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Abstract In this paper, we conducted research on a spatial crowdedness measurement system using the
Internet of Things(IoT) and Amazon Web Services(AWS). Current spatial congestion measurement
systems require expensive servers and entail significant investment in algorithm development and
updates to enhance spatial recognition performance. The proposed system can be implemented at low
cost by capturing the screen of a web camera(or CCTV) through OpenCV on a small/low-cost single
board computer, Raspberry Pi, and transmitting and processing the information to AWS. Within AWS,
the received spatial image information is stored in Amazon S3(Amazon Simple Storage Service).
Subsequently, Amazon Lambda transfers the images to Amazon Rekognition for congestion analysis
based on the images. The Amazon Rekognition service offers the capability to utilize artificial
intelligence(Al) technology for image processing at a low cost of 0.001 dollars per image. Through
human object recognition, it enables congestion analysis. The analyzed congestion level is stored in
DB(Database), and the result is displayed on the screen. The proposed system is expected to be used
for checking crowdedness at low cost in public places.
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3 Tilo] Eojuta Qlrh. THEE ov|A] G BA
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2.1 Amazon Web Services

Amazon Web Servicese T3t 7159 AH|AE
Asshs SHFE EHFOITHOl. AWSE A&, ]
ojgjdlojAt -2 Q) 7|&HE 74 ghg E QF
As Y AZ3HcE AWSS]  AH|AE
Representational State Transfer(REST) ¥ Simple
Object Access Protocol(SOAP)E 53l A5t o]&
7Fs3tt}. REST9F SOAPE APIE 50k WS 4
OJst= 21 HlojE HE HrAlolth &, AWS AJH|A
S APIZ Aofg 4= 9lth
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2.2 Amazon Rekognition
Amazon Rekognitione o}ulEo|A Algdl= St

2 7]dt Saas(Software as a Service) AFE H[A

0

(computer vision) EHECIH. AFAS 714 o5
Bl oulA] <14 ¥ vife BAS Asslela Hl-E-S
278 4 ok Amazon RekognitionoA= ARESH
ojm|R] A A4 whE vl A&, ou|X] 17
A 0.001€2(1.39)9] vl-&o] AFZH7I.
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2.3 Amazon S3

Amazon Simple Storage Service(Amazon S3)=
T Het 9 Ae5E AlFste AR AEZA] AjH]
2otk G840l AEZRL} 42 AASH BEE Fo
H| 82 FH3lsta HlolHE A 4= ok BE S
S dolgoA Hdolg £4, JAFAE, 714 &S
APt 4= At} Amazon 3= T Hlo|HE Esh=
ALt AA A7 G921 #M3lo] Qiet. ZF ARoll= 717}
EA5tar, W W Ao gk 253t AERto|t} W
I AA= privateo|w FIS Fogt F$ Ho] 7hs

AE|20} 183 2 9lrhs],

2.4 Amazon Lambda

AWS Lambdas= AHE #2SHA] §3ale st of
Aol Ao} WA E A Ao et FES AP 5
l= AW A FFE A8 2A0|tH9]. LambdaZt Adst
ol FEE YT 5tH 97 wet ZEE AY
t}. Lambda APIE AF&319] Lambda S8 &3}
ALl THE AWS AH]A9] o]HIE] SHTIo] T=E A
Pgie} AE E0f, AR A oMIE EZAE A5t
7] W&o Amazon S3E AREsto] JRT Fof AAZE
O= AWS Lambda HloJe] X2& & 4= it} ojdf, E
2 AT Lambda TFE APsk= oHEE U3l
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2.5 Amazon RDS

Amazon Relational Database Service(Amazon
RDS)= SHF-EolA TA T tloleHo]AE 29T &
= ¥ AH]2oJtH8]. MariaDB, Microsoft SQL
Server, MySQL, Oracle, PostgreSQLZ} Z-& to|¥
Hlo]lAE AHEE 4 Utk AWS Command Line
Interface(AWS CLI), Amazon RDS APl T+ AWS
Management Console2 53| Hlo|E{Ho]A QAIAEA
£ A8 4= 10l
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[Fig. 1] Proposed system configuration
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with open('/tmp/‘+realtitxt,'w) as f:
f.write(f{numberpeople} / {grade} / {realti})

s3.upload_file(/tmp/+realtitxt, ras1' realtitxt) #s3 .txt upload
print("success”)

except Exception as e:
print(e)

result = updateDB(numberpeople, realti, grade) #DB upload

if result:

return "complete”
else:

return "fail"

[Fig. 2] Web camera image

(Table 1) Lamda function source code def updateDB(numberpeople, realti, grade):

connection = pymySQL.connect(host=dbinfo.db_host,

:ng: Jbsc?trlﬁ port=3306, user=dbinfo.db_username, passwd=dbinfo.db_password,
import time db=dbinfo.db_name)

imzort io #DB linkage

from datetime import datetime vy

import threadin ) .
P 9 with connection.cursor() as cursor:

import sys SQL = "insert into bus (num, buslD,grade) values (%s,
import logging %s, %s)"

import pymySQL I i

meort pymyS cursor.execute(SQL, (numberpeople, realti, grade))

connection.commit()
s3= boto3.client('s3") except
print("data insert error”)

def detect_labels(bucket,photo): return False #Return O in result if data insertion fails

rekognition = boto3.client('rekognition")

response =
rekognition.detect_labels(Image={'S30bject':{ Bucket:bucket, Name':p
hoto}},MaxLabels=10)

else:
print("data insert success")
return True #Return 1 in result if data insertion success
return response|'Labels'] finally:
connection.close()

def lambda_handler(event, context):

now=datetime.now()

realti=now.strtime(*%Y%mo%dsHo%M) [Fig. 312 337440 949 ouA& &3t 33t
umberpeople=" Y 24 278 Yehith Lanbda S4014 AWS
Rekognitions &-&slo] ST 7|WO0 2 AFE, AL

trv = S = =] =Ll
for record in event['Records’]: & 59 AAE QA4lstal, Algo] 4ot st= A}

filename = record['s3']['object]['key'] 1o o] o Ea
bucket = record['s3][bucket]['name’ U= g2 5 Atk AWS Rekognitions ol H4l A
source= detect_labels(bucket,filename) ARIA 714 g5 7|e&g IY=E AHLSE 4= olA AR
for 1 i source: A 271He AN T3 68, A5 744 dlgo] Ba

if 'Person’ in str(i): cL o

numberpeople+=str(len(i[ Instances)) A ot 2get Lamda @4 &8I EE 5719 F7]
print(len(i['Instances'))) = dAslttal 7Moo, Aol 209 O]"—Sl' = ol
break ’
else: 20"40‘:5?1 o—|—1_~ HE, 40"‘60]:5?1 g/—é]f 60‘:5

numberpeople=str(0)

ogel Aol S EFoR EASIL
A7E o) AWSE Tgle] AA| A28 A

realtitxt=realti+" txt" =k

# Spatial Crowdedness Grade =

110 - numborpeop) - 20 slo] 27k BT 24o] Zhsee Slsiett A o
grade = ess crowde i

elif 20 < int(numberpeople) (= 40: ?-Oﬂkl-‘g_- %Z_]_' 37]% X]'E'—O—i O]Z]E]'Oq :'17]' 37]9’]'
grade = 2 #moderately crowded o]9]2 - 5 X olmz] XX% 2

elif 40 < int(humberpeople) (= 60: Aedpo] whet 57 TS ASAGOR gohe= Al
grade = 3 #crowded _/_\_E‘g.% ﬁ__,L‘ETEI— ]Zéo]q—_

elif 60 ¢ int(humberpeople):
grade = 4 #very crowded
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[Fig. 3] Spatial crowdedness image analysis result
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