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PROBLEM & MOTIVATION

Current lunar south pole exploration efforts
by NASA require accurate terrain mapping
strategies

Next Best View (NBV) selects optimal camera
poses to iteratively improve a 3D model.

NeRF [1] and 3DGS [2] enable high-quality
novel-view synthesis but often require heavier
representations.

We propose a lightweight photogrammetry-
native pipeline that plans directly from an
Incrementally updated Structure-from-
Motion [3] (SfM) sparse point cloud with no
dense representation required online.

The mission consists of two main phases:

Phase 1 - Seed collection: The vehicle
executes a stratified ring orbit around the
target capturing 24 seed Iimages to
bootstrap COLMAP.

Phase 2 - Active View Selection:
Candidate views are filtered by flight
constraints, scored, and visited iteratively
until the image budget or sparse-cloud
convergence threshold is reached
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SCO RE R FO RM U LATI O N Drone Trajectory & Candidate Viewpoints (ENU frame)

Shared candidate (C) scorer

5(c) = Wiain *

Winain = 1.0, Whoy = 1.2, Whope = 0.1, Wy, = 0.4

nov(c) — Rewards candidates far
from previously visited viewpoints displacements from current pose

min Z(c-v;)
ang(c) = max| 0,1 — -
Omin :
Where:
* ¢ = candidate viewpoint  AY =yaw change
* £ (c — v]-) —angle between viewing direction of * Ax = 3D Euclidean distance change

Hybrid scorers: Two hybrid hard switch scorers are used to

nov(c) = min| 1,

min]lc—v, | |Ax|

move(c) — Penalized large

main(€) + Wiy, * nov(c) — Wyope * move(c) — Wang xang(c) Rock (GT)
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ang(c) —Penalizes views within 0,,,;,, = 20°

candidate c and that of previously visited viewpoint v;

determine which M,,,,;,, 1S used in the scorer formulation:

Hybrid-Heuristics (Hybrid-H) uses image budget fraction
consumed f; and doc the 95th-percentile KNN distance in the

sparse point cloud to decide at each iteration :

B — aware, fp <0.40rdgs >0.14m
Covis, otherwise

Mmain

Hybrid-Oracle (Hyb-O) uses ground-truth mesh supervision to
choose the best scorer at each iteration by selecting the scorer
whose top candidate covers the most previously uncovered
surface.

M ipdiffers in two different ways

MB—aware (C) —

pcovis (c) = |P(c)]

main |P|

Rewards viewpoints that observe the broadest slide of existing
structure, preserving geometric support across the model.

Let P be all tracked SfM points withing a 2m half-extent bounding
box around the target, and P(c) € P the subset visible from
candidate c via frustum projection

Zpep(c) wpg(p,c)

2pep(c) Wp

main

. [ Omin(p,c)—6
9(p,c) = clip (22220 0,1

w, = Weakness score per viewpoint. Point utility combining track
quality and local sparsity
g(p,c) = Geometry gain

Where:

Wy = Ty +appp, o = 0.6,a, = 0.4
p, Is the percentile-normalized mean 5-nearest-neighbor

distance

T, = clip (T T_*TP,O,l) ,track length T* = 6

0..in(p, c) is the minimum angle between the candidate’s ray to p
and any existing observationray top

8, = 5° is the redundancy floor and 8* = 25° is the saturation
angle

F0.3——,d = 10,
T travel

(w) punoib anoge apniiy

RESULTS:
* Hyb-O achieves the best overall performance across all evaluated metrics.

 Adaptive scorer switching improves results, outperforming either base scorer

alone.
 Surface coverage is the main differentiator, not point-level precision.

* The largest performance gap comes from how much of the target surface is
reconstructed, rather than how accurately individual points are reconstructed.

Per-Region Completeness @ 48 mm
(azimuth sectors around rock centre)
-8~ Co-visibility
-90° -@~ Baseline-aware
-4 Adaptive Hybrid (heuristic)
-&— Adaptive Hybrid (oracle)

100

-180°

90°

Metric Covis B-aware Hyb-H Hyb-O

Dense cloud vs. GT

Hausdorff | (mm) 480.9  522.6 535.1 465.1
Mean C2C | (mm) 66.0 79.4 79.7 59.8
Median C2C | (mm) 39.0 48.9 47.3 38.7
P95 C2C | (mm) 245.6  293.0 2084  223.3

Thresholded GT metrics @ 48 mm

Completeness 1 (%) 56 49 50 59
F-score T (%) 72 66 67 73
Thresholded GT metrics @ 80 mm

Completeness T (%) 75 67 66 30
F-score 1 (%) 86 80 79.5 39

PLATFORM & STACK

Vehicle: PX4 X500
quadcopter with RGB gimbal
camera
Simulation: Gazebo
Autonomy:

- PX4: Flight controller

- ROS2: Robot Operating
System

- MicroXRCE: Middleware
COLMAP: Structure-from-
Motion

QUALITATIVE COMPARISON

BLUE: 3D reconstruction
WHITE: Ground Truth
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