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Implementation of Drone System for Measuring Multilane Traffic
Information based on Laser Sensor

Ji-Hyun Park, Yeon-Gon Seo**!, Soung-Young Om**?, and Yoon-Ho Kim®***
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Abstract

In this paper, we designed and implemented a multilane traffic information measurement drone system based on a
laser sensor that enables real-time measurement of traffic information (traffic volume and driving speed) of vehicles
that are driven on multiple lanes. First, the algorithm and hardware of the laser detection system were designed in a
multilane based on the laser distance measuring sensor, and secondly, the ground control unit that enables real-time
traffic information processing was designed by connecting the multilane laser detection system with wireless data
communication. Furthermore, a multilane drone system for measuring traffic information was established to conduct
demonstration experiments. A number of field test have confirmed that the performance of the implemented system is

valid and have been able to overcome the risk of traffic accidents and the limitations of simultaneous measurements.
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- Front laser sensor

- Rear laser sensor

Sensor Set

Hf : Front Measuring Distance (Height)

Hr : Rear Measuring Distance(Height)
Os : Angle of Sensors(Fr-Re)

L : Distance of measuring points
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Fig. 1. Frame for speed detection of vehicle
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Table 1. Min. requirement specification for laser sensor-
based VDM

System requirement Spec. | Note
Number of lanes(including shoulder)(Lane)| 4
Width of lane(m) 35
Width of lane marking(m) 0.15
Max. height of vehicle(m) 4

Distance of 1st. Lane point (From

drone position)(m) 137
Distance of last lane edge from drone i
position(m)

Min. distance of each lane point(m) 4
(Se} height vale of Max. drone altitude 0
m

Required sensor measuring capacity(m) [42.3549
Required laser angle of measuring(rad)| 1.2408 |About 71°
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i
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multiple lane
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T 2 1A RIS H|o]E 10 [ 1 [5052 [50.79 | 007 | 054 -
Table 2. 1'st field test output data }; é ‘51;?2 ‘51%&; :8% ?% -
First experiment (164210)\” I 13 | 1 47:46 49:91 —2:46 4:92 Driving of edge lane
. |Velocity|Error 14 | 2 [ 5153 [51.89 [ -0.37 | 0.70 -
Lane [DMCA N
Count] Lane [DMCAVideo| ™ 5o | rate ote 15 1 [5343 5353 [ 0.0 0.18 E
1 | 3 [5621]57.60] —1.39 [2.41 - 6 | 3 |59.63]60.80 [ —1.25] 2.06 -
2 | 2 [56.12]5358] 254 |4.74 - 7 | 1 [ 46144683069 1.47 -
3 | 1 [6383]p4.60] -0.77 [1.19 - 8 [ 3 6225|6344 [ —1.19] 1.87 -
4 2 |5825[55.74| 251 [4.50 - 19| - - - - - Weaving
5 | 3 [5/80]5620] 1.62 [2.88 - 20 | 3 | 6307 | 6486 | -1.80 | 2.77 -
6 | 1 [61.33]6341] 208328 - 21 | 2 [ 4644 [ 4745 —1.00 | 2.11 -
7 | 3 [52.05]52.36] -0.31 [0.59 - 20 [ 3 [58.13 5890 | -0.76 | 1.30 -
8 | 1 [57.10]57.60] =0.50 |0.86 - 23 | 1 [ 4473|4486 [ -0.13] 0.29 -
9 3 |45.78|46.39] -0.61 [1.31 - 24 | 1 |51.79[3056| - - Weaving
10 | 1 [60.49]60.63] -0.14 [0.23 - 25 | 2 [ 4856|4865 —0.09] 0.19 -
11 [26—2)| - - - - |Weaving(Front missing) 26 | 3 4722148321111 229 -
12 | 2 |4846[47.00] 1.44 307 - 27 | 3 [4333 4431 | 098] 220 -
3 [0—2] - - - - |Weaving(Both missing)
41 2 [47241%5.18] 207 |45 - Average rale 176
15 | 3 [3883]39.72] -0.90 [2.25 -
16 | 2 [51.02[49.02] 2.00 |4.09 - T 4. 3A S&AIE Hlo|E
g 2(23 5 56.04155.74| 0.30 10.54 e Table 4. 3rd field test output data
A - - - - eavinglrear missing " "
Third experiment (165116
19 |2(2—1)[38.24|39.27| -1.03 |2.63 Weaving : (_ \}elooity Eror
20 | 3 |5529/5620] 091 |1.62 - CountlLane DMCA| Video | "™ ot Note
21 | 2 [5660[54.00] 260 [4.82 - ; 513 %% 2253%411 _ﬂ(ﬁ& ggg -
2 | 3 |5776]59.08] -1.32 [2.23 - S T3 1560 5600 1074 113 ~
23 | 2 5782|5530 252 [456 - 4 | 3 [50.21] 5858 | 0.63 | 1.08 -
24 | 3 [50.04[5120] -1.16 [2.26 - 2 ? ggg g%é —119191 %gg -
25 | 1 [6082|6227] 145 [2.32 - T e e T B 219 =
26 | 2 [6336[6063] 273 |451 - 8 | 3 [4837] 4834 0.03 |0.07 -
27 | 3 |4375|4459] 085 [1.90 - 9 | 3 15940] 6063 | -1.23 | 2.02 -
28 | 1 |56.15/58.08| 193 333 - . an Teaig
29 | 3 |41.60/4240| -0.81 |1.91 - 12 [ 2 14480 4547 | 067 | 1.48 -
30 [1e-1)] - | - - | = |Weaving(Front missing) li g i?gg 2828 —0_87 265
3 2 |5389|51.58| 231 [448 _ 1512 56:96 49:73 - - Driving of edge lane
P | 1 [A13]A486| 073 1.33 - 16 | 2 [51.32[ 52.36 | -1.04 | 1.99 -
33 | (10| - - - - [Weaving(Both missing) 17 | 3 [43.23] 4293 | 0.30 | 0.70 -
34 | 3 [5659[50.08] -249 421 - i o ol L -
3 | 3 |47.57]4834| 076 |1.58 - 20 | 1 [4387[ 4403 [0.16 037 -
36 | 3 [3536[37.16] -1.81 [4.86 - 21 | 3 |4756] 48.00 | 0.4 | 0.91 =
- 2 | 2 [5042[51.58 | -1.16 | 2.5 -
37 1A 66.21165.83| 0.38 ggg SRR AR AR =
verage rate : 24 | 2 [51.16] 52.36 | -1.20 | 2.29 -
25 | 3 [43.90[ 44.03 [=0.13710.30 =
T 3 2%} HEAIE O0]E 26 | 3 |44.26|44.88 | -0.62 | 1.38 -
Table 3. 2nd field test output data gg % 1513673; iggg j)gg %gg -
Second experiment (164428) %8 g ﬂgg ﬁg? ‘01 ;r27 ggg -
CountLane| DMCA | Video V‘zgg”y Er;’t'gr Note - - [48] - [ - Weaving
T [ 1 |5.75 5236 | 061 | 1.17 - 2 130 80 o177 1323 -
S veand. 34 | 3 [41.10] 4164 | 054 [ 129 -
Y/ 3B | 2 [5629[4189] - | - Weaving
4 |1 59135938 |05 | 043 BT 5 Ao 41641 008 1068 =
5 | 2 50574991 066 | 1.31 = 37 | 3 |4363] 4431 | -068 ] 1.53 =
6 | 2 [50.0150.35 | -0.34| 067 = s 3 loulas 05076 -
7 | 2 594415614 | 3.30 | 5.88 |Driving of edge lane - - : :
8 | 2 49775161 [ -184] 357 - 39 | 3 |39.12] 3995 | 083|207 -
9 | 3 14861[49.74]-113] 2.27 - Average rate 1.63
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Picture 2. Field test(Near by Duck-Song industrial complex)
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Table 5. Field test output data for equipped into drone

Error
Yo (ODMCA| @TF | ®Gap rate((‘)’/o) Note
Drone |Standard| | ©-@ | |®/@x100
1| 432 | 4364 0.68 1.56
2 | 4281 43.06 0.25 0.58
3| 4893 | 49.13 0.20 0.41
4 | 4507 | 4468 0.39 0.87
5| 4584 | 4503 0.81 1.80
6 | 51.70 | 51.46 0.24 0.47
7| 4628 | 4530 0.98 2.16
8 | 51.16 | 5098 0.18 0.35
9 | 4448 | 4477 0.29 0.65
10| 2367 | 2389 0.22 092
1] 4404 | 4631 227 490 |None target
Average error rate 1.33
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