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Abstract: Self-exciting and propagating stop-and-go waves are easily generated in expressway

entrance ramp weaving sections, affecting traffic efficiency and energy consumption. Therefore,
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for a future application scenario of coordination between unmanned aerial vehicles (UAVs) and
connected autonomous vehicle (CAV), a UAV-assisted jam-absorption driving strategy for
entrance ramp weaving sections was proposed and validated. A multi-scenario comparative
evaluation was conducted under the condition of a low CAV penetration rate. Based on four
preset schemes, namely, UAV observation only as the baseline; traditional vehicle-road
coordination jam-absorption; adaptive dynamic control jam-absorption; and UAV and CAV
coordinated jam-absorption, an integrated process was constructed, and identification,
prediction, and control were completed sequentially. Multiple UAVs were used to continuously
observe the weaving sections to identify the significant speed-drop region and its propagation
direction, determining the spatial location and movement trend of the stop-and-go waves. The
time range for the stop-and-go wave to pass a key upstream location was calculated to form an
arrival time window, and the control trigger time and the target speed were determined
accordingly. Within the arrival time window, CAVs satisfying communication and safety
constraints were selected from the traffic flow. A gentle speed stabilization control was applied on
them to allow these vehicles to decelerate slightly before entering the weaving section. Their
speed gradually recovered after passing through. Throughout the entire process, safety distance,
acceleration and deceleration limits, and a speed recovery threshold were set to ensure feasibility
and safety. The analysis results show that, in an entrance ramp weaving section scenario
constructed on an open-source microscopic traffic simulation platform, compared to the UAV
observation-only scenario, the average travel time is reduced from 65. 78 s to 63. 71 s, a decrease
of 3.1% ., by the UAV and CAV coordinated jam-absorption. Wave-level indicators show that
congestion severity is reduced, and the speed distribution is shifted upward overall. At a 2%
penetration rate, the trigger coverage rate and the vehicle selection success rate remain stable.
Under the same demand and disturbance intensity, its wave-suppression benefit is superior to the
traditional vehicle-road coordination scheme with a 5% penetration rate, and also to the adaptive
dynamic control strategy scheme with a 2% penetration rate. Implementable jam-absorption
governance can be achieved through high-angle observation provided by UAVs and speed
stabilization intervention by CAVs under conditions of low penetration rate and light roadside
infrastructure. The approach is applicable to expressway entrance ramp weaving sections and
possesses the potential for coordinated application with variable speed limits and ramp metering.
Keywords: intelligent transportation system; low-altitude traffic control; unmanned aerial vehicle
coordination; jam-absorption driving; entrance ramp weaving section; stop-and-go wave;
intelligent connected vehicle; microscopic simulation validation
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Fig. 1 Overall architecture design
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Fig. 2 Road network and bottleneck diagrams, as well as key scenes from SUMO simulations
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Table 1 Dynamic parameters of different vehicle types
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Table 2 Hyperparameter settings
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Table 3 Identification results for the congestion waves

PO 1D TR 1] /s FRLERS ] /s Pepk/(m o+ s™1) AR/ (moe s™h) sk E B S 1 b LA
1 63.4 39.6 —9.82 3.21 0.67
2 133.8 35.8 —9.71 3.44 0.58
3 217.4 35.6 —8.79 1.16 0. 65
4 351.2 12. 4 —3.96 2. 64 0.58
5 375.6 42.0 —7.04 2.74 0. 65
6 1450.6 182.8 —5.37 2.77 0. 60
7 541.0 61.8 —4.58 2.15 0.58
8 655. 4 136. 2 —4.17 1.18 0. 60
9 675.8 139.0 —6.50 2.45 0. 60
10 833.6 65. 6 —4.57 1.65 0. 60
11 856. 8 54.2 —4.53 1.82 0.62
12 933.2 16.2 —5.61 2.46 0.56
13 943. 4 57.4 —5.40 1.47 0.58
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Table 4 Efficiency indexes

3 \ ZEEHHE/ | FECE R/ | T3 CO A/ EEHEAR
XTHE R | PRGEATH A /s | YRR /s | P SRR ] /s - g B - - ,
(m+s™ 1) (me+s™ 1) (g+km ) HFE/L
BO 65.78 29.18 0. 684 14. 39 16. 85 277.26 11.78

B1(Z5 4k #) | 64.80(—1.5%) | 31.00(+6.2%) |0.677(—1.0%)

13.96(—3.0%)

16.82(—0.2%) | 276.98(—0.1%) |11.60(—1.5%)

B2(As %) | 64.53(—1.9%) | 31.12(+6.6%) |0.673(—1.6%)

14.04(—2.4%)

16.88(+0.2%) | 276.90(—0.1%) [11.53(—2.1%)

B354k | 63.71(—3.1%) | 30.73(+5.3%) | 0.670(—2.0%)

14.16(—1.6%)

16.94(+0.5%) | 276.89(—0.1%) [11.37(—3.5%)
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Fig.4 Comparison of four scheme wave level indicators

(congestion severity and median speed)
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Table 5 Vehicle type efficiency indexes

TR PP EAT I (] /s S il K /s - H AR ] /s ZE PR /(moe s 1)
INR BO: 65.09 / B3 60.91 BO: 32.56 / B3: 29.32 B0: 0.66 / B3: 0.53 BO: 14.59 / B3 15.16
38 /NR A B0: 64.73 / B3 65.60 B0 27.91 / B3, 28.69 B0: 0.68 / B3. 0.89 B0 13.93 / B3. 13.73
R Bo: 72.11 / B3. 68.92 B0: 33.40 / B3 30.38 B0: 0.67 / B3: 0.58 Bo: 13.18 / B3: 13.73
18 4 15 % B0: 70.99 / B3. 72.38 B0: 28.16 / B3 29. 40 B0: 0.65 / B3: 0.88 B0: 13.23 / B3 13.02
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Fig.5 Different UAV deployment strategy scenarios and the sensitivity analysis results
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