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D5104 System and Method to Detect Nonlinear Distortion in Cable Plant 
Abstract 

Sources of CPD can be discovered by their characteristic 2nd order distortion products which cable 

amplifiers do not normally produce.  Previously (Ref 1), a wide block of frequencies was captured in the 

time domain and analyzed by DSP (digital signal processing) to determine if 2nd order or 3rd order 

nonlinear distortion was present in a vacant frequency band.  This alternate method is for a two-input 

software defined radios (SDR) to capture on one input the portions of the downstream signal where 

some distortion products are created and on the second input a resulting distorted spectrum.  The two 

captured signals are processed together to determine if harmonics of a lower-frequency source signal 

are contained in a higher-frequency target signal.  Distance to CPD source can be determined using a 

cross correlation between the distorted signal giving time difference, if any.  A mathematically produced 

“measured” distortion signal created by squaring or cubing the distortion-producing waveform and this 

is processed with a captured distortion-producing signal. 

Background 

See appendix A for discussion of CPD and nonlinear distortion. 

This is related to 2013 research which utilized a wideband signal capture and a vacant band in the 

downstream.  This 2013 method used an expensive LeCroy DSO digital sampling oscilloscope.  This new 

method uses a less expensive 2 channel SDR. 

In cable plant nonlinear distortion, predominately 2nd and 3rd order, is created by a couple of methods.  

The expected method is amplifier distortion caused by high operational voltage levels, which produce 

primarily 3rd order distortion.   Push-pull amplifier designs cancel 2nd order distortion.  Problematic 

sources of nonlinear distortion are corrosion diodes causing a problem called common path distortion 

(CPD) when signals at different frequencies are mixed.  CPD produces both 2nd and 3rd (and higher) order 

distortion.   

See Fig. 1 which is a spectral diagram of a cable signal, which may use a mid-split frequency plan.  The 5-

85 MHz upstream band is illustrated in blue.  The downstream 108-1200 MHz spectrum is green.  Signals 

are simultaneously captured in a first low band centered around 158 MHz, and around a second mid 

band centered around 316 MHz.  The signals are from the first band are mathematically processed to 

see if their 2nd order distortion shows up in the mid band.  Processing can occur in the time or frequency 

domains.  Using frequency domain processing is generally more efficient due to the computational 

efficiency of the FFT.  In the frequency domain the signals in the low band are convolved with 

themselves in the FD (frequency domain) to produce a second order distortion.  This convolution 

process doubles the bandwidth.  

This process is repeated between the low band and the high band around 474 MHz to detect third order 

distortion. A triple convolution of the low band produces a 3rd order distortion. 

Fig. 2 is similar to Fig. 1, except that capture bandwidth is wider.  A good cross-correlation peak does not 

require the bandwidth between low, mid and high bands to be doubled and tripled.  This is a 

consideration on the cost of the SDR, since wide band SDRs cost more. 



Optionally 3 bands can be simultaneously captured, but hardware costs will be higher. 

Processing Steps: 

1. Start 

2. Program channel 1 SDR to low band 

3. Program channel 2 SDR to mid band 

4. SDR captures I-Q time samples in low and mid bands at a same time. 

5. Samples from low band are squared to make second order “manufactured” distortion in mid 

band 

6. Measured samples in mid band are cross correlated with manufactured samples. 

7. A resulting correlation peak indicates the presence of 2nd order distortion 

8. Repeat steps 2-7 with high band replacing mid band to find 3rd order distortion. 

9. END 

Other Embodiments 

1. Karthik suggests having a CM with a Broadcom or MaxLinear chip perform the nonlinear 

distortion tests in the field.  Alternately, the 3 sets of band samples can be uploaded to a PNM 

server for processing.   

2. CPD can be made by home wiring, so this technique is valuable to detect house problems.  CPD 

will most likely be made by high RF level transmissions in the upstream or FDX band. 

3. Alberto suggests creating vacant bandwidth with OFDM null subcarriers to reduce noise on 

cross-correlation plots. 

4. On the upstream this method works on burst transmissions.  Because of lower frequency and 

less available bandwidth, 2nd order distortion can be captured as a difference product.  For 

example, an upstream transmission 100-200MHz will produce a 2nd order distortion 0-100Mhz, 

with 5-100 MHz being visible. This is Fa-Fb distortion.  Likewise, third order distortion can be 

observed in the same 100-200 MHz band as the distortion-creating signal.  That is, 2Fa-Fb and 

2Fb-Fa components are in the same band as the signal that created them.  

5. It is also possible to use a high-speed digital storage oscilloscope, such as the LeCroy DSO series, 

to capture a full-band spectrum instead of using a 2 input SDR.  Digital filtering is then used on 

the full-band captured data to extract the two bands (158 & 316 MHZ, 158 & 474 MHz) using 

digital filtering.  Frequency domain filtering is more computationally efficient.  This digital 

oscilloscope method uses more expensive hardware, but cost can change in the future.  Only 1 

full-band field capture is needed.  The longer the capture time with either instrument, the better 

the cross-correlation results. 
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Appendix A Nonlinear Distortion in Cable Plant 

Nonlinear Distortion on Downstream, including CPD 

CPD is a nonlinear distortion that is typically created by corrosion diodes inside cable plant by mixing RF 

carriers.  Corrosion diodes can be created by galvanic corrosion between dissimilar metals.  Mixing 

requires that the signal amplitudes be high enough to make the diodes conduct, so a source of this 

problem is likely where signals are strong, such as inside hard line near the output of an amplifier.  The 

mixing products are predominately 2nd and 3rd order.  While the CPD distortion has been a persistent 

problem visible on upstream spectrum, it also affects downstream spectrum.  When the downstream 

carriers transitioned from analog NTSC to digital carriers, the upstream CPD went from 3 discrete beats 

every 6MHz to what appeared to be an elevated upstream noise floor.  Many technicians believed that 

CPD had gone away, but sadly it had only changed appearance. 

Wireless carriers also experience this nonlinear impairment and call it Passive Intermod (PIM). 



The third order distortion can be modeled as a triple convolution of a signal with itself in the frequency 

domain, causing spectral regrowth into adjacent frequency bands.  See Figure A1.  The top diagram is a 

rectangular-shaped noise-like spectrum of an input signal which is random, such as a single carrier or an 

OFDM/A signal.  The middle spectral diagram shows 2nd order distortion which is a convolution of the 

input signal with itself.  The center frequency of the distortion can be twice the frequency of the input 

signal (or centered at DC), and the occupied bandwidth is twice the input signal.  The bottom spectral 

diagram shows 3rd order distortion and is a triple convolution of the input signal with itself, and the 

distortion bandwidth is triple the input frequencies bandwidth.  The center frequency of the distortion 

can be the same as the center frequency or 3X the center frequency.  

 With two adjacent CW carriers at frequencies Fa and Fb, the predominant 3rd order spectral 

components will be at Fa+/-Fb+/-Fc, 2Fa+/-Fb, 2Fb+/-Fa. 3Fa, and 3Fb.   Self-compression also occurs.  

With two adjacent CW carriers at frequencies Fa and Fb, 2nd order distortions occur at Fa +/- Fb, as well 

as 2Fa and 2Fb. 

Third order distortion is normally created at controlled low levels by line amplifiers.  Because line 

amplifiers use push-pull amplification, their second order distortion cancels and should be low. 

Now that downstream signals are digital, their nonlinear distortion products appear to be random noise 

and are mixed with random noise and ingress creating a carrier to composite interference (distortion 

plus random noise plus ingress), CIN.  Energy from both sources is included in a MER per subcarrier ratio 

available on OFDM carriers. 

A UK technical paper by Patel and others [ref 1] indicate CPD has been observed on downstream 

systems, producing analog TV picture degradation.  In the US, downstream CPD is not generally feared. 

Another area of concern is strong upstream transmissions originating inside homes from mid-split or 

high-split plant.  No one is expecting home wiring to be free of corrosion diodes.  A second or third 

harmonic of an upstream transmission could produce energy in a downstream band, disrupting services. 



 

Figure A1.  Creation of 2nd and 3rd order distortion in the frequency domain by convolution.  Convolution 

in the frequency domain is mathematically equivalent to multiplication in the time domain. 
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Background and Problem Statement

• Downstream signals are going to all-digital carriers
• Nonlinear distortion and random noise are expected and budgeted 

in design.
• Nonlinear distortion with analog video carriers was primarily CTB 

and could be measured in a vacant channel (and seen in analog 
TV pictures)

• Now nonlinear distortion products from digital carriers looks like 
random noise and is generally indistinguishable from random 
noise.

• So how do you tell if the MER is caused by noise or nonlinear 
distortion???

CableLabs Access Network Technologies 

Slide 2
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New Test Method Developed by CableLabs

• Identify a vacant band in downstream (in roll-off works)
• Capture the full-band downstream signal with high-speed digital 

oscilloscope with a 2.5Gigasample rate and 12 bits
• Save the signal in the vacant band.  This makes a “measured” 

signal
• Replace the vacant band energy with all zeroes and 

mathematically distort the full-band signal
• You now have a “manufactured” distortion signal in the vacant 

band
• Process “manufactured” signal with “measured” signal and you find 

out if measured signal is nonlinear distortion or not

CableLabs Access Network Technologies 

Slide 3
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Full Band Downstream in Time and Frequency

Slide 4



© 2013 CableLabs®. All rights reserved.

Measured and Manufactured Distortion
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Elevation on Tap 0 Indicates Level of  Distortion
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Test Results on 7 Houses (15 tests each)

Slide 7
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White Paper Available

• Contact Cablelabs or t.williams@cablelabs.com

CableLabs Access Network Technologies 

Slide 8
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ncomê����Xe��eb�Xeb̂e�bcd\Xe\cXY>��ACDRWFQAFEGCFLQDPEF��?�FECDIFQANQMJECPFJFIJEMGF@LFEGCFHICJPKDCNOFPQRAJSF|QEGF
EGCFHIJAKLJMEKDCNOFPQRAJS}�



�

��������	
���
�
����������
���
��������
������
�����

�� ���������� !

�

"#$%&'()(*(+,(-./0(/1(2%/0#'30(45/6#3$(78&$'("#&90(+'&:;((
<'.80#='(0/(>05'&(+'&:9;(?3@#A80#3$(B3@(>&@'&(,#90/&0#/3(

�

�

"#$%&'(C(*(+,(-./0(/1(2%/0#'30(45/6#3$(78&$'("#&90(+'&:;((
<'.80#='(0/(>05'&(+'&:9;(?3@#A80#3$(D&@(>&@'&(,#90/&0#/3(

�

EF!GH�IJKJLLMNOP�MQJNMRSIR�TMO�UJ�VLJW�XY�UJXXJN�WSLKJNI�XZJ�[\�XJNT�NJ]MXSQJ�XY�XZJ�YXZJN�XJNTLF�̂YXJ�XZMX�XZJ�[\�
XJNTL�MNJ�KYNNJ]MXJW�QJKXYNL�XZMX�_S]]�MWWP�UVX�XZJ�YXZJN�XJNTL�MNJ�VIKYNNJ]MXJWF�

F̀!aJbJMX�LXJbL�HYN�YXZJN�YNWJNL�YH�WSLXYNXSYI�OYV�XZSIc�TSRZX�UJ�bNJLJIXF�



�

��������	
���
�
����������
���
��������
������
�����

��� ��������� !"

#$%�&'()*�(+�,-./0%�1�234�,-./0%�5�20%�6(7&'%8�)-7%�*%0-%*�234�(3'9�:;�(+�)$%�<=>;�&(-3)*�20%�-''/*)02)%4?�@*�2�
3/7A%0�(+�2B%02.%*�-360%2*%*C�)$%�3(-*9�6(7&(3%3)*�2**(6-2)%4�D-)$�/*-3.�2�3(-*%E'-F%�4(D3*)0%27�)%*)�*-.32'�20%�
0%4/6%4?�@3()$%0�-7&0(B%7%3)�)(�0%4/6%�3(-*%�-3�)$%�&'()*�-*�)(�/*%�2�'20.%0�&%06%3)2.%�(+�B2623)�A234D-4)$�0%'2)-B%�
)(�)$%�(66/&-%4�A234D-4)$?�#$%0%�-*�.%3%02''9�2�4%'29�G23.'%H�)(�)$%�4-*)(0)-(3C�234�-3�7(*)�(A*%0B%4�)%*)*�(3�
4-*)(0)%4�I2A'%�27&'-+-%0*C�)$%�+-0*)�)%07�G)J=H�6(3)2-3*�7(*)�(+�)$%�%3%0.9?�@*�)$%�KLMNOPOQRSTU-3&/)�40-B%�'%B%'�
-360%2*%*C�A()$�)$%�'%B%'�(+�3(3'-3%20�4-*)(0)-(3�234�)$%�23.'%�(+�)$%�VI�)%07*�6$23.%?��

�

WXWYWZ[Y\][̂ ]Y[_̀a\]a_\ZY[_̀bc̀ _̀\ZY

>34�(04%0�4-*)(0)-(3�-3�62A'%�3%)D(0F*�*$(/'4�A%�*/A*)23)-2''9�*/&&0%**%4�0%'2)-B%�)(�d04�(04%0�4-*)(0)-(3�A%62/*%�
I2A'%�*9*)%7*�/*%�A2'236%4�&/*$E&/''�27&'-+-%0*?�#$%*%�27&'-+-%0*�6236%'�%B%3�(04%0�G>34C�;)$C�:)$�%)6?H�4-*)(0)-(3*?�
e8&%6)%4�&()%3)-2'�*(/06%*�(+�>34�(04%0�4-*)(0)-(3*�20%�-7&%0+%6)�232'(.�4(D3*)0%27�'-3%20�'2*%0*C�4272.%4C�
/3A2'236%4�&/*$E&/''�27&'-+-%0*C�234�4-*)(0)-(3�4-(4%*�60%2)%4�A9�6(00(*-(3�-3�)$%�&'23)?�

WXfYf][Y\][̂ ]Y[_̀a\]a_\ZY[_̀bc̀ _̀\ZY

d04�(04%0�4-*)(0)-(3�-*�)$%�4(7-323)�3(3'-3%20�4-*)(0)-(3�-3�62A'%�*9*)%7*?�g%3%02''9�$-.$�&(D%0%4�27&'-+-%0*�20%�
/*%4�)(�&0(B-4%�3%%4%4�49327-6�023.%?�I2A'%�*9*)%7*�20%�(&%02)%4�D-)$�/&E)-')�)(�&0(B-4%�7(0%�/3-+(07�4-*)(0)-(3�
(B%0�)$%�4(D3*)0%27�A234?�#$%�&()%3)-2'�*(/06%*�7%3)-(3%4�2A(B%�+(0�*%6(34�(04%0�4-*)(0)-(3�623�2'*(�6(3)0-A/)%�)(�
)$-04�(04%0�4-*)(0)-(3?��
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D5281 Method and System to Find Distance to a PIM (Passive Intermod) Diode in Wiring. Rev 2. 

Tom Williams May 24, 2022/Aug 8, 2022 

Problem 

Some homes have corrosion diodes in the house wiring that are difficult to locate.  Even technicians 

getting into the homes is difficult after COVID pandemic.  The diodes mix strong upstream transmission 

with other signals to produce distortion product in other bands, affecting services for the home itself 

and other subscribers.  They also intermodulate the wideband OFDMA transmissions to produce 

distortion products at other frequencies, primarily 2 and 3rd order, but higher orders also. 

Description: 

At the tap, the circuit in Fig. 1 is connected.  It can use a conventional network analyzer with an IFFT 

(inverse fast Fourier transform) option, or the IFFT on the spectral samples can be done external to the 

analyzer.  As an example, the CW transmits at +15dBm at 200 MHz.  Some of the CW signal is sampled 

and sent to a double balanced mixer to act as a LO (local oscillator).  The network analyzer is sweeping 

220 to 320 MHz (example) and the CW is static at 200 MHz.  The two signals are combined and sent into 

the house to mix in a possible corrosion diode, producing a swept return signal with a frequency 20-120 

MHz.  A Band Pass filter passes 200-320MHz and keeps out harmonics of the generators, as well as 

cleans the 20-120 MHz detection band. 

The return difference signal from the house is 20-120MHz and it is passed through a Low Pass filter and 

connected to the RF port of said mixer.  The output of the mixer is upconverted and will be returned the 

original transmit frequency range of the network analyzer, which is 220-320 MHz.  The house is swept, 

and the return response is converted to the time domain with an IFFT, if there is a PIM diode.  From the 

time delay, knowing the cable’s velocity of propagation, distance to diode can be computed.  The return 

phasor from the house rotates much faster than the test signal if the diode is far away.  The wider the 

swept frequency, the better the range accuracy. 

The invention disclosure (I-only Network Analyzer) can also be used to sweep the house with low cost 

“Half Network Analyzer” and the Quadrature data can be computed from the In-phase data.   

Basically, the PIM diode mixed CW signals are converted back to their original frequencies by the double 

balanced mixer.   

Other frequencies can optionally be used for testing, and other harmonics besides second can be used.  

A sum distortion product 440-520 MHz can also be used for diode detection and ranging. 

Fig. 2 is a block diagram of a method to range the distance to an impedance mismatch, when an 

impedance mismatch is linear and does not intermodulate signals.  The system uses a vector network 

analyzer, which can be the same convention network analyzer used in Fig. 1.  The combiner/splitter 

connected to the house can alternately be a return loss bridge, or the same device used in Fig. 1.  

By overlaying a TDR (time domain reflectometer) or IFFT plot obtained from Fig. 1 test and a time plot 

obtained from Fig. 2 test, the determination can be made by a technician if an impedance mismatch is 

linear or is nonlinear.  If nonlinear, the impedance mismatch probably has associated corrosion diodes.   

The detection of concurrent time peaks can also be done by a computer, using digital signal processing. 



Fig. 2 can be obtained from Fig. 1 using switches to remove unnecessary components and connections. 

Other methods can be used to make two overlaid time plots, one involving mixing (frequency 

conversion), and one using no mixing.  For example, a chirp signal can be used, with and without 

frequency mixing.  The chirp signal is signal processed with an unimpaired chirp signal.  Random noise, 

impulses, sine(x)/x signals, and pseudo noise signals can also used as reference (test) signals. 

This can also be used by wireless industry on their tower to locate their PIM. 

July 29, 2022 

Another  

 

Fig. 1.  Circuit to find location of PIM diode by ranging from outside the home. 

 

Fig. 2 Circuit to find location of impedance mismatch by ranging from outside home.  
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