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SYSTEM AND METHOD FOR TESTING FREQUENCY SYNTHESIZER 

TECHNOLOGICAL FIELD 

The present disclosure relates generally to a method of testing a frequency 

synthesizer using a delay unit and to a system implementing said method. More 

particularly, the present disclosure relates to a radar system, an electronic warfare 

5 system or a communication system with a built in or externally commanded test system 

for a frequency synthesizer. 

BACKGROUND 

Frequency synthesizers can be analog or digital devices. Frequency synthesizers 

10 are electronic devices enabling generating a range of frequencies from a single fixed 

reference oscillator. Frequency synthesizers (also referred to as synthesizers in the 

following) are commonly found in many modern systems such as communication 

systems (mobile phones, radio receivers, etc.) or radar systems and different 

technologies coexist for frequency synthesizer implementation. Traditionally, a 

15 common technology for implementing synthesizers is phase locked loop (PLL) modules 

but recent technical developments have driven migration towards more modern direct 

digital synthesizer (DDS) modules. 

Frequency synthesizers are generally required to provide precise frequencies and 

therefore a regular check of frequency synthesizers can often be beneficial. Synthesizer 

20 testing is aimed at determining whether an actual frequency of the synthesizer output 

signal coincides with a frequency command (i.e. a requested frequency). Synthesizer 

testing equipment generally requires access to the input/output of the synthesizer and a 

frequency analyzer to analyze the output signal. 

However, because of the space required for such testing equipment and the need 

25 for direct access to the input/output of the synthesizer, such systems remain generally 
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confined to laboratory testing and are not contemplated when the synthesizer is 

integrated (i.e. enclosed) in a complex electronic system. For example, Fig. 1 shows a 

surveillance system 500 comprising a radar equipment 300. The radar equipment 300 

comprises a frequency synthesizer 100. The surveillance system 500 may comprise a 

5 controller 400 (also referred as built-in-test - BIT- controller) configured to carry out 

test procedures of the radar equipment 300. However, notably because of space 

limitations for adding a specific frequency test equipment, current radar BIT systems do 

not include a special test for the frequency synthesizer 100 of the radar 300. 

Additionally, communication and radar systems commonly function in a frequency 

10 range comprised between 1 and 100 GHz and testing equipment is not commonly 

available for the high frequencies of said frequency range. 

Some other synthesizer testing methods involve a power detection unit at the 

output of the synthesizer. For example, the output of the synthesizer is provided with a 

coupler for directing a portion of the synthesizer output signal to a power detection unit 

15 such as a simple diode. Even though such testing methods present the advantage of 

being easy to integrate into an electronic system, these methods only enable to detect 

whether the synthesizer outputs a signal or not, and do not provide precise spectral 

information regarding the output signal. Therefore, these methods cannot precisely 

ensure that the frequency output of the synthesizer exactly coincides with a frequency 

20 command. Nevertheless, it can be noted that methods involving a power detection unit 

have been largely implemented for testing analog frequency synthesizers such as PLL 

modules since these methods enable to effectively detect PLL modules dysfunctions. 

However, such methods do not provide successful results with more recent DDS direct 

digital synthesizers. 

25 

GENERAL DESCRIPTION 

The present disclosure provides a new method for testing a frequency 

synthesizer. The method can advantageously be implemented in a radar system or in a 

communication system. 

30 In the present application, it is understood that the term 'delay unit' may refer to 

electrical components connected in series, wherein each individual element creates a 

time difference or phase change between its input signal and its output signal. The 
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electrical components of the delay line may have a linear behavior. This means that the 

output signal y(t) of such electrical component in response to a sinusoidal input signal 

x(t)=A*sin(27ift) can be described as: 

y(t)=k*A*sin[27if(t-T)+<l>o] 

5 wherein A is an amplitude of the signal, k is a signal gain, (Do is a constant phase 

and x is a delay introduced by the electrical component independent of the frequency. In 

some other embodiments, the electrical components may not have a linear behavior and 

the resulting output signal may be described using a delay dependent on the frequency. 

For example, such delay may be described with a polynomial function of frequency. 

10 Furthermore, in the description, the term 'linear function' refers to a first degree 

polynomial function of one variable. Additionally, it is considered in the application 

that the frequency synthesizer is coherent. This means that for any time difference At 

between two measurements of the signal for a given frequency f, the phase difference is 

equal to 27ifAt. 

15 Furthermore, the term modeling and its derivative is used herein to refer to a 

notion which may encompass the domain of curve approximation. The term comparing 

and its derivative is used herein to refer to a notion encompassing the domain of 

correlation. Also, the term sinusoidal pulse may be understood as a single frequency 

pulsed signal. 

20 Therefore, in one aspect, the present disclosure provides a method of testing a 

frequency synthesizer over a predetermined frequency range using a delay unit 

complying with a spectral delay distribution model modeling a spectral delay 

distribution of the delay unit over the predetermined frequency range. The method 

comprises generating at least one test signal with the frequency synthesizer according to 

25 at least one test command; passing the at least one test signal through the delay unit so 

as to obtain at least one delayed test signal; measuring at least one shift of a signal 

attribute between the delayed test signal and the test signal; estimating an accuracy of 

the frequency synthesizer by comparing the at least one measured shift with an expected 

shift, the expected shift being derived from the spectral delay distribution model of the 

30 delay unit and from the at least one test command. 

In one variant (hereinafter also referred to as the second variant), the spectral 

delay distribution model of the delay unit is expressible as a constant function over the 

predetermined frequency range, and: generating at least one test signal comprises 
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generating a chirp signal wherein an instantaneous frequency range of the chirp signal 

covers the predetermined frequency range; measuring at least one shift of a signal 

attribute comprises measuring a plurality of instantaneous frequency shifts between the 

delayed test signal and the test signal at a plurality of measurement times; comparing 

5 the at least one measured shift with an expected shift comprises evaluating whether a 

difference between a temporal variation of the instantaneous frequency shifts and an 

expected constant temporal variation is satisfactory. 

In some embodiments of the above variant, the spectral delay distribution model 

of the delay unit is expressible as a constant function of a predetermined constant value 

10 over the predetermined frequency range, and: generating at least one test signal 

comprises generating a chirp signal with a known chirp rate wherein an instantaneous 

frequency range of the chirp signal covers the predetermined frequency range; 

measuring at least one shift of a signal attribute comprises measuring at least one 

instantaneous frequency shift between the delayed test signal and the test signal; 

15 comparing the at least one measured shifts with an expected shift comprises calculating 

at least one expected shift value and evaluating whether a discrepancy between the at 

least one measured shift and the at least one expected shift value is satisfactory. 

In another variant (hereinafter also referred to as the first variant), generating at 

least one test signal comprises generating sequentially a plurality of sinusoidal pulses 

20 associated to a corresponding plurality of test frequencies comprised in the 

predetermined frequency range; passing the at least one test signal through the delay 

unit comprises passing sequentially each sinusoidal pulse through the delay unit so as to 

obtain a corresponding plurality of delayed sinusoidal pulses; measuring at least one 

shift of a signal attribute between the delayed test signal and the test signal comprises 

25 measuring a plurality of phase shifts, each phase shift corresponding to a phase 

difference between a delayed sinusoidal signal and a corresponding sinusoidal signal; 

comparing the at least one measured shift with an expected shift comprises comparing a 

spectral variation of the measured phase shifts with an expected spectral variation. 

In some embodiments of the above variant, comparing a spectral variation of the 

30 measured phase shifts with an expected spectral behavior comprises evaluating a level 

of fit between the spectral distribution of the measured phase shifts and an expected 

spectral phase shift distribution. 
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In some embodiments, wherein the spectral delay distribution model of the delay 

unit is expressible as a constant function over the predetermined frequency range and 

evaluating a level of fit comprises calculating a linear regression coefficient between the 

test frequency commands and the measured phase shifts. 

5 In some embodiments, evaluating a level of fit comprises calculating a spread 

around a linear regression calculated between the test frequency commands and the 

measured phase shifts. 

In some embodiments of the first variant, the method further comprises 

establishing that the frequency synthesizer is operational when the level of fit reaches a 

10 predetermined level of fit. It is noted that similar criterion may also be implemented in 

the second variant. 

In some embodiments of the first variant, the spectral delay distribution model is 

expressible with a polynomial function of the frequency and at least a polynomial 

degree of the polynomial function is known. 

15 In some embodiments of the first variant, the spectral delay distribution model is 

a constant function of a known constant value over the predetermined frequency range 

and comparing a spectral variation of the measured phase shifts with an expected 

spectral variation comprises calculating at least one expected phase shift difference 

associated with a first frequency command and a second frequency command, and 

20 comparing said expected phase shift difference and an actual difference between the 

measured phase shifts. 

In some embodiments of the method according to both variants, the at least one 

test signal comprises a frequency modulated signal or a plurality of sinusoidal signals of 

predetermined frequencies within the predetermined frequency range. 

25 In some embodiments of the method according to both variants, measuring at 

least one shift of a signal attribute between the delayed test signal and the test signal 

comprises: mixing the delayed test signal with a replica of the test signal to obtain a 

mixed signal; and processing the mixed signal to extract the shift of the signal attribute. 

In some embodiments, processing the filtered signal comprises spectral analysis 

30 processing. 

In another aspect, the present disclosure provides a system capable of providing 

signals of predefined frequencies comprising: a frequency synthesizer; a delay unit 

configured at the output of the frequency synthesizer, wherein the delay unit complies 
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with a spectral delay distribution model; and a test unit. The test unit comprises: a 

command unit configured for commanding the frequency synthesizer to generate at least 

one test signal according to at least one test command; a measurement unit configured 

for measuring at least one shift of a signal attribute between the at least one test signal 

5 and at least one corresponding delayed test signal at the output of the delay unit; and an 

estimator unit configured for estimating an accuracy of the frequency synthesizer by 

comparing the at least one measured shift with an expected shift, the expected shift 

being derived from the spectral delay distribution model of the delay unit and the at 

least one test command. 

10 In some embodiments, the frequency synthesizer is capable of generating chirp 

signals and the command unit is configured for commanding the frequency generator to 

generate a test signal in the form of a chirp signal. 

In some embodiments, the frequency synthesizer is capable of generating 

sinusoidal signals and the command unit is configured for commanding the frequency 

15 generator to generate a plurality of test signals in the form of sinusoidal signals. 

In some embodiments, the measurement unit comprises: a coupler at the output 

of the frequency synthesizer configured for providing a replica of the at least one test 

signal; a mixer at the output of the delay unit configured for mixing the at least one 

delayed test signal with the replica of the at least one signals so as to obtain at least one 

20 mixed signal; a spectral analyzer configured to extract the at least one shift of the signal 

attribute between the at least one test signal and at least one corresponding delayed test 

signal. 

In some embodiments, the signal attribute is one of an instantaneous frequency 

or a phase. 

25 In some embodiments, the delay unit comprises one or more electrical 

components connected in series. 

In some embodiments, the system further comprises: a transmitter configured to 

amplify signals provided by the frequency synthesizer, an antenna configured to radiate 

the amplified signals provided by the transmitter; a receiver configured to receive 

30 signals reflected back to the antenna; a processing assembly configured to interpret 

signals provided by the receiver; wherein the transmitter, the antenna, the receiver and 

the processing assembly are electrically connected in series and the one or more 
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electrical components of the delay line comprise at least a part of : the transmitter, the 

antenna and the receiver. 

In some embodiments, the mixer is comprised in the receiver and the spectral 

analyzer is comprised in the processing assembly. 

5 In some embodiments, the system further comprises a BIT wire connecting the 

frequency synthesizer to the antenna and bypassing the transmitter, wherein the one or 

more electrical components of the delay unit comprises: the BIT wire, an electrical path 

in the antenna and a radio frequency front end of the receiver. 

In another aspect, the present disclosure provides a communication system, an 

10 electronic warfare system or radar system comprising a system as previously described. 

In another aspect, the present disclosure provides a communication system, an 

electronic warfare system or a radar system adapted to implement the method as 

previously described. 

In another aspect, the present disclosure provides a radar system, a 

15 communication system or an electronic warfare system comprising: a frequency 

synthesizer configured to generate at least one test signal according to at least test 

command; a transmitter connected in series to the frequency synthesizer, an antenna 

connected in series to the transmitter and a receiver connected in series to the antenna, 

the transmitter, the antenna and the receiver being configured to delay the at least one of 

20 test signal according to a spectral delay distribution model so as to obtain delayed test 

signals; a processing assembly comprising: a mixer connected at the output of the 

receiver and configured to mix the delayed test signals with a replica of the at least one 

test signal so as to obtain at least one mixed signal; a spectral analyzer configured to 

extract at least one shift of a signal attribute between the at least one test signal and at 

25 least one delayed test signal from the mixed signals; and an estimator unit configured to 

estimate an accuracy of the frequency synthesizer by comparing the at least one 

measured shift with an expected shift, the expected shift being derived from the spectral 

delay distribution model and the at least one test command. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 In order to better understand the subject matter that is disclosed herein and to 

exemplify how it may be carried out in practice, embodiments will now be described, 
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by way of non-limiting example only, with reference to the accompanying drawings, in 

which: 

Fig. 1, already described, illustrates a surveillance system provided with a built 

in test system according to the prior art. 

5 Figs. 2A and 2B are diagrams illustrating respectively functional elements and 

steps of a general method according to embodiments of the present disclosure. 

Fig. 3A is a flow chart illustrating steps of a method of testing a frequency 

synthesizer according to some embodiments of a first variant of the present disclosure. 

Fig. 3B is a graph illustrating a plurality of phase shift measurements obtainable from a 

10 plurality of test frequency commands in some embodiments of the first variant of the 

present disclosure. 

Fig. 4A is a flow chart illustrating steps of a method of testing a frequency 

synthesizer according to some embodiments of a second variant of the present 

disclosure. Fig. 4B is a diagram illustrating a theoretical instantaneous frequency shift 

15 between a chirp signal and a delayed chirp signal. Fig. 4C is a graph illustrating a 

plurality of instantaneous frequency shift measurements obtainable according to some 

embodiments of the second variant of the present disclosure. 

Fig. 5 is a block diagram illustrating elements of a radar system configured to 

implement the method of testing a frequency synthesizer according to some 

20 embodiments of the present disclosure. 

Like reference numerals refer to corresponding parts in the drawings. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Described herein are some examples of a method of testing a frequency 

synthesizer. Furthermore, examples of systems including a frequency synthesizer in 

25 which the method can be implemented are presented. 

In the following detailed description, numerous specific details are set forth in 

order to provide a thorough understanding of the subject matter. However, it will be 

understood by those skilled in the art that some examples of the subject matter may be 

practiced without these specific details. In other instances, well-known methods, 

30 procedures and components have not been described in detail so as not to obscure the 

description. 



WO 2014/128687 PCT/IL2013/050926 

-9-

As used herein, the phrase "for example," "such as", "for instance" and variants 

thereof describe non-limiting examples of the subject matter. 

Reference in the specification to "one example", "some examples", "another 

example", "other examples, "one instance", "some instances", "another instance", "other 

5 instances", "one case", "some cases", "another case", "other cases" or variants thereof 

means that a particular described feature, structure or characteristic is included in at 

least one example of the subject matter, but the appearance of the same term does not 

necessarily refer to the same example. 

It should be appreciated that certain features, structures and/or characteristics 

10 disclosed herein, which are, for clarity, described in the context of separate examples, 

may also be provided in combination in a single example. Conversely, various features, 

structures and/or characteristics disclosed herein, which are, for brevity, described in the 

context of a single example, may also be provided separately or in any suitable sub­

combination. 

15 Unless specifically stated otherwise, as apparent from the following discussions, 

it is appreciated that throughout the specification discussions utilizing terms such as 

"generating", "determining", "providing", "receiving", "using", "coding", "handling", 

"compressing", "spreading", "transmitting", "amplifying", "performing", "forming", 

"analyzing", " or the like, may refer to the action(s) and/or process(es) of any 

20 combination of software, hardware and/or firmware. For example, these terms may refer 

in some cases to the action(s) and/or process(es) of a programmable machine, that 

manipulates and/or transforms data represented as physical, such as electronic 

quantities, within the programmable machine's registers and/or memories into other data 

similarly represented as physical quantities within the programmable machine's 

25 memories, registers and/or other such information storage, transmission and/or display 

element(s). 

Figs. 2A and 2B are diagrams illustrating respectively functional elements and 

steps of a general method according to embodiments of the present disclosure. The 

present disclosure provides generally for a method and system to test a frequency 

30 synthesizer 1 using a delay unit 2. A spectral delay distribution model of the delay unit 

2 is at least partially known on a predetermined range of frequencies to be tested. This 

means that a behavior of the delay produced by the delay unit 2 is at least partially 

known on the predetermined frequency range. The spectral delay distribution model 
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may comprise parameters, some of which being preliminary known. For example, the 

delay may be constant over the known test frequency range or vary linearly with the 

frequency. It is noted that the exact spectral delay distribution may remain unknown but 

should follow a known spectral delay distribution model. It is understood that a spectral 

5 delay distribution model may comprise one or more parameters to be set so as to exactly 

define the spectral delay distribution. One or more of these parameters may remain 

partially or totally unknown. For example, in the embodiment in which the spectral 

delay distribution model is a constant function, the value of the constant which, once 

set, would precisely define the spectral delay distribution may remain unknown. In 

10 general, the method can be applied to any spectral delay distribution model that can be 

described, for example, with a polynomial function. The degree of the polynomial 

function may be known while the coefficients may remain as unknown parameters. 

Furthermore, it is also noted that the term "follow" should be interpreted as 

"substantially follow" or "substantially expressible with" and include insignificant 

15 variations. 

In a first step S10, the method comprises synthesizing at least one test signal. It 

is noted that different embodiments uses different types of test signals. In a first variant, 

step S10 comprises generating a plurality of sinusoidal pulses of different frequencies 

within the predetermined frequency range. In a second variant step S10, comprises 

20 synthesizing a frequency modulated signal. For example a chirp signal may be 

generated. Characteristics of the test signal in the first and second variant may be 

predetermined based on the type of frequency synthesizer or on the frequency range 

under test. 

In a second step S20, the at least one test signal is delayed by the delay unit 2. 

25 The delay unit 2 may be a delay line introduced in the system for the purpose of testing 

the frequency synthesizer 1 or may alternatively be composed of elements of a system 

in which the frequency synthesizer 1 is integrated. The delay unit 2 output at least one 

delayed test signal corresponding to the test signal generated by the synthesizer 1. 

In a third step S30, at least one shift of a signal attribute between the delayed test 

30 signal and the test signal is measured using a signal analyzer 3. In the first variant, the 

signal attribute is a phase of the signal. In the second variant, the signal attribute is an 

instantaneous frequency of the signal. In step S30, a difference between the signal 

attribute of the delayed test signal and the signal attribute of the test signal is measured. 
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In a fourth step S40, an accuracy estimator unit 4 estimates the accuracy of the 

frequency synthesizer 1 by comparing the measured shift of the signal attribute to an 

expected shift of the signal attribute. The partial knowledge of spectral delay 

distribution model and the characteristics of the test signal may enable to calculate a 

5 theoretical (expected) shift of the signal attribute as will be described thereafter in more 

details. The accuracy of the frequency synthesizer may be evaluated by comparing the 

expected shift with the measured shift. In certain embodiments, several shifts are 

measured and step S40 may comprise comparing variations of the measured shifts and 

variations of the expected shiftsA 

10 For the sake of conciseness, the implementation with the second variant is not 

completely repeated and the description only describes the difference with respect to the 

first variant. 

The synthesizer 1 may be configured to receive input commands (i.e. be 

controlled) by a command unit (not shown). In order to execute a testing routine of the 

15 synthesizer, the command unit may command the synthesizer 1 to sequentially generate 

(synthesize) test signals according to test frequencies commands (f0,...,fN). In the 

second variant, the command unit may command the synthesizer 1 to generate a chirp 

signal (or chirp pulse). The test routine may for example be performed periodically or 

when other predetermined conditions occur. The test frequency commands (fo,...,fN) 

20 may be selected over a predetermined test frequency range. In the second variant, the 

chirp signal characteristics may be selected so as to sweep the predetermined frequency 

range. The test frequency range may overlap totally or partially an operational 

frequency range of the synthesizer. The frequency synthesizer 1 may be of any of a 

direct analog synthesis type, a direct digital synthesizer type or indirect digital 

25 synthesizer type. The frequency synthesizer 1 may use any of phase locked loops, 

double mix, triple mix, harmonic, double mix divide or direct digital synthesis. The 

synthesizer 1 may generate frequencies derived from a single, stable master oscillator, 

for example a crystal oscillator. In some embodiments, incoherent techniques may be 

used to derive frequencies from a set of several stable oscillators or VCOs (where VCO 

30 is a Voltage Controlled Oscilator). Further, and as described below with reference to 

Fig. 5, the system described in Fig. 2A may be partially or completely integrated in a 

radar system in an electronic warfare system or in a communication system so as to 

provide a built-in test system without requiring additional specific test equipment. 
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The delay unit 2 may delay each test signal (or at least some of the generated 

test signals used in the following testing method). In the second variant, the delay unit 2 

may delay the chirp signal. A delay applied to the test signals by the delay unit may 

have a known (predetermined) spectral delay distribution model over the predetermined 

5 test frequency range. In some embodiments, the delay applied by the delay unit 2 to the 

test signals may be constant over the predetermined test frequency range. It is noted that 

the other elements of the system through which the test signals are passed before phase 

shift measurement - i.e. for example portions of the signal analyzer unit and/or the 

accuracy estimator unit - are also deemed linear. The delay unit 2 may for example 

10 comprise cables, Surface Acoustic Wave devices (SAW) and/or optical delay line. In 

some embodiments, the delay unit 2 is formed by electrical components of the system 

connected in series. 

The phase shift extraction unit 3 may enable to extract from the delayed signals 

(in the second variant, from the delayed chirp signal) the phase shifts (respectively the 

15 instantaneous frequency shifts at different measurement times) corresponding to the 

delay introduced by the delay unit. The signal analyzer unit 3 may comprise signal 

processing elements to form a signal enabling to retrieve said phase shift. For example, 

the signal analyzer unit 3 may comprise a coupler, a mixer and a low pass filter (not 

shown). The coupler may be provided at the output of the frequency synthesizer 1 and 

20 be configured to split the signal output by the synthesizer 1 thereby enabling to provide 

a replica of the test signal to the mixer. The mixer may be provided at the output of the 

delay line 2 and be configured for mixing the delayed test signals (respectively the 

delayed chirp signal) with the replica of the corresponding test signals (respectively, the 

chirp signal). The low pass filter may be provided downstream the mixer to filter the 

25 high frequencies from the mixed signal. The signal analyzer unit 3 may also comprise a 

spectral analyzer (not shown) to extract (measure) the phase shift (the instantaneous 

frequency shift) from the filtered signal provided to the spectral analyzer. The spectral 

analyzer may perform a phase measurement (frequency measurement) of the signal by 

an FFT process at an appropriate FFT cell. The FFT process provides filtering. More 

30 particularly, by sampling the data for a certain period of time and performing the FFT 

on the samples, the signal to noise ratio may be improved and the phase of the signal at 

the frequency in which the signal appears (usually the frequency at which the signal 

appears is the zero frequency cell unless additional measures are implemented to 
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displace said frequency to another frequency cell to avoid the impact of DC bias) can be 

extracted. The FFT output may comprise the SIN and COS components of the signal 

and the phase can be extracted from these components. In the second variant, a block of 

filters may be used to determine the frequency of the filtered signal thereby providing 

5 the frequency shift between the delayed chirp signal and the chirp signal. 

The accuracy estimator unit 4 may be configured for comparing a spectral 

distribution of the measured phase shifts and an expected spectral phase shift 

distribution, the expected spectral phase shift distribution being derived from the known 

spectral delay distribution. In the second variant, the accuracy estimator unit 4 may be 

10 configured for comparing a temporal distribution (behavior) of the measured frequency 

shifts and an expected temporal distribution of the frequency shifts. In some 

embodiments, the spectral analyzer of the signal analyzer unit 3 and the accuracy 

estimator unit 4 may be gathered into or form a single physical element. In some 

embodiments, the accuracy estimator unit 4 is configured for evaluating a level of fit 

15 between the spectral distribution of the measured phase shifts (respectively temporal 

distribution of the frequency shifts) and the expected spectral phase shift distribution 

(respectively expected temporal frequency shift distribution). In some embodiments, the 

accuracy estimator unit 4 may further be configured to issue a warning if the level of fit 

reaches a predetermined value. For example, such a warning may be provided to a 

20 display device or to a BIT control system. In fact, as explained above, the knowledge of 

the spectral delay distribution model of the delay line enables to anticipate an expected 

phase shift spectral distribution (respectively expected instantaneous frequency shift 

distribution) for the test signals, given the frequencies of said test signals (given the 

measurement times of the shifts). Therefore, a comparison between the expected and 

25 actual variation of a signal attribute shift enables to derive if the actual frequencies of 

the test signals correspond to the test frequency commands and therefore to estimate if 

the frequency synthesizer is operational. 

Fig. 3A is a block diagram illustrating general steps of a method of testing a 

frequency synthesizer according to some embodiments of the first variant of the present 

30 disclosure. In a first step S100, a frequency command / of the frequency synthesizer 

may be set to a test frequency command fo within a predetermined test frequency range. 

The test frequency range may overlap totally or partially an operational frequency range 

of the synthesizer in which the frequency synthesizer is configured to generate signals. 
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In a second step SI 10, a test signal may be generated by the frequency synthesizer 

according to the test frequency command. The test signal can be continuous or form a 

pulse. In the event the test signal is a pulse, the duration of the pulse may preferably be 

longer than the delay introduced in step S120. Theoretically, the test signal has a test 

5 frequency equal to the test frequency command fo and a test signal VFso output from the 

frequency synthesizer may be represented mathematically as follows: 

VFso= A0*cos(27i*f0*t + cp), 

wherein Ao is an amplitude of the signal and cp is a phase shift of the signal. 

In a third step S120, the test signal output from the synthesizer may be delayed 

10 to obtain a delayed test signal. The delay applied to the test signal may have (follow) a 

known spectral delay distribution model. In some embodiments, the delay unit may 

comprise a delay line. In some embodiments, the synthesizer is integrated in a radar, 

electronic warfare or communication system and the delay unit may comprise electrical 

components connected at the output of the frequency synthesizer. It is to be noted that 

15 in a radar, the elements are generally such that the delay introduced is a constant i.e. the 

electrical components at the output of the frequency synthesizer of a radar have a linear 

behavior. In the following, the case of a constant spectral delay distribution model is 

illustrated in detail, however it should be understood that an analog reasoning can be 

applied in the case of a different known (partially or totally preliminarily known) 

20 spectral delay distribution model. In the case of a constant delay over the predetermined 

frequency range, the delayed test signal can theoretically be represented mathematically 

as follows: 

VDO= A'o*cos[27t*fo*(t-x) +cp+cp'], 

wherein A'ois an amplitude of the test signal at the output of the delay unit, cp' is 

25 an additional phase shift which may be caused by the delay unit and x is a delay applied 

to the test signal. The term 27ifox is a deterministic phase accumulated after the time 

delay x and the additional phase shift cp' is an arbitrary constant phase that can be 

generated by any component (a phase shifter or the like) independent of the frequency. 

In a fourth step S130, the phase shift produced by the delay unit on the test 

30 signal may be measured (extracted) i.e. the additional phase shift (Do = -27i*fo*x+cp' 

caused by the delaying of the test signal corresponding to the test frequency command 

fo is retrieved. In some embodiments, step S130 may comprise mixing the delayed test 
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signal with a replica of the test signal to obtain a mixed signal; filtering high frequencies 

from the mixed signal so as to obtain a filtered signal and processing the filtered signal 

to extract said phase shift. A replica of the test signal may be obtained by using a 

coupler at the output of the synthesizer to split the test signal and provide to a mixer the 

5 replica of the test signal and the delayed test signal. Alternatively, it is possible to use a 

separate reference signal coherently synchronized with the frequency of the synthesizer 

as a replica. The mixed signal may theoretically be represented mathematically as 

follows: 

vm0 = VFSO*VDO = Ao*A'o* cos(27i*fo*t + cp)*cos[27t*fo*(t-x) + cp+cp']. 

10 The filtering may be performed by using a low pass filter capable of filtering 

high frequencies to cancel the 47i*fo term in the mixed signal. The filtered signal may 

therefore be represented as follows: 

VfQ= A"o*cos(27i*fO*T-cp'), 

wherein A"0 is an amplitude of the signal at the output of the low pass filter. 

15 Therefore, the filtered signal may provide the phase shift caused by the delaying 

of the test signal i.e. the shift of phase between the test signal and the delayed test 

signal. This approach enables to make the phase measurement insensitive to time. 

Indeed, measuring otherwise the phase change directly would require subtracting the 

phase accumulated during the elapsed time between two measurements, which is not 

20 achievable at such frequencies. In the present approach, both the replica of the test 

signal and the signal provided to the mixer have accumulated the same phase and this 

phase is cancelled in the described approach. As can be seen from the above calculation, 

when the delay is constant over the predetermined frequency range, the phase shift 

produced by the delay unit theoretically depends linearly on the test frequency. As 

25 detailed below, this property may be used to determine if the synthesizer is operational 

i.e. if the frequencies output by the synthesizer coincide with the frequency commands. 

In a fifth step S140, the steps S100, SI 10, S120 and S130 are repeated with a 

plurality of test frequency commands (fls..., fN) within the predetermined test frequency 

range. The number of test frequency commands is generally limited by the time 

30 available to perform the test routine and by the amount of channels generable by the 

synthesizer within the predetermined frequency range. A reasonable amount of test 

frequency commands may be of around 10 to 20. This leads to obtaining a plurality of 

phase shifts <J>N) corresponding to the delaying of the test signals generated with 
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test frequency commands (fi,..., IN)- As described above, for a constant spectral delay 

distribution, the phase shift <D; theoretically depends linearly on the test frequency 

command i.e. a theoretical/expected phase shift spectral distribution is a first degree 

polynomial function of the frequency. 

5 In a sixth step S150, the actual (measured) phase shift spectral distribution is 

compared to the expected phase shift spectral distribution. In other words, variations of 

the phase shift for different frequencies of the test signal are compared to theoretical 

variations of the phase shift between the test signal and the delayed test signal. This 

enables to estimate whether the measured phase shift follows a theoretical/expected 

10 behavior. In some embodiments, a level of fit between the actual phase shift spectral 

distribution and the expected phase shift spectral distribution is evaluated. In some 

embodiments, a further step of determining whether the level of fit satisfies a predefined 

criterion such as a maximal or minimal predetermined threshold, is performed. For 

example, the step of evaluating a level of fit may comprise calculating a correlation 

15 coefficient or calculating a spread of the measured phase shifts around a linear 

regression obtained between the measured phase shifts and the test frequency 

commands. 

In some embodiments, the delay distribution model is a constant function of a 

known value over the predetermined frequency range. In these embodiments, the 

20 expected linear coefficient can be calculated and it is possible to calculate the difference 

between two expected phase shifts. Therefore, the step of comparing the measured 

shifts with corresponding expected shifts (i.e. associated to corresponding frequencies) 

may comprise determining one or more actual differences between measured phase 

shifts and evaluating whether one or more actual differences match one or more 

25 corresponding expected differences. 

Fig. 3B illustrates a comparison between the actual (measured) and expected 

phase shift spectral distributions according to embodiments of the first variant of the 

present disclosure. Particularly, Fig. 3B shows a scatter plot graph 70 representing the 

measured phase shifts (<l>o,..., ^N) function of the test frequency commands (fo,...,fN) i.e. 

30 the actual/measured phase shift spectral distribution. A line 50 is also represented and 

illustrates a linear regression line obtained from the measured phase shifts and test 

frequency commands. The linear regression line may be processed by using least square 

algorithm algorithms. A range 60 is also represented and illustrates a spread parameter 
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enabling, in some embodiments, to evaluate a level of fit between the measured and 

expected phase shift spectral distributions. The spread parameter (also referred to 

directly as "spread") can be defined as a minimal diameter of a range around the linear 

regression line 50. As can be seen, a decrease in the minimal diameter of the range 60 

5 may be related to the fact that the measured phase shifts are in closer proximity to the 

linear line 50 and are therefore closer to the expected linear behavior. In some 

embodiments, evaluating the level of fit between the measured and expected phase shift 

spectral distributions may be performed by calculating a correlation coefficient between 

the measured phase shifts and test frequencies. In other words, the comparison between 

10 the actual (measured) and expected phase shift spectral distributions may be performed 

by obtaining the best line fit which is the result of subtraction of a linear function in the 

case of a constant time delay, or any other polynomial function in the non linear case. In 

some embodiments, when an aberrant measured phase shift 73 does not fit within the 

range 60, it may be determined that the synthesizer is not operational. 

15 Fig. 4A is a block diagram illustrating general steps of a method of testing a 

frequency synthesizer according to some embodiments of the second variant of the 

present disclosure. In a first step S200, the frequency synthesizer may generate a test 

signal in the form of a chirp signal. The chirp signal characteristics (i.e. duration and 

chirp rate) may be such that the predetermined frequency range is swept by the chirp 

20 signal. In a second step S210, the chirp signal may be provided to a delay unit to obtain 

a delayed test signal in the form of a delayed chirp signal. In the second variant, the 

spectral delay distribution model is preferably a constant function and the embodiments 

hereby illustrated consider such constant spectral delay distribution model. As 

illustrated on Fig. 4B, the frequency of the delayed chirp signal (represented as a plain 

25 line on Fig. 4B) is theoretically shifted with respect to the frequency of the chirp signal 

(represented with dashed lines on Fig. 4B). The instantaneous frequency shift between 

the delayed chirp signal and the chirp signal is theoretically constant and can be 

expressed as follows: 

Af = K* x 

30 Wherein K is the chirp rate of the chirp signal and x is the constant delay 

introduced by the delay unit. In a third step S220, instantaneous frequency shifts 

between the delayed chirp signal and the chirp signal may be measured at a plurality of 

measurement times. In some embodiments, step S220 may comprise mixing the delayed 
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chirp signal with a replica of the chirp signal to obtain a mixed signal; filtering high 

frequencies from the mixed signal so as to obtain a filtered signal and processing the 

filtered signal to extract said instantaneous frequency shift. A replica of the test signal 

may be obtained by using a coupler at the output of the synthesizer to split the test 

5 signal and provide to a mixer the replica of the test signal and the delayed test signal. 

Alternatively, it is possible to use a separate reference signal coherently synchronized 

with the frequency of the synthesizer as a replica. The mixed signal may theoretically be 

represented mathematically as follows: 

Vm= A* cos(GUo*t + l/2*K*t2)*cos[(jOo*(t-x) + l/2*K*(t-x)2]; 

10 Wherein coo is an initial pulsation of the chirp signal. 

The filtering may be performed by using a low pass filter capable of filtering 

high frequencies to cancel the 4%* coo term in the mixed signal. The filtered signal may 

therefore be represented as follows: 

Vf = A'*cos(K*D*t+cp), 

15 wherein A' is an amplitude of the signal at the output of the low pass filter and cp 

is an initial constant phase. 

Therefore, a frequency analysis of the filtered signal may provide the 

instantaneous frequency shift caused by the delaying of the chirp signal i.e. the shift of 

instantaneous frequency between the test signal and the delayed test signal. In some 

20 embodiments, the filtered signal is provided to a bank of filters to measure the actual 

frequency of the filtered signal. In some embodiments, the filter may be omitted. Fig. 

4C illustrates results of measured instantaneous frequencies 80 at different 

measurement times (tj,..., tN). In a step S230, a temporal behavior of the frequency 

shifts is compared to an expected temporal behavior of the frequency shift. As 

25 explained with reference to Fig. 4B, for a constant spectral distribution model, the 

expected temporal behavior of the frequency shift is a constant function. In some 

embodiments, a predetermined level of spread around a constant function may be set in 

order to estimate if the accuracy of the frequency synthesizer is satisfactory. The spread 

may be represented as a range as illustrated with dashed lines on Fig. 4C. 

30 In some embodiments, the constant delay value of the delay unit is known so 

that the expected value of the frequency shift (K*x) can be calculated. In these 

embodiments, the step of comparing the plurality of measured shifts may comprise 

evaluating whether the difference between the measured frequency shifts and the 
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expected value is above a predetermined threshold. Practically, this may enable to 

measure the frequency shifts using a block of filters having a reduced amount of filters 

since the expected value of the frequency shift is precisely known. 

Fig. 5 illustrate an example of a system for providing signals of predefined 

5 frequencies which enable to test a frequency synthesizer according to both the first and 

second variant of the previously described method. 

With reference to Fig. 5, a radar system adapted to implement the method of the 

present disclosure is presented. The radar system comprises a frequency synthesizer 1, a 

transmitter 21, an antenna 22, a receiver 30 and a radar computer assembly 40. For the 

10 sake of consistency with the functional description of Fig. 2A, the functional units 

comprising the delay unit 2 and the signal analyzer unit 3 have been represented on Fig. 

6 with dashed lines. 

The transmitter 21 may be arranged downstream (connected at the output) of the 

synthesizer 1 and configured to amplify a signal generated by the synthesizer. When a 

15 test routine is launched for example by a test command unit of a BIT control system, 

one or more test commands are input to the synthesizer. In the first variant, the one or 

more test commands comprise a plurality of test frequency commands (f0,...,fN). 

Alternatively, in the second variant, the one or more test command comprises a chirp 

command. 

20 The implementation of the first variant is described hereby but it is understood 

that the second variant can also be implemented similarly. Theoretically, as explained 

before, the test signal corresponding to the test frequency command f; output from the 

synthesizer may have the form: 

Vpsi = Aj*COS(27I*fj*t + cp), 

25 wherein A; is an amplitude of the signal and cp is a phase shift of the signal. 

Since the transmitter has a linear behavior, at the output of the transmitter 21, 

the signal may therefore be represented as 

Vxxi= A'i*COS[27I*fi*t+Cp+CpTx] 

wherein A'; is an amplitude of the amplified signal and cpTx is an additional phase 

30 introduced by the transmitter. It is noted that the phase cpTx introduced by the transmitter 

may be represented as: 

CpTx=27lfj * TTX+ ^TX 
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Wherein TTX is a transmitter delay term and <DTX is a constant arbitrary phase. 

The antenna 22 may be provided with the amplified test signal. The amplified 

test signal may be thereafter provided to the receiver 30. In some embodiments, an 

electrical path may be provided within the antenna 22 to enable direct passing of a 

5 signal to the receiver 30 i.e. without radiating the signal using antenna 22. In some 

embodiments, the antenna 22 radiates and collects the signal in order to pass it to the 

receiver 30. For example, the antenna may operate as a continuous wave radar antenna 

which continuously radiates and collects signals. Further, in some embodiments, a BIT 

wire (not shown) connected to the output of the synthesizer 1, for example via a coupler 

10 (not shown), may be configured to bypass the transmitter 21. Passing the test signal 

using the BIT wire enables the test signal to be provided to the antenna 22 without 

being amplified. This may enable to provide the receiver 30 with a signal of reduced 

power to limit saturation of the receiver 30. In fact, during a test routine in contrast with 

regular use of the radar, the amplified signal provided by the transmitter 21 may 

15 deteriorate the receiver 30, particularly if the amplified signal is passed directly via the 

BIT wire to the receiver 30. Theoretically i.e. if the frequency provided by the 

synthesizer is equal to the test frequency command, the signal provided to the receiver 

may be represented as: 

VAni = A"i*COS[27t*fiH.t+Cp+CpTx+CpAn] 

20 wherein A"; is an amplitude of the signal output of the antenna 22, and cpAn is an 

additional phase introduced by the antenna 22. It is noted that the phase cpAn introduced 

by the antenna 22 may be represented as: 

CpAn=27tfi * XAn-l- 0>An 

Wherein xAn is an antenna delay term and <I)An is a constant arbitrary phase. 

25 The receiver 30 may comprise a receiver upstream unit 31, a mixer 32 and a low 

pass filter 33. The receiver upstream unit 31 represents the elements of the receiver 

which may introduce a phase shift before the signal output from the antenna reaches the 

phase measurement. The receiver upstream unit is commonly referred to as RFFE (radio 

frequency front end) and may comprise a low noise amplifier (LNA), filters, attenuators 

30 and amplifiers. Therefore, at the output of the receiver upstream unit 31 i.e. at the input 

of the mixer 32, the signal may be represented as: 

VRxi = Bi*COS[27t*fiH.t+Cp+C(>rx+CpAn+(PRx] 
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wherein B is an amplitude of the signal output by the receiver upstream unit 31 

and cpRx an additional phase introduced by the receiver upstream unit 31. It is noted that 

the phase cpRxmay be represented as: 

CpRx=27tf; * XRx+ <5RX 

5 Wherein xRx is an RFFE delay term and <DRx is a constant arbitrary phase. 

The mixer 32 may be provided with the signal output from the receiver upstream 

unit 31 and with a replica of the signal from the synthesizer 1. Therefore, during the test 

routine, the signal obtained at the output of the mixer 32 can be represented as: 

VMi= B'i*COS[27t*fi*t+Cp+CpTx+CpAn+(PRx]* COS(27I*fj*t + Cp) 

10 The low pass filter 33 may be provided with the signal output from the mixer 32. 

Therefore, during the test routine the signal obtained at the output of the filter 33 which 

cancels the term in 47t*f; may be represented as: 

VFi = B"i*COS(cpTx+CpAn+(PRx) 

=B"j*cos(27ifj*T + <D) 

15 wherein B"; is an amplitude of the signal, x is a delay constant and <D is a 

constant arbitrary phase. 

Therefore, the filtered signal available at the output of the receiver of a radar 

system provides a simple access to retrieve the phase shifts introduced by the delay unit 

formed by the elements of the radar system on the test signals. Since the phase shift 

20 introduced depends linearly on the frequency of the signal, if the frequencies output by 

the synthesizer coincide with the test frequency commands, the plot of the actual phase 

shifts function of the test frequency commands should be a straight line. It is therefore 

possible to verify if the synthesizer is operational by comparing the plot of the actual 

phase shifts function of the test frequency commands to a linear function as explained 

25 with reference to Fig. 3B. 

The filtered signal may further be provided to the radar computer assembly 40 

for extracting the phase shift produced by the elements of the radar system on the test 

signals and for performing the comparing step in order to determine if the synthesizer is 

operational. The radar computer assembly may comprise a spectral analyzer 33 and a 

30 accuracy estimator unit 4. The spectral analyzer 33 may extract the phase shift from the 

filtered signal and the processing unit 4 may operate the comparing step. 
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As explained above, in the second variant, the chirp signal can be similarly 

delayed and provided to the mixer 32 and low pass filter 33. The resulting filtered signal 

may be provided to the radar computer assembly for extracting a frequency of the 

filtered signal and for performing the comparing step in order to determined if the 

5 synthesizer 1 is operational. When the spectral delay distribution model of the delay 

unit is a constant function of frequency, the comparing step may comprise verifying that 

the frequency of the filtered signal is constant. 

The above examples and description have of course been provided only for the 

purpose of illustration, and are not intended to limit the invention in any way. As will be 

10 appreciated by the skilled person, the invention can be carried out in a great variety of 

ways, employing more than one technique from those described above, all without 

exceeding the scope of the invention. 
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CLAIMS: 

1. A method of testing a frequency synthesizer over a predetermined frequency 

range using a delay unit complying with a spectral delay distribution model modeling a 

spectral delay distribution of the delay unit over the predetermined frequency range, the 

5 method comprising: 

generating at least one test signal with the frequency synthesizer according to at 

least one test command; 

passing the at least one test signal through the delay unit so as to obtain at least 

one delayed test signal; 

10 - measuring at least one shift of a signal attribute between the delayed test signal 

and the test signal; 

estimating an accuracy of the frequency synthesizer by comparing the at least 

one measured shift with an expected shift, the expected shift being derived from 

the spectral delay distribution model of the delay unit and from the at least one 

15 test command. 

2. The method according to claim 1, wherein the spectral delay distribution model 

of the delay unit is expressible as a constant function over the predetermined frequency 

range and: 

20 - generating at least one test signal comprises generating a chirp signal wherein an 

instantaneous frequency range of the chirp signal covers the predetermined 

frequency range; 

measuring at least one shift of a signal attribute comprises measuring a plurality 

of instantaneous frequency shifts between the delayed test signal and the test 

25 signal at a plurality of measurement times; 

comparing the at least one measured shift with an expected shift comprises 

evaluating whether a difference between a temporal variation of the 

instantaneous frequency shifts and an expected constant temporal variation is 

satisfactory. 

30 
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3. The method according to claim 1, wherein the spectral delay distribution model 

of the delay unit is expressible as a constant function of a predetermined constant value 

over the predetermined frequency range and: 

generating at least one test signal comprises generating a chirp signal with a 

5 known chirp rate wherein an instantaneous frequency range of the chirp signal 

covers the predetermined frequency range; 

measuring at least one shift of a signal attribute comprises measuring at least one 

instantaneous frequency shift between the delayed test signal and the test signal; 

comparing the at least one measured shifts with an expected shift comprises 

10 calculating at least one expected shift value and evaluating whether a 

discrepancy between the at least one measured shift and the at least one expected 

shift value is satisfactory. 

The method according to claim 1, wherein: 

generating at least one test signal comprises generating sequentially a plurality 

of sinusoidal pulses associated to a corresponding plurality of test frequencies 

comprised in the predetermined frequency range; 

passing the at least one test signal through the delay unit comprises passing 

sequentially each sinusoidal pulse through the delay unit so as to obtain a 

corresponding plurality of delayed sinusoidal pulses; 

measuring at least one shift of a signal attribute between the delayed test signal 

and the test signal comprises measuring a plurality of phase shifts, each phase 

shift corresponding to a phase difference between a delayed sinusoidal signal 

and a corresponding sinusoidal signal; 

comparing the at least one measured shift with an expected shift comprises 

comparing a spectral variation of the measured phase shifts with an expected 

spectral variation. 

5. The method according to claim 4, wherein comparing a spectral variation of the 

30 measured phase shifts with an expected spectral behavior comprises evaluating a level 

of fit between the spectral distribution of the measured phase shifts and an expected 

spectral phase shift distribution. 

4. 

15 

20 
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6. The method according to claim 5, wherein the spectral delay distribution model 

of the delay unit is expressible as a constant function over the predetermined frequency 

range and evaluating a level of fit comprises calculating a linear regression coefficient 

between the test frequency commands and the measured phase shifts. 

5 

7. The method according to claim 6, wherein evaluating a level of fit comprises 

calculating a spread around a linear regression calculated between the test frequency 

commands and the measured phase shifts. 

10 8. The method according to any one of claims 5 to 7, further comprising 

establishing that the frequency synthesizer is operational when the level of fit reaches a 

predetermined level of fit. 

9. The method according to any one of claims 4 to 8, wherein the spectral delay 

15 distribution model is expressible with a polynomial function of the frequency and at 

least a polynomial degree of the polynomial function is known. 

10. The method according to claim 4, wherein the spectral delay distribution model 

is a constant function of a known constant value over the predetermined frequency 

20 range and comparing a spectral variation of the measured phase shifts with an expected 

spectral variation comprises calculating at least one expected phase shift difference 

associated with a first frequency command and a second frequency command, and 

comparing said expected phase shift difference and an actual difference between the 

measured phase shifts. 

25 

11. The method according to claim 1, wherein the at least one test signal comprises 

a frequency modulated signal or a plurality of sinusoidal signals of predetermined 

frequencies within the predetermined frequency range. 

30 12. The method according to any one of the preceding claims, wherein measuring at 

least one shift of a signal attribute between the delayed test signal and the test signal 

comprises: 
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mixing the delayed test signal with a replica of the test signal to obtain a mixed 

signal; 

and 

processing the mixed signal to extract the shift of the signal attribute. 

5 

13. The method according to claim 12, wherein processing the filtered signal 

comprises spectral analysis processing. 

14. A system capable of providing signals of predefined frequencies comprising: 

10 a frequency synthesizer ; 

a delay unit configured at the output of the frequency synthesizer, wherein the 

delay unit complies with a spectral delay distribution model; and 

a test unit comprising: 

a command unit configured for commanding the frequency synthesizer to 

15 generate at least one test signal according to at least one test command ; 

a measurement unit configured for measuring at least one shift of a 

signal attribute between the at least one test signal and at least one 

corresponding delayed test signal at the output of the delay unit; and 

an estimator unit configured for estimating an accuracy of the frequency 

20 synthesizer by comparing the at least one measured shift with an expected shift, 

the expected shift being derived from the spectral delay distribution model of the 

delay unit and the at least one test command. 

15. The system according to claim 14, wherein the frequency synthesizer is capable 

25 of generating chirp signals and the command unit is configured for commanding the 

frequency generator to generate a test signal in the form of a chirp signal. 

16. The system according to claim 14, wherein the frequency synthesizer is capable 

of generating sinusoidal signals and the command unit is configured for commanding 

30 the frequency generator to generate a plurality of test signals in the form of sinusoidal 

signals. 
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17. The system according to any one of claims 14 to 16, wherein the measurement 

unit comprises: 

a coupler at the output of the frequency synthesizer configured for providing a 

replica of the at least one test signal; 

5 a mixer at the output of the delay unit configured for mixing the at least one 

delayed test signal with the replica of the at least one signals so as to obtain at least 

one mixed signal; 

a spectral analyzer configured to extract the at least one shift of the signal 

attribute between the at least one test signal and at least one corresponding delayed 

10 test signal. 

18. The system according to any one of claims 14 to 17, wherein the signal attribute 

is one of an instantaneous frequency or a phase. 

15 19. The system according to any one of claims 14 to 18, wherein the delay unit 

comprises one or more electrical components connected in series. 

20. The system according to any one of claims 14 to 19, further comprising: 

a transmitter configured to amplify signals provided by the frequency 

synthesizer, 

an antenna configured to radiate the amplified signals provided by the 

transmitter; 

a receiver configured to receive signals reflected back to the antenna; 

a processing assembly configured to interpret signals provided by the receiver; 

wherein the transmitter, the antenna, the receiver and the processing assembly 

are electrically connected in series and the one or more electrical components of the 

delay line comprise at least a part of : the transmitter, the antenna and the receiver. 

21. The system according to claim 20 dependent on claim 17, wherein the mixer is 

30 comprised in the receiver and the spectral analyzer is comprised in the processing 

assembly. 

20 

25 
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22. The system according to any one of claims 20 or 21, further comprising a BIT 

wire connecting the frequency synthesizer to the antenna and bypassing the transmitter, 

wherein the one or more electrical components of the delay unit comprises: the BIT 

wire, an electrical path in the antenna and an radio frequency front end of the receiver. 

5 

23. A communication system, an electronic warfare system or radar system 

comprising a system according to any one of claims 14-22. 

24. A communication system, an electronic warfare system or a radar system 

10 adapted to implement the method according to any one of claims 1 to 13. 

25. A radar system, a communication system or an electronic warfare system 

comprising: 

a frequency synthesizer configured to generate at least one test signal according 

15 to at least test command; 

a transmitter connected in series to the frequency synthesizer, an antenna 

connected in series to the transmitter and a receiver connected in series to the 

antenna, the transmitter, the antenna and the receiver being configured to delay 

the at least one of test signal according to a spectral delay distribution model so 

20 as to obtain delayed test signals; 

a processing assembly comprising: 

o a mixer connected at the output of the receiver and configured to mix the 

delayed test signals with a replica of the at least one test signal so as to 

obtain at least one mixed signal; 

25 o a spectral analyzer configured to extract at least one shift of a signal 

attribute between the at least one test signal and at least one delayed test 

signal from the mixed signals; and 
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o an estimator unit configured to estimate an accuracy of the frequency 

synthesizer by comparing the at least one measured shift with an 

expected shift, the expected shift being derived from the spectral delay 

distribution model and the at least one test command. 


