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The working group's topics of interest:

Internet of Things, smart cit ies, 

environmental monitoring, facial and 

object recognit ion.

A n  env i r o nm en t a l  a nd  s o i l  m o n i t o r i n g  s y s t em  i s  c u r r en t l y  

b e i n g  d e ve l o p e d .  I t  w i l l  m e a su r e  t h e  f o l l o w ing  2 0  

v a r i a b l e s :  w i nd  s p e e d  a nd  d i r e c t i o n ,  r a i n f a l l ,  a i r  q u a l i t y  

( P M  1 . 0 ,  2 . 5 ,  a nd  1 0 ) ,  t e m p e r a t u r e ,  r e l a t i v e  hum i d i t y ,  

CO ₂ ,  l i g h t  i n t e n s i t y ,  U V  r a d i a t i o n ,  a l t i t u de ,  a nd  

b a r o m e t r i c  p r e s su r e .  T he  s y s t e m  w i l l  a l s o  m e a su r e  s o i l  

h um i d i t y ,  c o nd u c t i v i t y ,  t e m p e r a t u r e ,  p H ,  n i t r o g e n ,  

p ho sp ho r u s ,  a nd  p o t a s s i um .

T he  s y s t e m  a l s o  i n c l u d e s  a  d e d i c a t e d  we b s i t e  f o r  r e a l -

t i m e  d a t a  v e r i f i c a t i o n .

T he  p hy s i c a l  p r o t o t y pe  o f  t h e  h a nd  g e s t u r e  r e c o g n i t i o n  

s y s t e m  f o r  h o m e  a u t o m a t i o n  i s  b e i n g  d e ve l o p e d .

A  p r o t o t y pe  f o r  f a c i a l  r e c o g n i t i o n  b a s e d  o n  R a sp b e r r y  P i  

5  i s  b e i n g  i m p l e me n t e d ,  u s i n g  a n  A I  c a m e r a .
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Abstract

The increas ing need to support e lder ly ind iv idua ls and peop le with d isab i l i t i es has dr iven the

deve lopment o f innovat ive ass i s t i ve techno log ies that enhance independence and improve qual i ty

of l i f e . Th is manuscr ipt presents a gesture-contro l led home automat ion system that a l lows users

to in tu i t i ve ly operate househo ld dev ices , such as l ights and b l inds , wi thout phys ica l contact . The

arch i tec ture o f the proposed system is supported by a Raspberry_P i 4 , wi th OpenCV and

MediaP ipe for rea l - t ime hand gesture recogn i t ion . The system interprets commands and executes

correspond ing act ions on connected dev ices , tak ing advantage of f inger pos i t ions . Un l ike

t rad i t iona l automat ion so lut ions that re ly on vo ice commands or touch inter faces , th is approach

of fers an access ib le and hyg ien ic a l ternat ive , part icu lar ly bene f ic ia l fo r ind iv idua ls wi th mob i l i ty

or speech impa irments . The system exh ib i ts h igh accuracy , rap id response t imes , and user -

f r i end ly operat ion, mak ing i t a cost -e f fec t ive and sca lab le so lut ion for smart home app l icat ions .

Th is is ach ieved through the integrat ion o f low-cost dev ices and open-source l ibrar ies . Through

th is work , we contr ibute to the advancement o f inc lus ive and contact less techno logy, foster ing

greater autonomy and access ib i l i ty in everyday l i v ing env i ronments .

Keywords - Ass is t i ve techno logy, hand gesture recogn i t ion, home automat ion , Raspberry_P i ,

access ib i l i ty



Introduction

According to the World Health Organization (WHO), there are 1 billion people in the 

world who need an assistive device, yet only 1 in 10 has access to one. In low- and 

middle-income countries, only 5% to 15% have access to AT. In Mexico, the 2020 

National Census of Population and Housing shows that 20.8 million people - 16.5% 

of the total population - have some form of disability [2].

To enhance quality of life, the WHO, together with the Global Cooperation in 

Assistive Technology (GATE) initiative, recognizes access to assistive technologies 

as a universal right. These technologies play a crucial role in enabling individuals to 

lead healthy, productive, independent, and dignified lives, facilitating their 

participation in education, the workforce, and social activities.



Introduction

Unlike traditional home automation systems that require touch interfaces or 

voice commands, gesture-based control offers an innovative alternative that is 

ideal for people who have difficulty speaking or using physical devices. The 

COVID-19 pandemic highlighted the importance of non-contact technologies 

to reduce the spread of disease, and these types of solutions can help improve 

hygiene and safety in different contexts.

Finally, this project has significant educational and technological value as it 

combines the use of open-source hardware and software, promoting learning 

in areas, such as computer vision, image processing and embedded control. Its 

modular and scalable design allows for future improvements and adaptations, 

making it a basis for the development of more complex automation and 

accessibility systems.



Related Work
F o r  i n s t a n c e ,  i n  [ 1 1 ] ,  t h e  c u r r e n t  p o p u l a c e  o f  t h e  e l d e r ly  i s  a p p a r e n t ly  a b a n d o n e d  b y  t h e  y o u n g e r  g e n e r a t i o n s  d u e  t o  

t h e i r  i n d i v i d u a l  c i r c u ms ta n c e s .  T o  e n h a n c e  v i t a l i t y  a n d  i mp r o v e  t h e  w e l l -b e i n g  o f  e l d e r ly  i n d i v i d u a l s ,  a n  a s s i s t e d  

h o me  c a r e  s y s t e m c a n  s e r v e  a s  a  v a l u a b l e  s o l u t i o n  b y  o f f e r in g  c o mp r e h e n s i v e  n u r s i n g  c a r e  a n d  c o n t i n u o u s  

mo n i t o r i n g .

G o u r o b e t  a l .  [ 1 2 ]  r e v e a l  t h a t  H u ma n -R o b o t  In t e r a c t i o n  ( H R I )  h a s  b e c o me  a n  i mp o r t a n t  t o p i c  i n  t o d a y ’ s  r o b o t i c  

w o r l d ,  e s p e c i a l l y  i n  a s s i s t i v e  r o b o t i c s .  V i s i o n  b a s e d  h a n d  r e c o g n i t i o n  s y s t e ms  p r o v i d e  s o l u t io n s  f o r  t h e s e  t y p e s  o f  

h u ma n  d e ma n d s .

In  [ 1 3 ] ,  t h e  a u t h o r s  r e v i e w e d  t h e  s i g n  l a n g u a g e  r e s e a rc h  i n  t h e  v i s i o n -b a s e d  h a n d  g e s t u r e  r e c o g n i t i o n  s y s t e m f r o m 

2 0 1 4  t o  2 0 2 0 .  T h e y  i d e n t i f i e d  p r o g r e s s  a n d  r e l e v a n t  n e e d s  t h a t  r e q u i r e  mo r e  a t t e n t i o n .  T h e  r e v i e w  s h o w s  t h a t  v i s i o n -

b a s e d  h a n d  g e s t u r e  r e c o g n i t i o n  r e s e a r c h  i s  a n  a c t i v e  f i e l d  o f  r e s e a r c h ,  w i t h  ma n y  s t u d i e s  c o n d u c t e d ,  r e s u l t i n g  i n  

d o z e n s  o f  a r t i c l e s .  p u b l i s h e d  a n n u a l l y  i n  j o u r n a l s  a n d  c o n f e re n c e  p r o c e e d i n g s .

T h e  a u t h o r s  i n  [ 1 4 ] ,  p r o p o s e  a  H o me  A u t o ma t i o n  S y s t e m w i t h  h a n d  g e s t u r e  r e c o g n i t i o n  b a s e d  o n  M e d i a p ip e ,  u s i n g  

A r d u i n o  U N O .  A s  o n e  g e t s  o l d e r ,  h i s / h e r  mo b i l i t y  t e n d s  t o  d e c r e a s e .  T h e r e f o r e ,  s i mp l e  t a s k s  s u c h  a s  g e t t i n g  u p  t o  

s w i t c h  t h e  l i g h t s  o n  o r  t u r n i n g  t h e  f a n  o f f  c a n  b e c o me  d i f f i c u l t .  T h u s ,  i t  b e c a me  i mp e r a t i v e  t o  c r e a t e  a  s y s t e m w h i c h  

a l l o w s  t h e m t o  p e r f o r m t h e s e  t a s k s  - a  “ H a n d  R e c o g n i t i o n  b a s e d  H o me  A u t o ma t i o n  S y s t e m” .  

.  I n  [ 1 5 ] ,  t h e  a u t h o r s  p r o p o s e  a  r e mo t e  c o n t r o l  me t h o d  b a s e d  o n  o n e -h a n d e d  g e s t u r e s  f o r  mo b i l e  ma n i p u l a to r ,  s o  t h a t  

t h e  o p e r a to r  c a n  c o n t r o l  t h e  e n t i r e  r o b o t i c  s y s t e m w i t h  o n l y  o n e  h a n d .  In  t h i s  s t u d y ,  t h e y  c o mb i n e d  r e a l - t i me  h a n d  

k e y  p o i n t s  d e t e c t i o n  t e c h n o l o g y  p r o v i d e d  b y  M e d i a P i p e ,  w i t h  t h e  R e a l S e n s e  D 4 3 5 i  d e p t h  c a me r a  t o  a d d r e s s  t h e  

i n a c c u r a c y  i n  d e p t h  r e c o g n i t i o n  p r o b l e m o f  t h e  o r i g i n a l  me t h o d .

In  [ 1 6 ] ,  t h e  a u t h o r s  f o c u s  o n  t h e  d e s i g n  o f  a  g e s t u r e - c o n t ro l l e d  r o b o t i c  a r m  t h a t  i s  n a v i g a t e d  w i t h  t h e  h e l p  o f  a  

w e b c a m a n d  O p e n C V -e n a b l e d  r e a l - t i me  h a n d  t r a c k i n g .  E mb e d d e d  w i t h  O p e n C V ’ s  h a n d  t r a c k i n g  mo d u l e ,  t h e  s y s t e m 

s u c c e s s f u l l y  i d e n t i f i e s  t h e  h a n d  l a n d ma r k s  f r o m t h e  l i v e  c a me r a  c a p t u r e d  h a n d  mo v e me n t  o f  t h e  u s e r



Materials and Metods

Gesture recognition is a technique that interprets hand 

or body movements to interact with electronic devices 

without the need for physical contact. It has a wide range 

of applications, from video games and augmented reality 

to home automation and accessibility for people with 

disabilities.

The Raspberry_Pi 4 [17] is a low-cost, high-

performance microcomputer ideal for image 

processing and embedded control applications



Materials and 

Metods

These figures show the prototype implemented to 

carry out the tests and observe how the 

programmed gestures interact with the system. 

With the corresponding gesture, the lights are 

turned on or off accordingly. With other gestures, 

the blinds are closed or opened (the motor turns 

on or off). 



Materials and 

Metods

According to Table 1, gesture A is the first action to set the system 

enable state to recognize the on and off orders of the devices. This 

leads to gestures B or C, which indicate that a device wants to be 

turned on or off. The system then waits for any gesture from D to H 

to turn on or off the chosen device. Once the system receives gesture 

from D to H, and the required action is given, the system returns to 

the system enable state, waiting for gesture A in order to repeat the 

process.

Gesture Thumb Index Middle Ring Pinky Action

A 0 0 0 0 0 System enable state

B 1 1 1 1 1 It enters you into the 
power on menu

C 1 0 0 0 1 It takes you to the 
shutdown menu

D 1 0 0 0 0 Spotlight on/off 1

E 1 1 0 0 0 Spotlight on/off 2

F 1 1 0 0 1 Spotlight on/off 3

G 0 1 0 0 1 Motor (blinds)



RESULTS

The following images depict the various hand gestures shown in Table 1 

on slide 11.



RESULTS

The prototype was tested in a 

controlled environment to observe 

its operation and estimate i ts 

accuracy, response time and ease 

of use



Difference from other projects

Focus on hand gestures: Unlike other home automation systems that rely on touch
interfaces or voice commands, this project focuses on hand gesture recognition, providing a
more intuitive and accessible alternative for people who have difficulty using physical
devices or speaking.

Low-cost technologies: The use of computer vision technologies (OpenCV and MediaPipe)
and a Raspberry_Pi 4 allows for a low-cost and highly efficient implementation, which is not
common in other similar systems that typically require more expensive or complex hardware.

Optimized for different conditions: The project focuses on optimizing image processing for
different lighting conditions and viewing angles, making it more robust and adaptable
compared to other systems that may not perform well in variable environments.

Ease of implementation: The modularity of the system allows for easy implementation and
the possibility of adding more devices in the future.



CONCLUSIONSAND FUTURE WORK

The proposal shows how embedded systems can be appl ied to detect hand ges tures in real
t ime, and to control devices eff ic ient ly and accurate ly. The Raspberry_Pi 4 , based on a s ingle-
chip System-on-Chip (SoC) , enables features , such as process ing power, the abi l i ty to run a
fu l l operat ing system, excel lent support for Python and i ts l ibrar ies , and various connect iv i ty
opt ions , making i t an exce l lent cho ice for more complex and f lexible embedded sys tems .

The use of OpenCV enables eff ic ient image process ing, whi le MediaPipe faci l i ta tes the
detect ion and tracking of hand gestures , opt imizing interact ion with the sys tem. This approach
not only highl ights the benef i t s of the Raspberry_Pi 4 as a comput ing plat form, but also opens
the door to future extens ions in areas such as automat ion , access ib i l i ty and contact less contro l
in a var ie ty of env ironments , whether domes t ic , indust r ia l o r commerc ia l .

The affordabi l i ty of the devices used, coupled with the ut i l izat ion of open-source sof tware
l ibrar ies , enables the implementat ion of th is device as a Technology Readiness Level 6 (TR6)
prototype . This approach faci l i ta tes thorough evaluat ion and supports the development of a
commerc ia l p rototype a t Technology Readiness Level 9 (TR9).

Addi t ional  feedback on  sys tem usage f rom the  t a rget  populat ion  wi l l  be  co l lected  a t  a  l a ter  

s t age to  fac i l i ta te  a  compara t ive  ana lys is  wi th  ex i s t ing  marke t  so lu t ions .
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