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Introduction 
The performance of a properly-working feed forward ANC 
system mainly depends on the accurateness of the 
impleme

for every headphone type. The measurement process for the 

considered a complex process. Assuming an acoustically 
optimized measurement chamber makes the process 

-performance hardware, like measurement 
microphones, pre-
coupler [1] are expensive and, additionally, require in-depth 
knowledge of acoustics to diligently perform measurements. 
Last, but not least, the pace of the measurements marks an 
important point towards supporting cost-optimized product 
development.  
The aim of this product is to develop an all-in-one low-cost 
solution which includes the adaptation of the measurement 
environment, resulting in downsizing from room size to the 
required manageable size. The alized measurement 
system allows fast and easy characterization of ANC 

-
developed ANC performance evaluation tool allows 
determination of the active headphone performance. 

Headphones 
First of all, it should be noted that there is a huge amount of 
different headphones types. Within the limitations of this 
thesis, the measurement system was developed for just one 
of them. However, the design of the system should provide 
an opportunity for further developing the essential parts - 
like the acoustic coupler - and enhancing the system for 
other headphone types. The headphone type this system was 
developed for is  Figure 
1) 

 
Figure 1 IEMs intra canal 

The principals of active noise cancelation 
Active noise cancelation is a method for cancelling or  
rather  minimizing undesirable noise. In fact, all noise 
canceling methods are mainly based on the principle of a 
phase shift at 180°. As a consequence, this leads to complete 

signal canceling in case of a pure sine signal, caused by the 
phenomenon of destructive wave interference (Figure 2). 
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Figure 2: Sine cancelation 

Feed-forward systems 
Feed-forward noise cancelation is a straight forward ANC 
system at a very high performance level. This method of 
noise cancelation is especially suitable for small 
applications. In contrast to feed-backward systems, a loop 
back, which takes the error signal from in front of the 
speaker, is not part of the system. Further advantages are: 

- Low current consumption 

- No latency (cf. adaptive systems) 

- Less production costs because of simple topology 

- Increased stability, because of no feedback loop 
 
The feed-forward ANC system consists of two parts, a 
passive and an active part. It is a combination of electric and 
acoustic properties. Figure 3 shows the principle process of a 
feed-forward ANC system as a combination of the passive 
and the active attenuation parts. 
 
Filter Calculation 
The key to a properly-working ANC system [2] is in 
determining the accurate filter gain and phase curve, 
corresponding with the existing system. To achieve these 
values, the measurement of the acoustic and electric paths 
shown in Figure 3 is necessary. These 3 measurements are 
fundamental for determining the filter coefficients. 

)( 321 AAAAFilter    (1) 

leads to the needed filter amplitude FilterA , with An as 
amplitudes of the single measurements and 

)(180 321Filt    (2) 

leads to the needed phase Filt , with n  as phase values of 
the single measurements. 
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Figure 3  Active and passive noise path 

CAT  Box 

 
Figure 4 CAT  Box 

 
The CAT  Box (Characterization Tool Box) (Figure 4) 
allows a location-independent characterization of IEMs. All 
necessary electronic parts and signal paths are inside the 
box. It shows good attenuation behaviors against surrounded 
noise (35 dB @ 1 kHz) as well as the attenuation from inside 
the box to the environment (up to 60 dB @ 1 kHz). The used 
FFT-based sweep measurement technique guaranties short 
characterization cycles down to 2 seconds per single 
measurement. The connection to the additionally needed 
equipment is realized via connectors at the backside of the 
box (Figure 5). 
 

 
Figure 5 CAT - Box Connectors 

 
The CAT - Box consists of the following main parts: 

- Acoustic Coupler 

- Microphone pre-amp 

- Measurement box 

- Measurement software including GUI 
 
The basic idea for the development of the adaptive acoustic 
coupler is about simplification of the IEC 711 standard 
coupler [1]. The coupler is mounted in the measurement box 
directly in front of the speaker (Figure 4). It contains a 
built-in measurement microphone and a resonator cavity 
(Figure 6). 

 
Figure 6 Acoustic coupler 

Software 
The principal task of the software is to provide the option of 
controlling the measurement system and guaranteeing simple 
operating during the measurement process. The developed 
software is divided into two parts and includes the following 
features: 

- Output: Frequency and phase response of  DUT 

- Calculation of ideal filter curve 

o Display Curves 

o Export data and/or graphic files 

- Calculation of ANC performance 

 
Figure 7 ANC - Performance example 
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