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1. Introduction 3. ClaraVid Dataset

. . ' i Vi ' isiti ' ' Scenarios
Context. Neural reconstruction has advanced rapidly, yet UAV scene B e D | e . -
- ’ c e Targeted toward neural reconstruction and holistic
understanding lacks datasets unifying semantics and geometry. Existing resources e scene understanding
remain low-resolution or task-specific, limiting holistic evaluation. . -
b e Multimodal samples captured from 3 viewpoints

Goal. A dataset for evaluating holistic semantic and geometric reconstruction from
UAV imagery that spans multiple /levels of visual complexity

IN a mapping-oriented mode

C O n t ri b u ti o n S " iUrban #1 Highway #1 Highway #2 Urbén #2 Nature Urban High
e 1l Delentropic Scene Profile -- entropy-based measure of scene complexity | [ . [ |
] _ _ _ o _ ¢) Multimodal Labels Scene Level PCL  Dynamic Objects Mask i ) l
o () ClaraVid -- synthetic 4K aerial benchmark with multi-view, multimodal labels . - | 4 i -
»Study showing strong correlation shown between complexity and neural . | [
reconstruction error .. JBE | | @8] | |saT | [smEt | [GEY | | B8 | B
16 917 multimodal samples across 5 environments and 8 missions ClaraVid has a broad spectrum of scene complexity profiles

2. Scene Complexity Estimation 4. Experimental results

i Gaussmn Splatting
e In neural scene reconstruction.. : : 09 %2 09 | . ; Nerfactal62] __ Gaussian Splatingl
Delentropic Scene Profile o LT Uze g Claravid I -
scene compIeX|ty can be estimated dlrectly from 2D imagery* TR e oo 48
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S Y e H ZZ ! » Delentropy correlates strongly with " - * Enables controlled I Lk e jme ase w0
Pij — i, fe(m,n)Y, f,(m,n del = — =< Pij 1089 Dij . 20.3 | mm-0.89 \ . 4 | wm-0.81 0.4 . 2 . o
4 XY v j J = =-0. w. /1. 55° M 2025 2143 2048 | 2075 2275  21.06
n=—N m=—M reconstruction error across NeRF  [=59 e i w4 evaluation across 00° 1 1823 1942 2245 | 1788 1926  23.00
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We propose a framework for quantifying scene COmpleXIty and Gaussian Splatting representations " Nerfacto - multiple complexity £ 042 040 036 | 058 050 042
| | w | mmo078 g F 55° M 0.39 042 040 | 045 058 041
De|entr0 IC Scene PI'OfI|e (DSP) 27.9 0.7 i vk Ievels- 90° H 034 040 047 | 036 0.65  0.59
P « DSP captures scene-level ftrends, ., | @& T
. . . 7 F. . . 45° L 075 074 076 | 055 061 0.78
DSPs = Beta(Hgea | o, 3, a,b) serving as a quantitative measure for - | * Provides multimodal =~ sw | on on om 0w em o
. : 18.3 | wm-0.84 0. e . - ' ‘ : ‘ : :
(Hgel — a)* 1 (b — Hye )P evaluating neural reconstruction = ‘ :3; % Ll data for semantic + e S
— 1°%.0 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 eometric mIoU 1
(b . a)a-l—ﬁ —1 B(Ot 6) Normalised Entropy m Delentropy =8 GLCM Entropy mm Pixel Entropy g 45° L 44.82 4414 4078 | 56.53 55.11  53.50
? = 55° M 43.12  46.57 4574 | 5334 5959  56.50
. . ty @ i reconstruction 00°H | 3695 dled  SLOS | 668 02 S8
O H del ™ |mage de|entr0py (COmpleXIty) Scene DSP Instant-NGP[40] TensoRF [61] Nerfacto[62] ZipNeRF|[63] Gaussian Splatting|[ 7] n Depth
" " d hard . — ‘ 4 a B | PSNRT SSIMT LPIPS| | PSNRT SSIM7 LPIPS| | PSNR1 SSIMT LPIPS| | PSNRT SSIM{T LPIPS| | PSNRT SSIM{ LPIPS | evaluation from b Rel |
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° a, B SKeWw loward easy or hard regions 3.0 Rural #1 [ 418 450 1.65| 1827 03171 08492 | 18.11 02898 09204 | 1836 02981 09022 | 1856 04462 0.8818 | 1997 05351  0.6019 mu|t|p|e VieWpOintS 45° L 0.059 0.042 0.066 | 0.025 0017 0.010
o a, b - norma”zing factors 2.5 Nature 412 394 312 | 2140 03993 0.7057 | 21.02 03338 08213 | 21.60 03772 07705 | 2455 05184 05829 | 2294 0558  0.5515 05" M 0.042 0043 0027 1 0025 0016  0.009
_ 200 Rural#2 | 3.98 308 239 | 2075 03769 07192 | 2061 03525 07890 | 2129 03721 08145 | 2454 05010 0.6645 | 2259 05402 05727 90" H 0054 0039 0022 | 0028 0019 0.010
o M = average scene complexity @ Highway #1 | 3.98 10.76 287 | 2032 03165 09148 | 2041 03240 09043 | 2096 03548 08862 | 21.73 04792 07960 | 2203 04769 06814 e [FOr More results RMSE |
215 Urban High | 3.84 541 435 | 2126 04878 05150 | 2075 04465 05564 | 2239 04797 05893 | 2430 06920 04049 | 2419 06211 04324 ’ [5121%/1 ﬁi‘; 19”'0694 164'5252 j'gz 23; igg
1.0 Urban#1 | 3.67 10.36 447 | 2225 05507 04829 | 21.96 05230 0.5271 | 2324 05680 0.5321 | 2639 07451 03614 | 2637 07507  0.2981 please CheCk the 00° 1 1420 895 468 | 541 353  2.08
- - Highway #2 | 3.55 1.66 1.03 | 2297 05174 0.6389 | 2278 04944 06887 | 22.66 05238 0.6668 | 2451 06964 04609 | 2461 06504 04858
e A hlgher delentropy means a more Complex image 00 | - Urban#2 | 329 329 174 | 2385 05734 04925 | 23.66 05511 05438 | 2424 05798 05485 | 2542 06945 03443 | 2668 07125 03658 paper Z5O<L1'05T 08193 08467 08317 | 0881 092  0.95
00 3. 3.4 Average | 3.97 537 270 | 2138 04424 06648 | 21.16 04144 07189 | 21.84 04442 07138 | 2375 05966 05622 | 23.67  0.6057  0.4987 05" M 08315 0.8584 09024 1 0855 093 0.96
Delentropy 90° H 07886  0.8354 0.8980 | 0.871 091  0.95
* given a structured collection policy Complexity @ scene level




