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ABSTRACT— Obiject detection was introduced by researchers for face detection. Researchers
explain how the detected face is divided into minor frames to be recognized by the algorithm.
Due to COVID-19 and government regulations, many people face problems going to shopping
centers and shop safely. It has been very hard for both the government and the people to manage
social distancing. In our study, we developed a system using Raspberry Pi-4 that will detect the
distance between people along with counting the number of distance and mask violations. An
error message will appear on the screen in red, showing the total number of distance and mask
violations, which could later be used by the customer as statistical evidence for better safety

precautions.
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|. INTRODUCTION

Individuals’ health safety is in danger in various areas like shopping centers, the railroad system,
and lanes. This pandemic circumstance, where individuals assemble in crowds, made it
necessary to start managing social distance. Managing a crowd of varying densities involves
detection of the individual humans in the crowd. Other tracking algorithms have faced various

issues in crowd detection due to the presence of other objects in the environment.

Social distancing means staying a certain distance away from people in public places.
Due to COVID-19, social distancing became crucial. The goal is to decrease the transmission

rates of COVID-19 by reducing contact between infected and healthy individuals.

COVID-19 has proven to be one of the most dangerous viruses to ever exist. In
comparison to other diseases like HIN1, swine flu, and Ebola COVID-19, swine flu is the most
contagious. COVID-19's airborne nature makes its transmission faster as no physical contact is
required. COVID-19 death numbers are higher than Ebola’s. According to the New York Times,
COVID-19 has claimed the lives of 1.02 million people in the United States alone. The United
States Centers for Disease Control and Prevention (CDC) came up with a critical guideline to
help contain such a pandemic. A mask should be required in all indoor spaces for everyone ages
2 and above. A mask should successfully cover the nose and mouth of an individual. Several
types of masks are available, with the most common one being the N95 respirator. Other types
are also available (N99, N100, P95, P99, P100, R95, R99, and R100), which offer the same or

better protection as the N95 respirator.
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OUR Journal: ODU Undergraduate Research Journal, Vol. 10 [2023], Art. 7
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Figure 1 Mask Types

During the summer of 2022, computer science undergraduates at Old Dominion
University undertook a deeper investigation to help with COVID-19 safety measures. This study
provides a more efficient tracking method that focuses on capturing a video that is later divided
into frames and then counts the number of people in each frame. If they are closer to the assigned
distance, then it will automatically display an error message in red with the number of distance
violations. Moreover, the algorithm is designed to recognize the number of face masks worn by

individuals and keep track of the number of face mask violations.
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II. METHODOLOGY

Equipment
1. The Raspberry Pi V4 Model B (4GB)
The Raspberry Pi 4 is the fourth and latest model of the Raspberry Pi computers. It
has a Broadcom BCM2711B0 quad-core ARM processor along with a 4k-capable

Broadcom Video Core VI video processor, a USB 3.0 port, and USB Type-C for power.

FIGURE 2 RASPBERRY P14

Published by ODU Digital Commons, 2023
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2. Raspberry Pi Camera Module v2

The v2 camera has a Sony IMX219-megapixel sensor. The camera could be used
for both photos and videos. It supports 1080p30, 720p60, and VGA90 video modes. It has
a 15cm cable that connects to the CSI port on the Raspberry Pi. It is compatible with all
Raspberry Pi models: 1, 2, 3, and 4. It can be operated through the MMAL and V4L

libraries, along with various third-party libraries such as the Picamera Python library.

FIGURE 3 RASPBERRY PI CAMERA MODULE
V2
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3. SanDisk Micro SD card 32GB

A Secure Digital card is a memory card used to store data on various technological
devices like cameras and mobile phones. Any SD card would work for our purposes so
long as it is a Micro SD card and fits in the Raspberry Pi. The capacity would vary

depending on the user’s intended use and data size.

San)Jisk
Ultra PLUS

32GB Mgy
1 I

FIGURE 4 SANDISK MIcro SD
CARD
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4. The Raspberry Pi 4 Power Supply

USB-C power supply with 5.1V/3.0A DC output.

official USB-C PO%C

@ us

rypi.O wer-supPY
! \ i vq/producll/lype‘ﬁw
| ser

o UsB-C

®

FIGURE 5 RASPBERRY P1 4 POWER SUPPLY
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5. CanaKit Premium Raspberry Pi 4 Micro HDMI Cable — 6 Feet

Micro HDMI to HDMI cable to connect the Raspberry Pi 4 to the TV screen for
visual display. A 6 ft cable was used, producing up to 60 frames per second and 4k
resolution. CanaKit has been previously tested on the Raspberry Pi 4, but other brands

are also available.

N

FIGURE o nuivii LABLE
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I1l.  IMPLEMENTATION
Figure 7 is a picture captured from a video in a public environment. The blue frames
indicate that the distance maintained between individuals is valid. Meanwhile, the red frames

indicate that there is a distance violation.
> _

© e— - ﬁ" -
o N ¢ J Y .J\.t' ,'A.’ .

~

|

Figure 7 Crowd detection in frames

First, the Raspberry Pi camera captures the video of a public setting. Then the video is
split into minor frames where the frames are divided and processed frame by frame. Next, with
the use of TensorFlow, only people are detected. When the process is complete, the algorithm
measures the distance between each frame using pixels. If it is less than the required distance, an
error message will appear showing the distance violation number. The same process is repeated

to accurately recognize and identify face masks.

https://digitalcommons.odu.edu/ourj/vol10/iss1/7
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IVV. LIBRARIES

1. OpenCV

- OpenCV is a machine learning library that focuses on video capturing and image

processing. It supports multiple programming languages including C++, Java, and Python. For

the purposes of this study, OpenCV was used for object detection to identify people and masks.

- Link: https://pypi.org/project/opencv-python/

2. NumPy

- The Numerical Python library (NumPy) is a library designed to work with
multidimensional arrays to perform complex mathematical operations such as trigonometric,

statistical, and algebraic expressions.

- Link: https://pypi.ora/project/numpy/

3. Multiprocessing

- This library allows the system to run more than one operation at the same time. In the
case of this study, more than one processor is operating at the same moment as configurations,

spreadsheets, and data recording are all running simultaneously.

- Link: https://pypi.org/project/multiprocess/

4. Selenium

- Selenium is a web-testing library framework.

- Link: https://pypi.ora/project/selenium/

Published by ODU Digital Commons, 2023
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V. FUNCTIONS

1. Check

- This function is responsible for finding the distance between individuals where the

violation distance is set to 2 ft and could always be changeable.

2. Setup

- This function is responsible for using the Yolo library for weights and configuration. As

part of Yolo, coco.names was used as an image dataset to identify objects. Using deep

neural networks, both people and masks were successfully trained.

3. Setup 2

- This function is responsible for defining all the variables needed (threshold, weights,
size, confidence) of a new model. These variables are used to train the data being identified in

the setup function.

4. Inference from file

- Responsible for reading the image file and returning it into the inferred image.

5. Inference

- This function is responsible for breaking the video into frames, detecting people and
masks, and drawing the frame around them. First the image is read, resized, and then added to

the list.

https://digitalcommons.odu.edu/ourj/vol10/iss1/7
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6. Process

- This function is required to keep a record of mask and distance violations and the

number of faces in the program to be printed out on the screen later in the program.

7. ThingSpeak

- This function uses the data recorded in the process function and uploads it on the

ThingSpeak website to receive graphical data.

8. Alert

- This function opens WhatsApp and sends the client a safety measurement violation if a

majority (> 50%) is violating COVID-19 guidelines.

Published by ODU Digital Commons, 2023
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VI. OutpPuT

The input of the program can be either a video or observance from the live camera. As
shown in Figure 4, a video is uploaded to the Raspberry Pi. First, frames are drawn on each
person. A green color shows whether there is no distance violation. Otherwise, a red color is
displayed along with a yellow line between individuals to represent the distance violation.
Another frame is drawn around their masks. Green represents that the mask is worn correctly,
while red means there is a mask violation, and yellow indicates that the mask is worn

inappropriately.

Detected

(Obeyi

Figure 8 Output
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A message appears at the top of the screen showing all the data calculated in the program: total
number of people, social distance violations and compliances, face mask violations and

compliances, and total number of face masks detected.

VIlI. EXTRA FEATURES

The data is then uploaded to ThinkerSpeak to show a visual representation of it using
graphs and charts, making it easier for further analysis. Also, ThinkerSpeak data is sent to the

owner of the program via WhatsApp.

COVID—-19 Safety Detector

Person(s) Detected
o \5
@ §
‘r.
5
[
b

<. B & Person(s) Detected

Field 2 Chart Z o & = COVID-19 Safety Detector = O f =
=
2 COVID—-19 Safety Detector
3 1
28 :s
. i
=
Z o Person(s) Obeying Social
2 8- Ju <-4 =5 = Distancing
3 Date P

TrrgIoesi sam

Field 3 Chast = (=2 ” x COVID-19 safety Detector o o - E3
=3
$ COVID-19 Safety Detector
-
=
=
&
3
z
% o - a Person(s) Defying Social
s <. Jua 5. 2wt & Jul Distancing
= Date Tt s
Trirgssesk.osm
Field 4 Chart (=3 f=2 ”~ x COVID-19 safety Detector = o - 3

COVID-19 Safety Detector

3

Face(s) Detected

Face(s) Detected

Figure 9 ThinkerSpeak results
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L

Output.mp4

FIGURE 7 OUTPUT LIVE DEMONSTRATION
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VIIl.  FUTURE WORK
Further research could be conducted to make this study more applicable in real life. It can
be used to trigger alarms if many distance violations exist. It can be used to evaluate people’s
responses to government regulations in different cities and states. This study could be
implemented in different environments like classrooms, public transportation, and any public
setting. It can be used as statistical evidence for COVID-19 related reports. It could also be used
to track immigrants’ responses to COVID-19 guidelines through sending out mobile alerts in

cases of mask or distance violations.

IX. CONCLUSION

Overall, social distancing is crucial, especially in times of a pandemic. The idea of object
detection could effectively be used as a data collection tool along with an alert device to ensure
the safety of the community. If social distancing guidelines could be safely followed, COVID-19
cases could dramatically decrease. Face masks are another important aspect in containing
COVID-19 cases. Research proved the effectiveness of COVID-19 surgical masks as villages
that enforced mask guidelines were less likely to suffer high numbers of COVID-19 cases. The
system is used to monitor people’s responses to COVID-19 guidelines. It shows statistical
evidence through Thinker Swim in the form of graphs to represent the effectiveness of social

distancing and mask guidelines of a certain environment.

Published by ODU Digital Commons, 2023
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COoDE

1 from dataclasses import field

2 from wrllib.request import wrlopen

3 from selenium import webdriver

from selenium.webdriver.chrome.options import Options
from selenium.webdriver.common.action_chains import ActionChains
from selenium.webdriver.common.by import By

from multiprocessing import Queue

from keyboard import press

import numpy 2s np

18  import multiprocessing

11 import time

12 import cv2

13 import pyautogui

14  import argparse

15  import imutils

16  import os

17 def check{a, b):

18 dist = ((a[@] - b[E]) ** 2 + 550 / ((a[1] + b[1]) / 2} * (a[1] - B[1]) ** 2} ** 8.5
19 calibration = {a[1] + b[1]) / 2

28 if ¥ ¢ dist ¢ 2.5 * calibration:

21 return True

22 else:

23 return False

24 def setup(yolo):

25 global met, 1n, LABELS

28 weights = os.path.sep. n([yolo, "yolov3.weights"])

27 config = os.path.sep.join([yolo, "yolow3.cfg"])

28 labels_path = os.path.sep.join([yolo, "coco.names™])

29 LABELS = open{labels_path}.read{}.strip(}.split("\n")

£l net = cvi.dnn.readietFrombarknet(config, weights)

31 1n = net.getlayerNames()

3z 1n = [In[i[@] - 1] for i in net.getUnconnectedOutlayers()]
33 def setup2{config, model, labels, size=418, confidence=8.5, threshold=#.3):
34 global confidencel, thresholdl, sizel, labelsl, netl

35 confidencel = confidence

L} thresholdl = threshold

ar sizel = size

38 labelsl = labels

EL] netl = cvi.dnn.readNetfFronDarknet(config, model)

48 def inference_from_file(file):

41 mat = cwl.imread(file)

4z return inference(mat)

43 def inference(image):

44 ih, iw = image.shape[:2]

45 1n = netl.getlLayeriames()

48 1n = [In[i[@] - 1] for i in netl.getUnconnectedOutlayers()]
ar blob = cvi.dnn.blobfromimage(image, 1 / 255.8, (sizel, sizel), swapRB=True, crop=False}
48 netl.setInput{blob)

439 start = time.time()

S8 layer_outputs = netl.forward(1ln)

51 end = time.time()

52 inference_time = end - start

53 boxes = []

54 confidences = []

55 class_ids = []

56 for output in layer_outputs:

57 for detection in output:

S8 scores = detection[5:]

https://digitalcommons.odu.edu/ourj/vol10/iss1/7
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59 class_id = np.argmax({scores)

-] confidence = scores[class_id]

61 if cenfidence » confidencel:

&2 box = detection[®:4] * np.array([iw, ih, iw, ih])

63 (center_x, center_y, width, height) = box.astype("int")
B4 ® = int(center_x - (width [/ 2))

65 y = int{center_y - (height [ 2]}

66 boxes.append([x, y, int{width), int(height)])

&7 confidences. append(flost(confidence))

B8 class_ids.append{class_id)

=] idxs = cvi.dnn.MM5Boxes(boxes, confidences, confidencel, thresholdl)
il results = []

ra if len{idxs) » @:

72 for i in idxs.flatten():

73 ¥, ¥ = (boxes[i][®], boxes[i][1])

74 W, h = (boxes[i][2], boxes[i][3]}

75 key = class_ids[i]

T8 confidence = confidences[i]

I results.append((key, labelsl[key], confidence, %, v, w, h))
T8 return iw, ih, inference_time, results

79 def process(image):

a8 global processedImg, mask_wviolation, no_mask_wiclation, distance violation, no_distance_viclation, pecple, faces, closer
81 mask_violation = @

82 no_mask_violation = @

83 distance_violation = @

a4 no_distance_violation = @

85 people = @

26 faces = @

a7 closer = @

HE (H, W) = (None, None)

a9 frame = image.copy()

a9 width, height, inference_time, results = inference(frame)

91 for detection in results:

92 key, name, confidence, x, y, w, h = detection

a3 if(key > @):

94 mask_violation += 1

95 else:

95 no_mask_violation +=1

97 color = colors[key]

98 cvi.rectangle(frame, (x, y), (x + w, ¥ + h), color, Z)

99 if W iz Mone or H is None:

104 (H, W) = frame.shape[:2]

181 blob = cvi.dnn.blobfromimage(frame, 1 / 255.8, (416, 416), swapRB=True, crop=False)
18z net.setInput(blob)

183 layer_outputs = net.forward{ln}

184 confidences = []

185 outline = []

186 for output in layer_outputs:

187 for detection in output:

188 scores = detection[5:]

189 maxi_class = np.argmax(scores)

118 confidence = scores[maxi_class]

111 if LABEL=[maxi_class] == "person” and confidence » @.5:
112 box = detection[®:4] * np.array([W, H, W, H])

113 (center_x, center_y, width, height) = box.astype("int")
114 ® = int(center_x - (width [/ 2))

115 vy = int(center_y - (height / 2})

Published by ODU Digital Commons, 2023
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116 outline.append([x, y, int(width}, int{height}]}

117 confidences. append(float(confidence))

118 box_line = cvi.dnn.NMSBoxes{outline, confidences, B.5, ©.3)

119 if len{box_line} > B:

128 flat_box = box_line.flatten()

121 pairs = []

122 center = []

123 status = []

124 for i in flat_box:

125 (x, y) = {outline[i][@], outline[i][1])

126 (w, h) = {outline[i][2], cwtline[i][3])

127 center.append{[int(x + w / 2}, int{y + h / 2)])

128 status.append{False)

129 for 1 in range(len(center}):

138 for j in range(len{center)):

131 close = check(center[i], center[j])

132 if close:

133 pairs.append([center[i], center[i]])

134 status[i] = True

135 status[j] = True

138 people = len(box_line)

137 index = @

138 for i in flat_box:

139 (x, ¥) = ne[i][e], ouwtline[i][1])

148 (w, h) = ne[i][2], cwtline[i][3])

141 if status[index] == True:

142 cv2.rectangle(frame, (x, y), {x +w, ¥ + h}, (58, 58, 284), 2)
143 closer += 1

144 elif status[index] == False:

145 cvi.rectangle(frame, (x, y), (x +w, ¥ + h}, (55, 281, 45), 2)
148 index += 1

147 for h in pairs:

148 cv2. line{frame, tupla(h[®]), tuple(h[1]}, (22, 18@, 231), 2}

149 distance_violation = closer

158 no_distance_violation = pecple - closer

151 faces = mask_viclation + no_mask_violation

152 cvi.rectangle( frame, (8,0),(512,32),({@,0,0),-1)

153 cv2.rectangle(frame, (1,1),(518,32),{255,255,255),2)

154 combined_textl = "Person{s) Detected Social Distancing Face Mask Face(s) Detected”
155 combined_textZ = " {} (Obeying: {} | Defying: {}) (Obeying: {} | Defying: {}) {}".format(people, no_distance_violation, distance_violation, no_mask_
158 cvi.putlext(frame, combined_textl, (5, 13), cvi.FONT_HERSHEY SIMPLEX, @.35, (255, 255, 288), @)
157 cvi.putText(frame, combined_text2, (5, 26), cvi.FONT_HERSHEY_SIMPLEX, @.35, (255, 255, 255), @)
158 fieldl = people

159 field2 = no_distance_violation

168 fieldd = distance_violation

181 fieldd = faces

162 fieldS = no_mask_violation

183 fielde = mazk_violation

164 thingspeak = base_url + "&Field1={}&field2={}&Field3={}&fielda={}&Fields={}afield .format(fieldl, fieldz, field3, fieldd, fields, fields)
165 urlopen(thingspeak)

166 processedImg = frame.copy()

167  def alert(queue):

168 contact_name 'Mustafa Atif Ibrahim'"

169 search_for = "Mustafa Atif Ibrahim"

178 message = gueus.get()
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171 whatsapp_url = r'https://web.whatsapp.com/"

172 opt = Options{}

173 opt.add_argument{r'user-data-dir=D:\Desktop Backup\COVID-19 Safety Detector\whatsapp-profile’)
174 driver = webdriver.Chrome(r'D:\Desktop Backup\COVID-19 Szfety Detector\chromedriverchromedriver.exe, options=opt)
175 driver.get{whatsapp_url }

176 time. sleep(38)

177 search_box = driver.find_slement(By.®XPATH, “//div[@title="Search input textbox']")

178 ActionChains(driver).move_to_element(search_box).click(search_box).perform()

179 time. sleep(2)

188 search_box.send_keys(search_for)

181 time.sleep(2)

182 chat_box = driver.find_element(By.XPATH, "//span[@title="+contact_name+"]")

183 fActionChains{driver).move_to_element{chat_box).click(chat_box).perform(}

184 time. sleep(2)

185 clip _button = driver.find_element(By.XPATH, "//span[@data-testid="clip']"}

186 ActionChains{driver).move_to_element{clip_button).click(clip_button).perform()

187 time.sleep(2)

188 imaga_button = driver.find_slement{By.XPATH, "//span[@data-testid='attach-image’]")

189 ActionChains{driver).move_to_element{image button).click{image button).perform{}

199 time. sleep(2)

191 pyautopui. typewrite(r"D:\Desktop Backup\COVID-19 Safety Detectorialert.jpg”.2.1)

192 time. sleep(2)

193 press( "enter’)

194 time.sleep(2)

195 message_box = driver.find_slement(By.XPATH, "//div[@data-testid="drawer-niddle’ ]//span//div//span//aiv/ div//div) fdiv/div/ /div/ (div//div/ rddvs div//div[@role="textbox’ ]}
196 message_box.send_keys(message)

197 time. sleep(2)

198 sending = driver.find_element(By.XPATH, "//span[@data-testid="send']")

199 ActionChains{driver).move_to_element{sending).click(sending).perform()

269 time. sleep(18)

281 driver.close()

282 driver.quit(}

283 def main():

284 ap = argparse.ArgurentParser()

85 ap.add_argument('-n', '--network’, default="normal", help='Metwork Type: mormal / tiny / prn’)
286 ap.add_argument('-d', '--device', default=#, help='Device to use’)

287 ap.add_argument(’-s', '--size’, default=416, help="Size for yolo")

288 ap.add_argument('-c’, °--confidence’, default=8.5, help="Confidence for yolo')

209 args = ap.parse_args()

Fat] classes = [“Wearing Mask Properly”, "Not Wearing Mask Properly”, "Not Wearing Mask At All"]
a1 if args.network == "normal":

212 setup2( "models/mask-yolovd.cfg", "models/mask-yolovd.weights”, classes)

n3 elif args.network == "prn”

214 setupl( "models/mask-yolov3-tiny-prn.cfg”, "models/mask-yolov3-tiny-prn.weights”, classes)
ns else:

218 setupl{ "models/mask-yolovd-tiny.cfg”, "models/mask-yolowd-tiny.weights”, classes)

217 global colors

8 colors = [(55, 281, 45), (22, 188, 231), (58, 58, 284)]

219 write_key = "MIGENVROLNGZNVXX™

228 global base_url

pray base_url = “https://api.thingspeak.com/update?api key= format{write_key)

222 create = MNong

223 frameno = @

24 process_time = @

25 alert_image = "alert.jpg"

226 input_filename = "inputl.mpd”

227 yolo = "yolo-caco/"
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227 yolo = "yolo-coco/™

228 output_filename = “output.avi®

229 if{input_filename B

238 cap = cvd.VideoCapture(®)

231 else:

232 cap = cv2.VideoCapture(input_filename)

233 while(True):

234 ret, frame = cap.read()

235

238

237 current_img = frame.copy()

238 curremt_img = imutils.resize(current_img, width=512, height=512

239 frameno += 1

248 if{frameno¥2 == @ or frameno == 1):

241 setup{yolo)

242 process (current_img)

243 processed_frame = processedimg

244 cvZ.imshow( "COVID-19 Safety Violations Detector”, processed_frame)

245 if{time.time() - process_time »= 158 and process_time » 8):

246 processl.kill()

247 if{people > @ and faces > @ and time.time() - process_time >= 388):

248 if(float(distance viclation) / float(pecple) > @.5 and float{mask_violation) / float(faces) » @.5):
249 ovi.imwrite(alert_image, processed_frame)

258 gueuel = Queue()

251 processl = multiprocessing.Process(target= alert, args={queuel,)
252 process_time = time.time()

253 processl.start()

254 gueuel.put('COVID-19 Safety Alert! Majority are defying face mask and social distancing rules. Please spread the COVID-19 safety rules of obeying face mask
55 else:

256 if(float{mask_violation) [ float(faces) > &.5):

57 ov2.imwrite(alert_image, processed_frame)

258 queuel = Queus()

259 processl = multiprocessing.Process(target= alert, args=(queuel,)
2688 process_time = time.time()

261 processl.start()

262 queuel.put(’'COVID-19 Safety Alert! Majority are defying face mask rule. Please spread the COVID-19 safety rule of cbeying face mask.')
283 elif(fleat(distance_violation) / float(people) » 8.5}

264 ovi.imwrite(alert_image, processed_frame)

285 queuel = Queua()

268 processl = multiprocessing.Process(target= alert, args=(queuel,)
267 process_time = time.time()

processl.start()
queuel. put('COVID-19 Safety Alert! Majority are defying social distancing rule. Please spread the COWID-19 safety rule of obeying socizl distancing.”)
if create is Mone:

fource = cv.VideoWriter_fourcc(*'XvID')
272 create = cv2.Videowriter(output_filename, fourcc, 38, (processed_frame.shape[1], processed_frame.shape[e]), True)

create.write(processad_frame)

if cvi.waitkey(1l) & OxFF ord(q"):

break

cvZ.destroyallkindows()

74

a5

78 cap.release()
277

278 if _ name_ == '_main_ ':
a9

main()
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