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Abstract 
This article mainly analyzes the correlation between the carrier energy in robotic arms, according to enhance its performance. This task is 
achieved because of the sensors/actuators based on nanostructures properties: short response time and high robustness, which 
proportionated the possibility to execute intricate instructions by the control subsystem of the robotic arm. Therefore, the instructions 
executed by the controller are supported by a polynomial design, this algorithm helped to evaluate every response signal as a consequence 
of the main control system, which was consequently by the short response time from the main sensors “flow (carrier energy) and speed of 
the robotic arm”, moreover, the advantage of the proposed system is given by the extra time obtained also to verify the stability of the 
robotic arm based in Lyapunov models correlated with Lagrange, as well as every equations were solved and organized by neural network. 
 
Keywords: sensors; actuators; nanostructures; robotic arms; modulating functions; Lagrange; Lyapunov; pneumatic; oleohidraulic. 
 
 

Sensores/actuadores inteligentes basados en nanoestructuras amorfas, 
para mejorar la transferencia de energía en brazos robóticos 

 
Resumen 
Este artículo analiza principalmente la correlación entre la energía portadora en brazos robóticos, en función de mejorar su rendimiento. 
Esta tarea se logra gracias a los sensores/actuadores basados en propiedades de nanoestructuras: corto tiempo de respuesta y alta robustez, 
lo que proporcionó la posibilidad de ejecutar instrucciones complejas mediante el subsistema de control del brazo robótico. Por lo tanto, 
las instrucciones ejecutadas por el controlador están sustentadas en un diseño polinómico, este algoritmo ayudó a evaluar cada señal de 
respuesta como consecuencia del sistema de control principal, lo que fue gracias al corto tiempo de respuesta de los sensores principales 
“flujo (energía portadora) y velocidad del brazo robótico”, además, la ventaja del sistema propuesto está dada por el tiempo extra que se 
toma también para verificar la estabilidad del brazo robótico basado en modelos de Lyapunov correlacionados con Lagrange, así como 
todas las ecuaciones fueron resueltas y organizadas por red neuronal. 
 
Palabras clave: sensores; actuadores; nanoestructuras; brazos robóticos; funciones moduladoras; Lagrange; Lyapunov; neumática; 
oleohidráulica. 
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1. Introduction 

 
In Peru, such as in many Latin American countries, there 

are developed many tasks that need the support of robotic 
arms according to be a complement for economic activities, 
such as for example in mining, fishing, agriculture processing 
and mechanic metal manufacturing. Nevertheless, the 
reparation of robotic arms depends on good understanding of 
the physical laws, as well as its mathematical modelling that 
are the base for the control algorithms of the robotic arms, in 
this context, this research provides technical strategies for 
designers and users of robotic arms, based in 
sensors/actuators that were prepared by nanostructure 
samples.  The mathematical analysis of the proposed research 
focuses the effects of the advanced sensors/actuators as part 
of the robotic arms in the energy balance correlated with the 
energy carrier “pneumatic or oleo hydraulic”. 

The propose of this research is focused in the analysis, 
design and applications of smart sensors/actuators based in 
Anodic Aluminum Oxide amorphous nanostructures, 
according to be used by robotic arms, as well as to enhance 
their performance. The designed smart sensors/actuators are 
supported by the short response time and high robustness as 
characteristics of the transducers prepared by the amorphous 
nanostructures. Hence, the microcontroller of the designed 
smart sensors (as part of the studied robotic arms) can 
execute intricate algorithms as a consequence of the 
optimized time, due to by traditional electromechanical 
sensors/actuators it is not simple to execute advanced 
algorithms for robotic arm tasks in contrast to solve them in 
short time because of the high robustness and short response 
time are properties of the designed sensors based on 
nanostructures. For this reason, whether the designed 
sensors/actuators are working as part of robotic arms, they 
can execute more sophisticated algorithms to reproduce 
movement tasks that are needed by the robotic arm. In fact, 
in this proposed research, it is evaluated the performance by 
executing advanced mathematical models based in neural 
network to find solution of the differential equations 
designed for the dynamic description of the robotic arm 
evaluated, modulating functions, Lagrange and Lyapunov 
analysis, as well as the comparison results among the robotic 
arm using electromechanical sensors/actuators with the 
robotic arms using the designed smart sensors/actuators, 
besides there are explained some communication protocols 
used in the designed proposal that are based in wireless 
interchanging data between the sensors and actuators. 

Furthermore, in this research is evaluated the 
enhancement of the robotic arms energy transmission as a 
consequence of the smart sensors/actuators integrated in 
them, for which, there were analyzed Lyapunov models 
according to get numerical results of the optimal energy 
transmission through the robotic arm (Lyapunov stability), as 
a result, it means an optimal energy transmission over the 
objective in which the robotic arm will execute a task. 

In the following research is analyzed the energy 
transmission as well as the optimization according to 

improve the performance of robotic systems. The main 
objective in this research is the analysis of the consequences 
to use sensors/actuators based on amorphous nanostructures 
owing to enhance the energy transmission/balance of robotic 
arms. Hence, in this article is detailed the mathematical 
model designed to achieve the proposed objective, then, as a 
consequence of the mathematical view, it was possible to 
design sophisticated algorithms for simulations and the 
prototype design. 

It was necessary to focus the study of the energy carrier 
from which to get the movement consequence of the robotic 
system, therefore it was analyzed the energy carrier as part of 
a pneumatic or oleohydraulic system. By other side, the 
energy transmission can be improved by sensors and 
actuators with high robustness and short response time, these 
properties were obtained by the smart sensors/actuators 
designed by nanostructures as part of the robotic arm (robotic 
system studied in this research).  

It is expected that this research could be a support for 
designers of robotic arms or for researchers who are trying to 
get optimal solutions (by optimal and adaptive algorithms) 
consequently to be used for the industrial and economical 
activities in the Latin-American market, because of the Latin-
American countries have own reality by agriculture, mining 
and fishing with the high responsibility to care the 
environment conditions. In the following Fig. 1 is depicted a 
robotic arm, in which “A” represents the main energy 
transmission of the energy carrier over the block “B”, which 
coordinates the first degree of freedom for the robotic system, 
the second coordination of movement are given by “C” and 
“D” that get action over the holders of the subsystem “E”. 

 
2. Theoretical analysis 

 
The sensors and actuators of the robotic system were 

designed by amorphous nanostructures, from which the eq. 1 
gives the information of the volume base “𝑉𝑉𝑏𝑏” for a unit of 
nanostructures, in which “𝑙𝑙” is the side base as well as “𝐿𝐿” is 
the height [1-3,17].  

 

𝑉𝑉𝑏𝑏 =
6√3

4  𝑙𝑙2𝐿𝐿  (1) 

 

 
Figure 1. Representation of a robotic arm for the proposed research. 
Source: Own elaboration 
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The porous volume “𝑽𝑽𝒑𝒑” is given by the eq. 2, which was 
obtained over the unit sample described by the previous eq. 
1, furthermore, “𝑫𝑫𝒑𝒑” is the diameter of the porous [1-3,17]. 

 
𝑉𝑉𝑝𝑝 =

𝜋𝜋
4  𝐷𝐷𝑝𝑝2𝐿𝐿 (2) 

 
Hence, the porosity “𝑷𝑷” is achieved by the eq. 3 that is 

consequence to correlate eq. 1 and eq. 2 [1-3,17]. 
 

𝑃𝑃 =
𝜋𝜋
4  𝐷𝐷𝑝𝑝2𝐿𝐿

6√3
4  𝑙𝑙2𝐿𝐿

 (3) 

 
The Fig. 2 depicts the porous of Anodic Aluminum Oxide 

(AAO) prepared over the Aluminum sample due to 
anodization reactions that also can help for the controlling the 
porous diameter during the electrochemical reactions of their 
preparation, thus, the expansion of the porous (during the 
elaboration process) is depicted by the direction of every red 
arrow depicted on the Fig. 2. [1-3,17]. 

The following eq. 4 gives information regarding the first 
order transfer function of the flow sensor that was designed 
to analyze the optimal energy transmission on the studied 
robotic system. The flow sensor model also helped to get the 
implicit speed of the designed robotic system, in which the 
response time “Ʈ1”, gain “𝐾𝐾1” and delay “𝐿𝐿1”; the flow 
variable (energy carrier) is the variable “𝑌𝑌1” and the input 
variable is given by “𝑋𝑋1”. It must be understand that the eq. 
4 (also the subsequent eq. 5) are given in Laplace “S” domain 
that were obtained by experiments, during the dynamic 
analysis of the system [6-12]. 

 
𝑌𝑌1(𝑆𝑆)
𝑋𝑋1(𝑆𝑆) =

𝐾𝐾1
Ʈ1𝑆𝑆 + 1 𝑒𝑒−𝐿𝐿1𝑆𝑆  (4) 

 
Moreover, the eq. 5 gives information concerning the 

displacement measured by infrared (IR), for which, the 
response time “Ʈ2”, gain “𝐾𝐾2” and delay “𝐿𝐿2”; the 
displacement variable (of the robotic arm) is the variable “𝑌𝑌2” 
and the input variable is given by “𝑋𝑋2” that is the IR signal 
over the displacement target of the robotic arm. [6-12]. 

 

 
Figure 2. representation of AAO samples. 
Source: Own elaboration 

𝑌𝑌2(𝑆𝑆)
𝑋𝑋2(𝑆𝑆) =

𝐾𝐾2
Ʈ2𝑆𝑆 + 1 𝑒𝑒−𝐿𝐿2𝑆𝑆 (5) 

 
Therefore, it is possible to join both eqs. 4 and 5 by a 

differential matrix equation, as it is described by the eq. 6 on 
the time domain, as well as it was possible to evaluate the 
designed smart sensors on either hydraulic/pneumatic robotic 
system or electrical robotic system. [6-12]. 

 

𝑑𝑑
𝑑𝑑𝑑𝑑
�𝑦𝑦1

(𝑡𝑡)
𝑦𝑦2(𝑡𝑡)� =

⎝

⎛
−

1
Ʈ1

            0

  0       −
1
Ʈ2 ⎠

⎞�𝑦𝑦1(𝑡𝑡)
𝑦𝑦2(𝑡𝑡)�

+ 

⎝

⎛

𝐾𝐾1
Ʈ1

            0

  0       
𝐾𝐾2
Ʈ2 ⎠

⎞�𝑥𝑥1(𝑡𝑡)
𝑥𝑥2(𝑡𝑡)� 

(6) 

 
Thus, as a consequence, the solution is proposed by the 

following equation matrix eq. 7. [6-12]. 
 

𝑦𝑦(𝑡𝑡) =  �𝐾𝐾1𝑋𝑋1
(𝑡𝑡)(1 − 𝑒𝑒−

𝑡𝑡
Ʈ1)

𝐾𝐾2𝑋𝑋2(𝑡𝑡)(1 − 𝑒𝑒−
𝑡𝑡
Ʈ2)
� (7) 

 
For the both designed systems (hydraulic/pneumatic and 

electrical), the sensors are positioned near the articulations of 
the robotic arms according to measure the speed and position. 

Since the eqs. 8 to 11 are the summary of the Lagrange 
analysis owing to validate the energy transmission through 
the robotic system. In which, “L” is the Lagrange function, 
“T” is the kinetic energy, “U” is the potential energy, and “q” 
is the coordinate axis, as well as “Q” is the external force, and 
“i”. [4,5,7]. 

 
𝑑𝑑
𝑑𝑑𝑑𝑑 �

𝑑𝑑𝑑𝑑
𝑑𝑑𝑞𝑞𝑖𝑖′

� −
𝑑𝑑
𝑑𝑑𝑞𝑞𝑖𝑖

(𝐿𝐿) = 𝑄𝑄𝑖𝑖 (8) 

  
𝑑𝑑
𝑑𝑑𝑑𝑑 �

𝑑𝑑(𝑇𝑇 − 𝑈𝑈)
𝑑𝑑𝑞𝑞𝑖𝑖′

� −
𝑑𝑑
𝑑𝑑𝑞𝑞𝑖𝑖

(𝑇𝑇 − 𝑈𝑈) = 𝑄𝑄𝑖𝑖 (9) 

  
𝑑𝑑
𝑑𝑑𝑑𝑑 �

𝑑𝑑(𝑇𝑇)
𝑑𝑑𝑞𝑞𝑖𝑖′

� −  
𝑑𝑑
𝑑𝑑𝑑𝑑 �

𝑑𝑑(𝑈𝑈)
𝑑𝑑𝑞𝑞𝑖𝑖′

� −
𝑑𝑑
𝑑𝑑𝑞𝑞𝑖𝑖

(𝑇𝑇) +
𝑑𝑑
𝑑𝑑𝑞𝑞𝑖𝑖

(𝑈𝑈) = 𝑄𝑄𝑖𝑖 (10) 

  
𝑑𝑑
𝑑𝑑𝑑𝑑 �

𝑑𝑑(𝑇𝑇)
𝑑𝑑𝑞𝑞𝑖𝑖′

� −
𝑑𝑑
𝑑𝑑𝑞𝑞𝑖𝑖

(𝑇𝑇) +
𝑑𝑑
𝑑𝑑𝑞𝑞𝑖𝑖

(𝑈𝑈) = 𝑄𝑄𝑖𝑖 (11) 

 
For the control analysis of the robotic arms, it was 

proposed a “Proportional, Integral, Derivative” PID 
controller, for which the eq. 12 is the characteristic equation 
of the robotic arm system [4,5,7]. 

 
𝛥𝛥𝑐𝑐(𝑆𝑆) =  1 −𝑀𝑀(𝑆𝑆)𝐶𝐶(𝑆𝑆)𝑃𝑃(𝑆𝑆) (12) 

 
The transfer function of the designed sensors is given by 

the eq. 13, the transfer function of the designed sensor is one, 
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because of the measured displacement of the first degree of 
freedom. [4,5,7]. 

 
𝑀𝑀(𝑆𝑆) =  

𝐾𝐾𝑆𝑆
Ʈ𝑆𝑆𝑆𝑆 + 1 𝑒𝑒−𝐿𝐿𝑆𝑆𝑆𝑆  (13) 

 
The PID controller in Laplace domain is given by the eq. 

14, from which, the control parameters got dependences from 
the sensors/actuators based on nanostructures. [4,5,7]. 

 
𝐶𝐶(𝑆𝑆) = 𝐾𝐾𝑝𝑝 +

𝐾𝐾𝑖𝑖
𝑆𝑆 + 𝐾𝐾𝑑𝑑𝑆𝑆 (14) 

 
As a response of step excitation signals over the robotic 

system, it was obtained first order transfer function for a 
robotic system, which is showed by the eq. 15. [4,5,7]. 

 
𝑃𝑃(𝑆𝑆) =  

𝐾𝐾𝑄𝑄
Ʈ𝑄𝑄𝑆𝑆 + 1 𝑒𝑒−𝐿𝐿𝑄𝑄𝑆𝑆  (15) 

 
Correlating all the described transfer functions, it was 

achieved the following eq. 16, in spite of it is not analyzed 
the adaptive equations yet. [4,5,7]. 

 

0 =  1− (
𝐾𝐾𝑆𝑆

Ʈ𝑆𝑆𝑆𝑆 + 1)(𝐾𝐾𝑝𝑝 +
𝐾𝐾𝑖𝑖
𝑆𝑆 + 𝐾𝐾𝑑𝑑𝑆𝑆)(

𝐾𝐾𝑄𝑄
Ʈ𝑄𝑄𝑆𝑆 + 1) (16) 

 
When the sensor response time “Ʈ𝑆𝑆" is null, and 

comparing the general second order model obtained was 
compared with the following second order system of the eq. 
17. [4,5,7]. 

 
0 =  𝑆𝑆2 + 2𝜀𝜀𝜀𝜀𝜀𝜀 + 𝜔𝜔2   (17) 

 
Hence, the second order model is given by the eq. 18. 

4,5,7]. 
 

0 =  𝑆𝑆2 + (
1 + 𝐾𝐾𝑠𝑠𝐾𝐾𝑄𝑄𝐾𝐾𝑝𝑝
Ʈ𝑄𝑄 + 𝐾𝐾𝑆𝑆𝐾𝐾𝑑𝑑𝐾𝐾𝑄𝑄

) 𝑆𝑆 +
𝐾𝐾𝑆𝑆𝐾𝐾𝑖𝑖𝐾𝐾𝑄𝑄

Ʈ𝑄𝑄 + 𝐾𝐾𝑆𝑆𝐾𝐾𝑑𝑑𝐾𝐾𝑄𝑄
 (18) 

 
Comparing the eqs. 17 and 18, it was achieved the eq. 19, 

in order to find the control parameters. [4,5,7]. 
 

1 + 𝐾𝐾𝑠𝑠𝐾𝐾𝑄𝑄𝐾𝐾𝑝𝑝
Ʈ𝑄𝑄 + 𝐾𝐾𝑆𝑆𝐾𝐾𝑑𝑑𝐾𝐾𝑄𝑄

=  2𝜀𝜀𝜀𝜀 (19) 

 
Therefore, the proportional controller is given by the eq. 

20. [4,5,7]. 
 

𝐾𝐾𝑝𝑝 =  
2𝜀𝜀𝜀𝜀�Ʈ𝑄𝑄 + 𝐾𝐾𝑆𝑆𝐾𝐾𝑑𝑑𝐾𝐾𝑄𝑄� − 1

𝐾𝐾𝑆𝑆𝐾𝐾𝑄𝑄
   (20) 

 
As well as, consequently to the comparison between the 

eqs 17 and 18, it is obtained the eq. 21. [4,5,7]. 
 

𝐾𝐾𝑆𝑆𝐾𝐾𝑖𝑖𝐾𝐾𝑄𝑄
Ʈ𝑄𝑄 + 𝐾𝐾𝑆𝑆𝐾𝐾𝑑𝑑𝐾𝐾𝑄𝑄

=  𝜔𝜔2 (21) 

 

Furthermore, it was obtained the integral gain of the PID 
that is given by the eq. 22. [4,5,7]. 

 

𝐾𝐾𝑖𝑖 =
𝜔𝜔2�Ʈ𝑄𝑄 + 𝐾𝐾𝑆𝑆𝐾𝐾𝑑𝑑𝐾𝐾𝑄𝑄�

𝐾𝐾𝑆𝑆𝐾𝐾𝑄𝑄
 (22) 

 
Notwithstanding, it must be analyzed the stability of the 

robotic system (robotic arm) that is composed by the 
designed smart sensors/actuators based on nanostructures, 
due to provide information of the control system can solve 
different movement tasks which can be asked to the robotic 
system, and as a consequence the robotic system needs to 
warrant good performance, it means the analysis of stability 
is quite important. 

The eq. 23 gives information of the dynamic system for 
the robotic arm. [4,5,7,17]. 

 
𝑑𝑑2

𝑑𝑑𝑡𝑡2 𝑦𝑦1
(𝑡𝑡)  +

�Ʈ𝑀𝑀1 + Ʈ𝑃𝑃1�
Ʈ𝑀𝑀1Ʈ𝑃𝑃1

𝑑𝑑
𝑑𝑑𝑑𝑑 𝑦𝑦1

(𝑡𝑡) + 
1

Ʈ𝑀𝑀1Ʈ𝑃𝑃1
𝑦𝑦1(𝑡𝑡)  

=
𝐾𝐾𝑃𝑃1𝐾𝐾𝑀𝑀1

Ʈ𝑀𝑀1Ʈ𝑃𝑃1
𝑋𝑋1(𝑡𝑡) 

(23) 

 
From which, the eq. 24 is the speed of the robotic arm. 

[4,5,7,17]. 
 

𝑣𝑣1(𝑡𝑡) =
𝑑𝑑
𝑑𝑑𝑑𝑑 𝑦𝑦1

(𝑡𝑡) (24) 

 
Correlating the eq. 23 and the eq. 24, it was achieved the 

eq. 25. [4,5,7,17]. 
 
Ʈ𝑀𝑀1Ʈ𝑃𝑃1
𝐾𝐾𝑃𝑃1𝐾𝐾𝑀𝑀1

 
𝑑𝑑
𝑑𝑑𝑑𝑑 𝑣𝑣1

(𝑡𝑡)  +
�Ʈ𝑀𝑀1 + Ʈ𝑃𝑃1�
𝐾𝐾𝑃𝑃1𝐾𝐾𝑀𝑀1

𝑣𝑣1(𝑡𝑡)

+  
1

𝐾𝐾𝑃𝑃1𝐾𝐾𝑀𝑀1

𝑦𝑦1(𝑡𝑡)  = 𝑋𝑋1(𝑡𝑡)   
(25) 

 
Moreover, it was proposed the eq. 26 as a Lyapunov 

function according to analyze the robotic arm stability, which 
also verifies the first Lyapunov stability condition, it means 
that is positive and bigger than zero. [4,5,7,17]. 

 
1
2
Ʈ𝑀𝑀1Ʈ𝑃𝑃1
𝐾𝐾𝑃𝑃1𝐾𝐾𝑀𝑀1

 𝑣𝑣12(𝑡𝑡)  +
1
2

1
𝐾𝐾𝑃𝑃1𝐾𝐾𝑀𝑀1

𝑦𝑦12(𝑡𝑡)  = 𝐸𝐸1(𝑡𝑡) (26) 

 
The eq. 27 looks for the verification of the second 

condition Lyapunov stability. [4,5,7,17]. 
 
𝑑𝑑
𝑑𝑑𝑑𝑑 𝐸𝐸1

(𝑡𝑡) =  𝑣𝑣1(𝑡𝑡) (
Ʈ𝑀𝑀1Ʈ𝑃𝑃1
𝐾𝐾𝑃𝑃1𝐾𝐾𝑀𝑀1

𝑑𝑑
𝑑𝑑𝑑𝑑 𝑣𝑣1

(𝑡𝑡) +  
1

𝐾𝐾𝑃𝑃1𝐾𝐾𝑀𝑀1

 𝑦𝑦1(𝑡𝑡)) (27) 

 
The eq. 28 is obtained reducing the eq. 27 and using the 

eq. 26. [4,5,7,17]. 
 

𝒅𝒅
𝒅𝒅𝒅𝒅 𝑬𝑬𝟏𝟏

(𝒕𝒕) = −  
�Ʈ𝑴𝑴𝟏𝟏 +  Ʈ𝑷𝑷𝟏𝟏�
𝑲𝑲𝑷𝑷𝟏𝟏𝑲𝑲𝑴𝑴𝟏𝟏

𝒗𝒗𝟏𝟏𝟐𝟐(𝒕𝒕) (28) 
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In fact, the eq. 29 satisfies the second condition of 
Lyapunov stability because of it is negative while the 
response time parameters and the response gain parameters 
are positive, this effect is also a good consequence of the 
designed smart sensors/actuators based on nanostructures. 
[4,5,7,17]. 

 
𝒅𝒅
𝒅𝒅𝒅𝒅
𝑬𝑬𝟏𝟏(𝒕𝒕) = −  

�Ʈ𝑴𝑴𝟏𝟏 + Ʈ𝑷𝑷𝟏𝟏�
𝑲𝑲𝑷𝑷𝟏𝟏𝑲𝑲𝑴𝑴𝟏𝟏

𝒗𝒗𝟏𝟏𝟐𝟐(𝒕𝒕)    <    𝟎𝟎   (29) 

 
In this research were analyzed the differential equation 

solutions by neural network, which were described by the eq. 
30 [13], as a consequence of the multiple solutions from 
every studied model that comes from the transduction 
responses (every sensor response), the identification data 
based on the polynomial analysis results established on 
Lagrange (studied on paragraphs above), moreover the 
stability analysis from the dynamic of the system also in 
correlation with the optimal energy transmission through the 
robotic arm system. Thus, every differential equation was 
organized to achieve their solutions by neural network, in 
which the solution package is given by “α”, activation 
function is given by “σ” (this was generalized by 
consequences of Modulating Functions), every input variable 
“x” (for every differential equation from the full system), the 
weights matrix “w” according to find the adaptive solution 
for every subsystem of the robotic arm, every joined 
disturbance “β” that for some authors also this could be 
considered as kind of error signal, every variable indicated 
and fixed by the auxiliary variable “i”, counting the equations 
from 1 till “n”.    

 

𝜶𝜶 = 𝝈𝝈��𝒙𝒙𝒊𝒊𝒘𝒘𝒊𝒊 +  𝜷𝜷
𝒏𝒏

𝒊𝒊=𝟏𝟏

� (30) 

 

= 𝝈𝝈��𝒙𝒙𝒊𝒊𝒘𝒘𝒊𝒊 +  𝜷𝜷
𝒏𝒏

𝒊𝒊=𝟏𝟏

� 

 
It was necessary to improve the adaptive parameters of 

the eq. 30 (which were considered as weights matrix) in order 
to obtain the optimal solutions of every differential equation 
that describe the robotic arm, as well as its optimal energy 
transmission based on the stability and dynamic (Lyapunov 
and Laplace). Therefore, the recurrence of the eq. 31 [13] is 
also supported by every updated value in “w”, adjusted by 
“𝜂𝜂” in the continuous decay of “L” because of its gradient in 
dependence on “𝑤𝑤𝑡𝑡”. 

 
𝑤𝑤𝑡𝑡+1 =  𝑤𝑤𝑡𝑡 −  𝜂𝜂𝜂𝜂𝜂𝜂(𝑤𝑤𝑡𝑡)   (31) 

 
Every component of the designed system has integration 

each to other wirelessly (some sensors, actuators, and the 
control system of the robotic arm). As it was explained in the 
previous chapters of this proposed article, the short response 
time in comparison with the traditional electromechanical 
sensors (in average that was around 0.5 to 0.8 seconds) 

helped to execute intricate algorithms to achieve the main 
objective of the proposed article “Optimal energy 
transmission in the robotic arm to develop tasks”, moreover 
to get the correlation for the emitter/receptor of every 
measured data and control data without wires between each 
to other.  

It means that it was necessary a protocol for the 
interchanging data communication (and control data), for this 
research, it was selected inferred (IR) signal according to be 
the electromagnetic wave (the medium) for the data 
communication/control of the robotic arm, and the standard 
protocol for the IR signal in communication systems is given 
by Infrared Data Association  (IrDA) [14], the operation 
frequency for most of the data communication/control of the 
robotic arm are not inside of the range of work proportionated 
by IR, therefore, also it was one of the justification to work 
with IR signal in order to replace wires between every 
subsystem (such as a kind of embedded system). 

Hence, it was decided to enhance the data communication 
between every subsystem of the robotic arm, for which, it 
was possible to interchange information from the main 
control system to the sensors and actuators by IrDA, it was a 
good advantage because of not using wires between the 
subsystem of the robotic arm. Notwithstanding, it was 
necessary to integrate a microcontroller for the designed 
sensors in order to support the dynamic responses of the 
robotic arm by the correlation between the consumed energy 
by the robotic arm with the dynamic parameters necessary to 
solve tasks. 

 
3. Simulation analysis 

 
After to organize the described equations and analysis 

from paragraphs above, it was prepared an adaptive 
algorithm in order to evaluate the optimal energy 
transmission of the studied robotic arms, and the following 
Fig. 3 shows a result of the simulated displacement on the 
axis X and Y.  The scale was 10 cm for the displacement of 
the robotic arm over a plane surface “XY”. 

The expected trajectory achieved by simulations and 
calculations was a result of the coordination from the energy 
transmission analysis. It means, from the interpretation 
results of the response time “Ʈ1” and “Ʈ2” (correlation 
between the dynamic effect over the robotic arm with its 
energy charger response), as well as the expected solutions 
for every dynamic model were soft curves based on the first 
order systems of their behavior. Furthermore, the dynamic 
interpretation achieved consequently from Lagrange analysis 
(because of the carrier energy effect) needed to be verified by 
Lyapunov, owing to the stability of the main system. Thus, 
every solution for every differential equation of the full 
system was organized through neural network analysis and 
supporting the simulations and experimental algorithms 
design. Hence, the Fig. 3 shows the representation of the 
robotic arm movement over the described XY plane. 
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Figure 3: Simulation result of the robotic arm displacement. 
Source: Own elaboration 

 
 

4. Experimental analysis 
 
The experiments to evaluate the performance of the 

designed robotic arm were made consequently to design the 
mathematical model that correlates the robotic arm dynamics 
with the optimal energy transmission given by the energy 
carrier (which was explained in chapters above).  

Therefore, the optimal energy transmission through every 
subsystem of the robotic arm can achieve a successful result 
owing to the short response time of sensors/actuators 
designed for this research that was based on nanostructures 
prepared over AAO samples. In this context, the Fig. 4 shows 
holes with diameters around 1um or 1000 nm, over which 
were deposited atoms by “Sputtering process”, “physical 
vapor deposition”, or “electrochemical deposition” 

There were prepared nanostructures by electrochemical 
depositions.  

Nevertheless, the samples obtained were amorphous, in 
this context there were designed transducers (such as nano 
wires) based on titanium dioxide, silicon, ferric, cooper, gold 
and silver.  

 

 
Figure 4: Sample of AAO analyzed by microscope Litz. 
Source: Own elaboration 

 

 
Figure 5: Setup for the experiments (some of them made in Oleo-hydraulic 
laboratory from the PUCP). 
Source: Own elaboration 

 
 
Even though, the samples are amorphous, it does not 

mean that cannot be useful [15,16], these samples are useful 
as clusters with good performance in the electromagnetic 
absorbance (for the wireless sensors designed in this task).  

The Fig. 5 shows the setup for the experiments (in which 
the energy carrier was evaluated either as air or oil). The main 
robotic arm designed was under the procedure to test its 
performance between the dynamic parameters (response time 
and robustness) with the energy carrier parameters (fluid 
density and referential distance). 

In the following Fig. 6 are showed the trajectories of the 
designed robotic arm, in the left upper subfigure and in the 
right upper subfigure, from which it was possible to verify 
the response of the robotic arm achieved by a classic 
electromechanical sensor (red color curves) in comparison 
with a theoretical analysis (blue color curves) of the robotic 
arm movement that was described in previous chapters.  

In both cases, it is possible to see that the movement 
measured by the sensors based in nanostructures (green color 
curve) get more close correlation with the theoretical model 
(blue color curve). 

As well as, for both lower subfigures of the following Fig. 
5 are showed the trajectories of the designed robotic arm. 
Hence, also the measurement obtained by the sensors based 
in nanostructures has a better behavior than the 
electromechanical sensors, which is validated by their short 
response time and robustness under disturbances.   

 

 
Figure 6: Responses and trajectories of the robotic arm. 
Source: Own elaboration 
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Figure 7: Responses and trajectories of the robotic arm  
(amplified view) 
Source: Own elaboration 

 
 

 
Figure 8: Static curves for the difference of pressure of the carrier energy on 
the designed sensor. 
Source: Own elaboration 

 
 
The following Fig. 7 is an amplification from the previous 

figure, in which is possible to verify that the designed smart 
sensors/actuators as part of the robotic arm can proportionate 
a better information of the movement task for the control 
system of the robotic arm, then it is a good support to keep 
its stability. 

The green color curve for the 4 subfigures of the 
following figure is the data achieved by the designed smart 
sensors, the blue color curve is the theoretical trajectory 
analyzed by the previous mathematical models described in 
chapters above, as well as the red color curve is the data 
measured by the traditional electromechanical sensors. 

Otherwise, it was analyzed the static responses of the 
carrier energy of the designed robotic arm, in which it was 
possible to identify the range of operation. In the Fig. 8, the 
blue color curve tends to give a wide operating range by 
linear response from 0 mbar to 11 mbar as difference of 
pressure.  

The following Fig. 9 shows the dynamic response of the 
carrier energy for the designed robotic arm, which was air. 
Therefore, airflow was controlled as part of the control 
volume (carrier energy) to give the movement effect for the 
robotic system. The blue color curve is the theoretical model 
of the airflow as part of a step response over the robotic arm, 
the red color curve was the data measured by a traditional  
 

 
Figure 9: Dynamic response for the energy carrier of the robotic arm. 
Source: Own elaboration 

 
 

electro mechanic sensor, and the green color curve is the 
airflow measured by the designed smart sensor. 

Hence, the data measured by the designed sensor based 
in nanostructures provided high robustness and short 
response time over the proposed operating range. 

 
5. Conclusions 

 
It was designed and analyzed a general mathematical 

model for the study of the optimal transmission of the 
energy carrier in a robotic arm, according to research the 
effects to use sensors/actuators based on nanostructures. 

It was designed an adaptive algorithm to simulate the 
movement effect of a robotic arm, as well as its energy 
carrier transmission. Even though, the algorithms 
designed were also used for the designed robotic arm. 

It was correlated the displacement and speed of the 
robotic arm with the airflow as part of the energy carrier 
in order to get the stability analysis by Lyapunov. 

It was verified the short response time and high 
robustness of the sensors/actuators based in 
nanostructures owing to enhance the energy transmission 
in a robotic arm that can be useful for researchers and 
designers.   

 
6. Outlook 

 
It is suggested to integrate the designed smart 

sensors/actuators and the robotic arm as part of a robotic 
system with autonomous movement, such as for example 
with independent dynamic and displacement. 

It is suggested to analyze the enhancement of the 
designed robotic arm by autonomous support of saved 
energy and wireless communication inside its hardware, 
according to validate the importance to use 
sensors/actuators based in nanostructures. 
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