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Abstract

Function-Link Fuzzy Petri Nets (FLFPNs) are an adaptive extension of Fuzzy Petri Nets (FPNs). This
paper constructs a ramp control system centered on the FLFPN model, building a knowledge base
based on existing research on ramp control. The FLFPN model is developed using this knowledge
base and is trained and parameter-tuned with real traffic data. In addition to directly predicting
the ramp metering rate, the analysis of current congestion within the model construction provides
users with recommendations for subsequent ramp control strategies, thereby facilitating a com-
plete decision-making process for highway ramp control. Furthermore, this paper improves the
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learning algorithm of the FLFPN model by considering the impact of hyper parameters on experi-
mental outcomes, thereby optimizing model learning performance.
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Figure 1. Internal structure of FLFPN
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Figure 2. Learning algorithm of FLFPN
[& 2. FLFPN I &%

231 BIEHZE

WA SO — M T MBS 1 4 R RIS . BB AR R, DA AR R T R
A Rett, IR, R SONAR R AE — R A LR SR Bl R AR TS R

XtF FLFPN AR, B 5E 2050 = S0 AT it -

DOI: 10.12677/0rf.2024.143324 889 BE 51


https://doi.org/10.12677/orf.2024.143324

1) EHHE

AR RO R TR, 10 (%08, 3, 0C) + TTBLE I TS, 1A,
Zfid (1,0,1,1,0) FRIEFE T %, X7 A x %, T, PRLGRE A B — AN 5 =B R 2R PE I 245

2) MR T

ASE 2R IR T S AR R AT LLL]. 3T SRR 7 LSRRI p 9,
SR 98 L 2 <010 <2

2R [0, A =L, WURBTARRINEANG, W p=2. b-7 iR,
RSO 7 A R R

B 52 A 45 FLFPN BUSAG IS 19 n BB A 80 o ) TS0 T LUARS
SR Bl R A, WAL (0.0.0100.1) M4BT 212 0105,

(0 GA T MEREHEL, (5 BP LA, Hi SRR TR, S o S o
B A SCRITASHA 22 (MAE) 51575 U2 (RMSEYF 9 B L 0 e, BRI R0 T

MAE = M (7
N
RMSE = \/% 8
T 32 18 bR KO SR FH MAE F 814
Fitness = (9)

2.32. REfEBEZE
T ERME . B E YRR HOE BLRGEBAR BE T 22 45 R 91 NI R BB I, T L ] B e o A FH e 1)
PR BE AT LR 2 2 B A
B SN A] PR A BL T T 7
w™ (k +1)=W(m)(k)—a5(m)(a(m'1)>T (10)

Hor,

k FREARIE

a FEFR,

W™ 2 m R AL E

o™ R m I R

™Y 3K 5 (m-1) BRI AT
3. #£F FLFPN WEEEH RS

A28 5 M R T SR IR 7 o % KR G B ALHE DL N 4R
RL:IFd, ANDd, THENd, (CF = ), 4, cd,;, cd,,
R2:1Fd, ANDd, THENd, (CF = 1, ), 4,,cdy,, cd,,
R3: IFd; ANDd; THENd, (CF = 1), 4, cds,, Cdg,

DOI: 10.12677/0rf.2024.143324 890 BE 51


https://doi.org/10.12677/orf.2024.143324

i
d, SR

d, JE 8 5 Ak

d, TN

d, T ATk

dl, 2433 B AR

d, U B R

d, [ 57 B

FRAE St (U0, 7T AR ST FLFPN RS, ELPR IS 3 B,

cdy; AL ui

Figure 3. FLFPN model for ramp flow prediction
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Figure 4. Overall decision process for freeway ramp control
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Figure 5. Ramp control decision tree
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Table 1. Comparison of mean error precision for different population sizes

F 1 NEFER D TFENRERFELR

FHEER/D MAE RMSE
30 0.2790 0.4572
50 0.2748 0.4551
70 0.2734 0.4553
90 0.2725 0.4541
100 0.2719 0.4530
150 0.2712 0.4523
200 0.2707 0.4519

MEREE R A5, 2 p, =30, MAE #1 RMSE [{EE R &K 12 p, =200 1, MAE 1 RMSE
MEIE BN X RIIFEEER N, Z55RZE, PREFICR, Z5RTTRES AT
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A SRR S, U p, M 0.50 F 0.98 SKiFA MAE HIl RMSE WA ZERERE, & 2 B/R T 20 {KigfT
J& P 3E E E

Table 2. Comparison of mean error precision for different crossover probabilities

2. NERXFRIFENRERE L

FHEER/D MAE RMSE
0.50 0.2780 0.4608
0.60 0.2762 0.4551
0.70 0.2748 0.4553
0.80 0.2736 0.4541
0.90 0.2720 0.4530
0.95 0.2711 0.4523
0.98 0.2702 0.4519
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0.001 0.2759 0.4693
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0.05 0.2726 0.4543
0.075 0.2738 0.4547
0.10 0.2752 0.4568
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Figure 6. Effect of GA hyperparameter calibration on model performance
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