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Abstract

Maximum traffic flow rate is an important performance measure of operational status in transport
networks, and has been considered as a key parameter for transportation operation since a bottleneck in
congestion decreases maximum traffic flow rate. Although previous studies for traffic flow analysis have
been widely conducted, a detection method for changes in dynamic traffic flow has been still veiled. This
paper explores the dynamic traffic flow detection that can be utilized for various traffic operational
strategies. Turning point analysis (TPA), as a statistical method, is applied to detect the changes in traffic
flow rate. In TPA, Bayesian approach is employed and vehicle arrival is assumed to follow Poisson
distribution. To examine the performance of the TPA method, traffic flow data from Jayuro urban
expressway were obtained and applied. We propose a novel methodology to detect turning points of
dynamic traffic flow in real time using TPA. The results showed that the turning points identified in
real-time detected the changes in traffic flow rate. We expect that the proposed methodology has wide
application in traffic operation systems such as ramp-metering and variable lane control.

Keywords: bayesian approach, dynamic traffic flow, real-time detection, traffic flow data,
turning point analysis
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Figure 1. Concept of real-time traffic flow change detection using TPA
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Figure 3. Cumulative vehicle counts by time
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Figure 5. Distribution of traffic flow rates before TP
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Table 1. Results of real-time detection of traffic flow rate change for 30 minutes TP duration time

Analysis period Turning point(m) A P =X TP duration time
4:31:00 —5:51:00 5:39:00 0.87 2.44 1.57 5min
4:31:00 —5:56:00 5:38:00 0.86 2.28 1.41 Omin
4:31:00 —6:01:00 5:39:00 0.87 2.5% 1.65 Omin
4:31:00 = 6:06:00 5:39:00 0.87 2.70 1.83 5min
4:31:00 = 6:11:00 5:39:00 0.87 2.92 2.04 10min
4:31:00 —6:16:00 5:39:00 0.87 3.06 2.19 15min
4:31:00 —6:21:00 5:39:00 0.88 RS2 2.44 20min
4:31:00 —6:26:00 5:39:00 0.88 3.64 2.77 25min
4:31:00 —6:31:00 BEOSES() 1.11 4.56 3.45 Omin
4:31:00 —6:36:00 5:53:30 1.11 4.97 3.86 5min
4:31:00 = 6:41:00 SRS 1.11 5.26 4.15 10min
4:31:00 —6:46:00 5:53:30 1.11 5.54 4.42 15min
4:31:00 —6:51:00 BESHS() 1.11 5.78 4.67 20min
4:31:00 —6:56:00 5:53:30 1.11 5.95 4.84 25min
4:31:00 —7:01:00 BEOSES() 1.12 6.09 4.97 30min
5:54:00 —6:24:00 6:17:00 3.59 6.08 2.49 Omin
5:54:00 = 6:29:00 6:17:00 3.59 5.82 2.22 5min
5:54:00 —6:34:00 6:17:00 3.60 6.63 3.02 10min
5:54:00 ~ 6:39:00 6:17:00 3.61 6.78 3.17 15min
5:54:00 —6:44:00 6:19:30 3.77 7.43 3.67 Omin
5:54:00 = 6:49:00 6:19:30 3.77 7.50 3.7 5min
5:54:00 —6:54:00 6:19:30 3.77 7.60 3.83 10min
5:54:00 —6:59:00 6:19:30 3.78 7.61 3.84 15min
5:54:00 = 7:04:00 6:19:30 3.78 7.50 3.73 20min
5:54:00 — 7:09:00 6:19:30 3.78 7.69 3.91 25min
5:54:00 = 7:14:00 6:19:30 3.78 7.38 3.61 30min
6:20:00 = 6:50:00 6:29:00 6.13 8.20 2.07 Omin
6:20:00 —6:55:00 6:29:00 6.13 8.18 2.05 5min
6:20:00 = 7:00:00 6:29:00 6.13 8.12 1.99 10min
6:20:00 —7:05:00 6:29:00 6.13 7.91 1.78 15min
6:20:00 — 7:10:00 6:29:00 6.13 8.01 1.87 20min
6:20:00 — 7:15:00 7:07:30 7.80 4.46 —3.34 Omin
6:20:00 = 7:20:00 7:07:30 7.79 3.3 —4.26 5min
6:20:00 = 7:25:00 7:07:30 7.79 3.52 —4.27 10min
6:20:00 = 7:30:00 7:07:30 7.79 3.8 —4.24 15min
6:20:00 —7:35:00 7:07:30 7.79 3.79 —4.00 20min
6:20:00 — 7:40:00 7:07:30 7.79 4.00 —3.78 25min
6:20:00 — 7:45:00 7:07:30 7.79 4.53 —3.26 30min
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Table 2. Detected turning points and average traffic flow rates (1) for 30 minutes TP duration time

1D TP (m) Average traffic flow rate (A) (Period) (veh/30sec)
TP1 5:53:30 1.12 (4:31:00—5:53:30)
TP2 6:19:30 3.78 (5:54:00—6:19:30)
TP3 7:07:30 7.79 (6:20:00—7:07:30)
TP4 7:36:00 3.75 (7:08:00—7:36:00)
TP5 8:44:00 7.29 (7:36:30—8:44:00)
TP6 9:11:30 4.64 (8:44:30—9:11:30)
TP7 10:05:00 6.63 (9:12:00—10:05:00)
TP8 10:17:30 3.50 (10:05:30—10:17:30)
TP9 11:29:30 4.05 (10:18:00—11:29:30)
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Figure 10. 5-minute moving average of traffic flow rates and average traffic flow rates (\) separated by turning points for 30
minutes TP duration time
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Table 3. Detected turning points and average traffic flow rates (1) for 1 hour TP duration time

ID TP (m) Average traffic flow rate (A) (Period) (veh/30sec)
TPI' 5:53:30 1.12 (4:31:00—5:53:30)
TP2' 6:17:00 3.63 (5:54:00—6:17:00)
TP3' 7:07:30 7.66 (6:17:30—7:07:30)
TP4' 7:36:00 3.76 (7:08:00—7:36:00)
TP5' 10:05:00 6.57 (7:36:30—10:05:00)

Traffic flow rate (veh/30sec)
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Figure 11. 5-minute moving average of traffic flow rates and average traffic flow rates (5\) separated by turning points for 1 hour
TP duration time
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