
 

 

Audio Test Instrument Serial Commands 
- as a maiden name Audio Vector Network Analyzer   – 

- made after version 0.87 by HA3HZ  - 2022-04-26  Rev.2 - 

 
During the development, the audio analyzer known as AVNA1 underwent a name change. 

During the expansions, in addition to Audio Impedance Measurement (AIM) and Audio Transmission 

Measurement (ATM), Audio Vector Voltmeter (VVM), Audio Spectrum Analyzer (ASA), Audio Signal 

Generators (ASG) were installed. These enhancements were made with firmware development. 

 

The hardware connection points are as follows: 

- Z low output (50 Ohm) BNC connector 

- Z unknow (5K Ohm and 50 Ohm) by selecting on the screen 

- T transmission  (1M Ohm|| 25pF and 50 Ohm) switch selection 

 
The commands are provided by the USB serial link to the Teensy 3.6 card. Teensy appears as a “serial 

device” for the host computer. As such, Teensy can be controlled by an external program to create graphs 

and the like. For manual control, the “Arduino Serial Monitor” can be used, which can be accessed from 

the Arduino IDE on the COMx (Teensy 3.6) Serial port under the “Tools” menu. 

This monitor (terminal) supports CTRL-C copying and data can be collected this way. 

 

 

 
 



 

 

When I first logged in, the responses from Teensy were different, so we disconnect the USB connection and 

reconnect to the computer via USB to see the response.  Use „Both NL & CR‟ button. 

 

The format of all AVNA commands 

 
CMD param1 param2…  

where CMD consists of one or more characters and the number of parameters varies. Only UPPERCASE is 

valid in the CMD field. No error checking is performed on the parameters. If five parameters are allowed 

and only the first two need to be set, the last three do not need to be sent. The delimiter also appears as a 

space, but commas can be used. Common commands used for manual entry have one-character shortcuts. 

For example, FREQ and F are equivalent.  

 

 

Configuration commands 

 
PARAM1 num refR50 refR5K  
Use this command to set the “exact” values for the two reference resistors (refR50 and refR5K), if known. 

The refR50 and refR5K have design values of 50.00 ohms and 5000.00 ohms by default. 

The parameter number is 0 or 99. A value of 0 results in the resistance reference values being set to the two 

parameter values, refR50 and refR5000. Caused by a numeric value of 99 

ALL EEPROM values must be set to default, including PARAM2 below. 

Use 99 carefully. An example of this is “PARAM1 0 50.22 5017.3”, which sets the two reference values 

refR50 and refR5K to 50.22 and 5017.3 Ohms. 

Parameter PARAM1 without tracking returns the value of the current two reference resistors. 

 
PARAM2 capInput resInput capCouple seriesR seriesL  
Serves to change the correction factors for impedance measurements. 

For example:  "PARAM2 37.0 1000000.0 0.22 0.07 20.0" 

[units]                 pF          Ohm       uF     Ohm nH 

 

adjusts input shunt capacity, shunt resistance, coupling capacity, lead resistance and lead inductance. 

Comment: 

  capInput is variable in most cases and can be easily modified with “PARAM2 34.8”. 

To view the current values, enter the PARAM2 command without parameters. 

 

TUNEUP  n  
The set of commands used for configuration (n = 1, 2, 3, 4, 5, or 6). 

At the time of setting or when the values need to be checked. These are the values that correct the "stray" 

components of the circuit to improve the accuracy of the impedance measurement..  

 

This command is only available through the serial port (no touch screen). 

It is controlled manually as a short circuit and components as well as an open connection must be set. 

These measurements determine the value listed by the two commands, PARAM1 and PARAM2 (excluding 

the non-critical 0.22 uF coupling capacitor). 

The intention is to use TUNEUP 1 through TUNEUP 5 in order. 

(See separate instructions for performing tuning.) 

The TUNEUP family includes the following: 

 



 

 

TUNEUP Prints a summary of this procedure without an “n”. 

 
TUNEUP 1 measures stray resistance and inductance at shorted Z terminals (series R and series L). 

 

TUNEUP 2 R50  
(1) find a resistor around 50 ohms, (2) measure the actual resistance value of this resistor as accurately as 

possible (in Ohm), and (3) run the TUNEUP 2 R50; 

enter the actual measured value (which will probably not be exactly 50 Ohm) instead of R50. 

 
TUNEUP 3 R5K  
(1) find a resistor around 5000 ohms, (2) measure the actual resistance of this resistor as accurately as 

possible (in Ohm), and (3) run the TUNEUP 3 R5K program; 

enter the current measured value (which will probably not be exactly 5000 Ohms) instead of R5K. 

 

 TUNEUP 4 with open Z terminals it measures the internal resistance value (~ 1 MOhm) and the input 

capacitance (resInput & capInput). 

 

TUNEUP 5 as a result, the measured value becomes constant. 

 

TUNEUP 6 returns to the original value previously used 

 

Any step can be omitted, e.g. if a precise resistance of around 50 Ohms is not available. 

But the ascending order is 1 to 5 - for example, how the 5000 Ohm reference value affects how the open 

circuit responds. 

 

Available commands: (here is the alphabetical order) 

 
ANNOTATE 0 or 1, A 0 or A 1 
Responses may contain (1) or no (0) comments during serial communication.  

 

BAUD, B 
Do not use it. The speed of all USB communications via USB is 12 MBits / sec 

 

CAL, C 
No parameters are required. 

This is an immediate calibration of Z or T measurements at a single frequency or all 13 sweep frequencies. 

This must follow the FREQ or SWEEP and ZMEAS or TRANSMISSION instructions for proper 

calibration. This command must precede the RUN. Note that for impedance CALs, component connections 

may remain in place, but a reference path is required for proper calibration for transmission measurements. 

 
CALDAT  
Not currently in use.  

 

CALSAVE nc  
If you are using NanoVNA Saver, this step is performed by a new serial command. 

Nc has three values (0-1-2) and the first two must be used in two separate serial commands: 

0  = impedance     it is best measured with a 50 ohm resistor on the impedance connector. 

1  = transmission  connect the input and output so that the transmission port switch is 50 Ohm. 



 

 

2  = print the variable point plus the 13 1-2-5 points.   Readback of stored Calibrated data. 

 

DELAY ms, D 
Delay sets the delay between repeated runs (see RUN command). 

The Delay ms parameter is the amount of delay in milliseconds. 

This applies to measurements via the serial connection and not to the touch screen.  

 

FREQ f, F f 
Both set the measurements to a single (non-sweep) frequency. 

The frequency is set to f, which can be an integer or a decimal number between 10 and 40,000. 

Parameter f considers 100.0 and 100 to be the same. 

The frequency reached may differ slightly from f to ensure proper averaging of the multiplier outputs.  

 

INSTRUMENT instr 
Initially, it was just a Vector Network Analyzer. 

It was later expanded with a Vector Volt Meter (VVM) and a Spectrum Analyzer (ASA). 

Beyond a sequence, you can use a control to select any of the three with this command: 

 

 INSTRUMENT -9 no response, shows only the Home screen of the Instrument. 

 INSTRUMENT 0 selects AVNA (AIM) 

 INSTRUMENT 1 selects Vector Voltmeter (VVM) 

 INSTRUMENT 2 selects the spectrum analyzer. (ASA) 

 INSTRUMENT 3  selects input calibration 

 INSTRUMENT 4 selects output calibration 

 INSTRUMENT 5 selects the touch screen calibration 

 

Note that there is no signal generator or noise generator selector. 

They never output when AVNA is selected and are always available for the other two instruments, so no 

selector is required.  

The INSTRUMENT command does not change the instrument settings. 

It only allows control to be on only one instrument at a time. 

 

LINLOG rs ts rd td 
changes the units used for serial monitor outputs or the touch screen. 

The four numbers following LINLOG are the command set: 

rs=0  Reflection coefficient to Serial in dB, and phase in degrees 

rs=1  Reflection coefficient to Serial in magnitude (0,1) and phase in degrees 

rs=2  Reflection data to Serial as equivalent Series Impedance or Parallel Suseptance 

 (see SERPAR command) 

ts=0  Transmission data to Serial in dB, and phase in degrees 

ts=1  Transmission data to Serial in magnitude and phase in degrees 

rd=0  Reflection coefficient to Touch Display in dB, and phase in degrees 

rd=1  Reflection coefficient to Touch Display in magnitude (0,1) and phase in degrees 

rd=2  Reflection data to Touch Display as equivalent Series Impedance and Parallel Suseptance 

td=0  Transmission data to Touch Display in dB, and phase in degrees 

td=1  Transmission dada to Touch Display in magnitude and phase in degrees 

 

The default is the original values for backward compatibility: LINLOG 2 1 2 0. 

Short commands work if you do not want to change the touch screen. 



 

 

For example, LINLOG 0 outputs the serial output and impedance degrees only in dB. 

The LINLOG command returns the current settings without parameters, such as LINLOG 0 0. 

The settings are saved in the EEPROM so that the power failure survives. 

This provides a number of serial outputs. 

For example, measuring an inductor impedance of 200 uH at 10 kHz: 

 

LINLOG 0 0 for: the serial monitor shows a serial line: 

10000.000 Hz 

Return loss = 0,486 dB 

Fázis = 150,74 

 

LINLOG 1 0 for: the serial monitor shows a serial line: 

10000.000 Hz 

Reflection coefficient = 0,94565 

Fázis = 150,74 

 

LINLOG 2 0 for: the serial monitor shows a serial line: 

10000.000 Hz 

Series RX: R=1,494 X=13,042 L= 207,6uH Q=8,73 

10000.000 Hz 

Parallel GB: G=0,008667760 B=-0,075683906 R= 115,37 

L = 207,6 uH Q = 8,73 

 

LINLOG 2 0 és SERPAR 1 0 the serial monitor omits the suseptance: 

10 000 000 Hz series RX: R = 1,494 X = 13,042 L = 207,6 uH 

Q=8,73 

If the output is read by a program, you do not want to see all the comments. 

If this is stopped by ANNOTATE 0, the data fields will be separated by commas, 

with which the tables are satisfied. 

For example, the inductor measurement “LINLOG 1 0” looks like 10000.000,0.94565,150.74. 

The second number controls the transmission format in a similar way, but the options are only 0 or 1. 

 

LOAD, L  
No parameters are required. It completes the SAVE and retrieves the settings from the EEPROM. 

This is rarely needed.  

 
 

PARAM1 num refR50 refR5K  
An example is "PARAM1 0 50.22 5017.3", where "0" means "default".  

When set to 99, ALL EEPROM values will be the default. 

The following two parameters are ignored and are not required for the reset. 

A value of 0 sets the reference resistance values to the two parameter values. 

PARAM1 returns the current two reference resistors without the following parameters.  

 

PARAM2 capInput resInput capPar sorozatR sorozatL  
It is used to change the correction factors for impedance measurements. 

 

For example:  "PARAM2 37,0 1000000,0 0,22 0,07 20,0"  

 [units]                                pF       Ohm        uF    Ohm   nH  



 

 

adjusts input shunt capacity, shunt resistance, coupling capacitor, lead resistance and lead inductance.  

Note:  

capInput is the most likely changeable item and can be easily changed with the following: "PARAM2 34.8"  

To obtain the current values, enter PARAM2 without parameters 

 

POWER, P 
No parameters are required.  

This is the power frequency of the transmission measurements at a single frequency. 

The implementation is there, although it has not been thoroughly tested. Documentation is coming. 

 

 
RUN n, R n 
Both cause the selected measurement to occur, either a single frequency or a full sweep measurement.  

The RUN n parameter is the number of measurements taken. 

The value of RUN 0 results in a continuous series of measurements. 

Or "R 1" performs a single set of measurements, "R 27" 27 sets and stops. 

Any new command will abort the R command, so “R 0” is not really eternal.  

 

RUN -2 stops all serial transmission activity. 

RUN can be abbreviated as “R” so that a single trigger can only be “R 1”.  

The RUN command is the same as the one used by VNA and the INSTRUMENT command directs it to the 

appropriate function. 

 

SAVE, S 
 No parameters are required. This saves the current status to the EEPROM for the next power up. This is 

rarely needed because it is automatic when a parameter such as the reference impedance is changed.  

 
SERPAR ser par  
Sets the type of output data for Z measurement 

Ser sets the serial output, par select the parallel output selection: 

ser = 0 Do not transmit serial R-X data 

ser = 1 Series R-X data transmission 

par = 0 Do not transmit parallel G-B data 

par = 1 Transmission of parallel G-B data 

For example, the SERPAR 0 1 command would contain data for 

parallel G-B representation of the measured impedance. 

The normal representation of impedance is the (ser = 1) series 

A series of shapes determined by resistance R and reactance X. 

If par = 1, the representation is the mathematically related parallel conductance G, and the susceptibility B. 

Note that a general remark "R =" can be added to both 

impedance is created with the "ANNOTATE 1" command. 

Avoid both ser = 0 and par = 0, as there will be no output to the computer and there will be no obvious 

cause. 

Unless modified by the SERPAR command, the unit defaults to SERPAR 1 1. 

 

SIGGEN index on freq ampl waveform 
It is used to set the parameters of the three signal generators (index = 1, 2, 3) and the Gaussian noise generator 

(4). 

The other 4 parameters are where: 



 

 

on = Output status,   On (value 1) or Off (value 0) 

freq = frequency in Hz, such as 1234.56 Hz 

ampl = peak-to-peak output voltage, such as 0.2828 V 

waveform = waveform for generators 1 to 3. 

The available waveforms are (also see https://www.pjrc.com/teensy/gui/?info=AudioSynthWaveform) 

0 selects WAVEFORM_SINE 

1 selects WAVEFORM_SAWTOOTH 

2 selects WAVEFORM_SQUARE 

3 selects WAVEFORM_TRIANGLE 

6 selects WAVEFORM_SAWTOOTH_REVERSE 

 

The SIGGEN command can be used at any time, but the output will not appear in AVNA. 

The noise generator, SG # 4, only responds to power on and ampl, so set dummy values for the other 

parameters. ampl is the voltage of 1 sigma. 

Each command will use the previous values with the parameters left at the end.  

 

For example: 

SIGGEN 1 1 1234.56 0.1 3  // SG #1 as a triangle wave 0.1 V p-p 

SIGGEN 4 1 0.0 0.003 0     // SG #4 Gaussian White Noise, sigma = 0.003 

INSTRUMENT 2   // Spectrum analyzer (ASA) 

SPECTRUM 49 2 8   // Set format, ASA sampling frequency 24 kHz, 8 average 

 

SPECTRUM fmt sr m d of 
This sets the LCD display to the spectrum analyzer (ASA), allows values to be read with the RUN command, 

and allows five parameters to be set: 

fmt = format word. See below. 

sr = sampling frequency: 0 - 4 (where 0=6, 1=12, 2=24, 3=48, 4=96 kHz) 

m = number of averages (video filtering), such as 16. 

d = dB/div            e.g. 10.0 is only shown on the display. 

of = offset in dB, e.g. 12.5 is only shown on the display. 

 

The spectral output sent in series is 512 numbers. To make this large amount of data easier to manage, there are 

format settings. These are elements of a word in digital format, so they can be set by summing the values for 

the elements in different formats. 

 

Where the elements of the format: 
1 = Comma voters 

2 = space separators (can be after a comma) 

4 = Column 512 (0 of row 512) 

8 = CR-LF, not just LF (for columns) 

16 = Leader / graduate '|' around the entire data set. 

32 = dBm, power is not mW 

For example, if each item is sent in a single line (line) in dBm, with vertical bars at the beginning and end, and 

comma selectors, the fmt = 1 + 16 + 32 = 49. 

 

The triggering of the data set is the same as for the VVM, namely, 

RUN 0 selects continuous data. 

RUN n  Selects n measurements and then stops. 

RUN -2 stops all serial transmission activity. 

https://www.pjrc.com/teensy/gui/?info=AudioSynthWaveform


 

 

 

 

SCREENSAVE n  
Where it is 

   n = 1 Send the screen BMP image via USB serial connection using Intel Hex 

   n = 2 Save the BMP image to the uSD card exactly as you would with the touch screen command. 

For example, “SCREENSAVE 1 <Enter>” causes the Intel Hex line to be transmitted. See the #312   in msg. 

For more information on converting an Intel Hex file to binary on Windows, see #314  in msg. 

 

n=2 is only available in the form of a new file name if "VERBOSE 1" is specified. Otherwise silent. 

 

SWEEP 
There are no parameters. Frequency sweep 13 is set but not running (see also RUN command).  

Frequencies: 10, 20, 50, 100, 200, 500, 1000, 2000, 5000, 10000, 20000, 30000, 40000 Hz  

 

 

sweep start stop nf  
This determines the start and stop frequency of the measurement on the one hand, and starts the 

measurements on the other hand. 

There is currently no answer as it works. NanoVNA only handles nf = 101, so the NanoVNA-saver 

program always requests 101 frequencies. 

AVNA is now flexible for all nfs in the range of 2 to 1601. 

 
TEST rys sws  
Sets the three relays and switches. This is not usually used for measurements, as the appropriate relay 

settings are made by a measurement command such as ZMEAS. see the TestCommand () file in the .INO 

file  

 

 

TRANSMISSION refR , T refR 
Sets the transmission measurement and the reference resistance to refR. 

Valid refR values are 50 and 5000.  

 

TUNEUP 
 // Tuning during installation or when parameters need to be checked. These are the values, 

// amelyek correct the "stray" components of the circuit to improve accuracy 

// impedances near extreme values. This is only available through the serial port and 

 // manually controlled as short circuit, connections and open terminal must be created.  

// Note: This is experimental. In general, the results are better when externally 

// calculated values are used, except in particular for Cin. Use this command with caution and 

// note that the default values are available at "PARAM1 99".  

 

VERBOSE 0 or 1, V 0 or V 1 
For (1), it transmits additional information, so it's a good idea to use it when searching for errors. 

If (0), no additional information is sent that may interfere with the measurement list. 

 

VECTORVM vf poff 
This sets the LCD to Vector Voltmeter (VVM), allows the values to be read with the RUN command, and 

allows two parameters to be set.: 

https://groups.io/g/AVNA1/message/312
https://groups.io/g/AVNA1/message/314


 

 

vf = 1   sets the format of LCD and serial outputs to Volts RMS. 

vf = 2   sets the format to dBm at 50 Ohms. 

poff       the phase shift in degrees, from -180.0 to 180.0. 

 

ZMEAS refR, Z refR 
Both set the measurement to impedance and the reference resistance to refR. 

Valid refR values are 50 and 5000.  

 

 

 

 

NanoVNA-Saver  

 
Before using the NanoVNA Saver software, I performed CALSAVE 0 and 1 measurements, which are stored in 

the EEPROM. Calibration is required for use.  

 

I powered the AVNA through the computer's USB port and connected a 1mH inductor to the impedance 

terminals. Setting up the Audio Test Instrument:  

- Select AVNA 

- Set the „RefR‟ to 50 Ohm 

- Select „SWEEP‟, where 13 frequencies will be measured 

- Press „Meas Z‟ at the bottom of the screen 

-     Observe the changes in „f =‟ on the Audio Test Instrument screen. When you have completed the 

measurements, the results of the 7 measurements will be displayed on the screen. 

 

If you want to see NanoVNA-Saver and see more features, start now NanoVNA-Saver v0.2.3.0    

I have Python v3.7.4 installed on a Windows 7-32 bit operating system and am using the source file to work 

properly. The source file contains a „requirements.txt‟ file that contains the information needed for NanoVNA-

Saver to work properly. Help with Python and NanoVNA-Saver installation:  

Installing Python on Windows7-32 for nanoVNA-Saver.pdf 

 

When the program is logged in, set it up: 

-  For „sweep control‟, the frequencies START = 100 Hz and STOP = 40000 Hz. 

-  Under „Serial port control‟ you will see „Serial port‟ COMx (AVNA) where x = port number 

-  Check this in Control Panel / Device Manager / Ports / Teensy USB Serial (COMx) 

-  Then press the „Connect to Device‟ button, the device will connect via the Serial port. 

-  When connected, it will send the sweep command and you will see the frequency sweep on AVNA. 

-  It then sends the data to your computer, which you can see in graphical format. 

-  „Display setup‟ brings up an additional window where „Displayed charts‟ allows you to graphically display 

various measurements. 

 

 

http://ha3hz.hu/images/download/nanovna-saver-0.2.3.0.zip
http://ha3hz.hu/images/download/Installing_Python_on_Windows7-32_for_nanoVNA-Saver.pdf


 

 

 
 

 

 

When using NanoVNA-Saver, the commands are: 
 

All AVNA commands must be entered in UPPERCASE and the NanoVNA Saver in lowercase. 

It gives you an easy way to sort things out. 

In several cases, we get two similar but different commands, such as "SWEEP" and "sweep", but without any 

difficulty. 

So here are the new commands that AVNA responds to: 

 

info  
There are no parameters to this, and the answer is yes 
NanoVNA-H 
Board: AVNA + Teensy3.6 

ch> 

The first line is important for now, and you think NanoVNA-Saver works with nanoVNA. 

 

version  
It has no parameters and the answer is yes 
v0.70.0-0-avna 

ch> 

This is the Linux version number created by a nanoVNA. 

 

cal  
It has no parameters and the answer is 13 cal data points. It works, but needs to be reviewed. 

 

capture  



 

 

There are no parameters to this, and the answer is yes 
ch> 

This usually sends a screenshot from nanoVNA, which is not valid here. 

 

frequencies  
It has no parameters and a typical answer is 
2000 

2010 
2020 

2030 

 --- 
2990 

3000 
ch> 

This is the 101 frequencies used for the sweep, expressed in integers.  

It can sweep 2000-3000 Hz, but it can be anything. 

 

sweep start stop nf  
This determines the start and end frequency of the measurement on the one hand, and starts the measurements 

on the other hand. 

There is currently no answer as it works. 

NanoVNA only handles nf = 101, so the nanoVNA save program always requests 101 frequencies. 

AVNA is now flexible for all nfs in the range of 2 to 1601. 

 

data i  
Requests data transfer.  

I = 0 in this case, S11 sends the data in real and imaginary format with a space separator.  

I = 1 in the case of S21 data in real and imaginary format.  

The number of lines sent is determined by nf  in the sweep command. 

 

resume  
It has no parameters, no action, and the answer is yes 

ch> 

 

The calibration memory was destroyed when AVNA versions 0.6x and earlier were turned off. 

This does not work with NanoVNA Saver as the device is running from a stored calibration. 

In addition, for AVNA, a built-in default calibration would be convenient and has been added for both reasons. 

It consists of two parts: first, a set of 13-point, 1-2-5 frequency calibration points, and a linear interpolation 

routine that fills all frequencies. 

Due to the calibration method of AVNA (detailed R-L-C model), the only variable is amplifier gain and phase 

matching. These are small values and change slowly with frequency, resulting in good results with the 13-point 

memory. 

 

To transition from 0.6x to 0.70 software, 13 points must be measured and stored in the EEPROM. Failure to do 

so will not prevent measurements as there is a preloaded set of nominal gain and phase value. Remember to take 

this step for maximum accuracy.  

 

CALSAVE nc  
This step is performed by a new serial command. 

Nc has three values (0  1  2) and the first two must be used in two separate serial commands: 

0 = impedance        it is best measured with a 50 ohm resistor on the impedance connector. 



 

 

1 = transmission    connect the input and output so that the transmission port switch is 50 Ohm. 

2 = print the variable point plus the 13 1-2-5 points.   Readback of stored Calibrated data. 

 

    These should look pretty much like this example: 

. General data point (index=0): 

. 1.000000 0.000 1.000000 0.000 

. Standard data points, 10 to 40,000 Hz: 

. 1.000902 0.038 0.495994 0.823 

. 1.000362 -0.002 0.496641 0.350 

. 0.999944 -0.012 0.497170 0.116 

.    --- 9 more --- 

. 0.999362 0.552 0.497573 -0.283 
0.999064 0.732 0.498159 -0.417 
 
 

Example of COMMANDS 

 
As an example, a scanned measurement of transmission data, as instructed for non-manual use, might 

look like this: It ranges from 950 to 1050 Hz in 1 Hz increments. 

It is obvious that the repetition F xxx R 1 executes a control program cycle. 

T 50 

SWEEP 

CAL 

(Connecting the device to be measured to the transmission) 

F 950 

R 1 

F 951 

R 1 

F 952 

R 1 

. . . 

F 1049 

R 1 

F 1050 

R 1 

 

 

 



 

 

 
 

 
 



 

 

 
 

 


