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Figure 1 (Color online) The quadrotor optimizes its flight path along any reference trajectory to achieve safe obstacle avoidance.
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B2 ReERREE X
Figure 2 (Color online) Definition of contour error and its
approximate calculation.
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Figure 3 (Color online) Basic architecture of MobileNetV2 network.
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Figure 4 (Color online) General process for calculating obstacle coordinates from depth images.
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Table 1 Hyperparameter settings for the proposed approach
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Figure 5 (Color online) Flight trajectories under three difficulty
scenarios, with trajectory colors indicating speed magnitude.
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Table 2 Quantitative metrics for various contrast algorithms across different scenarios, with 10 trials conducted for each scenario

KATERE R IE) 4 A
Yy Jiik
S (mis)  BOKHERE (m/s)  BO/NERSIEEES (m)  ARIhER (%) THALEE (ms)  BREIH%H] (ms)
Fast-planner 2.56899 4.81834 0.258738 80 4.1 13.7327
Ego-planner 3.69639 5.07531 0.141417 90 34.4 15.3243
PE-planner 4.70224 5.35515 0.069276 20 715.428 4.5280
i PE-planner* 7.746800 12.875508 0.276712 100 1203.173 3.45562
AT 4.75453 5.78887 0.10912 80 12.2 3.81605
AT E-TE SR 471768 5.36702 0.136004 100 - 3.504
Fast-planner 2222968 453847 0.123545 60 522952 10.5607
Ego-planner 2.774857 5.04957 0.113689 90 45.2668 16.8037
PE-planner 47235 5.56235 0 0 731.245 4.6701
i PE-planner* 6.103296 9.214615 0.171814 100 1232.200 42337
ARSI 4.45516 5.42706 0.154464 80 11.5 429512
AT TE SR A 4.68325 5.60545 0.142489 100 - 4.1457
Fast-planner 1.919524 4715924 0.297574 10 487813 10.9552
Ego-planner 2265157 5.468904 0.108505 10 42.9798 17.8141
o PE-planner 471502 5.33616 0 0 732.587 3.7736
i PE-planner* 5.836548 9.048533 0.1629 90 1250.512 4.1107
AT 4.61906 5.43806 0.12328 70 11.4 3.7925
AICTTik-TE SR AN 474233 5.60159 0.101511 80 - 3.4802
PR . FENLE T HHLIGPURMCPU LI 47 HUAT, 584 /2

JEAE A ST 1% 7 EAUA IR I R AR B I TE] (4
12 ms), {EH GV RATES ), HEK 54260 7>

Fast-Planner ={ill=Ego-Planner =sfg=PE-Planner -‘-Ours wafip=Ours-P

S:\\\\\‘\*

100

L = B o

80

60

40

f—

0 i 3

Success Rate(%)

Scenariol Scenario2 Scenario3

Bl 9 (M BBEE S AL RTE, AR H SR AR
AR

Figure 9 (Color online) As task difficulty increases, the success rate
of different contrast algorithms changes.

SER PSR, R PR SR I (R AS T8 A AL RE 85 34T
L. CFIERIE R, SCELT ATREYE R R, AL
2, ARG 2 i R T T BN A,
HAER I TE30~50 msZ 8], N T ARIEZ 4, REIME—
PR30 R I e 0 N 30 5 6 Tl 4 I SR LA < 5% Sk 3
T, SR e 2 IR (PR RIS H T 5 B (1 2 A AR T
At 45 3 2 B i I PE-planner /7 V25 78 K 2 ESDFHb [ B
B KR AL B RS GBI 700 ms), i AT A A
IREE T I PUE R AT 55

4.3 LTI

NG UE P PR AR ZEAE LS AL S i T AT S
PR, BATDTRE T HAPRIER =5 ATk, FATH
TR T mEN ORI RSP 6. % AR
250 mm#hFERINLEE, PRIE T AT H)RIEIE S HLEN 1T

2445



FR R RAPAEET Ve 8 AHURIE 22 4 AT Fel

B 10 (M2 RO ) B AT 15 2 1 DU e 3 0 AHLES H 41 Rk
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Fast and safe obstacle avoidance flight control for quadrotors in
unknown environments
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Achieving fast, safe, and autonomous flight for quadrotors in unknown and complex environments is a critical challenge for their
deployment in time-sensitive missions such as search and rescue or exploration. Addressing the limitations of traditional hierarchical
navigation methods, including error accumulation and suboptimal flight policies, as well as the inability of end-to-end learning
methods to provide strict safety guarantees, this paper proposes a unified flight control framework that integrates real-time perception,
model predictive contouring control (MPCC), and control barrier functions (CBF). The framework is centered around MPCC, which
unifies local trajectory planning and flight control into a single nonlinear optimization problem, achieving near-time-optimal fast
flight by maximizing task progress. Concurrently, it innovatively combines the reactive safety assurance of CBFs with the proactive
optimal control of MPCC. The system relies solely on real-time visual input from an onboard depth camera to identify high-risk
obstacles and construct CBF safety constraints online. This enables the real-time generation of control commands that balance speed,
safety, and dynamic feasibility, all without requiring a global collision-free reference path or a prior map. Extensive comparative
experiments in both simulation and on a physical platform validate the effectiveness of the proposed method. The results demonstrate
that, compared to mainstream hierarchical methods, our approach significantly improves the average flight speed and success rate in
complex, obstacle-rich environments. Furthermore, it effectively overcomes the “stop-and-go” phenomenon inherent in traditional
methods, achieving substantially faster, smoother, and more coherent flight trajectories. Successful experiments in an outdoor forest
setting on a real quadrotor platform further validate the real-time performance and robustness of the proposed method on resource-
constrained onboard systems. This research provides an efficient, reliable, and unified solution for enabling quadrotors to perform fast
and safe autonomous tasks in unknown environments.

quadrotor, fast flight, safe obstacle avoidance, control barrier function, model predictive contouring control
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