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A Study on Point Traffic Sensors’ Placement for Detecting the Dilemma Zone Problem
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Abstract

This paper suggests a sensor’s placement method for detecting the dilemma zone problem when real-time driver’s safety
service is provided at signalized intersections by multiple pointed traffic sensors using USN environments. For detecting the
dangerous situations from vehicles accelerating through yellow intervals, red-light running and stopping abruptly like as dilemma
zone problem, VISSIM(microscopic, behavior-based multi-purpose traffic simulation program) is used to perform a real-time
multiple detection situation by changing the input data like as various inflow-volume, design speed change, driver perception and
response time. As a result, the optimal interval of traffic sensors is 20~27m, and the initialized sensor location from stop-line is
different according to road design speed. Moreover, the pattern of detection about dilemma zone is also different according to
inflow-volumes. This paper shows that the method is useful to evaluate the sensor’s placement problem based on

micro-simulation and the results can be used as the basic research for USN services.

Key words: USN(Ubiquitous Sensor Network), detector placement, dilemma zone problem, intersection safety warning, traffic

detector
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<Table 2> Results of sensor distance by input volume and design speed variation
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(H/AD | () | 235 Fag| * WTI | WI2 | WIL | WI2
(R | WT1| WI2 | WT3 A WT1 | WI2 | WT3 (#sensor) | (#sensor) | (#dis) (#dis)
1] 100 | 50 | 1434 [ 29 [ 8 1 38 | 2649 | 5 3 1 5.80 2.67 29.00 13.33
21100 [ 60 [ 1411 | 17 [ 4 0 21 | 14883 | 2 1 0 8.50 4.00 42.50 20.00
31100 [ 70 [ 14231 15 | 14 [ 0 29 120379 | 2 2 0 7.50 7.00 37.50 35.00
41100 [ 80 [ 1295 16 [ 9 0 25 119305 | 1 1 0 16.00 9.00 80.00 45.00
51200 [ 50 [2476 [ 17 [ 15 [ © 32 | 1294 | 4 3 0 425 5.00 2125 25.00
6200 [ 60 [2510 | 19 [ 4 0 23 109163 | 2 1 0 9.50 4.00 4750 20.00
71200 [ 70 [231 [ 30 [ 13 [ 0 43 | 1.8213 | 4 3 0 7.50 4.33 37.50 21.67
81200 [ 80 [2273 ] 49 [ 6 0 55 124197 | 3 1 0 16.33 6.00 81.67 30.00
91300 [ 50 [ 3273 ] 43 [ 23 [ 1 67 | 20471 | 7 5 1 6.14 4.60 3071 23.00
10] 300 [ 60 [3168 [ 51 | 19 [ 0 70 122096 | 6 3 0 8.50 6.33 42.50 31.67
11] 300 [ 70 [3281 | 35 [ 29 [ 1 65 | 19811 | 5 4 1 7.00 725 35.00 3625
12] 300 | 80 [3035 | 90 [ 21 [ 0 [ 111 [36573 | 7 3 0 12.86 7.00 64.29 35.00
13] 400 | 50 [4228 130 [ 10 [ 1 41 09697 [ 5 3 1 6.00 333 30.00 16.67
14] 400 | 60 [4358 [ 62 | 32 [ © 94 | 2157 | 8 6 0 775 533 38.75 26.67
15[ 400 | 70 [ 4277 | 96 [ 45 | 1 142 133201 | 11 | 9 1 8.73 5.00 43.64 25.00
16] 400 | 80 [ 3764 [ 117 [ 50 [ 0 | 167 | 44368 | 10 | 6 0 11.70 8.33 58.50 41.67
17] 500 | 50 [5029 [ 58 [ 39 [ 2 99 [1968 | 13 | 11 | 2 4.46 3.55 2231 17.73
18] 500 | 60 [ 5078 | 64 [ 28 | 1 93 | 18314 | 9 7 1 7.11 4.00 35.56 20.00
19] 500 [ 70 [5068 | 90 [ 49 [ 0 | 139 [27427 | 12 | 11l | © 7.50 4.45 37.50 22.27
20 500 | 80 [4529 | 176 [ 82 | 0 [ 258 [ 56966 | 17 | 13 | 0O 10.35 6.31 5176 31.54
21 600 | 50 [5886 | 51 [ 35 | O 86 | 14611 | 8 8 0 6.38 4.38 31.88 21.88
22[ 600 | 60 [ 6193 | 71 | 41 | 0 [ 112 [ 18085 [ 12 [ 11 | O 592 373 2958 18.64
23] 600 | 70 [ 5641 | 120 [ 39 | 0 | 159 [ 2818 | 17 | 7 0 7.06 5.57 35.29 27.86
241 600 | 80 [ 5377 | 144 [ 69 | 1 | 214 [39799 [ 20 | 14 | 1 7.20 4.93 36.00 24.64
250700 | 50 [ 6789 | 27 [ 26 | O 53 107807 | 5 6 0 5.40 4.33 27.00 21.67
261 700 | 60 [ 6814 | 53 [ 34 | 0 87 | 12768 | 11 | 6 0 4.8 5.67 24.09 2833
271700 [ 70 [6494 | 72 [ 34 [ 1 107 | 1.6477 | 16 | 6 1 4.50 5.67 22.50 28.33
28] 700 | 80 [5819 | 92 [ 55 | 0 [ 147 [ 25262 [ 22 [ 11 | O 4.18 5.00 2091 25.00
290800 [ 50 [ 7639 | 76 [ 31 | 2 [ 109 [ 14269 [ 14 [ 9 2 5.43 3.44 27.14 17.22
30 800 [ 60 [ 7465 | 85 [ 24 | 1 110 | 14735 [ 12 [ 5 1 7.08 4.80 35.42 24.00
31 800 [ 70 [ 7371 | 63 [ 39 [ 1 103 | 13974 | 25 | 13 [ 1 2.52 3.00 12.60 15.00
32[ 800 [ 80 [ 6691 | 116 [ 79 | 1 196 29293 [ 24 [ 14 [ 1 4.83 5.64 24.17 2821
33] 900 [ 50 [ 8566 | 78 [ 43 | 1 122 [ 14242 [ 19 [ 13 [ 1 4.11 331 20.53 16.54
34[ 900 | 60 [ 8492 | 81 | 55 | 3 | 139 | 16368 | 18 | 12 | 3 4.50 4.58 22.50 229
3507900 [ 70 [7969 | 185 [ 86 | 2 [ 273 [ 34258 [ 29 [ 16 | 2 6.38 5.38 31.90 26.88
36 900 | 80 [ 7068 | 90 [ 44 | 6 | 140 [ 19808 [ 34 [ 18 | 6 2.65 2.44 13.24 12.22
3701000 [ 50 [ 9342 [ 105 [ 38 | 0 [ 143 [ 15307 [ 19 [ 9 0 5.53 4.2 27.63 21.11
38[ 1000 | 60 [9181 | 119 [ 59 | 3 [ 181 [ 19715 30 [ 13 | 3 397 4.54 19.83 22.69
3901000 [ 70 [ 8607 | 116 | 45 | 1 162 | 1.8822 | 32 | 15 1 3.63 3.00 18.13 15.00
401000 | 80 [ 7740 | 126 | 53 | 4 | 183 [ 23643 [ 41 | 17 | 4 3.07 3.12 15.37 15.59
411100 [ 50 [9862 | 66 | 34 | 1 101 | 1.0241 [ 13 [ 8 1 5.08 4.25 25.38 2125
421100 | 60 [ 9816 | 97 | 57 | 3 | 157 [ 15994 [ 28 [ 16 | 3 3.46 3.56 17.32 17.81
431100 | 70 [ 8423 | 111 | 34 | 0 | 145 | 17215 | 42 | 17 | 0© 2.64 2.00 13.21 10.00
4411100 [ 80 [ 6843 | 68 [ 29 | 2 99 [ 14467 | 40 | 16 | 2 1.70 1.81 8.50 9.06
4501200 | 50 [10790| 149 [ 67 | 5 [ 221 [ 20482 [ 36 [ 20 | 5 4.14 335 20.69 16.75
46] 1200 | 60 [10177] 76 | 54 | 3 | 133 [ 13069 | 26 | 18 | 3 292 3.00 14.62 15.00
47[ 1200 [ 70 [ 7178 | 108 | 48 | 2 158 | 22012 | 43 | 18 [ 2 251 2.67 12.56 13.33
48[ 1200 | 80 [ 6506 | 104 | 41 | 2 [ 147 [ 22595 [ 36 [ 17 | 2 2.89 2.41 14.44 12.06
491300 | 50 [ 9292 | 144 [ 71 | 4 [ 219 [23569 | 42 [ 22 | 4 3.43 323 17.14 16.14
50 1300 | 60 [ 8194 | 88 | 47 | 3 | 138 | 16842 [ 37 | 20 | 3 238 2.35 11.89 11.75
51[ 1300 [ 70 [ 7457 | 83 [ 60 | 3 146 | 19579 | 33 | 16 | 3 2.52 3.75 12.58 18.75
521300 | 80 [ 6447 | 102 [ 33 | 4 [ 139 [ 2156 | 48 [ 14 | 4 2.13 2.36 10.63 11.79
5311400 | 50 [ 8340 | 93 [ 48 | 4 | 145 [ 17386 | 32 [ 19 | 4 291 2.53 14.53 12.63
5411400 | 60 [ 7787 | 63 | 30 | O 93 [ 11943 [ 27 | 12 [ © 233 2.50 11.67 12.50
551400 [ 70 [ 7151 | 100 [ 46 [ 1 147 | 20557 | 37 | 14 [ 1 2.70 3.29 1351 16.43
56] 1400 | 80 [ 6910 | 92 [ 50 | 3 [ 145 [ 20984 [ 38 [ 17 | 3 242 2.94 12.11 14.71
5711500 | 50 [ 7686 | 68 | 36 | 2 | 106 | 13791 | 36 | 16 | 2 1.89 2.25 9.44 11.25
58] 1500 | 60 [ 8046 | 103 [ 60 | 6 | 169 | 2.1004 | 45 [ 22 | 6 2.29 273 11.44 13.64
5901500 [ 70 [8217 | 118 [ 63 | 3 184 | 22393 | 45 | 20 | 3 2.62 3.15 13.11 15.75
60 1500 | 80 [ 7131 | 99 [ 52 | 4 [ 155 [21736 [ 32 [ 17 | 4 3.09 3.06 1547 15.29
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