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Abstractw 

The terms IoT and Industry 4.0 are promising increasingly sophisticated solutions, but the realisation 

will depend on the inclusion of robust and reliable sensors. If the gathered data is flawed or inaccurate 

the performance of the whole system will be compromised. By reviewing research on robustness 

indicators, mechatronics and sensor properties as well as listing mechanical noise factors and providing 

an electromechanical trade-off example, the paper highlights the importance of considering both 

mechanical and electrical noise factors and robustness in early development of connected devices. 

Keywords: robust design, design trade-offs, mechatronics, position sensors, internet of things (IoT) 

1. Introduction 

Connected products and systems, usually referred to as IoT-devices or as a part of Industry 4.0 

concepts, promise immense value for businesses across a wide range of industry sectors. However, 

one frequently neglected aspect is that the ability to really unlock this potential will depend on a robust 

and reliable performance of the integrated sensor systems. These systems allow for accurate sensing 

and registering of physical quantities, which can be used to improve the performance of the device 

either through direct feedback or through data management and requires a careful integration into the 

overall mechanical system. If the performance of a sensor system is sensitive to variation, the quality 

and safety of the feedback or data systems relying on it might be compromised. 

A sensor’s ability to accurately measure a physical quantity is generally described with quantitative 

properties like span, accuracy, resolution, linearity, repeatability etc. (Nyce, 2016). While these 

properties can be useful when comparing different sensors to integrate or retrofit, they do not specify 

the origin of e.g. the non-linearity of the integrated sensor. On top of this, many of the properties are 

interdependent and some of them may arise from mechanical aspects frequently neglected in the 

design process because of the focus on electronic filtering and control as well as data processing. This 

focus on electronics is also manifested through a sequential concept generation which too often limits 

mechanical considerations to the use of parametric optimization or detailed multi-physical simulations 

of the matured system at a late design stage (Torry-Smith et al., 2013b). 

Based on the example of position sensors, this paper therefore aims at highlighting the relevance of 

research on mechanical design methods enabling robust sensor integration. It is shown (1) which 

mechanical noise factors have a relevant impact on the performance of the electronics and software 

and (2) how the dependencies between mechanical, electrical and software domains create trade-offs. 
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While these trade-offs could be addressed by considering mechanics in the early development process, 

the presented literature review shows that early mechatronic robustness assessments are not part of the 

currently available approaches. Lastly, the paper therefore (3) illustrates and discusses the sparse 

number of found statements on variation and trade-off mitigation strategies for encoders. 

In general, position sensors convert mechanical motion through electronics to logical code representing 

position or displacement. Because the mechanics of interest is translated through a multitude of energy 

forms, the logical code will be subject to a range of noise contributions from variation in the 

production, operation and environment that might compromise the sensor performance. Based on a 

case study of a conductive angular encoder, it is shown how the mechanical structure’s sensitivity 

towards variation in this case feeds into the other domains and should therefore be considered as an 

integrated part of the design of robust sensors. This includes design trade-offs, whose presence are 

indicators of robustness issues (Göhler and Howard, 2015), and which might appear between the 

different domains. 

The remainder of the paper is structured as follows. In Section 2, a literature review is presented for three 

designated areas related to the robustness of integrated sensors; trade-offs and robust design, robust 

design of mechatronics, and sensor properties and mechanical noise factors. In Section 3, angular 

encoders are introduced, before their generic noise factors are identified and categorised and a specific 

trade-off example of the reader arm contact force is presented. Section 4 then presents a structured 

overview of currently available mitigation. A summary and a discussion are provided in Section 5. 

2. Literature review 

2.1. Trade-offs as early indicators of robust design 

Robust Design aims at designing products that show a consistently high quality and performance despite 

noise factors such as production or assembly tolerances, deformation under intended and unintended 

load scenarios or ambient conditions of use (Taguchi et al., 2005). However, traditional Robust Design 

approaches largely focus on parameter design studies with matured solutions, which usually require 

costly and time-intensive experiments or simulations. Therefore, several authors point to the need and 

potential of early stage robust design strategies (e.g. Jugulum and Frey, 2007; Eifler and Howard, 2018), 

seeking to ensure robustness of mechanical products as early as possible. This idea of a Robust Design 

Methodology (RDM) prescribing systematic efforts to achieve insensitivity to noise factors, applied in 

all development phases (Arvidsson and Gremyr, 2007) does not yet expand to other domains though. 

Robust Design of mechatronic systems consequently reverts to simulation and experimentation in 

most cases (see below). At the same time, previous research on RDM also illustrates that the existence 

of trade-offs in a design, i.e. the existence of conflicting design objectives, is an important driver for 

robustness in mechanical systems (Göhler et al., 2016). Given the largely interdependent functionality 

in mechatronic systems, this work promises a suitable basis for further investigation. 

2.2. Robust design of mechatronics 

Engineering design theory generally deals with the conceptualization of basic solution principles as well 

as the embodiment of structures, forms, and materials to achieve the intended product functions. While 

the goal is to diverge and explore design alternatives in order not to overlook superior designs, the 

development of mechatronic products is unfortunately too often divided into the mechanical, electrical 

and software engineering disciplines, even though the function of the product relies on the interaction 

between them (Torry-Smith et al., 2013b). Among other aspects, this means that the effect of the chosen 

mechanical solution on the electrical performance will not be evaluated before later in the process where 

robustness, performance and cost is already predisposed, and changes are expensive to make. 

Literature on design guidelines for electromechanics revolves around the challenge of managing and 

exploiting the overlap between the involved domains during the design process. Pahl and Beitz for 

example, highlight the importance of setting the right team and transferring complexity to the system 

software, while Torry-Smith et al. (2013b) conclude that sound interdisciplinary synthesis would require 

a common language. Based on case studies, Torry-Smith et al. (2013a) present a list of interdisciplinary 
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management approaches divided into dependency categories to use as a checklist for analysing 

electromechanical concepts. 

Another way of managing the complex task of synthesizing a multidisciplinary, mechatronic system is 

through the application of computer-based frameworks. According to Sarkar et al. (2017) computer-

aided conceptual design adopts either an analogy-based or a synthesis-based approach. Analogy-based 

frameworks gather existing designs and associated properties to be combined in new ways to realize new 

design structures, e.g. Dumitrescu et al. (2012). Synthesis-based frameworks use either functions or 

grammar to develop alternative solutions for evaluation and selection, e.g. Königseder and Shea (2014). 

While previous research includes assessment of the generated mechatronic concepts, robustness is 

usually not considered. An exception is Chakrabati et al. (2011), who generate electrical sensor 

structures based on generic components from a physical laws and effects database and desired in- and 

outputs. Building on this, Sarkar et al. (2015 and 2017) show how the database can be used to synthesize 

sensor concepts and assess their comparative robustness by associating functional building blocks with 

noise factors. 

In contrast to the synthesis approaches, a large part of the literature focusses almost exclusively on the 

assessment of largely matured mechatronic solutions, also in terms of their robustness. Examples are 

Egel (2009) suggesting Monte Carlo simulations for mechatronic network optimization and Bilel et al. 

(2017) and Lei et al. (2017) describing a range of different optimization methods for electromechanical 

machines and highlighting the importance of robustness objectives in the algorithm. Additionally, and 

in line with traditional robust design analyses, Akbarzadeh et al. (2012) models variables and noise 

contributions analytically to identify sensitive design parameters. This would also be possible with 

more detail using designated multi-physics tools provided by ANSYS or COMSOL as presented by 

Anadkat and Rangachar (2015) for sensing electromechanics and Forslund and Galvez (2011) for 

robustness assessments. However, corresponding analyses require digitization of geometries and are 

currently computationally expensive as shown by Nerenst et al. (2019). 

In conclusion, only few of the authors actually treat or comment on an integrated view on the different 

domains in development. However, Alyaqout (2010), Janschek (2011) and Villarreal-Carvantes (2012) 

present an initial demonstration of concurrent design of structure and control with promising results, in 

one instance supported by experiments (Villarreal-Carvantes, 2012). 

2.3. Mechanical noise factors for sensors 

Sensor accuracy is traditionally reported by stating properties such as span and bandwidth (Nyce, 

2016) as well as characteristics of the transfer function between the physical input and the electrical 

output. However, when designing sensor systems, the underlying noise factors or sources of error, are 

important to consider and mitigate in order to obtain robust measurements. This implies a thorough 

understanding of the origin of the noise factors, which could be supported by categorisation according 

to Carr’s (1993) five error source categories for sensors. 

The first category includes the characterisation noise factors impacting the transfer function. These 

static noise factors are fundamental for the description of essential properties such as the accuracy, 

linearity and hysteresis (Nyce, 2016). Furthermore, static characteristics also include the scale 

resolution and repeatability, which are defining the smallest incremental change that can be sensed and 

the deviation of consecutive measurements under similar conditions (Nyce, 2016). 

The second category, insertion noise factors, can be due to additional mass or friction that an integrated 

sensor adds to a device but might also be due to an unfortunate combination of physical input and sensor 

design. An example of a measurable property useful for sensor integration is the cross-axis sensitivity 

(Nyce, 2016). It describes the sensitivity towards inputs from other physical phenomena than the one of 

interest, e.g. the sensitivity towards a radial force for a sensor designed for measuring rotation. 

The dynamic properties, the third category, of a sensor system include phase shift, sampling rate, 

resonances and damping (Nyce, 2016). These properties are inherently electromechanical, and their 

significance depends heavily on the application i.e. the needed responsivity, the rapidness of the 

physical changes and required accuracy. 

As the fourth category, the environmental effects like temperature, pressure and shock should be 

considered when designing a sensor for a specific application. The sensitivity towards temperature 
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depends on the thermal expansion of positioning parts and the conductivity of current conducting 

elements. It is often one of the greatest contributors to the error budget in the electronics (Nyce, 2016). 

These four categories will be used in this paper to group and contextualise (Figure 1) mechanical noise 

factors impacting sensor performance. The fifth category representing application errors is not 

included as operator errors can be neglected for the presented case example. When reviewing the 

literature for mechanical noise factors for angular encoders, few references focus on the noise factors 

and explicitly apart from Nyce (2016) and Ellin and Dolsak (2008). However, some papers seek to 

improve encoder performance by design (Mancini et al., 1998; Lequesne and Schroeder, 1999; Carr et 

al., 2008; Ernst, 1988; Kuzdrall, 1992; Stephens, 2007; Pitney, 1973) or through calibration (Smith, 

1991; Qin et al., 2009). The encoder types and applications of the listed references vary, but the 

fundamental error sources are the same. 

 
Figure 1. Encoder subsystems and energy flows nesting inside mechanical device and physical  

context with corresponding noise factor categories 

3. Robustness case example: Angular contact encoder 

3.1. Introducing the angular contact encoder 

An angular encoder is a mechatronic device converting angular position into logical codes by means of 

electronics. It can be used to measure position, displacement and velocity, and it consists of five 

subsystems as indicated by the boxes in Figure 1. The reader is rotated relative to the scale by an input 

directly representing the angular motion that the encoder is measuring. The reading of position is made 

possible because the scale consists of a known, binary pattern. The binary output from the reader and the 

scale is classified by the circuit board and interpreted by the logical controller. The encoder is powered 

by the power supply. 

Angular encoders can be either absolute or incremental depending on the application. They mainly 

have four different working principles: The reader and scale pair can be conductive, optical, magnetic 

or capacitive. These working principles have different energy flows between the reader, scale and 

circuit board as represented by the punctuated lines in Figure 1. In conductive encoders, also referred 

to as contact encoders, a brush or a wiper slides over a conductive scale pattern in an insulated base. 

The contact between the reader brushes and the conductive pads closes different logical bit circuits in 

the circuit board and thereby creates a signal of the reader position (Nyce, 2016). Optical, capacitive 

and magnetic encoders exploit contactless reader and scale interactions and are therefore able to sense 

angular motion for different applications, at different resolutions and at a different cost. Conductive 

encoders were the first type to be developed, but due to friction and wear, optical and magnetic 

encoders have taken over most applications today. In this paper, conductive contact encoders are used 

as a case example due to their simplicity and continued application in cost critical devices. 

The noise factors influencing the measurement of angular position can be categorised according to 

Carr’s (1993) error source categories, as presented above and as shown in Figure 1. Static and 

dynamic characteristics are associated with the design of the encoder, while the inputs as well as the 

insertion noise factors are properties of the device that the encoder is measuring on. The noise factors 

associated with the environment in which the device is operating are influencing both the device and 

the encoder as they are nested inside the relevant physical context. 
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In Figure 2, a P-diagram illustrating the conversion from input to output through an angular contact 

encoder is shown. The noise factors include all system levels depicted in Figure 1, but in the design of 

the encoder system only design parameters of the chosen embodiment are at disposition for ensuring 

the performance of the conversion to an electrical signal. 

 
Figure 2. P-diagram for the angular contact encoder with symbols referring to the system levels  

of Figure 1 

3.2. Mechanical noise factors 

Considering the above, a thorough understanding of the noise factors and their influence on the 

mechanical, electrical and software domains is crucial for the design process. As a first step, Table 1 

categorises noise factors for angular encoders identified in corresponding references according to the 

categories suggested by Carr (1993). Based on the literature review, this overview is extended by 

indicating which engineering domains the noise factors affect directly and whether the noise factors 

lead to consistent or random errors of the sensing performance of the overall device. This highlights 

the importance of mechanical design for robust encoder systems and provides an overview of which 

domains should be included when considering mechanical noise factors. The noise categories are not 

exclusive. For example, friction is not only a noise factor associated with insertion but is also 

dependent on and caused by dynamics. The direct influence on domains reflects the effect on the 

specific type of variation. To illustrate the content, some examples of noise factors categorised as 

characteristics and insertion factors are given in the following. 

The static characteristics of an encoder rely on the relative position of the reader points to the scale as 

well as an interpretable electrical signal. The reader point positions in a contact encoder depends on 

the mechanical suspension and the characteristics of the reader arm. The signal from both optical and 

magnetic readers equally depend on both the emitted light or radiation intensity and the direction of it 

(Ellin and Dolsak, 2008; Carr et al., 2008). This can be compared to the extension of the contact area 

in contact encoders, where the pretension of the reader point arms ensures contact between the rotating 

reader and the scale pads (Pitney, 1973), as all three technological variations influence the detection of 

scale pad edges. The size of the error depends on the detection threshold (Lequesne and Schroeder, 

1999). The functional influence of the mechanical design of the contact reader arm is used as the 

electromechanical trade-off example in Section 3.4. 

Other mechanical influences on the reader-scale interface are the scale resolution and an incorrect scale 

shape resulting in wrongly positioned scale pad edges, noncircularity or noncoplanarity (Smith, 1991). 

When the reader and scale are combined in the assembly more errors are potentially introduced. 

Eccentricity or displacement error is typically one of the largest sources of position error (Mancini et 

al., 1998; Stephens, 2007), but is consistent along the span (Qin et al., 2009). Furthermore, the scale 

and reader can also be subject to swash, where they are mutually tilted (Ellin and Dolsak, 2008; 

Stephens, 2007). According to Qin et al. (2009) swash and eccentricity in optical angular encoders 

have the same consistent effect. However, this does not apply to contact encoders as the reader contact 
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relies on a compliant suspension arm. Thus, the reader error in conductive encoders is sensitive to 

swash as a function of the sensitivity of the contact arm. Swash and eccentricity are illustrated in 

Figure 3. Low harmonic effects like eccentricity and swash have a significant impact compared to 

higher harmonics, because of larger sinusoidal amplitude. 

Table 1. Summary of noise factors, domain (Mechanical/Electrical/Software) influences and 
noise consistency (Yes/No); References: (1) Nyce (2016), (2) Ellin and Dolsak (2008), (3) Mancini 

et al. (1998), (4) Smith (1991), (5) Qin et al. (2009), (6) Carr et al. (2008), (7) Lequesne and 
Schroeder (1999), (8) Ernst (1988), (9) Kuzdrall (1992), (10) Stephens (2007) 

Noise 

category 

Noise factor Domain Consistency References 

 M E S Y N  

Static Reader position x x  x  (1)(2)(5)(6)(7) 

characteristics Scale resolution x x x x  (1)(2)(3)(5) 

 Scale distortion x   x  (1)(2)(3)(5) 

 Eccentricity x   x  (1)(2)(3)(5)(8)(10) 

 Swash x x  x  (1)(2)(3)(5) 

 Bearing wander x    x (1)(2)(3)(4)(5) 

Insertion Coupling x x   x (1)(2)(4) 

 Friction x    x (4) 

Dynamic Vibration x x   x (1)(9) 

 Bandwidth x x x x  (1)(4)(10) 

 Wear x x    (1)(8) 

Environmental Temperature x x   x (1)(7)(8) 

 Pressure x x   x (1) 

 Contamination x x   x (1)(6)(8) 

  
Figure 3. Swash and eccentricity of reader and scale  

Bearing wander or axial run-out also compromises the position of scale and reader points in angular 

encoders (Ellin and Dolsak, 2008; Mancini et al., 1998). According to Qin et al. (2009) this bearing 

wander is not consistent and introduces a larger error than the encoder itself. 

Ellin and Dolsak (2008) highlights the importance of the stiffness and consistency of the input 

coupling for the accuracy, which is an example of a noise factor introduced due to the insertion of the 

encoder into a mechanical device. Furthermore, Smith (1991) mentions how the side force should be 

kept at a relatively low ratio due to cross-axis sensitivity. The other insertion noise factor in Table 1, 

friction, is also highlighted by Smith (1991) as an influence disturbing the measuring performance of 

an integrated encoder. 

3.3. Electromechanical trade-off example 

One specific example of the dependency between the mechanical and electrical domains of the angular 

contact encoder is the design of the reader arms. In order to increase the signal-to-noise ratio the 

contact force should be maximised. However, increasing the contact force would lead to increased 

friction and hence increased disturbance of the rotation that the encoder is measuring. The trade-off 

between electrical signal quality and mechanical rotational friction is central for angular contact 

encoders and will be exemplified in this section. 

The function of each reader arm is to act as a switch between different bit circuits. The current path is 

created through a surface contact between the reader arm and the scale pad and the signal strength is a 
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function of the contact force, because the current is constricted due to the roughness of the contact 

surfaces (Saitoh et al., 2007). When the contact force is increased, the surface asperities are deformed 

leading to an increase in the contact areas and hence a wider passage for the current. 

Assuming straight, rectangular and slender reader arms for the sake of simplicity, the contact force can 

be calculated according to Equation (1): 

   
       

  
  (1) 

Where Er [Pa] is the modulus of elasticity of the reader arm material, Iy=wrtr
3
/12 [m

4
] is the moment of 

inertia, dr is the deflection of the reader arm and lr [m] is the length of the reader arm. The dynamic 

frictional torque resulting from the contact force is defined by Equation (2): 

         (2) 

The relationship between the electrical constriction resistance and contact force can be described by 

first assuming that the radius of the sum of asperity contact areas, ra [m], can be described as a 

Hertzian contact as presented in Equation (3): 

   (
 

 

    
    

)

   

 (3) 

Where Fc [N] is the contact force, rc [m] is the radius of the contact area and Eeff [Pa] is the effective 

modulus of elasticity of the interfacing surfaces as defined in Equation (4): 

     
    

(    
 )   (    

 )  
 (4) 

The Holm constriction resistance, Rc [Ω], is a function of the radius of the sum of asperity contact 

areas and the material resistivities as presented in Equation (5): 

   
     
   

 (5) 

Where ρr and ρs [Ωm] are the bulk resistivities of the reader arm and the scale pad, respectively. The 

total electrical resistance also includes circuit bulk and film resistivities, but they are not considered 

here, because they are not related to the constriction resistance and contact force. 

To illustrate the design trade-off between friction and constriction resistance, the sensitivity of the two 

objectives towards independent variation in dimensions and material properties are calculated. The 

advantage of using sensitivity as a measure of robustness is that the true variation ranges are not 

required and that the noise factors can be compared and prioritized in a simple manner (Frey and Patil, 

2002; Göhler and Howard, 2015). However, it addresses only a small portion of the possible input 

ranges, does not include noise factor interactions and depends heavily on the arbitrarily chosen 

dimensional combination, because of the nonlinear nature of the equations (Frey and Patil, 2002). The 

relative nominal range sensitivities are calculated using Equation (6) (Göhler and Howard, 2015) with 

  =1 %. 

     

 (        (    )     )
 ( )

    

  
 

(6) 

As a reflection of Equations (1-5), the sensitivity of the constriction resistance towards independent 

variables are more distributed and hence smaller than for the frictional torque. However, the most 

influential parameters for both constriction resistance and frictional torque is the length and thickness 

of the reader arm. An increase in thickness decreases the resistance and increases the friction, which 

indicates that there is a conflict in assigning the reader arm thickness between the two objectives. The 

same applies to the length, but with opposite sign. 

In Figure 4 the linear approximations of the influence of a 1% perturbation of the reader arm thickness 

on frictional torque and constriction resistance are plotted. The sensitivity i.e. slopes of the curves 
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have opposite signs highlighting the trade-off. The presented sensitivity analysis does not consider 

thresholds of the objectives. Hence, the severity of the trade-off and its effect on the sensor robustness 

has not been determined. On the other hand, the actual perturbations are not defined and therefore 

environmental and insertion noise factors are not excluded due to lack of exact knowledge about 

higher system levels and operational environments. 

 
Figure 4. Linear approximation of a 1% perturbation of the reader arm thickness on the  

frictional torque and the constriction resistance including sensitivities (see legend) 

An electromechanical trade-off is exemplified through the presented angular encoder case, but at as 

mentioned in the literature review there are currently no methodology available to identify nor resolve 

cross-disciplinary trade-offs like this. The effect of the remaining mechanical influences for angular 

encoders listed in Table 1 as well as mechanical influences on other IoT sensors and devices are 

therefore also challenging to consider. As it has been shown that design trade-offs are indicators of 

robustness issues (Göhler and Howard, 2015) and early stage RDM for mechanical products focusses 

on achieving predictable product performance despite variation, it is proposed to extend the 

methodology into a cross-disciplinary domain. 

4. Currently available mitigation strategies 

Despite the lack of approaches for early robustness assessment and design of sensor systems, different 

authors acknowledge the challenge and suggests basic strategies for mitigation of accuracy issues in 

encoders. These strategies include rules of thumb for the relation between scale resolution and the 

desired accuracy (Stephens, 2007; Ellin and Dolsak, 2008) as well as relative dimensions of the scale 

geometry (Lequesne and Schroeder, 1999). Mitigation strategies related to the mechanical domain 

include coupling of reader point positions (Carr et al., 2008), the use of multiple reader points to 

decrease the effect of eccentricity (Ellin and Dolsak, 2008; Macini et al., 1998) and contradicting 

statements about friction; Smith (1991) states that friction should be minimised due to the force and 

torque required to measure angular translation, which is in line with the static considerations presented 

in the case study, while Nyce (2016) states that friction is a means to improve damping and hence 

stability of a sensor. This trade-off highlights the need for consideration of both statics and dynamics 

in the embodiment. 

Mitigation of electrical noise challenges include considerations of grounding (Stephens, 2007) and 

moving the average (Mancini et al., 1998; Stephens, 2007), which would directly increase the signal-

to-noise ratio but also increase the power demand and responsivity (Carr et al., 2008). 

In the software domain mitigation strategies include calibration of consistent variation such as 

eccentricity and swash (Ellin and Dolsak, 2008) as well as interpolation based on the scale pattern 

required due to vibration and edge noise (Kuzdrall, 1992). This requires that the pattern is known and 

that the output sequence is not compromised by multiple errors. An example of a well-established 

mitigation strategy targeting both reader point alignment errors and the possibility to interpolate is the 

configuration of the scale pattern in Gray code as opposed to natural binary (Nyce, 2016). The natural 

binary bit code is preferred by computers, but multiple bits change at the same time in the natural binary 
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sequence making it sensitive to alignment errors. The advantage of the Gray code is that only one bit 

changes at a time in the sequence, which mitigates discontinuity errors in case of angular misalignment. 

5. Summary and discussion 

In this paper the case of position sensors has been used to highlight the importance of mechanical 

design in the integration and design of sensors. This has been achieved by presenting an overview 

table of mechanical noise factors for angular encoders with indications of influenced domains and 

noise consistency (Table 1). Furthermore, a case example of the reader position in an angular contact 

encoder has been used to exemplify how a trade-off between a mechanical and an electrical design 

objective is created during the early design process (Figure 4). 

The severity and constraints of trade-offs like the one presented in the example are important to 

consider during embodiment, why mechanical design and a cross-disciplinary robustness methodology 

should be integrated with the design of electronics and software. The review of current mitigation 

strategies stresses this claim as most modelling approaches and strategies are either complex or limited 

to specific domains. The one good example of an integrated mitigation strategy for encoders stresses 

the claim of concurrent mechatronic design of sensors. 

Future work includes a generalisation of the combined effect of mechanical and electrical noise factors 

and mitigation strategies from angular encoders to other mechanical sensors as well as the impact of 

sensor robustness on IoT solutions. This starts with an investigation of how mechanical design is 

currently considered in electrical design and vice versa and aims at developing approaches for early 

evaluation of sensor robustness. 
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