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1 Introduction 
With regards to balanced mode radiator (BMR) 

loudspeakers, “the development time … is considera-
bly longer than the time required for a conventional 
cone-based woofer or dome-tweeter” [1]. This is pri-
marily caused by the long measurement time associ-
ated with assessing full vertical and horizonal directiv-
ity. One way to speed this up is to use the unified so-
lution offered by the Multi-Scanning Workbench from 
KLIPPEL GmbH. This solution also saves money and 
space by dispensing with the need for a large baffle 
and anechoic room. With work from home (WFH) 
seemingly here to stay to some extent even after the 
COVID threat is sufficiently reduced, this becomes 
even more helpful. A BMR driver is measured with 
this all-in-one setup to illustrate the capabilities of the 
Multi-Scanning Workbench and the advantages com-
pared to traditional testing methods. 

 

 
Photo 1: Prototype balanced mode radiator (BMR) loud-

speaker from Naim Audio. 

2 BMR Overview 
A BMR, such as this early Naim prototype supplied 

by Lampos Ferekidis pictured in Photo 1, uses the 
same motor and suspension structure as a traditional 
electro-dynamic speaker but it contains additional 
“balancing masses” attached to the diaphragm [1]. At 
low frequencies, a BMR moves like a piston. How-
ever, at higher frequencies the typical break-up region 
is replaced with a bending wave region, like a panel 
speaker. This leads to less beaming at higher frequen-
cies, giving the BMR a wider dispersion characteristic. 
Therefore, a BMR behaves more like point source 
across the full audio band than traditional full range 
speakers or two- and three-way designs.  

3 Multi-Domain Measurements 
A comprehensive transducer assessment includes 

many measurements across several domains. It is im-
portant to measure different signals in parallel because 
the effects and the root cause of a specific phenome-
non often lie in separate domains. Being able to trace 
symptoms across domains is necessary for a deep un-
derstanding of the loudspeaker behavior. 

 
Photo 2: The Multi-Scanning Workbench from  

KLIPPEL GmbH. 

4 Test Setup 
Performing multi-domain measurements places a 

large set of needs on the measurement equipment and 
setup used. While there are plenty of high-end con-
sumer and professional audio analysis tools available 
today, these solutions usually only combine electrical 
and acoustical testing. When using these options, 
sound radiation measurements conforming to interna-
tional standards are typically performed using a baffle 
in an anechoic room. However, the accuracy of low 
frequency measurements is highly dependent on the 
sizes of the room, transducer and baffle and on the ef-
fectiveness of the low frequency absorption. Another 
problem is baffle vibrations. To combat this, baffles 
can be made from solid steel or concrete, but the in-
creased weight can lead to handling problems. 

The all-in-one Multi-Scanning Workbench 
equipped with the SCN Near Field Add-On, as seen in 
Photo 2, is a complete but compact solution. This 
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hardware facilitates electrical, acoustical, mechanical, 
and even magnetic testing (not discussed in this arti-
cle), and measuring different domains in parallel or 
switching between these domains is smooth and un-
complicated. The newly released acoustical scanning 
ability utilizes the same direct sound separation tech-
nique used in the Near Field Scanner (NFS), which 
also supports larger audio devices [2]. This technology 
has several advantages compared to normal far-field 
measurements, such as obtaining the full 3D sound ra-
diation data in both the near and far fields in a shorter 
amount of time than could be accomplished with turn-
tables and minimal microphone arrays. On top of that, 
a large baffle and an anechoic room are no longer 
needed. A small round baffle is sufficient because the 
signal processing can remove the influence of diffrac-
tion at the edges, acoustic shortcut and room reflec-
tions. By removing the traditional restricting factors of 
room and baffle size, this technology can be very ac-
curate at low frequencies even when placed in a nor-
mal work or home office. This solution is perfect for 
comprehensive transducer analysis because it inte-
grates everything that is needed into a space- and cost-
efficient unified hardware that can quickly perform 
multi-domain measurements. 

 
Figure 1: Naim BMR prototype impedance plot. 

 
Figure 2: Naim BMR prototype Bl(X) curve. 

 
 

Characteristics Sensor Measure-
ment Time 

T/S Parameter Voltage/Cur-
rent, Laser 

1 minute 

Nonlinearities Voltage/Cur-
rent, Laser 

10 minutes 

SPL response (any 
point in 3D half 
space, directivity, 
sound power, etc.) 

Microphone 
(single) 

5 minutes* 

Diaphragm vibra-
tion, mode shapes, 
etc. 

Laser 8 minutes* 

*Assuming rotational symmetry 

Table 1: Time spent for different measurements of the 
Naim BMR prototype using the Multi-Scanning Work-

bench. 

5 Electrical Measurements 
A natural place to start is with the T/S parameters 

and the impedance curve. There are several different 
ways to obtain these results, including the delta mass 
and delta compliance methods, that only use electrical 
signals. However, using a laser displacement sensor in 
addition is faster, easier, and more precise [3]. Moving 
on, with electrical sensors and an optional laser, meas-
uring the lumped parameters of a large signal model 
and nonlinear curves such as force factor, stiffness, 
and inductance is a straightforward task [4]. 

Using the Multi-Scanning Workbench with the la-
ser pointed at the center of the diaphragm, the imped-
ance (Figure 1), T/S parameters, and large signal pa-
rameters and curves of the Naim prototype were 
quickly obtained (see Table 1). Figure 2 shows a flat 
and symmetrical force factor characteristic thanks to 
the underhung voice coil design. 
 

 
Figure 3: Naim BMR prototype vertical plane polar 

plot. 
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Figure 4: Naim BMR prototype horizontal plane con-

tour plot. 

 
Figure 5: Naim BMR prototype measured near field fre-
quency response, direct sound response and separated 

reflections.  

6 Acoustical Scanning 
Measuring and analyzing sound radiation to extract 

sound power and directivity with high angular resolu-
tion is usually the most time-consuming aspect of the 
testing process. However, by performing a holo-
graphic measurement with direct sound separation us-
ing the SCN Near Field Add-On, a complete scan of 
the prototype driver up to 20 kHz was accomplished in 
only five minutes (see Table 1) with the assumption of 
rotational symmetry, which greatly reduces the num-
ber of measurement points needed for round drivers 
placed in round baffles. From this scan, the sound 
pressure output at any point in 3D half space, in either 
the near or far field, can be generated. A polar plot of 
the vertical sound pressure output (Figure 3) and con-
tour plot of the horizontal sound pressure output (Fig-
ure 4) were generated in the far field (10 m distance). 
This measurement can be done in any normal semi-
reverberant room, and the measurement principle is il-
lustrated in Figure 5, where the room and baffle reflec-
tions are removed from the measured response to ex-
tract the direct sound. In contrast, similar data (1° an-
gular resolution) using turntables and a single meas-
urement microphone would require up to 32,400 

measurement points and take between three and four 
days, leading to a time reduction factor of ~1,000! 
Aside from the time savings, this measurement would 
either need to be done in a large anechoic chamber or 
outside, which leads to other issues such as wind, am-
bient noise, and temperature variations that can cor-
rupt the data. 

 

 
Figure 6: Naim BMR prototype fundamental on-axis re-

sponse and harmonic distortion components. 

7 Single-Point Measurements 
For some acoustical measurements such as equiva-

lent input distortion or impulsive distortion, also 
known as rub & buzz, it is always recommended to 
place the microphone in the near field in order to max-
imize SNR and sufficiently reduce any room influence 
[5][6]. For others such as on-axis response and THD, 
they are usually done at the standard distance of 1 m 
or farther to ensure the measurement is in the far field. 
However, after performing an acoustical scan, a 
(room) correction curve can be generated that compen-
sates for the position of the measurement microphone 
and any unwanted effects of baffles or non-anechoic 
rooms. Therefore, the microphone can be positioned in 
the near field to maximize SNR while measuring in a 
reverberant room while the virtual evaluation point is 
at another distance such as in the far field. This means 
that standard measurements at an evaluation point 
much farther away, even farther than the physical di-
mensions of the room, can be done in a normal work 
or home office while keeping a single microphone in 
a fixed position. For example, Figure 6 shows the 
transformed on-axis response and harmonic distor-
tions at 1 m distance, even though the microphone was 
placed at 10 cm distance. 

 



 

Page 4 of 4 

 
Figure 7: Naim BMR prototype diaphragm vibration at 

multiple frequencies. 

8 Mechanical Scanning 
When developing a BMR, scanning the diaphragm 

with a laser displacement sensor to assess the trans-
ducer’s modal vibration is essential. At lower frequen-
cies, the scan is less interesting because the driver is 
acting as a rigid piston. Figure 7 shows that even at 1 
kHz, the Naim prototype is still moving entirely in 
phase. At higher frequencies, traditional mid-range 
and full range drivers enter the breakup region, which 
can lead to large peaks and dips in the frequency re-
sponse that can negatively influence the audio quality. 
In order to compensate for these effects and flatten the 
frequency response, BMRs use balancing masses 
added both inside and outside the voice coil [1]. The 
modal vibration data, obtained in just 8 minutes (see 
Table 1), is useful for knowing where to place or adjust 
the balancing masses and verifying that their location, 
based on previous calculations or simulations, is cor-
rect. Figure 7 shows several modes of the Naim proto-
type.  

 

9 Conclusion 
BMR loudspeakers perfectly illustrate the ad-

vantages of the Multi-Scanning Workbench because 
of the need for comprehensive acoustical information 
including high-resolution vertical and horizonal di-
rectivity as well as analysis of the modal vibrations in 
addition to the standard electrical and single-point 
measurements. Due to the operation across four do-
mains (acoustical, mechanical, electrical and mag-
netic) as well as the unique advantages of the holo-
graphic scanning with direct sound separation, the 
testing times in Table 1 add up to only 24 minutes! 
Additionally, the total cost and space of measurement 
equipment can be greatly reduced compared to other 
solutions that combine different tools for each domain 
and use anechoic chambers and large baffles. The 
Multi-Scanning Workbench is ideal for anyone want-
ing to completely analyze transducers, even in a non-
anechoic environment such as a work or home office. 
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Resources 
In-Situ Compensation (ISC), Available from: 
http://www.klippel.de/products/rd-system/mod-
ules/isc-in-situ-compensation.html 

Near Field Scanner System (NFS), Available from: 
http://www.klippel.de/products/rd-system/mod-
ules/nfs-near-field-scanner.html 

Scanning Vibrometer System (SCN), Available from: 
https://www.klippel.de/products/rd-system/mod-
ules/scn-scanning-vibrometer-system.html  

SCN Near Field Add-On (SCN-NF), Available from: 
https://www.klippel.de/products/rd-system/mod-
ules/scn-nf-scn-near-field-add-on.html 
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