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Abstract: Optical fiber based twist sensors usually suffer from high cross sensitivity to strain. 
Here we report a strain independent twist sensor based on an uneven platinum coated hollow 
core fiber (HCF) structure. The sensor is fabricated by splicing a section of ~4.5-mm long 
HCF between two standard single mode fibers, followed by a sputter-coating of a very thin 
layer of platinum on both sides of the HCF surface. Experimental results demonstrate that 
twist angles can be measured by monitoring the strength change of transmission spectral dip. 
The sensor’s cross sensitivity to strain is investigated before and after coating with platinum. 
It is found that by coating a platinum layer of ~9 nm on the HCF surface, sensor’s cross 
sensitivity to strain is significantly decreased with over two orders of magnitude less than that 
of the uncoated sensor sample. The lowest strain sensitivity of ~ 2.32 × 10  dB/  has been 
experimentally achieved, which is to the best of our knowledge, the lowest cross sensitivity to 
strain reported to date for optical fiber sensors based on intensity modulation. In addition, the 
proposed sensor is capable of simultaneous measurement of strain and twist angle by 
monitoring the wavelength shift and dip strength variation of a single spectral dip. In the 
experiment, strain and twist angle sensitivities of 0.61 pm/  and 0.10 dB/° have been 
achieved. Moreover, the proposed sensor offers advantages of ease of fabrication, miniature 
size and a good repeatability of measurement.  

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction 

Twist/torsion is a key parameter that is frequently encountered for structure health monitoring 
in numerous applications, such as in evaluating the heath conditions of bridges, buildings, 
tunnels, dams and pipelines [1]. Compared to traditional electromagnetic and electronic 
sensors, optical fiber based twist/ torsion sensors have been attracting intensive interest due to 
their inherent advantages such as compact size, light weight, immunity to electromagnetic 
interference and a remote sensing ability. 
    To date, a number of optical fiber based twist sensors utilizing different fiber structures 
have been proposed. In general, those sensors can be mainly categorized into two types 
depending on their operation principles. One type is grating based twist sensors [2-8], while 
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the other type is based on interferometry [9-17]. Fiber grating based twist sensors suffer from 
relatively low twist sensitivity, complex fabrication process and expensive fabrication 
equipment (e.g. Excimer laser and phase masks). Interferometer based twist sensors, on the 
other hand, have advantages of a relatively simple fabrication process and a much higher 
twist sensitivity, hence a variety of fiber structure configurations based on different 
customized and specially designed fibers for monitoring twist have been proposed [9-17]. 
Among them, Mach-Zehnder interferometer (MZI) and Sagnac interferometer (SI) have been 
attracting most of the attention. For example, a square no-core fiber [9], a suspended twin-
core fiber [10] and a tapered single mode-thin core-single mode fiber structure have been 
reported for twist monitoring based on MZI configurations [11]. Polarization maintaining 
fibers (PMFs) and photonic crystal fibers (PCFs) are widely used in SI based twist sensors 
[12-17]. However, most of the optical fiber based twist sensors mentioned above suffer from 
high cross sensitivity to strain, even for the PMFs based twist sensors which have been 
reported with very low cross sensitivities to temperature [14, 16].  
    There have been a few strain insensitive twist sensors reported recently. For example, L. A. 
Fernandes et al. [2] reported a stress independent torsion sensor based on a helical Bragg 
grating waveguide structure, but the sensor itself shows a poor repeatability test of 
measurement. O. Frazao et al. [10] proposed a both temperature and strain independent 
torsion sensor based on a fiber loop mirror structure using a suspended twin-core fiber, but 
the sensor shows a very low twist sensitivity of 0.012 dB/°, which may result in a large 
measurement error even for a small intensity variation. J. Wo et al. [5] and B. Huang et al. 
[13] have experimentally demonstrated strain independent high sensitivity twist/torsion 
sensors based on a dual-polarization distributed Bragg reflector fiber grating laser and an 
optical fiber reflective Lyot filter structure, respectively. However, these two sensors suffer 
from disadvantages of long sensor head (over 30 mm) and complex signal interrogation 
systems. 

In our previous work, we have reported a miniature size hollow core fiber (HCF) based 
fiber structure with high Q transmission dips and large extinction ratios [18]. An ultra-
sensitive twist sensor (up to 0.717 dB/°) has been also demonstrated based on dip strength 
modulation by applying a thin layer of partial silver coating on the HCF surface [19]. 
However, it is found that the twist sensitivity of the HCF structure is dependent on the change 
of strain applied on it. To address the challenge of strain introduced variations in twist 
sensitivity, in this work, we propose a strain independent twist sensor based on an uneven 
platinum coated hollow core fiber structure. In addition, the proposed sensor is demonstrated 
to be able to measure strain and twist angle simultaneously by monitoring a single dip’s 
wavelength shift and dip strength change, respectively. Usually, for optical fiber based 
sensors simultaneous measurement of multi-parameters is realized with multiple sensors by 
monitoring two or more dips’ spectral responses, establishing a characteristic matrix and then 
the measurement result for each parameter is obtained by solving this matrix [20-21]. 
Compared to the complex sensor configurations and data acquisition systems used before, our 
proposed sensor is simpler and easier to use in real applications because only a single sensor 
is required to be monitored, when both strain and twist are applied to the same sensor.. 

2. Theoretical model and analysis 

Figure 1 illustrates a schematic diagram of the proposed HCF based fiber structure with 
uneven platinum coating (double-sided coating as shown in Fig. 1(b)) at the outer cladding 
surface of HCF. Light transmission inside the fiber structure is illustrated in Fig. 1(a) only for 
the top half of the structure for the sake of clarity. A schematic diagram showing the cross-
section of the HCF based structure after double-sided platinum coating is given in Fig. 1(b). 
Due to the multiple beams interferences introduced by the silica cladding, periodic 
transmission dips are obtained [18]. 



Assuming t
interface betw
and  respec
expressed as f

 

where  is the
core of the HC

 

where θ2 is th
 are thicknes

The light inten

 

As can be see
the HCF are f
the interfaces
calculated by 

 

 

Fig. 1
and m
cross-

3. Experim

Here we repo
transmission s

the incident lig
ween the inner 
tively. Then t
follows [19]:  

e phase differe
CF (L1, L2, L3…

he refraction an
ss and refractiv
nsity transmist

en from the ab
fixed, the trans

between the a
the Fresnel eq

 

. (a) A schematic 
multiple beams int
-section after coati

mental setup 

ort the experim
spectral of the 

ght ray (L) ha
air/cladding a

the light ampl

rA =

ence between 
…) which can b

4δ
λ

=

ngle at the inter
ve index of the
tted in the HCF

ove equations,
smitted light in
air core/claddin

quations: 

 1    TE mode r

1    TM mode r

diagram of the pro
erference inside th
ing with platinum 

mental investig
uneven platinu

s an amplitude
and cladding/ p
litude at the e

1 2

1 21

i

i

r r e
A

r r e

δ

δ

+
=

+
 

the two adjac
be calculated b

2

4
ndcos

π θ
λ

π±

rface between 
e silica claddin
F is hence can b

2

r rI A=  

, if the inciden
ntensity is depe
ng and claddin

1

1

cos ncos

cos ncos

θ
θ

−
=

+

2
1

2

cos nco

cos nco

θ
θ

−
=

+

 

oposed HCF struc
he hollow core; (b
layer. 

gation of the 
um-coated HC

e A. The reflec
platinum /oute
end of the hol

ent reflected l
by 

 π  

the air core an
ng,  is the inc
be described a

nt light and the
endent on the r
ng/platinum/ou

2
2 1

2

,
s

r r
s

θ
θ

= −

1
2 1

1

,
os

r r
os

θ
θ

= −

 

cture, showing the 
b) a schematic dia

influence of s
CF structure. In 

ction coefficien
er air are denot
llow core fibe

light rays insid

nd silica claddin
cident light wa
as: 

e physical param
reflection coeff
uter air.  and 

light transmission
agram of the HCF

strain and twi
the experimen

nts at the 
ted as   

er can be 

(1) 

de the air 

(2) 

ng,  and 
avelength. 

(3) 

meters of 
ficients at 

 can be 

(4) 

(5) 

n 
F 

st on the 
nt, a short 



section of HC
length of ~4.5
length HCF 
particular HC
loss [17]. A 
coating of pla
fiber was fixe
Then the fiber
coating proce
successfully f
unevenly distr
the cylinder’s
different coat
thickness of th
layer of plati
thickness clai
coating mach
calculated as 
fabricated and
30 s, 60 s, 90
nm, ~3 nm, ~
S5-120, respe

Figure 2 sh
and fixed forc
same strain w
Twisting of t
resolution of 
a resolution o
centimeters. B
adjusted using
initial spectru
experiment, a
twist is defin
launched into
by an optical 

4. Results 

The influence
studied and th
five samples 

CF (inner air c
5 mm was fus
is chosen bas

CF length produ
sputter-coatin

atinum layer on
ed horizontally
r sample was 1
ss is finished, 
fabricated. Sin
ributed over th
s cross-section
ting thicknesse
he platinum co
inum (around 
imed in this w
hine has a pla

6 nm/minute 
d then coated u
0 s and 120 s (
6 nm, ~9 nm, a

ectively. 
hows a schema
ce was applied
was applied to
the fiber struc
circa one degr

of 10 μm. The 
Before applyin
g a manual po

um with the larg
a clockwise tw
ned as a positiv
o the HCF base
spectrum analy

Fig. 2. Schematic

and discuss

e of the platinu
he results are i
(S1 to S5) are

core diameter ~
sion spliced be
sed on our pr
uces transmissi
ng machine (Q
n the outer sur

y in the sputter
180° turned ov
a double-sided
ce the fiber su

he HCF surface
n, decreasing t
es were studie

oating unless us
10 nm) was c

work is a calibr
atinum coating
× Time. In th

using different
(equivalent to 
and ~12 nm), w

atic diagram of
d to different s

different fibe
tures was carr
ee, and the axi
distance betwe
ng the strain/t
larization cont
gest dip streng
ist is defined a
ve angle twist
ed structure thr
yzer (OSA). 

c diagram of the ex

sion 

um coating th
llustrated in Fi
e shown befor

~30 µm, outer
etween two sin
revious report
ion spectrum w

Quorum Techn
rface of HCF. 
ring chamber a
er and coated f

d coating of pla
urface is cylind
e, with the max
towards both s
ed. However, 
sing a high res
coated on the 
rated value on 
g rate of ~6 n
he experiment,
t time intervals
calibrated coa
which are labe

f our twist and
ensors to make

er structure sam
ried out using
is strain was ap
een the transla
twist, the pola
troller (PC) to 
gth was then lab
as a negative a
t. Light from a
rough a PC an

xperimental setup f

ickness on the
ig. 3, where th

re and after co

r cladding diam
ngle mode fibe
t, which has 
with a relatively
nologies Q150
During the co

and coated for 
for the same pe
atinum on the 
der shaped, the
ximum thickne
sides (Fig. 1(b
it is difficult 

solution SEM b
HCF surface.
a glass slide. 

nm/minute, th
, five fiber sam
s of 0 seconds
ating thicknesse
eled as S1-0, S2

d strain sensing
e them straigh
mples during t

g the fiber rota
pplied using th

ation stage and 
arization state 

achieve the la
beled as a “0” 
angle twist wh
a broadband l

nd the transmit

for twist and strain

e sensor’s spec
he largest trans
oating with pla

meter ~126 µm
ers (SMFs). A 
demonstrated 
y high Q factor

0RS) was used
oating process, 

a short period
eriod of time. W
outer surface o
e coating thick
ess at the top/b
b)). In our exp
to measure th

because only a 
. Therefore the
Given that the

he coating thic
mples (S1 to 
(s) (bare fiber
es on a glass s
2-30, S3-60, S4

g setup. An ap
ht and to ensur
the twist meas
ator with a tw
he translation s

the fiber rotat
of the input l

argest dip stren
twist angle sta

hile a counter c
ight source (B
tted light was m

 
n measurement. 

ctral response 
smission dips f
atinum by adju

m) with a 
4.5 mm-
that this 

r and low 
d for the 
the HCF 

d of time. 
When the 
of HCF is 
kness was 
bottom of 
periment, 
he actual 
very thin 
e coating 
e sputter-
ckness is 
S5) were 

r sample), 
slide of 0 
4-90, and 

ppropriate 
e that the 
surement. 

wist angle 
stage with 
tor is ~20 
light was 

ngth. This 
ate. In our 
clockwise 
BBS) was 
measured 

has been 
for all the 
usting the 



polarization s
bare HCF ba
central dip w
demonstrates 
30s to 120s, c
the normalize
strengths show
strength decr
sensor is base
the dip streng
experimental 

Fig. 3
with p

Fig. 4
(S1-0)

state of the inp
ased fiber stru
avelengths var
good reproduc

corresponding t
ed transmission
w a trend of d
eased to aroun

ed on intensity 
gth, hence sam
demonstration

. Measured spectr
platinum layers of 

4. Measured spectr
) under different 

put light using 
ucture samples 
riation of 0.25
cibility of the s
to an increased
n dips graduall
decrease. When
nd ~4 dB. Sin
modulation, fo

mples from S1-
n in the followin

ral responses of th
different thicknes

al responses of the
stains when the 

a PC. As can
have similar 

 nm and dip s
sensor. With th
d platinum coat
ly move towar
n the coating th
nce the operat
or which the tw
0 (without coa
ng experiment

he HCF based fiber
ses. 

e HCF based fiber 
input light polar

n be seen from
transmission 

strengths varia
he increase of t
ting thickness 
rd longer wave
hickness is ~1
tion principle

wist sensitivity
ating) to S4-90
t. 

r structures before

r structures withou
arization state is 

m the figure, al
dips with a m

ation of 2.18 d
the sputtering t
from ~3 nm to

elengths, while
2 nm (S5-120
of our propo

y is highly depe
0 were chosen 

 
e and after coating

ut platinum coating
(a) fixed and (b)

l the five 
maximum 
dB, which 
time from 
o ~12 nm, 
e the dips 
), the dip 
sed twist 
endent on 
for twist 

g 

 
g 
) 



changed; (c) Measured spectral dip strength change when twist is applied to the HCF structure 
at three different strain values of 0, 600 , and 1200 , respectively. 

The effect of strain on the HCF sensor without platinum coating (S1-0) was firstly 
investigated and the experimental results are presented in Fig. 4. Before applying strain to the 
HCF, the transmission spectral dip was adjusted to the largest dip strength using PC. If the PC 
is fixed and hence the input light polarization state is maintained constant before the light 
enters the twist fiber section during the strain test, the spectral dip moves monotonically to a 
shorter wavelength with a significantly decreased dip strength (>7.5 ) as the strain 
increases from 0 to 1200  as shown in Fig. 4(a). However, a much smaller variation in the 
dip strength (<1.5 ) is observed in Fig. 4(b) when PC is adjusted to achieve the strongest 
dip strength during the strain test. Ideally, a bare HCF based structure has isotropic properties, 
no spectral dip strength variations would be expected under strain and twist. However this 
situation changes due to the existence of residual stress and core ellipticity originating from 
the practical fiber fabrication process, resulting in anisotropic properties and hence 
birefringence in the fiber structure (Birefringence is an optical property of a material in which 
index of refraction depends on the polarization and propagation direction of light). 
Birefringence induces the changes of the polarization state of the input light [22], and 
accordingly leads to the change of the reflection coefficients at the silica/air interface (Eqs. 
(4) and (5)), which eventually resulting the dip variations. It is widely reported in literature 
that both strain and twist produce birefringence in optical materials [22], Bigger strain applied 
on the HCF structure introduces larger birefringence variations and thus bigger changes in 
reflection coefficients at the silica/air interface, and hence a higher twist sensitivity is 
observed in Fig. 4(c). The average twist sensitivity measured at 1200  is over three times 
higher than that measured at 0  when the twist angle is changed from 0° to 100°. The 
maximum twist sensitivity at 1200  is up to ~0.18 /° between 10° and 40°. 

Next, the effects of strain and twist on the uneven platinum coated HCF sensors were 
investigated. Figs. 5(a) and 5(b) show the dips strength changes and their normalized dips 
strength change with the increase of strain for sensor samples S1-0, S2-30, S3-60, and S4-90 
when the input light polarization is constant. As one can see from the figures, when the 
platinum coating layer thickness increases, the dip strength variation is getting smaller and 
smaller as the strain increases from 0 to 1200 . Sensor’s cross sensitivity to strain is 
decreased by over two orders of magnitude to 2.32 × 10  /  as the coating thickness 
increases from 0 to ~9 nm, which is, to the best of our knowledge, the lowest cross sensitivity 
to strain for twist sensors based on intensity modulation [4, 13]. It is hence concluded that in 
the case of the HCF structure coating with platinum helps to decrease the dependence of light 
polarization on the axial strain. The underlying cause of the observed strain independent 
properties after coating with platinum is not yet fully clear, however the decreased dip 
strength following coating with platinum certainly contributed to the strain independent 
behavior.  In our previous work [19], we have theoretically demonstrated that the dip’s 
strength decreases significantly as   deviates from  further (as a result of platinum layer) 
but with a reduced dip strength changing rate. Thus, for an uncoated HCF structure, a small 
variation in the reflection coefficients at the air/silica interfaces introduced by strain will 
produce a large dip strength change since   is very close to  . On the other hand, when the 
HCF is coated with platinum, the difference between   and  is increased, which leads to a 
much smaller dip strength change for the same reflection coefficients variations when strain is 
applied. Fig. 5(c) shows an example of the corresponding spectral response under different 
strains for sample S4-90, which gives a spectral shift based strain sensitivity of 0.61 pm/ .  
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