531 4930
R PaliGemma-3B | 17 2425 | 1930 3721 2222 | 3095 3580 1875 1333 | 1190 2195 47.62 | 65.52 17.28 1605 16.05
MiniCPM-V2.6 | 7 51.99 | 63.16 6279 3333 | 6548 4074 49.11 4952 | 4643 4878 66.67 | 41.38 58.02 4691 45.68
3 i}" éﬁ' <0 LLaM A-Factory Ovis2-168 59.17 | 68.42 6744 2963 | 6429 2840 5625 67.62 | 5833 5732 66.67 | 5172 6049 6049 71.60
WNES - Ovis-UI-3B | 16 3734 | 57.89 4651 2222 | 41.67 29.63 36.61 39.05 | 27.38 4512 63.10 | 24.14 24.69 2963 2593
Easy and Efficient LLM Fine-Tuning Kimi-VL-A3B-Thinking 56.84 | 50.65 6047 2593 | 61.90 3827 5804 6381 | 4524 5000 76.19 | 4828 66.67 5185 62.96

Mimo-VL-7B-RL 9 48.59 | 61.40 58.14 29.63 | 6429 3457 53,57 5714 | 4643  53.66 75.00 1034 50.62 17.28 33.33
LLaVA-NeXT-7B-hf 14 3831 | 28.07 4651 18,52 | 3571 2593 3920 5238 | 29.76 3780 5952 | 27.59 5556 2593 29.63
LLaVA-NeXT-13B-hf 13 39.28 | 31.58 44,19 33.33 | 4286 30.86 40.18 46.67 | 4048 4146 5000 | 3448 4444 3457 2469

15 Opon n PAIDSW ] 7Y OpeninLabint | 3 opanin L Facory i
Stadios ] Nowe

Skywork-R1V3 | 8  48.94 | 46.15 4333 46.67 | 4151 4000 50.00 46.99 | 40.74 5660 67.27 | 3333 5294 4808 51.92
mPLUG-OWL3 | 11  47.14 | 57.89 6047 2222 | 5000 2593 5625 4190 | 27.38 4756 5595 | 4483 5432 5062 5432
4 im“-‘ﬁt . XComposer-VL-7B | 18 23.26 | 1481 20,00 1875 | 2545 2642 18.82 2262 [27.78 1379 1379 | 1250 24.07 39.62 33.96
L] L]
Fine-tuned Models
o [
VLMEvalKit/evalu ation.py LLaVA-NeXT-13B 3 57.61 | 4035 6047 2593 | 5238 4568 59.82 6095 | 57.14 6220 69.05 | 37.93 58.02 7037 66.67

Qwen-2.5-VL-3B 66.44 | 73.68 55.81 33.33 | 5952 3457 57.14 62.86 | 66.67 73.17 82.14 | 5517 77.78 90.12 80.20

Sim-to-Real Experiments
Qwen2.5-VL-7B - 47.77 | 50.00 5556 11.11 | 83.33 50.00 27.78 5556 | 61.11 4444 8235 | 1053 38.89 6471 27.70

AirCop-7B ‘ - 67.41 | 50.00 77.78 11.11 | 83.33 88.89 77.78 7778 | 77.78 9444 8235 | 31.58 50.00 76.47 50.00

Qwen-2.5-VL-7B - 7430 | 63.16 65.12 33.33 | 69.05 7531 66.07 7238 | 76.19 8293 8333 | 5517 77.78 9136 85.10
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Open-source Models

+ AirCopBench ST MLLMs ISR, ANERENBIFN
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Ovis-16B &7, RIS 59.17% , XIB T LATEAES SR
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- FRERERNER: TREFHRER (40 Ovis2-16B, Kimi-VL-A3B) HIERIIE PaiGemma 38
U S e 2ADESE ousan

- ADRTHEEE . (EREESEIGIEE FIYFEER . O MmoVLTBRL

LLaVA-NeXT-7B-hf

- EFRENREL: REESR 1A R LRI=R], (BESROUGA N SworeR1vS
IR BERSRHERMES QTS IrnmE") ERWAME XConposes VL. 78
' If_i j:IEﬂ Ef‘_ ril%ﬁﬁ ° H"e-mﬂedi?:\if:-NeXT-BB

Qwen-2.5-VL-7B
Qwen-2.5-VL-3B

Sim-to-Real Experiments
Qwen2.5-VL-7B

AirCop-7B
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q Experiments
k / Scene Description (T1) JREIAKXIA 0.32 [XZR 0.15 LEANEA 0.36 LEZSESA -0.13 :
2. (LS (Correlation Scene Comparison (T2) §EZAREL 0.140.1? 0.48 -o.osm 0.01 0.50
- 1x355
Analysis) Observing Posture (T3) - 032 0.14 QR 0.20 024 031 043 0.04 023 045 -0.25 027 032 037
Object Recognition (T4) ﬁ 0.20 031 0.46 ' -0.14 . -0.18 0.49
N7 M o« AN =
- ERHERZD: %1$1E_‘_1£ Object Counting (T5) - 015 0.17 0.24 031 QK0 0.14 023 0.22 030 028 0.14 0.08 -0.34 0.03 0.6 &
SS/TFAEEIMESIOSEE
X, FIPERBIRARE ° e s B
(Causality) BB B \MpY<sE Object Matching (T7) 4 | 0.72 LR O 083 | 1.00 [EER 0681 0. 0.2 S
FSE Quality Assessment (T8) Jo3s 048 004 0 100 0n &
o BBENEEM: “4UI{AILE" 5 Usability Assessment (T9) 30 QEE (%A -0.06 052 -0.11 0.34 'EQ
YIiIRBI /A SEMEX, 154EH Causal Assessment (T10) JOEPIEXIN 0.45 EXEN 028 PXTINEZY 033 LRZARRY] - 0.01 042 00 3

EX&EIJ T‘)b%fiﬁfﬁ&%ﬁ:fgﬁkﬁﬁ When to Collaborate (T11) --0.13 -0.03 -0.25 -0.14 0.14 -0.22 -0.23 -0.16 -0.06 -0.09 S¥VI¥-0.02 0.01 0.12

RO What to Collaborate (T12) .m 0.27 . 0.08 0.25 10.52 . -0.02 PRI 0.31 .

. Iﬁ%i$1ﬁ%§ﬁ1}% “FRETE Who to Collaborate (T13)- 001 0.01 032 -0.18 -0.34 0.11 0.22 0.10 -0.11 -0.01 0.01 0.31 .04

'SEAAESREEX, WEEH
- Why to Collaborate (T14) 0.50 037 049 0.03 0.15 034 042 0.12 [N 0.52
EGATREE. MR HE - [ -
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EPresentation

(Fa\) .
é3 Experiments

3. MASESEHIE (SFT & Sim-to-Real)
o ﬁ%ﬁim (S FT) ;I'Ea:l'ﬂ.l:% Z’_ Ali rCOPBenCh J: Question: What is the relative position of the white car in Question: Which type of vehicle is most

/ the scene compared to the bus? frequently observed in the parking lot?
L'fj-'f}u':ﬂﬂ}é ' Qwen-2.5-VL-7B Hﬁ/ﬁﬁﬁzﬁEﬂ Chioce: _ o _ _ Chioce: .
T +2697% (J$§|J 74 30%) ’ _LIEEH T*SZJ:E% ﬁb:;ii:\;hﬁ:;:: driving in the adjacent lane directly A suvs ETTEET ;ﬂ;zo:zs:;figgtis:?;ss
VNS S s - 2 T T " "
ﬁbﬁﬁ(&iBIE*EﬂHgT,jJ\HIU\%D o MLLM ‘ St e el SO G Ui 8. Compact cars in visual features
C. The white car is ahead of the bus in the adjacent lane.

+ BESEIERS (Sim-to-Real) T1T: {SFRIEIIEEL] /

Question: According to the tow images captured by different UAV perspectives, which object in UAV2

= >= corresponds to the dark gray car approaching the intersection from the left in UAV1?

HI\J%EJIHJITEE}I_T +1 964% (}\A 4777% 3—"'?: Chioce: Mismatching vehicle
> e = Ay 4 - c - - . o q

6741 %) ’ —HﬁﬁET*E}uéﬁj:EﬂgﬁQ&’&*” EQ¥E/\J A The dark gray car now seen turning right at the intersection in UAV2. motion sta.tes

521 ’I./:I%\E o C. The dark gray car now seen approaching the intersection from the top in UAV2. between views.

4. sE5i=ZEBYJE (Error Analysis)
- RRHI4]5E (Perception Hallucination): $&£iR1RBISEMHIIR,
- TTEHEIRESIR (Spatial Reasoning Error): iSEYMARIUE X RE A,
- ZEEMEEER (Multi-image Understanding Error): EiStiALLER. LEEESESEN HIZEEIR,
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