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Abstract: To explore the pattern of vehicle speed variation in short distance sections between
tunnel exits and interchange exits, and to alleviate the current insufficiency in driving safety on

short-distance sections of mountainous highways. Vehicle speed models in such sections was
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studied. Firstly, based on aerial drone footage, real-time vehicle speed and trajectory data were
extracted from sections with short clearance between tunnel exits and interchange exits on the Xt
Han (Xi’an to Hanzhong) Expressway and three other locations, and a program written with the
YOLO-v5 algorithm was used. This was complemented with control group data from a driving
simulation system. Secondly, the vehicle operation and sectional speed distribution in this area for
macroscopic analysis were analyzed statistically, the independent variables for constructing the
speed model was determined. Finally, non-linear curve fitting software 1stOpt was applied to
regress the analyzed data, establishing predictive models for the operational speeds of small and
large vehicles driving on or exiting the mainline in short-distance exit sections. These models were
validated in a real-world short-distance section project in a Southwestern Mountainous Area. The
results show that there is a significant positive correlation between vehicle speed in short-distance
exit sections and mainline radius, the vehicle’ s distance from the tunnel entrance, and the
clearance length. The established speed prediction models passed tests for goodness of fit,
statistical residual examination, and relative average error, with an average relative error between
predicted and actual values of less than 10% , satisfying accuracy requirements. This research can
be applied to actual engineering projects in short-distance sections between tunnel exits and
interchange exits, accurately characterizing vehicle speed variations in this area and providing
valuable reference for predicting vehicle operational speeds and representing speed variation
patterns. 13 tabs, 20 figs, 30 refs.

Key words: road engineering; operating speed model; YOLO-v5 algorithm; short distance

section; aerial photography data
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Tab.1 Overview of study sections
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Fig.3 Process of video data extraction
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Tab.2 Data accuracy test km ¢ h™!
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Tab.3 Supplementary scheme of simulation data
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Tab.5 Statistical descriptors of running speed of tunnel exit-interchange on short-distance sections at exits
(km e« h™ 1) |(km+h™1) (kmsh ) |(km+h™1) /(km + h™1)

- 83.09 81.36 4.952 | 24.520 0.991 | —0.206 94.65 73.84 20.81

- 76.47 78.36 6.199 | 38.431 | —0.968 0.477 95.90 61.34 34.56
- 68.91 69.21 5.809 | 33.749 | —0.175 | —1.637 78.34 59.35 18.99

- 52.30 50.91 9.903 | 98.070 | —0.280 0.359 78.94 33.55 45.39

- 62.01 61.89 6.219 | 38.673 | —0.056 1.279 78.34 35.25 43.08
- 41.92 44.12 7.325 53.663 | —0.865 0.234 53.29 17.17 36.12

13

Fig.13 Small vehicle running speed data {requency distribution histograms

14

Fig.14 Large vehicle running speed data frequency distribution histograms
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interchange exit on short distance sections

Tab.6 Normal test of running speed of each tunnel exit and

Kolmogorov- Kolmogorov-
Smirnov Z ( ) Smirnov Z ( )
1 0.260 0 0.074 0.028
1 o.87 0 0.082 0.004
- 0.214 0 0.135 0.000
0.11 .
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Fig.15 Relationships between radius of main line and

speed of short distance section at exits
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Fig.16 Relationships between longitudinal slope and
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Tab.7 Colinear diagnosis of independent variables of Muguayuan

Tunnel-Huangguan Interchange (Mainline driving of small cars)

K D R
1 2.748 1.000 0.010 0.030 0.010
2 0.205 3.661 0.030 0.860 0.130
3 0.047 7.656 0.960 0.110 0.860
o [28] SPSS
, 8.

18,
8 ( )

Tab.8 Summary of vehicle speed model and distance from

entrance (Main line driving of small cars)

F 1 2
0.007 2.714 1 53 0.681
0.644 10.075 2 52 0.002
0.447 24.823 3 51 0.048
0.006 0.145 1 53 0.707
0.603 8.688 1 53 0.000
Logisitic 0.455 0.145 1 53 0.000
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Fig.18 Fitting relationships between distance from

tunnel entrance and velocity
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Tab.9 Goodness of fit parameters of different fitting relations (Main line driving of small cars)

K’ n SSE AIC

V=—41.74—1.78D + 0.70D? — 0.08D* 4+ 0.003 89D" —6.11 X 107°D® +2 687ln R —
214(ln R)?+16.40(ln R)*—7.003(ln R)*

10 164 24.99 | —284.811 0.751 9

V=—6940—1.78D+0.68D*—0.08D*+0.003 89D"'—6.11X10"°D°—3.48R+0.019R? 8 164 24.82 | —290.499 0.751 9
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Tab.10 Running speed models on short distance sections at exits
- V=1.46—0.51D+exp(0.21D—0.003 9D?)+12.82In R 0.736 0
- V=4,72—1.08D+exp(0.50D —0.023 4D?)+11.40ln R 0.807 2
- V=—46.69+0.004 8D +exp(0.34D—0.02D?)+16.58In R 0.738 7
- V=2.15—0.46D+exp(0.19D—0.003 6D?)+11.97In R 0.901 5
- V=-—0.02—0.97D +exp(0.46D—0.020 5D?)+11.49In R 0.840 3
- V=154.78+0.004 8D +exp(0.33D—0.018 7D?)—10.66ln R 0.619 5
- V=0.857—1.058 9R+0.001 6R>—12.392/[1+((D—3.419)/ —7.668)2] 0.914 3
- V=—12.72+44.88R—0.032R? —4.342/[ 1+ ((D—7.691)/—4.791)%] 0.913 4
- V=-—89.89+1.804R—0.001R?+14.96/[ 1+ ((D—229.658)/—148.29)? ] 0.928 4
- V=—3.616—0.993R —0.001R?—12.324[ 14+ ((D—3.423)/7.891)2 ] 0.906 7
- V=-—0.094-+0.318R —0.000 2R?—4.174/[1+((D—7.443) /4.692)% ] 0.850 6
- V=128.142—444.494R+0.247R*—12.353/[1+((D—13.221)/—105.340)?]] 0.878 3
«d zd
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11 -
500
Tab.11 Correlation coefficients between net distance
i 166.80
length and model parameters Jf ool = 17.28—3.44 /L — T
(7
10.93 .
S oy =0.036————518.11e "
po1 0.019 P 0.027
oo 0.035 P, 0.04 , ,
p 0.945 pid 0.071 —N'p Rl p 1 D—=Py,
P D3 .945 1Ds . v = Z R -+ l')l/ + T .
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Pp; 0.008 P, 0.031 379.33
P 0.788 “ 0.017 Jf pp, = 78.93715.88In L+ L
Pgo 0.043 P 0.025 ) 135.11
R2 R2 o f . =exp ('1‘97+7l.736.13 (8)
Pgs 0.959 P, 0.887 ’
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Tab.12  Coefficients of running speed model on short distance sections at exits
Pon f o =17.28—3.44/L1/2—166.80/L> S g =—9.995+0.48L +52.03/L
P2 S pps, =0.036—10.93/L —518.11exp(—L) S pade = —10.349/L 40.10L ~0-176
Pps 0.350 0.330
P —0.016 —0.014
Pr 13.600 11.37
Pp —0.621 —9.623
Pp, Frpy =—78.93+15.88In L +379.33/L 8.029
Pps S pp; =exp(4.97+135.11/L —56.13) S pygy =22.14—0.37L —137.65/L
Pr —33.918 S pgh =15.39+0.16L —7.43In L
P, S pg, =1.884+2.58/L +2.54L S pgy = —0.96 —exp(L/55.02) +0.248L
Pgs —0.014 0.082
4 ’
4.1 4.2
’ ’
80 km/h, , 24.5 )
m, 10 m,
1 800 m, , N
210 m s ) 19, 20,
) )
° ’
90,75 km/h, 78.54 km/h
10 m, 1 m , 10 ) o
, . (74.5 km/h) |
. N (77 km/h) . (78 km/h) . (73 km/h)
13 o , (75.5 km/h) . (78.5km/h) .
) (78km/h) (73.5km/h) .
13
Tab.13 Summary of calculated error values
(km+h™ 1) /% /% (km « h™1) /% /%
1 6.202 7.771 3.917 5.908 8.899 4.587
2 6.826 8.670 6.872 4.982 8.798 6.541
3 5.165 8.743 5.596 7.550 6.853 6.064
4 6.239 6.514 7.404 7.138 9.697 6.670
5 8.183 8.404 7.202 6.550 10.018 6.220
6 7.110 7.817 7.183 7.752 6.028 6.303
7 6.009 9.083 6.385 6.367 8.413 5.560
8 3.706 6.991 8.073 5.743 10.881 6.147
9 7.734 9.101 6.275 4.963 10.725 4.440
10 5.239 9.321 5.294 5.312 7.183 3.945
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Fig.19 Speeds prediction of test section by specification model

, 20
Fig.20 Prediction effects of running speed model on

short distance sections at exits
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