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A dynamic collision avoidance method for UAVs using value iteration

WEI Zhi-qiang® , AN Xin
(College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China)

Abstract: A Markov decision process (MDP) optimization model based on value iteration was
proposed for the needs of autonomous conflict resolution of unmanned aerial vehicles. A value
iteration-based dynamic collision avoidance model was first constructed to achieve real-time safe
collision avoidance. To address the complexity and uncertainty of airspace, a refined state space
was formulated, incorporating parameters such as relative altitude between two aircraft, vertical
speeds of ownship and intruder, historical actions, and time. A multi-factor dynamic cost
function was designed to integrate conflict risk and time to closest approach for action judgement,
thereby reducing unnecessary maneuvers during collision avoidance. An adaptive two-layer
probabilistic fusion mechanism was introduced to address the vulnerability of traditional
deterministic decision-making in complex dynamic environments and improve decision robustness.

The results indicate that the proposed dynamic collision avoidance method can achieve safe
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collision avoidance in three conflict scenarios considering only dynamic intruders, and the final
vertical relative heights between two aircraft are 152. 5, 188. 0, and 143. 7 m, respectively. In the
mixed conflict scenario considering both static obstacles and dynamic intruders, the minimum
vertical relative height between the ownship and static obstacles is 174. 7 m, and the vertical
relative height between two aircraft is 230. 7 m, which ensures the safe flight of unmanned aerial
vehicle. Compared with the dynamic window approach (DWA) method, after the ownship
executes the collision avoidance strategy based on value iteration in four scenarios, the average
excessive altitude adjustment is reduced by 62. 4% , and the average number of unnecessary action
switches is reduced by 88 %. It is indicated that the proposed dynamic programming method based
on value iteration is feasible to solve the Markov decision process problem in collision avoidance
scenarios, and the unmanned aerial vehicle can achieve safe collision avoidance.

Keywords: aviation safety; dynamic collision avoidance; value iteration; dynamic programming;
unmanned aerial vehicle; low-altitude traffic; Markov decision process
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Fig. 4 Construction flow of value-iteration-based dynamic collision-avoidance model
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Fig. 6 Collision avoidance for head-on aircraft at the same altitude
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Fig. 7 Collision avoidance for aircraft on head-on trajectories
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Table 8 Experimental parameter settings for the classical

value iterative method
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Table 9 Results of value iteration algorithm in four scenarios

Y YRl | BE2 | BE3 | B

Fot A X B /m 152.5 188.0 143.7 230. 7
SE DI A

x 10 DWAFE 4N FRIEXER
Table 10  Results of the DWA method in four scenarios

3 2 2

(2}

Y a1l | BEe | BEs | B

e KX ¥ /m 214. 4 247.0 182.8 350. 5

SE I O 31 18 31 20
400 g BRE
—o— {HIEAR T
—=— DWAF
-- RAERE
g
=
g
iz
®r
=
i
i3
) (R LEBE (137 m)
100 L
1 2 3 4
B573 s
(2) PR LA
350 ANGERF
30
25 ¢
:
% 20 -
& 15f
Bl - EERTE
-~ DWAJ %
5'»\’\—0—0
0 1 1 ]
1 2 3 4
775 =3

(b) PR T ERBME T H R H
B 14 APy ik sk BE X EE

Fig. 14 Performance comparison of the two
collision-avoidance methods
DWA J5 i Ja B 97 25 0 A0 4 P 75 152 30 *22 42 30 S m]
RE 51 ik B PR 4 47 Sy 5 (E 26 D7 TR 3R A 1 2 /) fe
SR+ T LA A3 A e B ) DR MR 7 A R

4 % i

(DFEH I ITEAE 3 MUE B S AR up
Ry pa] LSS BLTE N AL 22 4 i 4R L e AR ) 8 2
4153k 152, 5,188, 0,143, 7 m; 7£ [6] B} % [ s A5 b
T AN S 2 AR HLAY o 58 3 5t b, To N HLALAE b 2
2% C5F 4~33 s) AT CL L3l . 15 i 2 B A0 19 e
/NI BRI G ¥ R A 1740 7 m, G HIL ) 3 A A R

A 230. 7 m, A] LAPRIETE ABL % 4 AT,

(2)TEAR [F] e 37 50T« 4 I 36 ARGk 1 v
B DWA s ik B A RS, £ 4 D50 A0
ot P 326 A0 7 Ik AT SRR SR W IS 55 AR ML I A X
JE Y88 e 4 B 42, 0 m, i ] DWA J7 16 5K g
A BE 111, 7 mo T A B s s T
62. 4% LI 19 7 ik BT 0 AHLTE B 24 28
HE AT R N S BE R AT B R (AT A
SIVEDI R BAE 3 IR A4 - DWA ik B AT 3
YEVIe 25 R A2 A A b 22 1 Bl 1 D) 48 vk B0k 2> 1
88 0« Tt B Y 1) Jy v LA S ms - e, W LD AN
BB

(AT HAl £ 2% 1% 2 22T AHLF 54
M REFE T — BRI 2R B B I 2 4T AL s T
BT CHLE 9 52 TCAST . Az 08 58 5L F &
HHLE, R4 e T sk T K, N5 AL, %R
FZ S5 TN RAT CHLIW RGBT, A SO R AR
HE R TANAE R milsh. % EKFHlsha] G
S SRR AR AT H AR B R KIS N, IS S 5T
Z I AIKFHL8)

S % W -

References :

[1] MANFREDI G, JESTIN Y. An introduction to ACAS Xu
and the challenges ahead[ C]//IEEE. 2016 IEEE/ATAA 35th
Digital Avionics Systems Conference ( DASC). New York:
IEEE. 2016. 1-9.

L2] JAdRgs, BOBHEL, 228, 55 Ry ¥ 2 48 i % B TC A BL i 5 fige Jid

FEEBEFELT/OL . db 5 fi 28 i K K 2% % 4, 2025, https: //
doi. org/10. 13700/j. bh. 1001-5965. 2025. 0157.
ZHOU Zhi-chong, ZHAO Gu-hao, WU Ya-rong, et al.
Research on conflict resolution algorithms for high-density
UAVs in local airspace[ J/OL]. Journal of Beijing University
of Aeronautics and Astronautics. 2025, https: // doi. org/10.
13700/j. bh. 1001-5965. 2025, 0157.

[3] RmER, Lot skikif, 4. 3 F SMILO-VTAC #5811y & I

M2 Z2 WL ol 5 A I8 7 12 [0 . 3838 38 i TR 2442, 2019, 19(6)
125-136.
ZHANG Qi-gian, WANG Zhong-ye, ZHANG Hong-hai,
et al. Multi-aircraft conflict resolution method for complex
low-altitude airspace based on the SMILO-VTAC model[ ] ].
Journal of Traffic and Transportation Engineering, 2019, 19
(6): 125-136.

[4] BREA. ACAS X Z 50 W WL R B 5 i 5 fige I A e iy B 90 5 5

BLLDL. B« l 7R KA, 2022,
CHEN Si-ming. Research and implementation of ACAS X
system surveillance and tracking module and threat resolution
module[ D]. Chengdu: University of Electronic Science and
Technology of China, 2022.

(5] B o B 5, 5. T o) v A0 28 9 it 10 2% A A BL
S A AU R R LT, ol %S 4, 2025, 46 (16) £ 229-247.,
CHEN Dan, TANG Cheng, XIE Yu, et al. Real-time dual-



# HMAER.F L THERG LA SBERBMHAT &

227

[10]

[11]

[12]

[13]

[14]

[15]

layer trajectory planning for UAVs in urban low-altitude
logistics delivery [ J]. Acta Aeronautica et Astronautica
Sinica, 2025, 46(16); 229-247.

KB BRLX) 5L AR T IR TR T 0 o B o TG
BLEE Fe B 5L ] P AL Tl R 2A 2 41, 2022, 40(5) : 1055-1064.
ZHANG Yun-yan, WEI Yao, LIU Hao, et al. End-to-end
UAV obstacle avoidance decision based on deep reinforcement
learning [ J ]. Journal of Northwestern Polytechnical
University, 2022, 40(5): 1055-1064.

XUENFE O W] PR3 FL. fil A 2 3 T8 AL 8l 25 248 4[] B A5 7Y
5 RS AR LT /OL . 75 %2 i F B R 4k, 2025, hueps: /
doi. org/10. 19665/j. issn1001-2400. 20241108.

LIU Zhao-xuan, SHI Ke, XU Yi-fan. UAS dynamic
separation design and collision risk analysis in integrated
airspace[ J/OL]. Journal of Xidian University, 2025, https:
// doi. org/10. 19665/j. issn1001-2400. 20241108.

W AT A R Tt DWA &Rk £ 1
AL 7 9 [1/OL]. #4554 S 2% % . 2025, http: / kns.
cnki. net/kems/detail /61. 1234, tj. 20250227, 1118. 002. html.
CHANG Xu-cheng, WANG Jing-yu, LI Kang. et al. Multi-
UAYV obstacle avoidance method based on improved DWA
fusion algorithm [ J/OLJ. Journal of Projectiles, Rockets,
Missiles and Guidance, 2025, http: // kns. cnki. net/kems/
detail/61. 1234, tj. 20250227. 1118. 002, html.

W mTFIFRE, 259 %, fil i CPO-DWA 907 JF i 2
ML AR ARILT/OL]. % 42 53R BT 2 4it, 2025, hutps: // doi.
org/10. 13637/j. issn. 1009-6094, 2024, 2198.

QI Yun, YU Kai-wang, LI Xu-ping, et al. Mine emergency
UAV path planning integrating CPO-DWA[]J/OL]. Journal
of Safety and Environment, 2025, https: // doi. org/10.
13637/j. issn. 1009-6094. 2024. 2198.

LI Y, LTI J, WANG J, et al. Multi-scale graph enhanced
reinforcement learning for conflict resolution in dense UAV
networks[ J]. IEEE Internet of Things Journal, 2025; 1-14.
TEMIZER S, KOCHENDERFER M, KAELBLING L, et al.
Collision avoidance for unmanned aircraft using Markov
decision processes[ C] // AIAA. AIAA Guidance, Navigation,
and Control Conference. Reston: ATAA, 2010: 8040.
KOCHENDERFER M J, CHRYSSANTHACOPOULOS J P.
Partially-controlled Markov decision processes for collision
avoidance systems[ C]// FILIPE J, FRED A. Proceedings of
the 3rd International Conference on Agents and Artificial
Intelligence (ICAART 2011). Berlin: Springer, 2011: 61-70.
MUELLER E R, KOCHENDERFER M. Multi-rotor aircraft
collision avoidance using partially observable Markov decision
processes C|// AIAA. AIAA Modeling and Simulation Technologies
Conference. Reston: ATAA, 2016. 3673.

SUNBERG Z N, KOCHENDERFER M ], PAVONE M.
Optimized and trusted collision avoidance for unmanned aerial
vehicles using approximate dynamic programming[ C]//IEEE.
2016 IEEE
Automation (ICRA). New York: IEEE, 2016 1455-1461.
JIANG W, LYU Y, LI Y. et al. UAV path planning and

collision avoidance in 3D environments based on POMPD and

International Conference on Robotics and

improved grey wolf optimizer []J]. Aerospace Science and

Technology. 2022(121): 1-11.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

AL-HUSSEINI M, WRAY K H, KOCHENDERFER M ]J.
Hierarchical framework for optimizing wildfire surveillance
and suppression using human-autonomous teaming[ J]. Journal of
Aerospace Information Systems, 2024, 21(10) . 22.

OWEN M P, PANKEN A, MOSS R, et al. ACAS Xu:
Integrated collision avoidance and detect and avoid capability
for UAS[C]//IEEE. 2019 IEEE/AIAA 38th Digital Avionics
Systems Conference (DASC). New York: IEEE, 2019. 1-
10.

OWEN M P, KOCHENDERFER M J. Dynamic logic selection
for unmanned aircraft separation C] // IEEE. 2016 IEEE/
ATAA 35th Digital Avionics Systems Conference (DASC).
New York: IEEE. 2016 1-8.

VR R R AR X vk, A AR IR B LR e ik
(I P A 2 i K R 2 2 4, 2024, 56 (6) - 973-993.

TANG Xin-min, GU Jun-wei, LIU Bing, et al. Review on
low-altitude surveillance technology and its development trend
[J1.
Astronautics, 2024, 56(6) . 973-993.

RORIE R C, SMITH C, SADLER G, et al. A human-in-the-
loop evaluation of ACAS Xu[ C]//IEEE. 2020 AIAA/IEEE
39th Digital Avionics Systems Conference (DASC). New York:
1IEEE. 2020. 1-10.

STROEVE S, VILLANUEVA-CANIZARES C J, DEAN G.
Remote pilot modelling for evaluation of ACAS Xul[]].
Proceedings of the SESAR Innovation Days, 2023, 5. 1-8.

S B b L R L R R T DU RE 3T AL R R 1 ACPD 42
il kL], Seah e s TR A% . 2025,46(5) :185-191,271.
ZHANG Guo-lin, ZENG Zhe-zhao, TANG Yu-qi. ACPD

control method for trajectory tracking of quadrotor UAVs

Journal of Nanjing University of Aeronautics and

[J]. Journal of Ordnance Equipment Engineering, 2025, 46
(5): 185-191, 271.

BRIk 4R A R T MAD3SQN 19 £ J6 A ML B 7] ok
77300 /OL1. 354U T/ 5 1 A, 2025, http: // kns. enki.
net/kems/detail/11. 2127, tp. 20250704, 1214. 004. html.
SHEN Yan, ZHANG Xue-jun, ZHANG Wei-dong. Multi-
UAV  cooperative collision avoidance method based on
MAD3QN[]J/OL]. Computer Engineering and Applications,
2025, http: // kns. cnki. net/kems/detail/11. 2127. tp. 20250704,
1214. 004. html.

i FEHEL TC ARG T DAA BEHAOF 5 MRS BLLD . &
LR KA, 2022.

GAO Ya-qi.
module of UAV System [ D ].

Research design and implementation on DAA
Chengdu: University of
Electronic Science and Technology of China, 2022.

NEU G, JONSSON A, GOMEZ V. A unified view of entropy-
regularized Markov decision processes [ EB/OL ] (2017-05-
22). https: //doi. org/10. 48550/arXiv. 1705. 07798.
XEEJER K FF MAES TS S D« Lite 5
A DWA B2 (9 JC N8 SR 4 AR LRI LT /OL 1. #2 hil 5 oke
% ,2025, https: //doi. org/10. 13195/j. kzyjc. 2025. 0009.

LIU Lian-yu, GONG Zai-wu, ZHANG Xue, et al. Emergency-
scenario path planning for autonomous vehicles integrating
improved D * Lite and DWA algorithms[ J/OL]. Control and
Decision, 2025, https: // doi. org/10. 13195/j. kzyjc. 2025.
0009.



