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Implementation of Autonomous Vehicle Situational
Awareness Technology using Infrastructure Edge on a Two-
way Single Lane in Traffic-isolated Area
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Abstract

In this paper, we propose a sensor data sharing system for the safe and smooth operation of
autonomous vehicles on two-way single lanes in traffic-isolated areas and implement the core module,
the situational awareness technology. Two-way single lanes pose challenges for autonomous vehicles,
particularly when encountering parked vehicles or oncoming traffic, leading to reversing issues. We
introduce a system using infrastructure cameras to detect vehicles' approach, enter, and leave on two-
way single lanes in real-time, transmitting this information to autonomous vehicles via V2N
communication, thereby expanding the sensing range of the autonomous vehicles. The core part of the
proposed system is the situational awareness of the two-way single lane using infrastructure cameras.
In this paper, we implement this using object detection and tracking technology. Finally, we validate
the implemented situational awareness technology using data collected from actual two-way single
lanes.

Keywords: Two-way single lane, Situational awareness, Object detection, Object tracking, Autonomous
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Figure 1. Example of a two-way single lane in a traffic-isolated area.
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Figure 2. Conceptual diagram of the developed sensor sharing technology
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Figure 3. Architecture of the developed technology for recognizing a two-way single lane situation
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1. input: GF = ((xq,¥0), (X1, ¥1), (X2, ¥2), (x3,¥3)) // GF : locations of the four corners of a geo-fence
2. while (True)
3. // get next detected object from object detection module
4 obj = GetDetectedObj( )
5. // get obj’s trajectory consists of past n positions from object tracking module
6. objtraj[ (X¢—n, ¥e-n)s ---» (Xt—1, ¥t-1)> Xt ¥1)] = GetTrajectory(obj) // t is current time
7. // compute vehicle’s heading
. . _ objtraj.x—objtraj.x;_,
8 objheading = —objtraiye 1
9. NC[2] = get two comers of the near side of GF
10.  NC_0_angle = compute angle between NC[0] and (objtraj. x, objtraj. y;)
11.  NC_1 angle = compute angle between NC[1] and (objtraj. x, objtraj. y,)
12.  if (objtraj. x,, objtraj. y;) in GF
13. status = ‘enter’
14.  elseif (NC_0_angle <= objheading <=NC_1_angle) or (NC_1_angle <= objheading <= NC_0_angle)
15. status = ‘approach’
16. else
17. status = ‘leave’

Figure 4. Situation-awareness algorithm
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Figure 6. Configuration of Yolo V4 model training
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Table 1. Experimental environments (HW, SW, Data Set)

DIVISION CONTENT

+ CPU : Intel(R) Core(TM) i7-7700 CPU @ 3.60GHz
* Memory : 32GB * 4

ik * GPU : NVIDIA Corporation GP102 TITAN Xp
» OS : ubuntu 20.04 LTS server
SwW » Python 3.8.10, Tensorflow 2.3.0
Data Set » Training data: 1,300 images collected from KNUT test bed

» Test data: 9 video clips (500 images) collected from KNUT test bed

Enter)ol ti$t &4 HS AdsGIh 18]a, E5PHS o8
Stk gk Z; Hitj e Sl dis) )
sttt vpxo g mEHU L FHY A4 AT SAHSAY. A

e g 0.8871, A= 0.8871, F1-H <= 0.8871 o]t} e] S~ ¥HE A} A5 A4y
<+ 0.8005, Z1= 0.9058, Q] 0.9312 o|t}. HT]e FHH=E AHHE [dubxow Ht
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Table 2. Confusion matrix and performance for each video clip
Clip No. Status TP TN FP FN Accuracy | Recall | Precision | F1-Score

Approach 71 130 0 3 0.9853 0.9595 1.0000 0.9793

Leave 8 153 3 1 0.9805 0.97% 0.9412 0.9600

! Enter 81 120 1 0 0.9950 1.0000 0.9878 0.9939
Average 0.9869 0.9804 0.9804 0.9804

Approach 116 416 38 0 0.9333 1.0000 0.7532 0.8593

Leave 229 341 0 0 1.0000 1.0000 1.0000 1.0000

2 Enter 187 345 0 38 09333 0.8311 1.0000 0.9078
Average 0.9556 09333 09333 09333

Approach 69 487 24 0 0.9586 1.0000 0.7419 0.8519

Leave 21 359 0 1 0.9983 0.9955 1.0000 09977

3 Enter 266 290 1 24 0.9570 09172 0.993 0.9551
Average 09713 0.9570 0.9570 0.9570

Approach 108 214 29 0 09174 1.0000 0.7883 0.8816

Leave 111 240 0 0 1.0000 1.0000 1.0000 1.0000

4 Enter 103 219 0 29 09174 0.7803 1.0000 0.8766
Average 0.9449 09174 09174 09174

Approach 81 142 % 16 0.7611 0.8351 0.6000 0.6983

Leave 46 150 43 54 0.6689 0.4600 0.5169 0.4868

s Enter 69 197 0 27 0.9078 0.7188 1.0000 0.8364
Average 0.7793 0.6689 0.6689 0.6689

Approach 188 6% 24 100 0.8767 0.6528 0.8368 0.7520

Leave 37 534 % 5 0.89% 0.9867 0.7944 0.8802

¢ Enter 315 652 12 27 0.9612 0.9211 0.9633 09417
Average 09125 0.8688 0.8688 0.8688

Approach 112 414 3 12 09212 0.9032 07724 0.8327

Leave 273 285 12 1 09772 0.9964 0.9579 09767

7 Enter 141 398 0 32 0.9440 0.8150 1.0000 0.8981
Average 0.9475 09212 09212 09212

Approach 93 228 6 61 0.8273 0.6039 0.93% 0.7352

Leave 118 200 70 0 0.81% 1.0000 0.6277 0.7712

8 Enter 101 272 0 15 0.9613 0.8707 1.0000 0.9309
Average 0.86%4 0.8041 0.8041 0.8041

Approach 67 325 17 29 0.8950 0.6979 0.7976 0.7444

Leave 187 213 30 8 09132 0.9590 0.8618 0.9078

i Enter 137 291 0 10 09772 0.9320 1.0000 0.9648
Average 0.9285 0.8927 0.8927 0.8927

Approach 1039 3447 252 266 0.8965 0.7962 0.8048 0.8005

Leave 1823 2804 29 80 0.9243 0.9580 0.8591 0.9058

Aggregate

Enter 1578 3192 14 219 0.9534 0.8781 0.9912 09312

Average 0.9247 0.8871 0.8871 0.8871
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