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Abstract 
 

A new design approach of microwave rotation sensor using 

separated ring of double split ring resonator (DSRR) is 

presented in this work. The proposed sensor provides the 

contactless determination of angular displacement by 

investigating the shift in resonant frequency. The novel 

design configuration helps to obtain the wide dynamic 

range, resolution, linearity and sensitivity. In this work two 

rings of DSRR has been separated vertically to attach them 

one at stator and other one at rotor to perform the contact 
less wide range rotation measurement using the asymmetry 

of rectangular SRR ring. Rotation of inner ring attached on 

the rotor results into change in its coupling with the outer 

ring present at the stator. This actually changes the overall 

capacitance of the sensing region thereby changing the 

resonant frequency of the sensor. The designed sensor 

dimensions are optimized in order to get the improved 

sensitivity and linearity in the wide dynamic range of 0 to 

1200. Maximum achievable frequency shift using the 

proposed sensor is found to be nearly 19 MHz/0. Moreover, 

the designed sensor can cover the maximum angular 

displacement range of nearly 5 mm with 2 GHz bandwidth 
using only the single sensor arrangement, unlikely the 

multi cell SRR arrangement where the maximum 

displacement coverage is ~ 1mm with 0.5 GHz bandwidth.  

 

1. Introduction 
 

Resonant microwave sensor has been extensively used for 
various applications in the RF/Microwave frequency 

region during the last few decades [1]-[4]. Resonant 

microwave sensors based on the conventional metallic 

cavity structure generally possess the very high quality 

factor that helps to obtain the better accuracy in the 

extracted parameters [4]. However, in recent years the 

sensors have been mainly realized using the planar 

resonant structures such as ring resonator, substrate 

integrated cavity and metamaterial particle based sensors. 

Interdigital capacitor (IDC), split ring resonator (SRR) and 

complementary split ring resonator (CSRR) are the most 
widely used metamaterial particles used for range of 

microwave applications [1]-[3]. Design of planar sensor 

using the metamaterial particle can be considered as one of 

the important aspect of these structures [1]. The planar 

microwave sensor based on the metamaterial particle 

basically helps to localize the strong electric/magnetic field 

in the electrically small region which facilitates the 

realization of compact sensor topology with excellent 

sensitivity and resolution. These unique features of the 

metamaterial particle loaded structures have been 

extensively exploited by various researchers to design the 
different kind of sensors for wide range of applications [1], 

[4]. Recently, metamaterial inspired sensors have been 

demonstrated to design the rotation sensor for investigation 

of the angular displacement and rotational velocity for 

various industrial applications ranging from antenna 

industry, steel industry to the space industry [5]-[11]. For 

the antenna measurement using the linearly polarized 

antenna the proper alignment must be ensured to mitigate 

any error in the phase and gain measurement. Application 

of coplanar waveguide loaded especially designed SRR 

and electric LC resonator based structures for space 
application have been proposed [5]-[7] to measure the 

angular displacement where maximum considered 

displacement is 1mm with corresponding bandwidth of 600 

MHz and dynamic range up to 900. However, the parameter 

under consideration in these works is magnitude of 

transmission coefficient with sensitivity of 0.26 dB/0, 

which can easily be affected with the change in associated 

losses. Measurement of angular velocity using the 

circularly polarized antenna has presented using the 

detection of phase change that results into the more 

susceptibility toward noise [8]. In another work the horn 

shaped SRR resonator has been used to obtain the linearity 
in measurement for the small dynamic range of 80 [9]. The 

dynamic range and sensitivity has been improved up to 450 

and 26.4 MHz/0, respectively using the metamaterial 

inspired structure [10]. The dynamic range of metamaterial 

inspired sensor is further increased up to 1800 using the 

tapered U shaped resonator with overall bandwidth and 

resolution 350 MHz and 2MHz/0 respectively [11].  

 

From the above discussion it can be concluded that number 

of rotation sensors with their specific characteristic are 

available in literature but it is hard to realize the single 
sensor that can exhibit most of these features alone. Thus it 

is required to design the metamaterial inspired sensor in 

such a manner that the wide dynamic range, linearity and 

bandwidth can be realized using single sensor 

configuration, without any significant reduction in 

resolution.  

 



Due to the above mentioned reason, a novel design 

configuration of metamaterial inspired angular 

displacement sensor is proposed in this paper. The inner 

ring of the DSRR is designed on the rotor section (target 

specimen), while its outer ring is designed at the stator 
(microstrip substrate). The induction of vertical air gap 

between these two rings actually helps to perform the 

contactless measurement of angular rotation/displacement. 

The mechanical change in displacement between these 

rings results into the change in effective coupling (dynamic 

behaviour) between them that eventually leads into change 

in the resonant frequency of the sensor. Moreover, the 

static coupling (between microstrip and outer ring of 

DSRR) can also affects the resonant frequency. Therefore, 

Numerical analysis of both the coupling mechanism, i.e., 

static and dynamic has been carried out using the different 

possible arrangements of the rings to understand the effect 
of coupling on the resonant frequency of the sensor.  

 

2. Numerical design and analysis of the 

proposed rotation sensor 

 
 

 
Figure 1.  Numerical simulation model of the proposed 

sensor system with wm=2.6, hs=0.8 and ws=30 mm. 

 
Figure 2. Vertically separated rings with the direction of 

rotation (Ѳ) 

 

 
(a)                                      (b) 

Figure 3. (a) Static part including microstrip coupled outer 

ring of DSRR. (b) Rotational part consist of inner ring of 

DSRR etched on the target specimen with a0= 5mm, 

g0=gi=0.25mm, as=9.55mm and ai=4.4 mm. 
 

The numerical simulation model of the proposed rotation 

sensor designed using the CST-MWS as shown in Figure 1 

and Figure 2 shows the rotation direction of rotational ring 

with their vertical interspacing to the static part. The design 

shown in Figure 1 contains the complete sensor system 
including the stationary microstrip coupled outer ring of 

SRR structure and vertically separated rotational part with 

0.1 mm air gap. In the present case the inner ring of the 

DSRR designed on the target specimen act as the rotational 

system. Figure 3(a) and 3(b) helps to make clear 

interpretation about rotational part and stationary part with 

their specified dimensions. Here it is to be noted that the 

target under investigation (rotational part) rotate around the 

axis perpendicular to the plane of inner /outer ring of the 

sensing arrangement. The sensing mechanism of the 

proposed rotation sensor can be explained using the 

equivalent lumped equivalent circuit model of the proposed 
sensor as shown in Figure 4.  

 
Figure 4. Equivalent circuit model of proposed rotation 

sensor. The Cs, Ls and Cr, Lr and Cg, Lm represents the 
capacitance and inductance of stationary section, rotational 

section and the microstrip line.  

 

From this figure it can be observed that the outer ring of the 

DSRR is magnetically coupled (Ms) with the main 

microstrip line (Lm, Cg) whereas the inner ring of the DSRR 

is coupled with the outer DSRR ring and microstrip line 

with the variable coupling capacitance (Crs) and 

inductances (Mrs, Mr). The value of these variable coupling 

capacitance/inductance gets modified with the mechanical 

change in the angular rotation of the inner DSRR ring. This 
basically means that the overall capacitance/inductance of 

the sensing arrangement gets changed with the change in 

rotation of the rotational part, inner ring on the test 

specimen. Here, it is worth mentioning that apart from this 

dynamic coupling mechanism the static coupling 

mechanism also affects the resonant behaviour of the 

proposed sensing methodology. In the present situation, the 

coupling between the outer DSRR ring and the microstrip 

line can be termed as the static coupling coefficient while 

the mutual coupling between both the rings and coupling 

of inner rotational ring with the microstrip line is described 
as the dynamic coupling mechanism. Therefore, in next 

section, effect of both viz. dynamic and static coupling 

mechanism is studied in order to get the more insight about 

effective coupling arrangement for rotation sensor. 

 

 



3. Numerical determination of rotation angle 
 

Numerical determination of rotation angle is considered in 

this section by using different possible configuration of the 

static ring along with axial rotation of the rotational part. In 

first case, split of outer DSRR (static section) is oriented 

outward from microstrip line as shown in the Figure 5.  

After freezing the position of stationary arrangement, 

dynamic coupling arrangement has been varied by rotating 

the rotator ring (inner SRR) for wide range of angle. The 

rotation arrangement corresponding to three typical angles 

are shown in Figure 5. Here it is to note that the air gap 
between the rotor and static ring is kept fixed at 0.1mm. 

The change in resonant frequency corresponding to this 

arrangement is shown in Figure 6 

   
(a)                               (b)                           (c) 

Figure 5. Configuration-I rotation sensor, (a) 00 rotation, 

(b) 400 rotation, (c) 800 rotation of the rotating SRR.  

 

 
Figure 6. Plot of S21 for wide range of angular rotation. 

 

 
Figure 7. Configuration II sensor with 00 rotation angle  

 
Figure 8. Plot of S21 for wide range of angular rotation. 

 

From the figure, it can be noticed that the static resonant 

frequency without any rotation (Ѳ=00) is comes about 5.25 

GHz. The dynamic range of this sensor configuration is 

1200 with almost linear behavior in this range. The next 
arrangement of rotational sensing is shown in Fig.7 where 

the slit of static ring is oriented along the feed line that 

results into static resonant frequency of 4.78 GHz, Fig.8. 

The obtained dynamic range is nearly 1600 but the linearity 

region is limited to 400 which can be noticed from the plot 

shown in Figure 8. At last, the configuration shown in 

Figure 9 is used as sensing arrangement where the slit is 

oriented toward the feed line that produces the static 

resonant frequency of 4.3 GHz. The dynamic range of the 

proposed sensor is 1000 with linearity range up to 700 

which is quite clear from Figure 10. From the above three 
cases, it can be concluded that among all the 

configurations, the configuration-I possess better 

performance in term of linearity, bandwidth and sensitivity. 

It is worth mentioning here that the bandwidth coverage in 

this arrangement is nearly 2 GHz which is much higher 

than the earlier proposed operational bandwidth 0.35 GHz 

corresponding to 1800 dynamic range [11]. The maximum 

achievable frequency shift/0 is 19 MHz/0 as compared to 

the earlier reported 2.5 MHz/0 in [11]. Moreover, the step 

size of 100 in present work produces the more shift in 

resonant frequency as compared to step size of 200 in 

earlier reported rotation sensor [5]. Thereafter, using the 
resonant frequency corresponding to this arrangement 

(configuration-I) for range of rotation angle is used to 

develop the graphical relationship with the rotation angle 

and or angular displacement as shown in Figure 11. From 

the graphical relation shown in this figure it can easily be 

observed that the proposed sensing arrangement produces 

the nearly linear relationship between the rotation angles 

and numerically generated resonant frequency. A typical 

calculation of the angular displacement shows that the 

proposed sensor can cover the angular displacement of 

~4.8 mm in the span of 1200 rotation as compared to earlier 
reported value of 1 mm displacement.  

 

 
Figure 9. Configuration III sensor with 00 rotation angle  

 

A comparative performance analysis of the proposed 

rotation sensor with the earlier reported sensors is shown in 

Table I where the advantage of propose sensor can be 

appreciated. The above analysis shows that the design of a 

stable, linear wide dynamic range rotation sensor by 

considering the various other parameters is still in the 

nascent stage. Currently, the exploration of rotation sensor 
using the proposed configuration-I is under observation to 

improve its performance further. For the practical 



implementation of the designed rotation/displacement 

sensor, commercially available steeper motor, spacer and 

other circuitry would be utilized. 

 

 

 
Figure 10. Plot of S21 for wide range of angular rotation. 

 

 

 

 
Figure11. Graphical relation between resonant frequency 

and rotation angle (Ѳ) 

 

Table I: Performance Comparison of various rotation 

sensors  

Senso

rs 

Operati

onal 

BW 

Dyna

mic 

range 

param

eter 

Sensti

vity 

struct

ure 

[11] 0.35 
GHz 

1800 Δ fr 2.5 
MHz/0 

U-
shape

d 

resona

tor 

[10] 0.42 

GHz 

400 Δ fr 26 

MHz/0 

NSRR 

[5] 0.5 GHz 

@ 1mm 

900 Δ S21 0.26 

dB/0 

ELC 

[9] - 60 Δ S21 1 dB/0 Horn 

SRR 

propo

sed 

2 GHz 1200 Δ fr 19/0 Seprat

ed 

ring of 

DSRR 

 

4. Conclusion 
 

To the authors best knowledge, the vertically separated 

rings of the DSRR has been employed for the first time to 

realize the contactless rotation/angular displacement 

sensor. The proposed sensor configuration has potential to 

realize the planar microwave rotation sensor with better 

dynamic range, linearity and sensitivity over the wide 

operational bandwidth. The analytical formulation, 
linearity range and resolution improvement with viable 

means of its practical implementation is under 

consideration.  
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