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Abstract—High-accuracy localization has attracted significant
research interest for decades. Recent use cases such as Augmented
and Virtual Reality (AR/VR) applications have renewed demand
for localization with sub-centimeter resolution. Here, we propose
iPos: Isochrons in Photonic Oscillators for Positioning, a highly
accurate three-dimensional (3D) localization system leveraging
isochrons in tunable photonic oscillators. To that end, we exploit
the well-known capabilities of tunable photonic oscillators and
recent results on their isochrons’ structure to introduce an
innovative mechanism for measuring Time of Arrival (ToA). The
proposed timing mechanism measures the ToA of the incoming
user signal leveraging the phase shifts of photonic oscillators
based on their phase response, which is uniquely determined
by their isochrons’ structure. Furthermore, iPos employs the
photonic injection locking technique and the nonlinear properties
of the photonic oscillators to achieve highly accurate phase syn-
chronization among different positioning nodes. Our numerical
results indicate that iPos achieves cm-level accuracy in three-
dimensional localization. This accuracy is at least an order
of magnitude higher compared to existing positioning systems,
owing to the proposed photonic timing mechanism, which of-
fers high-resolution ToA measurements that translate to highly
accurate distance information, further enhanced by seamless
synchronization achieved through injection-locking techniques.

Index Terms—isochrons, photonic oscillators, injection locking,
timing, synchronization, localization

I. INTRODUCTION

The evolution of indoor Location-Based Services (LBSs),
including asset tracking, emergency response, and wayfind-
ing systems, is dependent on high-accuracy positioning [1].
This especially is the case for emerging technologies such
as augmented and virtual reality (AR/VR) [2]. While the
Global Positioning System (GPS) is an essential technology
for outdoor positioning, it does not perform well for high-
accuracy indoor localization and tracking [3].

For high-precision indoor positioning and tracking, vision-
based technique [4] is one of the primary technologies em-
ployed due to their superior accuracy. However, they suffer
from high sensitivity to lighting conditions and high compu-
tation complexity which can introduce practical limitations.
Alternatively, ranging-based techniques, using radio frequency
(RF) signals among others, have also been used for indoor
positioning. However, their accuracy is heavily reliant on the
precision of time of arrival (ToA) measurements [5]. In ranging
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Figure 1: System overview showing user connection to the RF
interface of iPos to boot the follower oscillators by generating
excitation pulses. Precise synchronization is achieved by peri-
odic pulses generated through the controller oscillator passed
to the followers through optical fiber links.

approaches, the accurate estimation of ToA or the Angle of
Arrival (AoA) depends on measurements conducted on the
received signal after it propagates through the environment.
Consequently, any deterioration of the received signal, whether
due to noise, multipath fading characteristics, or the receiver
resolution, can significantly compromise the accuracy of time
measurement [5]. Ultimately, existing systems for obtaining
ToA not only suffer from these limitations but also lack the
mechanism for measuring time with high resolution, thereby
leading to insufficient localization accuracy.

In this paper, we introduce iPos: Isochrons in Photonic
Oscillators for Positioning, an accurate three-dimensional (3D)
localization system that includes a novel approach for mea-
suring ToA with high resolution and providing precise time
synchronization, leveraging isochrons in photonic oscillators.

This approach is based on the concept of isochrons, orig-
inally introduced in the context of mathematical biology [6]
and closely related to any robust self-sustained oscillation [7]
occurring in physical or man-made systems. Such oscillations,
also known as Limit Cycles in dynamical systems theory, can
serve as clocks with an extremely precise period. Their periods
can be uniquely partitioned, not necessarily uniformly. Each
partition is known as an isochron and the union of these
isochrons provides the sub-cycle time resolution. Isochrons
dictate the system’s phase response to external stimulations
such as a single pulse or a periodic pulsatile sequence. The
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phase response determines the induced phase shift of the
clock due to an incoming pulse, in the first case, and the
synchronization properties of the clock with the periodic
sequence, in the second case [8]. It is only recently that
these concepts have been introduced in photonic oscillators
consisting of two coupled lasers in a controller-follower con-
figuration [9]. Such an optically injected laser is well-known
for its tunable self-sustained oscillations and widely used in
various applications including secure chaos [10] and quantum
communications [11]. The potential of utilizing photonic oscil-
lators along with their isochrons’ structure for precise timing
and synchronization is discussed for the first time in this paper.

In contrast to existing ranging-based techniques, iPos has
greater flexibility as it provides time measurements with ex-
tremely high resolution without depending on received signal
characteristics. In iPos, the transmitted signal from the user
only behaves as a trigger to boot the system to generate
the excitation pulses. The ToA measurements are obtained
based on the phase response—dictated by the isochrons’
structure—of the dynamical system describing the photonic
oscillators’ behavior to these excitation pulses. Additionally,
using optical injection locking, iPos implements precise time
synchronization between different positioning anchors in the
system, which is a significant challenge in many available
architectures [12]. The precise synchronization means that all
the measured ToAs at different positioning nodes have the
exact same time bias compared to the user. This ultimately
allows for the utilization of the time difference of arrival
(TDoA) technique for 3D positioning. Figure 1 provides a
concise overview of the underlying mechanism used by iPos.

Our results illustrate that the overall positioning accuracy
is at cm-level for all three dimensions. This is an order of
magnitude higher compared to existing systems that provide
meter-level accuracy.

Our main contributions are listed as follows.
• We introduce iPos, a high-accuracy 3D localization sys-

tem comprising two main components: a novel timing
mechanism for precise distance estimation with a sub-
tenth of millimeter accuracy and a highly accurate syn-
chronization mechanism.

• iPos accurately measures ToA by calculating the induced
phase shift in the receiver’s oscillation, leveraging the
detailed structure of its isochrons. These results are used
to determine the system’s response to excitation pulses
generated upon receiving the RF signal from the user.

• iPos exploits the highly tunable robust limit cycles es-
tablished via injection-locked semiconductor lasers to
achieve precise synchronization among positioning nodes.

• We evaluate the performance of our proposed approach
using commercially available semiconductor laser param-
eters. The numerical results confirm that iPos achieves
cm-level 3D localization accuracy.

II. RELATED WORK & BACKGROUND

Isochrons in Photonic oscillators: Photonic oscillators
consisting of a set of coupled semiconductor lasers can be ide-

ally used as receiver’s clocks due to their remarkable frequency
tunability as well as their compactness and implementation
in photonic integrated circuits [13]. A photonic oscillator
is characterized by a self-sustained oscillation corresponding
to a stable limit cycle of the underlying dynamical system
governing its internal dynamics. The oscillation frequency is
uniquely determined by the parameters of the system and
may range from 100 MHz to more than 100 GHz [14],
[15]. These oscillations are remarkably robust in terms of
noise perturbations. Apart from their frequency spectrum,
they are uniquely characterized by their isochrons’ structure
that determines both their synchronization properties under a
periodic signal from an external controller and their phase shift
under a user-emitted pulse booting the photonic oscillator [9].
To the best of our knowledge, the utilization of the concept of
isochrons in tunable photonic oscillators is for the first time
proposed in this work as a solution for localization purposes.

Localization: Three common methods for localization are:
fingerprinting [16], vision-based approaches [17], and ranging-
based schemes [18]. Fingerprinting is suitable for coarse
measurements but sensitive to real-time changes [19]. Vision-
based methods offer high precision but suffer in visually
impaired environments [18]. Ranging-based solutions can pro-
vide high-accuracy localization in fully dark spaces, but their
performance is dependent on the quality of the received signal
and the system’s resolution for time measurements [20].

III. SYSTEM MODEL

iPos has three functional blocks as depicted in Figure 1.
User RF Transmission: We leverage the RF signal trans-

mission from the user, denoted as s(t), to trigger ToA measure-
ment. Since the ToA measurement in our proposed approach
does not require demodulation of s(t); i.e., it is not based on
the content of the received signal, it provides us the freedom to
design it robustly against environmental impacts. The receiver
possesses knowledge of s(t) which ensures that only this
signal can trigger the system and rejects any other signals.

RF Interface & Follower Oscillators: The initial part of
this block is the RF interface or booting block, serving as
the intermediary between the physical world and our system.
Upon the arrival of the s(t), the RF interface’s sole task is to
boot the system instantaneously. In other words, it triggers the
system to generate the required excitation pulses internally and
feed them into the follower oscillators through optical fibers.
The Phase Transition Curve (PTC) quantifies the effect of an
excitation pulse on each oscillator. Its shape is determined by
the isochrons’ structure of the system and can be used to obtain
the ToA of the received RF signal based on the induced phase
shift. The amplitude of the excitation pulse can be set equal
for all oscillators at the stage where the excitation pulses are
fed into the follower oscillators. This is independent of the
quality and power of the received RF signal.

Controller Oscillator: The final block is the controller os-
cillator which is in charge of phase synchronization for all fol-
lower oscillators. It employs the injection locking mechanism,
coupled with the synchronization properties of the photonic
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oscillator under an externally modulated periodic signal. This
enables precise synchronization among all follower oscillators
and ensures their identical initial phases. Consequently, all the
phase shifts resulting from the excitation pulses share a com-
mon frame of reference allowing for their translation as time
differences of arrivals. The stable phase-locking conditions for
the external synchronizing signal’s amplitude and frequency
are established by the oscillator’s isochrons’ structure and
corresponding phase response. It is noteworthy to consider that
synchronization of the follower oscillators is achieved through
a periodic sequence of excitations modulating the injection
rate of the controller oscillator, while for the measurement of
ToA, the effect of only one generated excitation pulse on each
follower oscillator is required.

IV. IPOS TIME-MEASUREMENT & SYNCHRONIZATION

The following subsections cover the essential preliminaries
and detailed approach for timing and synchronization tech-
niques, which constitute the core mechanism of iPos.

A. Photonic Oscillator Model

A tunable photonic oscillator consists of two coupled semi-
conductor lasers that have a controller-follower configuration
where the output of the former is optically injected into the
latter. The semi-classical description of this system is given
by the following set of nonlinear differential equations for
the normalized complex electric field E = x + iy and the
normalized excess carrier density Z

ẋ = (x− αy)Z +Ωy + η

ẏ = (y + αx)Z − Ωx

T Ż = P − Z − (1 + 2Z)(x2 + y2)

(1)

where time has been rescaled to the photon lifetime τp
(typically measured in psec), α is the linewidth enhancement
factor, T is the ratio of carrier to photon lifetimes, and P is
the normalized excess electrical pumping rate of the follower
laser. η and Ω correspond to the normalized injection rate
and the normalized detuning between the frequency of the
controller laser and the frequency of the free-running follower
laser, respectively [21]. As a nonlinear system, this setup is
known to have a rich set of dynamical features ranging from
stable and hysteretic steady states, limit cycles born out of
Hopf bifurcations to chaotic outputs [22]. For our purpose, we
focus on the well-defined parameter range where this system
supports stable limit cycles corresponding to self-sustained
oscillations. Each limit cycle is characterized by its period Tlc

(in the following analysis Tlc has been renormalized to 1), its
spectral content (discrete spectral lines at integer multiples of
flc = T−1

lc , since it is in general non-harmonic) and by the rate
of convergence of nearby initial conditions towards the limit
cycle. Moreover, the limit cycle is characterized by a phase
variable parameterizing each point of the cycle as represented
in Figure 2(a). The concept of the phase can also be extended
outside the limit cycle by introducing the asymptotic phase
function, which is defined as the relative phase with which

Table I: Parameter values for a semiconductor laser [22].
linewidth enhancement factor 2.6

carrier lifetime 250 psec
photon lifetime 2 psec

detuning 5 GHz
injection 0− 0.0743

period of limit cycle 0.2− 0.08 nsec

an initial condition ends up in the limit cycle. Isochrons are
defined as the locus of the initial conditions, within the basin
of attraction of the limit cycle, that have the same asymptotic
phase, and partition the phase space as shown in Figure 2(b)-
2(c). The structure of the isochrons determines the phase
response of the limit cycle to a pulse kick of amplitude A
that moves the system to an initial condition outside the limit
cycle as illustrated in Figure 2(c). The relation between the
phase of the oscillation at the time pulse arrives and the new
(asymptotic) phase is provided by the Phase Transition Curve
(PTC)

PTC(θ) = θnew mod 1, (2)

or the Phase Response Curve (PRC)

PRC(θ) = θnew − θ. (3)

Depending on the amplitude of the kick, the PTC/PRC can be
either invertible (Type 1) or non-invertible (Type 0) as shown
in Figure 3. For the realistic values exhibited in Table I, the
laser exhibits a stable intensity oscillation, characterized by the
presence of a periodic orbit that exhibits a decreasing period
in response to an increase in the injection strength. As an
example, we select a moderate injection strength η = 0.04
that corresponds to Tlc ≃ 0.1 nsec.

B. Follower Oscillators Synchronization

iPos employs the TDoA technique to address the lack of
synchronization that arises between the user and the local-
ization system. As such, it is imperative to establish perfect
synchronization among the sources in the localization sys-
tem. However, achieving perfect synchronization remains a
significant challenge in the current state-of-the-art, as even
minute deviations can have a substantial impact on the overall
accuracy of the system. To this end, we use the controller-
follower phase-lock injection scheme according to which the
injected power is modulated with a synchronization signal
consisting of a train of periodic pulsatile stimulations of
magnitude A delivered with a period Ts (in units of Tlc),

η(t) → η +A

m∑
n=1

δ(t− nTs). (4)

The phase θn+1 ∈ [0, 1) at the moment of every stimulus
(n+ 1) is

θn+1 = [PTC(θn, A) + Ts] mod 1, (5)

where θn is the phase of the system before the stimulus. This
equation defines a Poincaré mapping of the interval [0, 1)
to itself, i.e., a circle map that governs the synchronization
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(a) (b) (c)

Figure 2: (a) Definition of phase function on the limit cycle; θ is measured in units of Tlc. The closed curve corresponds to
the limit cycle, while the black points correspond to the unstable equilibria of the system. (b) Isochrons’ structure in the phase
space of the system. (c) Asymptotic phase on the section Z = 0 of the phase space. The closed continuous curve corresponds
to the projection of the limit cycle of the system on this section, while the closed dashed curve corresponds to the projection
of the perturbed initial conditions on this section. B0: point on the limit cycle, B: perturbed initial point of the system.

Figure 3: Phase transition curves. Type 1 PTC: invertible;
small-amplitude excitation. Type 0 PTC: non-invertible; large-
amplitude excitation.

dynamics of the driven system. The fixed points θ⋆ of this
mapping correspond to phase locking given by the equation

PRC(θ⋆) = 1− Ts, (6)

expressing that synchronization is achieved when the stim-
ulated phase kick compensates for the frequency detuning
between the periods of the limit cycle and the synchronization
signal. The stability condition of the fixed point, and therefore
the synchronization process, is determined by the slope of the
PRC as follows

−2 < PRC ′(θ⋆) < 0. (7)

The stability of the fixed point is related to the robust-
ness of the synchronization process under the presence of
noise and/or small parameter deviations. The slope value
µ = PRC ′(θ⋆) = PTC ′(θ⋆) − 1 is equivalent to the
characteristic multiplier governing the convergence of nearby
initial conditions to the fixed point. Synchronization dynamics
of the Poincaré mapping towards a fixed point corresponding
to a phase-locked state are depicted in Figure 4. Given the
parameter values specified in Table I, it is possible to achieve
synchronization among the four follower oscillators through a
sequence of 30 pulsatile stimulations of amplitude A = 0.35
delivered every 1.105 nsec. It is worth mentioning that the
above analysis ensures that the system evolves to the desired
phase-synchronized periodic state which is appropriate for its
function as a clock, and not to chaotic states existing outside
the domain of the above stability conditions [9].

C. Time Measurements

With each follower oscillator phase-synchronized under the
action of the controller synchronization signal, a pulse is
received from the boot block at a different ToA in each
oscillator, depending on its distance from the user. This signal
pulse arrives when the oscillator’s cycle is at a specific phase
θin and kicks the oscillator to a new phase θout, with the two
phases related through the PTC. The new phase θout can be
readily exploited for determining the phase upon pulse arrival
θin when the PTC is invertible (Type 1), as in Figure 3, and
in regions where multistability does not take place, namely
for relatively small pulse amplitudes. This condition dictates
the common amplitude of the pulse that is fed to the follower
oscillators from the boot block. The ToA of the user signal in
each oscillator is calculated from the θin with the PTC given
as a lookup table. Based on the application, either this time is
in the same cycle that we know or a number of cycles have
to be added to it based on the coarse measurement.

D. Time Scales and Accuracy

The resolution and the accuracy of the phase and time mea-
surements depend on three characteristics: (a) the frequency
of the limit cycle flc, (b) the convergence rate of excitations
towards the stable limit cycle, and (c) the slope µ of the PRC
at the fixed point.

The frequency flc determines the coarse time unit whereas
the final time and, consequently, the localization resolution
is determined by the division of the oscillation cycle into
a discrete set of isochrons. Since there are no inherent
restrictions on the level of discretization of the continuous
isochrons’ structure, an exceptionally high resolution can be
achieved without resorting to extremely high frequencies that
would raise technological requirements. The convergence rate
towards the limit cycle dictates the time required for the system
to return to the oscillation with the new asymptotic phase
after receiving a user signal. This rate indicates the limit
cycle’s robustness and imposes a restriction on the update
speed for user positioning. The slope µ provides a measure of
the convergence speed of the synchronization process for the
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(a) (b) (c) (d)

Figure 4: (a) Phase response curve corresponding to a stimulation of amplitude A = 0.35 of the limit cycle in Figure 2(a). The
continuous part of the PRC indicates the region of existence of stable fixed points, i.e., (7) is satisfied. (b)-(d) Convergence of
θn−orbits with varying initial conditions to a stable fixed point of Eq. (5), meaning that phase locking is achieved.

follower oscillators. It is notable that the remarkable tunability
of the optically injected system allows for appropriate parame-
ter selections in order to have sufficiently large frequencies flc
ranging from 100 MHz to larger than 100 GHz [14], [15] as
well as desired convergence rates for negligibly small waiting
times, at the order of nanoseconds (nsec), and sufficiently high
update rates for user positioning, even when moving with a
high speed.

V. THREE-DIMENSIONAL POSITIONING

Upon successfully measuring the ToA at each of the fol-
lower oscillators, which is based on their phase response to
the periodic impulse excitation signal, the 3D positioning is
determined. For this, translating these times to corresponding
distances and performing trilateration on the latter is necessary.

There is no synchronization between the RF signal trans-
mitted from the user and the localization system (i.e., the
follower oscillators). However, all the follower oscillators have
synchronized phases due to the controller injection-locking
procedure meaning that all the measured ToAs in different
follower oscillators have a synchronized clock. This means
that all the received times have the same synchronization bias
and the corresponding distances can be written as follows

ri = c× (ti − tT + β) = c× (τi + β), (8)

where ri denotes the corresponding distance between the
user and the i-th follower oscillator, ti is the received time
at the i-th oscillator, tT is the transmit time, i.e., the time
that the signal left the RF transmitter on the user, β is the
synchronization bias between the user transmitter clock and
any of the follower oscillators, τi is the propagation time delay
between the RF transmitter on the user and the i-th receiver
oscillator, and c is the speed of light; i ∈ {0, · · · , N − 1},
where N is the number of follower oscillators which equals
four in our design.

As is seen in Eq. (8), the actual distances are not known due
to the β synchronization bias. However, β can be eliminated
if we consider one of the follower oscillators as the reference
and subtract the rest of them from the reference as follows

ri − r0 = c× (ti − t0), (9)

where i ∈ {1, · · · , N − 1}, and the precise measurement
of t0 and all the remaining ti values exist. The geometrical
representation of the set of points in a 3D space with a constant
distance subtraction to three known points (the foci) is a hy-
perboloid. The intersection of all these hyperboloids represents
the location of the user. The mathematical formulation of this
can be written as follows

[x y z]T = min e(x, y, z), (10)

where [x y z]T is the location of the user in a Cartesian
coordinate system and e(x, y, z) is defined as

e(x, y, z) =
N−1∑
i=1

{
(ri − r0)−

√
(xi − x0)2 + (yi − y0)2 + (zi − z0)2

}
,

where [xi yi zi]
T values are the Cartesian coordinates of the

i−th receiver follower oscillator.

VI. PERFORMANCE EVALUATION

In summary, our research has two primary objectives.
Firstly, we propose a novel approach for high-resolution time
measurement using isochrons in a photonic oscillator. The
level of accuracy depends on both the oscillation frequency

(a) (b)

Figure 5: (a) Each PRCk(θ) indicates the phase response of
the system to an external excitation of fixed amplitude for
varying relaxation intervals corresponding to integer multiples
of Tlc, i.e. kTlc. (b) The root-mean-square error of the phase
response for varying relaxation intervals.
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Figure 6: 3D localization accuracy evaluations for different laser’s parameter values over various room dimensions: Effect of
∆θrms for the fixed value of flc = 30 GHz.
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Figure 7: 3D localization accuracy evaluations for different laser’s parameter values over various room dimensions: Effect of
flc for the fixed value of ∆θrms = 10−3 (k ≃ 50 cycles).

and the resolution of the oscillation cycle in terms of its
isochrons. As shown in Figure 5, the accuracy of the phase
shift measurement induced by an incoming pulse depends on
the number of cycles k needed for the excitation to relax on the
stable limit cycle of the system. The spatial resolution ∆xrms

is related to the phase measurement error ∆θrms as

∆xrms = ∆θrms
c

flc
, (11)

where the first term clearly shows the improvement due
to measuring the phase within a cycle in comparison to
measuring whole cycles. For instance, for flc = 3 GHz or
flc = 30 GHz the spatial resolution due to time measurement
becomes ∆xrms = 10−4 m or ∆xrms = 10−5 m for a
∆θrms = 10−3 achieved after k ≃ 50 cycles corresponding
to a negligible time duration, smaller than 10−8 sec.

Secondly, we explore the feasibility of using injection-
locking technology to achieve precise clock synchronization,
a crucial requirement for TDoA systems. The nonlinear nature
of the synchronization mechanism ensures an exponential
convergence rate and accurate phase locking of the receivers’
clocks, as shown in Figure 4(b)-4(d).

The accuracy of localization in iPos is influenced by two
main factors: firstly, the resolution of the ToA measurements,
which impacts the accuracy of distance estimation, and sec-
ondly, the precision of time synchronization. According to
Eq. (11), the factors affecting the final localization accuracy
include flc and the system’s update rate, which translates into
∆θrms. In essence, the characteristics of the laser used in the
system dictate the overall accuracy of localization.

To assess the localization performance of the proposed
system, we have established a comprehensive simulation cam-
paign using MATLAB R2022b, running on a Dell Optiplex
7080 computer equipped with an Intel i9 CPU and 64GB
of RAM. In these simulations, we locate the positioning
nodes (i.e., the follower oscillators) within the room where
user localization is required, keeping them spatially separated
to avoid taking up valuable space or interfering with other
objects in the environment. Regardless of the room’s shape
or dimensions, we suggest installing the positioning system
nodes on the ceiling, thus preserving room aesthetics and
functionality while the user can move freely to any point
within the room. To create our Distance Cumulative Function
(CDF) plots, we consider every possible location for the user
within the room. At each location, we know the exact position
of the user, which serves as the ground truth. The user’s
location for each specific spot is then estimated using our
proposed system, and the discrepancy between the ground
truth and the estimated location constitutes the localization
error. We utilize a Rician channel model to simulate the
multipath effects and also add Additive White Gaussian Noise
(AWGN) to all our simulations to mimic the typical indoor
setup’s multipath and noise characteristics.

Our initial goal is to demonstrate that our system’s accuracy
remains unaffected by the room’s dimensions. To achieve this,
we have conducted a comprehensive simulation campaign to
evaluate 3D localization accuracy across rooms varying in size
from small to very large, as detailed in Table II. All the values
in this table are represented in meters. Our goal is to prove
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Table II: Follower oscillator placement for various room
dimensions

Room Dimensions Osc. # 1 Osc. # 2 Osc. # 3 Osc. # 4

Small Space
(5m × 5m × 4m) (2.5,0,4) (0,2.5,4) (2.5,5,4) (5,2.5,4)

Medium Space
(10m × 10m × 4m) (5,0,4) (0,5,4) (5,10,4) (10,5,4)

Large Space
(20m × 20m × 4m) (10,0,4) (0,10,4) (10,20,4) (20,10,4)

that localization accuracy is influenced solely by the laser
parameters and not by the room’s dimensions.

In Figure 6, we assess the 3D localization accuracy across
different room dimensions while maintaining a constant flc
value of 30 GHz and varying waiting times (i.e., different
system update rates). The results, as illustrated in this figure,
indicate that the room dimensions do not impact the accuracy
for any fixed ∆θrms values, showing a similar CDF across the
board. As it is observed in Figure 6(a)-6(c), regardless of the
room dimension, smaller ∆θrms values (i.e., larger k values,
which imply longer wait times and slower system update rates)
enhances accuracy. Conversely, a faster update rate slightly
compromises localization accuracy. As an example, with a
constant value of ∆θrms = 0.5 × 10−3, we achieve 3D
localization accuracy of less than 0.4 cm across all room
dimensions. However, this accuracy decreases to 1 cm when
∆θrms increases to 2× 10−3.

Similar to Figure 6, Figure 7 conducts the same analysis
but with a fixed phase measurement error of 10−3, evaluating
performance across different room dimensions for various fre-
quency limit cycles. This figure demonstrates that, regardless
of room dimensions, higher frequencies yield better results. In
essence, for a fixed frequency, the CDF plot remains nearly
identical across all Figure 7(a)-7(c), but it shifts noticeably
with changes in frequency. For example, at a frequency of
30 GHz, as illustrated in the figure, it is observed that
irrespective of room dimensions, the errors are smaller than
0.5 cm. However, this accuracy shifts to below 3 cm if we
adjust the frequency to 3 GHz.

VII. CONCLUSIONS & FUTURE WORK

We propose a novel positioning system that leverages ideas
from tunable photonic oscillators and their isochrons’ struc-
ture. First, we propose an innovative approach for measuring
the ToA with high resolution. To that end, we exploit the
phase shift in the receiver’s oscillation—determined by its
isochrons’ structure—induced by excitation pulses. Further-
more, to address the synchronization challenge in current
localization architectures, we leverage the injection locking
of tunable photonic oscillators for achieving precise synchro-
nization among different positioning nodes. Our comprehen-
sive numerical results indicate that we achieve cm-level 3D
localization accuracy across different scenarios.
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