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ABSTRACT

In this paper, we propose a real-time bus arrival notification system using deep learning to guarantee movement

rights for the visually impaired. In modern society, by using location information of public transportation, users can

quickly obtain information about public transportation and use public transportation easily. However, since the

existing public transportation information system is a visual system, the visually impaired cannot use it. In Korea,

various laws have been amended since the 'Act on the Promotion of Transportation for the Vulnerable' was enacted in

June 2012 as the Act on the Movement Rights of the Blind, but the visually impaired are experiencing inconvenience

in using public transportation. In particular, from the standpoint of the visually impaired, it is impossible to determine

whether the bus is coming soon, is coming now, or has already arrived with the current system. In this paper, we use

deep learning technology to learn bus numbers and identify upcoming bus numbers. Finally, we propose a method to

notify the visually impaired by voice that the bus is coming by using TTS technology.

Key Words : Visually Impaired, Bus, Object Detection, OCR(Optical Character Recognition), TTS(Text To Speech)
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2.1 Single Shot MultiBox Detector
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Fig. 1. Neural Network Architectaure.

2.2 Optical Character Recognition
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2.3 Text to Speech
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Fig. 2. Bus Arrival Alarm Process.
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from pycocotools.coco import COCO
import requests

# instantiate COCO specifying the annotations json path
coco = COCO('annotations/instances_val2017.json')

# Specify a list of category names of interest

catIds = coco.getCatIds(catN

=['bus'])

# Get the corresponding image ids and images using loadImgs
imgIds = coco.getImgIds(catIds=catIds)

images = coco.loadImgs(imgIds)

# Save the images into a local folder
for im in images:
img_data = requests.get(im['coco_url']).content
with open('bus_val/' + im['file_name'], 'wb') as handler:
handler.write(img_data)

Fig. 3. Extract Only Bus Images Using COCO API.

import json
from pathlib import Path

class CocoFilter():
“"* Filters the COCO dataset

def _process_info(self):
self.info = self.cocol'info’]

def _process_licenses(s OF
self.licenses = self.cocol'licenses']

cess_categories(self):
.categories = dict()
per_categories = dict()
self.category_set = set()
for category in self.cocol'categories']:
cat_id = category['id']

super_category = category['supercategory']

Fig. 4. Extract Annotation Data About Bus Image.
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Fig. 5. Compare to Existing Model.

RHE AT A o) 7] 5k7) A2 AR, 2023

FET B2 on|x] Yl Hlo]HE Etf 2 TFRecord 7YS
AR % SSD RS site R 10818 shysigich ol
H2 QoA ai&om wAlEY FE& 915t Google
Coral Accelerator A1H|2}2] T34 )3l 7]& TensorFlow &
98 Edge TPU ZEl2 HIA|AFSICE 7|2 TensorFlow
w95} Coral AceeleratorS W] 2H5H AVeloF AF2HsE Alefo]
A s BIAES stlen, A= Table 137} ok

B|AE A3} Coral AcceleratorS A3 wdlo] Bt
173fps A= A5 RHojFa, 7|1& 29 ojd] ¢F 99
ul], Az2ket mdlof| A Azkshz| okl mdlul v)wa) oF 6.7
H Aso] SFATE AL 3kelst 4= 9ith

Table 1. Compare each model(Unit: fps)

No | Original Model Accggrr:tlor X Accggrr:tlor O
1 0.100339346 0.229465635 17.179736072
2 1.973159743 2.349861989 16.37140169
3 1922258677 2.386799261 17.68718636

211 | 1.660190672 2.197610484 15.6354527

212 | 1.628788607 2.216051064 18.26000113

213 | 1.740387555 2.276559794 17.0378266

214 | 1.695815154 2.273872436 17.9803919

215 | 1.740387555 2.312291345 17.29410212

216 | 1.616608717 2.309001071 17.87304834

217 | 1.579973809 2.287353594 16.71643504

218 | 1.695015433 2.337364408 16.79871836

219 | 1.692978137 2.296959649 16.86979745

220 | 1.589201753 2.255481161 15.87933489

avg | 1.754455899 2.571198997 17.38443194
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w = (31*width)/100

h = (18*height)/100
x = width*10/4

img.shape

tmp_img = img[int(h):int(h+x/3),int(w):int(w+x)]

gray = img

gray = cv2.cvtColor(img,cv2.COLOR_RGB2GRAY)

gray = cv2.threshold(gray, 8,255,cv2.THRESH_BINARY | cv2.THRESH_OTSU)[1]

Fig. 6. Image preprocessing code.
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Table 2. Raspberry-PI Specification

Specification
SoC Broadcom BCM2711 SoC
CPU 1.5GHz ARM Cortex-A72 MP4
GPU Broadcom VideoCore IV
RAM 4GB
Storage Micro-SD 16GB
oS Raspberry PI OS with desktop

Edge TPU

google coral accelerator
sub-processor

Table 3. Webcam Specification

Specification
Device Name APC930
Resolution QHD ~SD
FPS 30fps

Table 4. Demo model Specification

Specification
Bbus Model Size 7.2x28.2x 8.5 (cm)
Fig. 8. OCR Execution Screen. Bus Minimize Ratio 39.00- 1
Road Model Size 90x 30 (cm)
Ao g o] TAEE Sl AR Yot AW Bus Stop Model Size 30x 10 (cm)
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python Tesseract OCR Tensor!

Fig. 9. Bus Arrival Alarm System.
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Table 5. Model Bus Test Result

NO. 6000 Bus NO. 784 Bus
Case F.C D.C F.C D.C
test 001 50 48 50 37
test 002 102 97 421 334
test 003 310 298 381 294
test 004 221 210 218 156
test 005 212 201 184 134
test_ 006 321 304 177 139
test 007 221 203 273 218
test 008 324 301 339 256
test 009 212 201 311 237
test 010 89 30 98 76
Average of 500
Detection Count 94.12 - 91.25
Per Frame(%)

F.C: Frame Count D.C: Detection Count.

WA AEE0)7]E3tE]A] A22d A3, 2023

Fig. 12. Test Bus Stop and Result.

A

Table 6. Real Bus Test Result

NO. 742 Bus | NO.752Bus | NO. 753 Bus
Case FC| DC | FC | DC | FC | DC

test_ 001 50 48 50 37 90 85

test 002 | 102 97 421 334 267 249

test 003 | 310 298 381 294 186 178

test 004 | 221 210 218 156 136 127

test 005 | 212 201 184 134 164 156

test 006 | 321 304 177 139 261 252

test 007 | 221 203 273 218 90 83

test 008 | 324 301 339 256 127 118

test 009 | 212 201 311 237 220 210

test 010 89 80 98 76 95 87

Average of 500

Detection Count | 94.12 - 91.25 - 93.41

Per Frame(%)

E3F 7o) AT 4 Uk 2 BA Albo] o 32,
OCR B0 25 16 ~ 173] A A4S Halstsick
wehd R700] QHlsks £ OCR $20] of 53] olo]
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Table 7. Identification Rate

NO. 742

NO. 752

NO. 753

Average of 500
Detection Count Per
Frame(%)

94.12

91.25

93.41

Probability of

Detection at Least

Once in Five
Times(%)

99.99

99.92

99.98
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