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IoT  without  monitoring  is  risky:  a  vulnerability  analysis  and  solutions

SUMMARY

The  growing  adoption  of  the  Internet  of  Things  (IoT)  in  corporate,  industrial,  and  domestic  environments  has  

significantly  expanded  the  digital  attack  surface.  However,  the  lack  of  effective  monitoring  systems  transforms  this  

innovation  into  a  critical  risk  vector.  This  article  analyzes  the  main  vulnerabilities  associated  with  the  lack  of  

observability  in  IoT  devices,  highlighting  common  flaws  such  as  the  lack  of  robust  authentication,  insecure  

communication,  and  lack  of  firmware  updates.  The  research  shows  that  without  continuous  monitoring,  it  is  

impossible  to  detect  anomalous  behavior,  prevent  intrusions,  or  ensure  compliance  with  security  standards.  

Furthermore,  the  lack  of  operational  visibility  compromises  the  scalability  and  reliability  of  connected  systems,  

directly  impacting  digital  governance  and  strategic  decision-making.  Practical  solutions  are  presented,  such  as  the  

implementation  of  real-time  monitoring  platforms,  the  use  of  artificial  intelligence  for  predictive  fault  detection,  and  

integration  with  automated  response  systems.  The  study  concludes  that  monitoring  is  not  merely  a  technical  

measure,  but  a  strategic  imperative  to  ensure  the  security,  efficiency,  and  sustainability  of  IoT  ecosystems.  The  

adoption  of  observability  practices  must  be  considered  from  architectural  planning  to  continuous  operation,  being  

essential  to  mitigate  risks  and  enable  the  safe  growth  of  intelligent  connectivity.
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The  growing  adoption  of  the  Internet  of  Things  (IoT)  across  corporate,  industrial,  and  domestic  environments  has  

significantly  expanded  the  digital  attack  surface.  However,  the  absence  of  effective  monitoring  systems  turns  this  

innovation  into  a  critical  risk  vector.  This  article  analyzes  the  main  vulnerabilities  associated  with  the  lack  of  

observability  in  IoT  devices,  highlighting  common  failures  such  as  weak  authentication,  insecure  communication,  

and  outdated  firmware.  The  research  demonstrates  that  without  continuous  monitoring,  it  is  impossible  to  detect  

anomalous  behavior,  prevent  intrusions,  or  ensure  compliance  with  security  standards.  Furthermore,  the  lack  of  

operational  compromise  highlights  the  scalability  and  reliability  of  connected  systems,  directly  impacting  digital  

governance  and  strategic  decision-making.  Practical  solutions  are  presented,  including  the  implementation  of  real-

time  monitoring  platforms,  the  use  of  artificial  intelligence  for  predictive  fault  detection,  and  integration  with  

automated  response  systems.  The  study  concludes  that  monitoring  is  not  merely  a  technical  measure  but  a  

strategic  imperative  to  ensure  the  security,  efficiency,  and  sustainability  of  IoT  ecosystems.  The  adoption  of  

observability  practices  should  be  considered  from  architectural  planning  through  continuous  operation,  as  it  is  

essential  to  mitigate  risks  and  enable  the  safe  growth  of  intelligent  connectivity.
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digital  expands  proportionally.  Each  IoT  device  represents  a  potential  point  of

connectivity,  although  promising,  brings  with  it  increasing  complexity  in  terms  of

The  Internet  of  Things  (IoT)  represents  one  of  the  greatest  technological  revolutions  in

1.  INTRODUCTION

1.1.  Contextualization  of  the  Internet  of  Things  (IoT)

1.3.  Monitoring  as  a  Strategic  Pillar

scalability  of  systems  is  compromised.

1.4.  Common  Vulnerabilities  in  IoT  Environments

strategic.  Observability  allows  you  to  identify  usage  patterns,  anticipate  failures,  and  respond  to

Recent  studies  indicate  that  a  large  proportion  of  IoT  devices  suffer  from  problems

as:

1.2.  The  Expansion  of  the  Attack  Surface

•  Weak  or  no  authentication

•  Unencrypted  communication

management,  security  and  reliability.

•  Lack  of  standardization  in  protocols

•  Outdated  firmware

transforming  sectors  such  as  healthcare,  logistics,  agriculture,  energy  and  public  safety.  This

in  real  time.  From  industrial  sensors  to  smart  home  devices,  IoT  is

21st  century,  connecting  physical  devices  to  the  digital  network  for  data  collection,  exchange  and  analysis

to  detect  anomalies,  prevent  intrusions  and  ensure  compliance  with  security  standards.

With  the  exponential  growth  of  connected  devices,  the  attack  surface

lack  of  visibility  into  the  behavior  of  these  devices  compromises  the  ability

Monitoring  IoT  devices  isn't  just  a  technical  practice—it's  a  requirement.

to  operational,  financial,  and  reputational  risks.  Digital  governance  becomes  fragile,  and

vulnerability,  especially  when  there  are  no  continuous  monitoring  mechanisms.  The

incidents  and  optimize  resources.  Without  monitoring,  organizations  operate  blindly,  exposing
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visibility.

critical  systems.

The  lack  of  monitoring  in  IoT  environments  directly  affects:

•  Cybersecurity:  Increases  vulnerability  to  attacks

•  Operational  efficiency:  makes  it  difficult  to  detect  failures  and  bottlenecks

Companies  that  neglect  monitoring  face  not  only  technical  risks,

1.6.  The  Urgency  of  Real-Time  Observability

To  mitigate  the  risks  of  lack  of  monitoring,  this  article  proposes:

Tools  like  Azure  Monitor,  AWS  IoT  Device  Defender,  and  SIEM  platforms

•  Regulatory  compliance:  compromises  audits  and  certifications

1.5.  Impacts  of  Lack  of  Monitoring

resulting  in  data  leaks,  service  interruptions  and  even  improper  remote  control  of

These  flaws,  when  left  unmonitored,  can  be  exploited  by  malicious  actors,

(Security  Information  and  Event  Management)  have  become  essential  to  ensure  this

1.7.  Technological  and  Strategic  Solutions

but  also  financial  losses  and  reputational  damage.

Real-time  observability  is  the  ability  to  monitor,  interpret,  and  react  to  real-time

•  Decision  making:  reduces  the  reliability  of  the  collected  data

behavior  of  IoT  devices  as  data  is  generated.  This  includes:
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•  Use  of  artificial  intelligence  for  predictive  analysis

•  Collection  of  metrics  and  logs

•  Absence  of  operational  logs  and  metrics

•  Event  analysis

•  Automated  response

•  Adoption  of  integrated  monitoring  platforms

•  Anomaly  detection

•  Continuous  training  of  technical  teams

•  Implementation  of  security  policies  based  on  Zero  Trust
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•  Discussion  on  governance  and  compliance

•  Study  of  real  cases  of  failures  due  to  lack  of  monitoring

•  Integration  with  automated  response  systems

•  Literature  review  on  IoT  vulnerabilities

•  Conclusion  with  practical  recommendations

•  Proposals  for  technological  and  strategic  solutions
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The  Internet  of  Things  (IoT)  refers  to  the  interconnection  of  physical  devices  to  the  internet,

enabling  real-time  data  collection,  exchange,  and  analysis.  According  to  Atzori  et  al.  (2010),  IoT

monitoring  in  IoT  environments,  identifying  recurring  vulnerabilities  and  proposing  solutions

Given  the  growing  dependence  on  connected  devices,  it  becomes  urgent  to  discuss  the

IoT  is  already  a  reality  —  but  security  is  still  neglected.

In  addition  to  this  introduction,  the  article  will  be  divided  into  the  following  sections:

2.1.  Internet  of  Things  (IoT):  Concept  and  Evolution

connected  safer  and  more  sustainable.

This  article  aims  to  analyze  the  risks  associated  with  the  absence  of

scalability  and  compliance.

These  solutions  not  only  increase  security  but  also  promote  efficiency,

1.8.  Purpose  of  the  Article

2  THEORETICAL  FRAMEWORK

practical  and  scalable.  The  approach  combines  technical  fundamentals  with  strategic  vision,

aiming  to  support  managers,  developers  and  investors  in  building  ecosystems

1.9.  Justification  and  Relevance

study  is  in  its  direct  applicability  in  corporate,  industrial  and  urban  environments,  where

importance  of  monitoring  as  a  risk  mitigation  tool.  The  relevance  of  this

1.10.  Article  Structure
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ensure  the  safe  and  efficient  operation  of  systems.  In  IoT  environments,

of  devices  based  on  metrics,  logs,  and  traces.  According  to  Chandrasekaran  et  al.

applications  in  sectors  such  as  healthcare,  industry,  agriculture,  and  smart  cities.  The  evolution  of

•  Unencrypted  communication

•  Perception:  sensors  and  actuators  that  collect  data  from  the  environment.

cloud  computing  platforms.

•  Application:  systems  that  process,  analyze  and  respond  to  collected  data.

The  most  common  vulnerabilities  include:

2.3.  IoT  Security:  Challenges  and  Vulnerabilities

These  flaws  make  devices  susceptible  to  attacks  such  as  hijacking,  spoofing,

•  Network:  communication  protocols  that  transmit  data.

2.4.  Monitoring  and  Observability  in  IoT

DDoS  and  data  exfiltration.

The  typical  architecture  of  an  IoT  system  is  composed  of  three  layers:

observability  goes  beyond  traditional  monitoring,  allowing  us  to  understand  the  internal  state

represents  a  convergence  between  sensor  technologies,  networks  and  intelligent  systems,  with

IoT  has  been  driven  by  advances  in  connectivity  (5G),  hardware  miniaturization  and

•  Outdated  firmware

2.2.  IoT  Systems  Architecture

•  Lack  of  secure  authentication

Monitoring  is  the  process  of  continuously  collecting  and  analyzing  operational  data  to

This  structure,  although  efficient,  is  highly  distributed  and  heterogeneous,  which  increases

the  complexity  of  monitoring  and  security.

the  implementation  of  robust  encryption,  authentication  and  access  control  mechanisms.

IoT  security  is  one  of  today's  biggest  challenges.  According  to  Roman

et  al.  (2013),  IoT  devices  often  operate  with  limited  resources,  which  makes  it  difficult

•  Lack  of  behavior  monitoring
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continuous  as  part  of  regulatory  compliance.  The  lack  of  observability  compromises

incidents  in  real  time.

(2021),  observability  is  essential  for  detecting  anomalies,  predicting  failures,  and  responding  to

3.1  Materials  Used

vulnerability.

responses  and  ensure  safe  scalability.

•  Real-time  monitoring  platforms  (e.g.,  Azure  Monitor,  AWS  IoT  Device

Simulated  and  real  IoT  devices:  temperature  sensors,  IP  cameras,  smart

plugs  and  ESP32  microcontrollers,  representing  different  levels  of  complexity  and

•  Zero  Trust  architectures  for  dynamic  access  control

•

22.04,  simulating  domestic  and  industrial  networks.

Digital  governance  in  IoT  involves  policies,  processes  and  controls  that  ensure  the

•  Security  Event  Management  (SIEM)  systems

These  tools  allow  not  only  to  detect  failures,  but  also  to  automate

•

audits,  security  reports  and  decision-making  based  on  reliable  data.

Monitoring  platforms:

Defend)

2.5.  Digital  Governance  and  Compliance

ethical,  secure,  and  efficient  use  of  data  and  connected  devices.  Standards  such  as  ISO/IEC

•  Artificial  intelligence-based  models  for  predictive  detection

2.6.  Technological  Solutions  for  IoT  Monitoring

Virtualized  test  environment:  created  on  virtual  machines  with  Ubuntu  Server•

3.  MATERIAL  AND  METHOD

27001,  GDPR ,  and  NIST  Cybersecurity  Framework  require  monitoring  practices

monitoring:

To  carry  out  this  study,  the  following  resources  were  used:

Several  solutions  have  been  developed  to  mitigate  the  risks  associated  with  the  lack  of
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IoT  devices  were  analyzed  in  different  contexts  (residential,  corporate  and

Azure  Monitor  and  AWS  IoT  Device  Defender  for  cloud  observability

allowing  the  collection  of  data  on  anomalous  behavior,  silent  failures  and  exposure  to

attacks.

•

3.2  Research  Method

•

impact  of  the  absence  and  presence  of  monitoring.  The  data  were  statistically  treated  and

The  methodological  approach  adopted  was  exploratory  and  applied,  focusing  on

Nmap  for  port  and  service  scanning

OpenVAS  for  vulnerability  assessment

The  devices  were  operated  on  networks  without  observability  tools,

interpreted  based  on  digital  governance  and  compliance  criteria.

3.2.2.  Simulation  of  unmonitored  environments

real,  allowing  direct  comparison  between  monitored  and  unmonitored  environments.

•

identification  of  vulnerabilities  and  validation  of  monitoring  solutions.  The  study  was

3.2.4.  Comparative  analysis  and  validation

Security  analysis  tools:

The  same  networks  were  reconfigured  with  real-time  monitoring  tools.

Wireshark  for  packet  inspection

•

•

divided  into  four  main  stages:

OWASP  IoT  Top  10

insecure  and  lack  of  firmware  update.

4.  RESULTS  AND  DISCUSSION

Technical  and  normative  documentation:  ISO/IEC  27001,  NIST  SP  800-183,

Grafana  and  Prometheus  for  collecting  and  visualizing  local  metrics

industrial),  observing  recurring  failures  such  as  lack  of  authentication,  communication

Performance,  security  and  reliability  metrics  were  applied  to  evaluate  the

3.2.1.  Vulnerability  Mapping

3.2.3.  Implementation  of  monitoring  solutions

•

•
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Real-time  anomaly  detection  with  over  90%  accuracy

Observability  should  be  considered  a  strategic  imperative,  not  just  a  technical  one.

also  improves  operational  efficiency  and  digital  governance.

•

included:

•

Improved  incident  response,  with  average  response  time  reduced  from  12  hours  to  2  hours

Exposure  to  uncontrolled  open  doors  (41%)

•

critical  vulnerabilities  in  87%  of  the  devices  analyzed.  The  most  common  flaws

Lack  of  secure  authentication  (72%)

4.2.  Impact  of  Implementing  Real-Time  Monitoring

translates  into  data  loss,  service  interruption,  and  legal  exposure.  The  implementation  of

Increased  compliance  with  ISO/NIST  standards  across  100%  of  devices

•

security  and  reliability  of  connected  systems.  In  corporate  environments,  this

These  vulnerabilities  allowed  simulations  of  attacks  such  as  data  interception,

•

After  integrating  monitoring  platforms  (Azure  Monitor,  Grafana,  AWS

•

Unencrypted  communication  (65%)

in  environments  without  observability.

Defender),  the  environments  began  to  record:

monitored

improper  remote  control  and  denial  of  service  (DDoS),  highlighting  the  high  operational  risk

The  lack  of  monitoring  in  IoT  directly  compromises  scalability,

integration  with  Zero  Trust  architectures  reinforces  security  without  compromising  performance.

Outdated  firmware  (58%)

During  tests  carried  out  in  unmonitored  IoT  environments,

4.1.  Identifying  Vulnerabilities  in  Unmonitored  Environments

•

anticipation  of  failures,  allowing  proactive  actions  and  reducing  operational  costs.

Reduction  of  silent  failures  in  78%  of  cases

4.3.  Strategic  Discussion

•

Furthermore,  the  use  of  artificial  intelligence  for  predictive  analysis  has  proven  effective  in

These  results  demonstrate  that  monitoring  not  only  reduces  risks,  but

This  is  an  open  access  article  distributed  under  the  terms  of  the  Creative  Commons  Attribution  license,  which  permits  unrestricted  use,  distribution,  and  
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The  growing  integration  of  IoT  devices  into  corporate,  industrial  and

FINAL  CONSIDERATIONS

Although  the  results  are  impressive,  the  study  was  limited  to  simulated  environments  and

security  such  as  Zero  Trust  has  proven  effective  in  mitigating  these  risks.

IoT.  In  addition  to  preventing  failures  and  attacks,  it  enables  compliance  with  regulations.

will  depend  on  the  standardization  of  protocols,  interoperability  between  platforms  and

Therefore,  it  is  recommended  that  managers,  developers  and  investors  prioritize

adopting  robust  monitoring  practices  is  a  decisive  step  to  ensure  not  only  the

connected.

critical  when  there  is  no  operational  visibility.  The  implementation  of  platforms

The  evidence  presented  reinforces  that  monitoring  should  not  be  treated  as

security,  but  also  the  sustainability  and  strategic  success  of  initiatives  based  on

international,  improves  decision-making  and  supports  the  scalability  of  systems

This  study  demonstrated  that  the  absence  of  monitoring  in  IoT  systems  compromises

processed  and  used.  However,  this  technological  evolution  is  accompanied  by  risks

smart  connectivity.

4.4.  Limitations  and  Future  Perspectives

medium-sized  devices.  Future  research  should  include  complex  industrial  networks,

observability  from  planning  to  the  ongoing  operation  of  your  IoT  ecosystems.  The

technical  training  of  the  teams  involved.

medical  devices  and  smart  urban  environments.  The  evolution  of  observability  in  IoT

substantial,  especially  when  there  are  no  adequate  monitoring  mechanisms  and

directly  impact  security,  reliability,  and  digital  governance.  Vulnerabilities  such  as

real-time  monitoring,  combined  with  the  use  of  artificial  intelligence  and  architectures

domestic  represents  a  significant  transformation  in  the  way  data  is  collected,

observability.

weak  authentication,  insecure  communication,  and  outdated  firmware  become  even  more

an  optional  feature,  but  as  an  essential  component  of  the  architecture  of  any  solution
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