
Subharmonic Power Line Carrier (PLC)  
Based Island Detection 

Scott Perlenfein, Michael Ropp 
Northern Plains Power Technologies 

Brookings, SD 57006 
scott.perlenfein@northernplainspower.com 
michael.ropp@northernplainspower.com 

 

Jason Neely, Sigifredo Gonzalez, Lee Rashkin 
Sandia National Laboratories 

Albuquerque, NM  87123 
jneely@sandia.gov; sgonza@sandia.gov; 

lrashki@sandia.gov

 
Abstract — The anticipated high penetration of distributed 

photovoltaic (PV) energy sources is expected to lead to significant 
changes in utility interconnection requirements for PV systems. 
These changes will include provisions for voltage and frequency 
regulation capability, as well as better voltage and frequency ride 
through requirements. For distributed energy resources (DER), in 
particular PV, to provide grid support, it must participate in 
frequency and voltage regulation. Frequency and voltage ride 
through allows inverters to remain connected to ensure robust 
recovery in the event of voltage and frequency disturbance. 
Implementing these advanced capabilities is essential to mitigating 
the negative impacts of high penetration PV, but their integration 
into a typical distribution system presents significant technical 
challenges, one of which is the increased risk of unintentional 
islanding. In this paper, an island detection method is presented 
that relies on a continuous subharmonic signal, a power line 
carrier permissive (PLCP), that is injected at the transmission 
level or at the substation and detected by any type of DERs in any 
combination. Absence of the signal indicates loss of utility and 
possible island condition. Laboratory and simulation experiments 
were done to investigate feasibility of the method. The PLC system 
discussed herein is novel in that it utilizes a power electronics 
based series voltage injection method. Advantages include the 
ability to use a smaller and less expensive transformer and 
enhanced flexibility in the amplitude, waveform and frequency of 
the injected signal. 

Keywords—anti-islanding; power line carrier; distributed 
generation; photovoltaics; advanced inverters 

I. INTRODUCTION  
As more distributed renewable generation is incorporated 

into the grid, well-regulated conventional generation will be 
displaced by stochastic energy sources, which  can have 
adverse effects on the power system if not managed properly 
[1]-[3]. It is well known that high penetrations of PV may have 
negative local impacts, including voltage rise, reverse power 
flow, power fluctuations, power factor changes, and 
unintentional islanding [2]. In addition, there have been 
concerns that sufficiently high penetrations of PV may have 
negative wide-area impacts. Recent studies that consider the 
impact of PV on low frequency inter-area modes have reported 
that greater PV penetration may “detrimentally affect the inter-
area mode” through reduction in damping [4] or introduce the 
potential for new oscillatory modes [5]. Anticipating the high 

penetration of PV DER has thus led to significant changes in 
utility interconnection requirements that include voltage and 
frequency regulation requirements and voltage and frequency 
ride through requirements. These new requirements will help to 
avoid the aforementioned problems, but unfortunately they may 
decrease the efficacy of anti-islanding schemes [6]. In 
particular, the IEEE 1547 standard requires that distributed 
generators detect an island and cease to energize within 2 
seconds for all cases, regardless of the number or type of 
distributed generation or the loading conditions [7]. 
Compliance is established through application of the IEEE 
1547.1 anti-islanding test [7].  

In this paper, a communication-based unintentional island 
detection method is presented that relies on a Power Line 
Carrier Permissive (PLCP) signal that is carried between 
distribution/transmission components and the inverter to 
establish a connection to the grid. Absence of the permissive 
signal indicates disconnection from the grid.  

The novelty of the method presented herein is that it 
involves a subharmonic voltage being injected via a series 
injection transformer in series with one or more phases. A 
subharmonic permissive signal has several advantages over 
high-frequency, high-bandwidth signals. It can pass through 
power transformers (including distribution transformers) 
without coupling or bypass capacitors, and thus could be used 
with roof-mounted PV or other distributed energy resources 
(DERs) interconnected on the low voltage (LV) sides of 
distribution transformers. In addition, it will propagate over 
many miles of transmission line with little attenuation, and thus 
does not require downstream repeaters or the installation of any 
equipment on the feeder other than the signal receiver [8].  It is 
also less susceptible to interference from active loads. 

Section II presents an overview of the PLC method proposed 
herein and discusses some of the benefits and design trade-offs. 
Section III describes the experimental hardware used in the 
study. Section IV presents experimental results. The approach 
is simulated for a candidate medium-voltage network in Section 
V. Finally, Section VI provides conclusions, including 
recommendations for future work. 

II. OVERVIEW OF PLC METHOD 
Historically, subharmonic power line carrier signals have 

been injected into the distribution feeder by installing a signal 
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generator and an injection transformer that acted essentially as 
a large nonlinear load. Consider the generic distribution feeder 
in Figure 1a, which includes feeder segment impedances, loads, 
two PV plants (shown in green), and a PLC signal generator 
(SG) shown in red at the left that is paired with two PLC signal 
receivers (SR), one at each PV plant, also shown in red. The 
most common way of creating the subharmonic signal is to 
short the SG transformer secondary to ground periodically, 
usually very close to the zero crossing of the voltage waveform 
in order to minimize currents in the components. A method is 
described in [9]. The subharmonic signal is limited to be an 
integral subharmonic of the line frequency. This technique has 
been used for quite some time, but it clearly requires a signal 
generator that can tolerate high currents, and an injection 
transformer that carefully balances current limiting 
requirements with access impedance needs [10]. Thus, the costs 
of this type of implementation are often sufficiently high that 
they serve as a barrier to the use of this technique for 
preventing islanding in DERs. In addition, the relatively large 
physical footprint of the SG and transformer often cause 
difficulties in siting the SG in the substation.  

In contrast, the technique proposed here uses what is 
effectively a low-power dynamic voltage restorer [11] as the 
signal generator. This technique uses a series injection 
transformer in which the transformer secondary is in series with 
the distribution feeder, as shown in Figure 1b.  The SG itself is 
an inverter that produces the subharmonic waveform to be 
injected. This system provides flexibility in that the injected 
harmonic can have any frequency or waveform desired as long 
as such production does not result in excessive currents in the 
inverter or a violation of flicker standards. In addition, the 
magnetic components of the proposed system are expected to 
be significantly smaller than those used in current shunt 
injection based approaches.  
 

 
(a) 

 
(b) 

Figure 1. PLC signal injection methods including (a) the historical 
method of shunt injection (short circuiting the phase currents) and (b) 
the proposed method of series voltage injection 

 Based on the criteria in [12], the permissive signal chosen 
for this investigation is a 17-Hz sine wave. A large amplitude 17 
Hz signal is desired for good signal to noise ratio (SNR), but the 
amplitude is constrained by flicker limits. Specifically, the 
signal amplitude must be bounded to maintain compliance with 
the IEEE 1453-2004 flicker standard [13],[14]. The amplitudes 
selected in this study are discussed in the following sections. 

III. PLC LABORATORY HARDWARE 
 To test the proposed approach, a laboratory experiment was 
devised and test hardware was fabricated. The test circuit was 
configured to mimic a distribution circuit with grid connection, 
transformers, cabling, load and PV source. The grid connection 
was emulated using a power electronics based grid simulator. 
The subharmonic transmitter was realized using a custom built 
voltage source inverter (VSI) coupled to the a-phase of the grid 
simulator through a 43:1 step-down series injection transformer, 
Figure 2a. A diode voltage clamp was included to protect the 
VSI from current surges. The receiver was implemented using 
signal conditioning circuitry and a Texas Instruments digital 
signal processor (TI DSP). The receiver indicates an island 
condition through a digital logic output, Figure 2b. The 
laboratory setup for PLC testing is shown in Figure 3.  
 

 
(a) 

 
(b) 

Figure 2: Shows (a) subharmonic PLCP transmitter and (b) receiver 
hardware 



 
 

Figure 3: Laboratory setup for PLC proof of concept testing 
 

The transmitter and receiver were separated by two 
transformers, approximately 388 feet of cable and a breaker. A 
commercial inverter configured for islanding tests was then 
connected to the receiver-end of the circuit through a 
transformer. The direct current (dc) source for the inverter was a 
power electronics based PV simulator [15].  
 The PLCP receiver signal conditioning circuitry was 
comprised of a 120:5 VRMS step down transformer, an active 5th 
Order Chebyshev filter, and a gain and level shifting circuit.  
The purpose of the active Chebyshev filter was twofold: to serve 
as an anti-aliasing filter, and to reduce the magnitude of the 60 
Hz element by roughly 50% to help provide more dynamic 
range headroom within the DSP. The gain and level shifter 
circuit slightly reduced the amplitude of the waveform and 
applied a DC offset to satisfy ADC input requirements. The 
conditioned signal was then fed into a TI TMS320F28335 DSP, 
which executed the detection algorithm. 
 The TI DSP in the PLCP receiver executed one of two 
algorithms to monitor the subharmonic signal. Algorithm #1 
executed a Fourier Series (FS) based approach, while Algorithm 
#2 executed an FS based approach with averaging of the 17 Hz 
amplitude.  At startup, the DSP initializes all system peripherals, 
memory allocations, and interrupts. It then waits for an AC 
voltage to appear on the designated ADC input, and then starts 
the detection algorithm. The amplitude of the 17 Hz signal is 
then monitored, and if its amplitude falls below a designated 
threshold, the DSP asserts a digital logic output signal to 
indicate island detection.   
 When the DSP is executing the FS detection scheme, the 
ADC starts by filling the appropriate data buffers for the Fourier 
coefficients used by the FS calculation. After 1 second of data 
has been collected, the 17 Hz amplitude is then obtained.  A 
buffer size that contains 1 second of sampled data is required to 
properly discern the 17 Hz component due to spectral leakage.  
The FS is coded to run in real-time using a circular buffer, so 
after the initial buffer is filled, the 17 Hz amplitude is re-

calculated as each sample arrives. This gives the benefit of 
faster detection time. Using the FS also allows for sampling to 
occur at rates other than at an integer power of two (1024, 2048, 
etc.) in contrast to an FFT implementation.    
 An FFT-based algorithm was also tested, but it proved 
unsatisfactory for reasons that will be discussed below.   

IV. EXPERIMENTAL RESULTS 
The grid simulator was configured as a 120/208V 60 Hz 

Wye voltage source, and the subharmonic transmitter was 
configured to generate a 1.9 VRMS sine wave at 17 Hz in series 
with the a-phase of the grid simulator. The short term flicker 
sensation parameter Pst was evaluated. Starting with flicker 
response thresholds presented in Table 1 of [13] and referencing 
the analysis in [14], it was determined that a 1.34 V signal, 
injected on one phase of the 120/208V test circuit, would result 
in a Pst value less than 1.0 for each 120V phase voltage. 
However, since the receiver was measuring line-to-line voltage, 
the signal voltage was boosted to 1.9V. Simulations were 
performed to verify that the 1.9 VRMS signal would provide 
sufficient SNR for the selected configuration. The PV inverter 
and emulator were configured to deliver approximately 17 kW, 
and the inverter’s voltage and frequency ride through limits 
were increased. The RLC load used for islanding tests was 
configured for both real and reactive power match and a quality 
factor of 1. For this experiment, the inverter was configured 
such that the system islanded when the breakers were opened. 
Figure 4 shows the line-to-line voltage as measured by an 
oscilloscope at the receiver location for both the connected and 
islanded cases. The 17 Hz signal is nearly imperceptible in the 
time-domain voltage (yellow trace) but clearly present in the 
fast Fourier transform (FFT – red trace) of the voltage.  

Two detection Algorithms, #1 and #2, were evaluated for 
their islanding detection effectiveness and speed. Each 
algorithm was tested five times, and the detection time was 
recorded in each case. Detection times were measured by 
monitoring the utility disconnection relay signal and receiver 



logic output; see Figure 5. Test results are shown in Table 1. 
Algorithm 1 detected more quickly than Algorithm #2, largely 
because of the averaging window used in Algorithm #2, but 
both approaches were compliant with the 2 second unintentional 
island detection requirement stated in the IEEE 1547 standard 
[7]. 

 
(a) 

 
(b) 

Figure 4: Line-to-Line voltage shown in time and frequency domain, 
measured at receiver location for (a) connected and (b) islanded 
 

 
 
Figure 5: Waveforms from islanding test 8 showing AC line voltage, 
signal indicating utility removal and signal indicating island detection 

Table 1: Island Detection Test Results for Algorithms 1 & 2 
 

 
 

As discussed in the previous section, an FFT-based 
algorithm was also tested, but it did not work well due to its 
sensitivity to spectral leakage. When the island forms, the 
frequency shifts slightly off of 60 Hz, which will cause 
significant spectral leakage in the 60-Hz FFT. The spectral 
leakage causes the FFT to show a 17 Hz component even after 
the island forms. The FS was more immune to this because of 
how it was implemented.   

It is noted that the dynamics of the PV inverter, which 
includes a perturb-and-observe style maximum power tracker, 
will naturally introduce some low frequency perturbations. This 
results in variation of the subharmonics, including 17 Hz. The 
measured 17 Hz component is thus expected to vary slightly. 
This raises the concern of false trip immunity. To test the PLCP 
signal integrity and attenuation, the line-to-line voltage was 
sampled several times in the islanded and grid-connected (grid 
simulator) modes of operation. Samples were taken at the 
receiver while islanded and connected and on the 480V circuit 
on the Δ-phase of the 45 kVA transformer. The magnitude of 
the 17 Hz component in each case was then acquired through 
post processing in Matlab and evaluated statistically by fitting 
the data to a normal distribution. Samples from the 480V 
circuit were scaled to be equivalent to a 120/208V circuit for 
easy comparison. See the histogram results in Figure 6.  

When the inverter is islanded, the 17 Hz subharmonic is 
measured at the receiver to have a mean amplitude of 0.116 
VRMS and a standard deviation of 63.7 mV.  With the grid 
connected, the PLCP has a mean strength of 1.483 VRMS at 
the receiver and varies with a standard deviation of 10.3 mV. 
Just before the 45kVA transformer, the scaled PLCP has a 
mean amplitude of 1.553VRMS and standard deviation of 16.4 
mV. This indicates a mild 4.71% or 0.4 dB attenuation through 
the 45 kVA transformer. If the threshold for island detection 



were selected to be 0.75 VRMS, these results indicate that the 
threshold would be 71 standard deviations below the measured 
signal level when grid connected and 10 standard deviations 
above the islanded signal level, resulting in negligible false 
detection and negligible failed detection probabilities. 

 

 
Figure 6: Histogram plot for signal strengths when islanded and grid 
connected 

 

V. SIMULATION RESULTS FOR MEDIUM VOLTAGE 
NETWORK 

To evaluate how the proposed subharmonic PLC signal 
would propagate through a distribution network and to illustrate 
the configuration options, a simple distribution circuit was 
simulated using MATLAB. Three simulation experiments were 
conducted to evaluate performance including (1) PLCP 
injection on one phase with balanced load, (2) PLCP injection 
on three phases with balanced load, and (3) PLCP injection on 
three phases with unbalanced load. Fourier Series analysis was 
then applied to the simulated load voltages to quantify the 17 
Hz component detectable by the receiver (located at the load).  

The simulated network is supplied by a 220 kV, 60 Hz 
source. For single-phase injection, a 1.34 kV amplitude, 17 Hz 
subharmonic signal was added in series with the a-phase to act 
as the PLC permissive signal supplied over the transmission 
circuit; see Figure 7. The transmission source was stepped 
down through a substation transformer to supply a 12.47 kV 
three-wire distribution feeder. Assuming a 12 MVA Y-∆ 
transformer with a phase voltage of 127.0 kV, the base current 
is found to be 31.50 A, and the impedance base of the 
transformer was thus found to be 4032 Ω. Using the 
transformer impedance table found at [16], the resistance was 

set to 1.05% of the total impedance and the reactance set to 
5.65%. This results in a resistance of 42.34 Ω and an 
inductance of 604.3 mH. 

In simulation, the feeder cable parameters were computed 
assuming an 8050 meter (about 5 miles) long feeder 
constructed from shielded single-phase EPR cables arranged 
equidistant from each other. The transmission line was modeled 
using a pi configuration with the parameters found in Table 2. 
A second commercial transformer with a ∆-Y configuration 
was used in the simulation to step the voltage down to 
240/415V to supply the load. This transformer was modeled as 
a 300 kVA transformer with a base voltage of 12.47 kV; the 
resulting impedance was 1555 Ω. Using the impedance table 
found in [16], the resistance and inductance were found to be 
24.57 Ω and 195.6 mH respectively. The load was simulated as 
a purely resistive element. The magnitude of the 17 Hz 
subharmonic was measured at the load for each phase-to-
neutral voltage. 

 
Table 2: Transmission line parameters, computed using specifications 

for Kerite 190C15-15kV cable [17] 
 

Parameter Value 
Outer Radius 0.0145 m 
Inner Radius 0.0063 m 
Conductor Spacing 0.0290 m 
Cross-sectional Area 1.2668x10-4 m2 
Length 8050 m 
Cable Capacitance per Length 1.6165x10-10 F/m 
Cable Inductance per Length 1.6519x10-6 H/m 
Cable Resistance per Length 1.3267x10-4 Ω/m 

 
Results for the single-phase injection simulation are shown 

in Figure 8; the PLCP component is detectable at the load 
(primarily in the a-phase) over the full range of output power 
levels. It is assumed each 240V phase will be split into 120V 
circuits for lighting loads; thus the flicker limit is computed 
using the 0.737% limit cited in Table 1 of [13]. In each case, 
the magnitude of the signal is strong enough for ease of 
detection while falling below the recommended flicker limit. It 
is noted that the signal is present on the b- and c-phases, 
although the signal is approximately half the amplitude.  

 

 
Figure 7: Network model used for simulation study with single-phase injection 



Single phase injection would be suitable for commercial 
implementations wherein power inverters connect to and 
monitor all three phases. However there may be some 
reluctance in using this scheme for residential inverters since 
single-phase units connected to only the b- or c-phases may not 
detect the permissive signal as robustly. 

 

 
Figure 8: Shows the magnitude of the 17 Hz signal at the 240V load 
compared to the flicker limit with single-phase injection. 
 
Results for the three-phase injection simulation with balanced 
load are shown in Figure 9. The magnitudes of the injected 
signals were reduced by a third from the single phase case (to 
893 VRMS). The 17 Hz signal is now equally present in all 
three phases.  
 

Figure 9: Shows the magnitude of the 17 Hz signal at the 240V load in 
the three-phase balanced system with three-phase injection. 
 

The results for an unbalanced load are shown in Figure 10. 
Here the b- and c-phase loads were set to 5.24 Ω and 7.85 Ω 
respectively while the a-phase load was varied. There is 
negligible difference between the magnitudes of the 17 Hz 
signal read at the load for each phase, and the signal is still 
large enough to be detectable on all three phases while 
remaining below the flicker limit. Three-phase injection is 
appropriate for circuits containing commercial and/or 
residential units. 

The simulation results are consistent with what one would 
expect from circuit theory. A low frequency signal would not 
be expected to attenuate appreciably over the network. The 
primary concern would be the expected 71.7% reduction in 
magnetizing reactance of each transformer at 17 Hz compared 
to 60 Hz. However, most transformers have such a large 
magnetizing inductance, that the magnetizing reactance at this 
subharmonic frequency is still sufficient.  
 

 

 
Figure 10: Shows the magnitude of the 17 Hz signal at the 240V load 
in the three-phase unbalanced system with three-phase injection. 
 

VI. CONCLUSIONS AND FUTURE WORK  
A new subharmonic power line carrier (PLC) based island 

detection scheme has been developed, and its feasibility has 
been demonstrated in the laboratory and in simulation. In 
particular, experiments were conducted on a laboratory circuit 
that was designed to mimic the characteristics of a generic 
medium voltage network with a PV source. The receiver 
implementation was evaluated using different algorithms and 
shown to comply with 1547 standards. The main advantage of 
the proposed method over previously deployed shunt current 
injection methods is an expected reduction in the size of the 
transformer that must be installed at the substation. 

The primary design constraint is given by the IEEE 1453-
2004 flicker standard. Guidelines are given for limits on the 
sinusoidal 17 Hz signal when considered alone. However, in 
practice, application of the flicker standard will be site specific. 
Since all signals contributing to flicker response must be 
considered together for compliance, a strong presence of other 
signals contributing to lamp flicker may indirectly limit the 
permissive signal further. 

Future work should include the development and 
demonstration of the proposed PLC method on a larger and 
more representative distribution circuit. This effort would also 
benefit from additional simulation work considering variations 
in topology and the addition of renewable resources. 
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