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MAD WG200 Mass Notification System 

8 Line Array Clusters like this arranged on a pole provide 
360 degrees, 1 mile diameter uniform coverage with perfect  
intelligibility. 

WG200 Mass Notification  
System assembled on  
#2 50’ Utility Pole 

HPV Technologies, Inc. 
760 W. 16th St, Bldg. C. 
Costa Mesa, CA  92627 
949.642.6325 
www.getmad.com 
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   Using MAD transducers as a building block, HPV Technologies has introduced  a brand new technology to the  
professional audio industry - Flat Panel Surface Array (Patent pending). 
  
  “This invention relates to a surface loudspeaker array using a plurality of full-range flat panel or planar magnetic 
transducers, which are mounted closely together on either a flat or a curved surface to produce the controlled sound  
dispersion in both the horizontal and vertical planes.” 

(1) 

 
   Depending on the required dispersion angles and SPL (Sound Pressure Level), MAD™ Surface Arrays can 
achieve almost parallel beams of sound or have full 360 degree radiation angles in both horizontal and vertical 
planes with desired loudness.    
 
   MAD™ Surface Arrays deliver extreme clarity and intelligibility from near field to distances beyond one mile. They 
can be used to reproduce very delicate music details of classical music on one side or the brute force of Heavy 
Metal or Hard Rock on the other side.  
 
   MAD™ Arrays deliver extremely clear and intelligible full range sound from near field to distances beyond one 
mile, allowing for a single point to communicate with thousands of people. 

MAD1 Planar Magnetic Transducer -The universal building block of all MAD products 

Introduction 

(1) Quote from the patent application 

   While planar magnetic speakers have been around for many years, previous systems were too fragile, too ineffi-
cient, and too expensive to be used in professional applications.  Even though this unique technology provided one 
of the best sounding speakers, due to its limitations it was only useful in the small niche market of high-end home 
stereo systems.   
 
   In 1999, HPV Technologies, Inc. overcame the inherent problems of planar magnetic speakers and introduced the 
first commercially available professional planar magnetic transducers, branded as MAD (Magnetic Audio Devices).  
MAD drivers have been specifically engineered to deliver the full benefits of planar magnetic technology to the pro-
fessional audio market.  After 10 years of R&D, HPV continues to refine the performance capabilities of their planar 
transducer which is now in its 4th generation of development.   
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MAD Planar Magnetic Transducer 
 

   The MAD planar speaker is fundamentally different  from conventional cone speakers or compression drivers as 
the entire radiating area is directly and uniformly driven by the two-dimensional magnetic field.  
 
   MAD Planar Magnetic Transducers are specifically designed to work in demanding audio environments. The 
driver’s size, resonant frequency, efficiency, power handling, impedance, and ultra low distortion have all been opti-
mized together into a design that significantly outperforms conventional professional speaker products. 
 
   The MAD transducer has a typical North-South, push-pull design.  It has two identical stators which support the 
magnets.  Stators are made from stamped and formed steel with extreme rigidity. Very strong Neodymium bar mag-
nets are glued to the inside surface of the stators in a north-south arrangement, as illustrated on the cross section of 
the transducer below.  

Cross section of MAD Transducer.  
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   Magnets are arranged so that the North and South poles alternate.  Magnetic field lines exit north poles and enter 
south poles.  Steel Stators close the magnetic circuits.  Useful magnetic field lie in parallel with the diaphragm, 
hence the name - Planar Magnetic.  Stators serve several purposes: 1) to carry the magnets, 2) to close the mag-
netic circuits between the magnets, and 3) to provide a perfectly flat surface on which to bond the stretched dia-
phragm.   
    
   On one of the stators, called the active stator, a very thin diaphragm with printed conductive coils is stretched and 
bonded. Conductive traces are centered between magnets in a predefined pattern.  When the amplified signal is 
brought to the transducer terminals, it creates an alternating current that flows through the conductive traces. The 
current interacts with the magnetic field and creates the force that moves the traces to one side.  
    
   Traces are arranged on the diaphragm surface in such a way that force moves them all to one side.  When the 
current changes direction, force moves all traces to the opposite side.  Because the traces are strongly bonded to 
the diaphragm surface, the whole diaphragm moves back and forth as a piston.  Even though the diaphragm is flexi-
ble, it exhibits pistonic movement because conductive traces cover more than 80% of it s surface. When the dia-
phragm moves back and forth according, it moves air and creates a sound.  The sound escapes the transducer 
through the holes punched in the stators face.  
    
   The MAD transducer is dipole meaning it creates sound on both sides of the diaphragm with equal intensity, but 
opposite phase.  Sound waves from the front and rear excursions meet the sides of the transducer and cancel. This 
creates a typical dipole figure of eight dispersion pattern.  Sound on the driver’s side, top and bottom is almost com-
pletely canceled.  This property can be manipulate and is very useful in applications where sound is not desired on 
the sides of the speakers.   If a dipole transducer is mounted in a closed cabinet, it becomes monopole and radiates 
only from the front.  In the low frequency range, monopole is omni-directional (radiates sound all around the 
speaker with equal intensity) and may cause too much output around the speaker in some applications.  If an open 
enclosure is used and the rear waves are absorbed, the transducer becomes cardioid. Cardioid dispersion keeps 
sound cancellation on its sides with greatly reduced rear radiation.  

Impedance 

MAD1 Impedance Curve 

MAD planar magnetic 
transducers have very 
flat impedance re-
sponse throughout the 
frequency range which 
improves the perform-
ance capability of any 
amplifier.  
 
With MAD speakers 
your amplifier will sound 
like you paid much 
more for it! 
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Uniform driving force + uniform diaphragm stretching = low distortion, high performance 
 
   To achieve high sensitivity, very low distortion, and high performance sound quality, MAD transducers incorporate 
a very strong magnetic structure.  Two pounds of the strongest commercially available Neodymium magnets are 
used in each transducer.  Magnetic field density is very linear between rows of magnets as well as along the depth 
of the magnetic gap.  This creates linear force that moves diaphragm back and forth with minimum distortion.  The 
diaphragm is properly tensioned and stretched on a perfectly flat surface of the Active Stator.  This, together with 
very strong uniform driving force evenly distributed across the surface of the diaphragm, creates very accurate 
sonic reproduction with extremely low distortion.  At one watt of power, a MAD transducer typically has 0.1-0.2% 
distortion within most of its operating frequency range.  

Near field graph and 1W Total Harmonic Distortion of MAD transducer 

 
Graphs show near field fre-
quency response and THD 
(Total Harmonic Distortion)  
including the ambient noise. 
 
Near field measurement was 
employed to get better signal 
to noise ratio. Noise floor at 
the time of the measurement 
was around 60-65 dB. 
 
If the measurement was done 
in a very quiet room THD 
graph would fall below 60 dB. 
 
Rugged frequency response 
above 5 KHz is due to  
microphone “not seeing” the 
whole diaphragm area,  
roughly 5”x7”. 
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Waterfall Plot and Typical Frequency response of MAD transducer installed in IEC Baffle 

   The graph above shows Waterfall plot of MAD transducer and what happens with the output of the speaker after 
the signal stops.  It is visible that the sound dies almost completely and instantaneously. 
 
   Frequency response is very smooth.  The MAD1 driver has high directivity in the upper frequency range and ex-
hibits rising frequency response.  This rising response (which can be adjusted with Digital Signal Processing when 
necessary) is very useful for long throw applications where air absorption can be significant.  When sound is thrown 
at great distances, this natural rising response can provide very clear, very natural, and excellent voice intelligibility.  
 
   MAD transducers have extremely fast transient response due to very strong and linear electromagnetic force and 
a very lightweight diaphragm.  The mass of the diaphragm is so light that it is comparable to the mass of the air that 
it moves during operation.  Strong magnetic forces and low mass enable the diaphragm to achieve very high accel-
eration, i.e. it can start and stop almost momentarily if the signal is applied or stopped.  Often speakers have to re-
produce very sharp peaks, more like impulses.  MAD speakers can reproduce these signal with ease while conven-
tional speakers with much higher diaphragm mass and poor transient response typically round off and distort these 
sharp peaks. With MAD speakers one can hear every single, small detail in the sound perfectly, regardless of loud-
ness.  The sound from conventional speakers often gives the impression that you are listening to the sound through 
a heavy curtain.  Low level signals, it’s very difficult to understand or hear the musical details and typically one 
needs to turn the volume up hear the detail or to clearly understand what is said. 
 
   Most speaker designers agree that a flat frequency response is not as important as smooth and consistent re-
sponse.  MAD drivers have very smooth, but not flat frequency response.  Rising response is very easy to correct, if 
required.  Manufacturing consistency of MAD drivers is extremely high.  Measured frequency response during the 
regular QC (quality control) testing shows incredibly narrow spread of curves variations and are typically within 1 dB 
(+/- 0.5 dB).  If one overlays hundreds of curves on top of each other all those graphs would look like one thick line. 
This is quite impressive compared to conventional drivers where consistency of frequency response graphs from 
driver to driver can vary up to 3-6 dB. 
 
   The consistent response that comes from every MAD driver provide a perfect solution for arraying them into any 
size or shape Surface Array.  Flat Panel Surface Array brings a totally new level of flexibility and performance into 
professional sound applications. 

Smooth Frequency Response is important...but it’s just a part of the whole picture. 
 
   Creating a speaker with a “smooth” frequency response is unquestionably important for great sound.  However 
there are other performance parameters that are equally important which can significantly affect the sonic output of 
a speaker.  To get a truly “high performance” speaker one needs to understand other important design parameters 
such as the speaker’s phase response, impedance, transient response, and manufacturing consistency. 
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MAD WG200 

Assembled WG200 Speaker 

WG200 wave guides ready for power coating and final assembly 

   The WG200 with a 200 Hz wave guide is spe-
cifically designed to utilize the maximum output 
from the MAD1 Transducer when used in Mass 
Notification Systems.  WG200 wave guide pro-
vides perfect loading of the our transducer while 
increasing the efficiency up to 103 dB/1W/1m.  
The wave guide also provides controlled sound 
dispersion covering full vocal spectrum from 
200Hz. 
 
Now, for the first time in the audio industry, it is 
possible to replace systems with limited band-
width compression driver, with a single full- 
range planar magnetic system and provide per-
fect sound intelligibility and wideband coverage 
control . 
 
   WG200 speakers can be combined into vari-
ous shape and size arrays to produce any de-
sired sound coverage and loudness. 
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MAD WG200  Specifications 
 

Configuration: Full Range Planar Magnetic Transducer with 200Hz Waveguide. Cardioid dispersion pattern with 
very little output on the side and rear of the device. 

Drivers: 1 x MAD1 Planar Magnetic Transducer, Impedance 4 Ohms, purely resistive 

Horizontal dispersion: nominal 30 deg 
(1)
, useful 45 deg 

Vertical dispersion: nominal 20 deg 
(2)
, useful 30 deg 

Power handling: 80 watts RMS, 200W program, 400 W peak power 

Useful Frequency Range: 200 Hz to 18 KHz. Recommended High Pass Filter 200-300Hz, 24 dB/octave  
Butterworth filter 

Sensitivity 103dB, 1 watt/1m 
(3)
 

Maximum output 130 dB, 400W, 1m 
(4)
, single unit

 

Expected maximum SPL - 112 dB @ 30m, 400W, single unit 
(5)
 

 89 dB@400m, 83 dB@800m, 4 units, no splay, 1600W peak 
8 clusters of 4 units arrange on a 50’ Pole can cover up to 1 mile diameter (> 80 dB)* 

Active system with built in high grade D-Class Power Amplifier (200 W RMS), Line/Microphone Preamplifier and  
Digital Signal Processing. 90-230V AC or 12V-48V DC operated. 

Aircraft Grade Aluminum Housing, strategically braced for strength and sonic performance 

Incorporated Rigging 

Weight: 25 lbs, single unit 

Dimensions: W25.4" x H16.4" x D21" inches, single unit 

Top Rigging Grid available 

Finish:  Black Powder Coat, Custom Colors upon request 

Warranty: 3 Years 

This device when properly used, can project a voice and/or  tone to human targets and create no collateral injury to the operator or individuals at 
the host platform. 
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MAD WG200 1w/1m Frequency Response 
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Horizontal off axis response, 6m, 1W 
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Vertical off axis response, 6m, 1W 
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WG200—250Hz Horizontal Polar Plot 
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WG200—500Hz Horizontal Polar Plot 
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WG200—1000Hz Horizontal Polar Plot 
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WG200—2000Hz Horizontal Polar Plot 
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WG200—3000Hz Horizontal Polar Plot 



  

HPV Technologies, Inc Page 17 of 27 February 2007     

WG200—4000Hz Horizontal Polar Plot 
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WG200—5000Hz Horizontal Polar Plot 
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WG200—6000Hz Horizontal Polar Plot 
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WG200—7000Hz Horizontal Polar Plot 
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WG200—10000Hz Horizontal Polar Plot 

   Nominal horizontal coverage of 45 deg per WG200 cluster is preserved up to 7000Hz, which covers the full band-
width of the human voice.  Above this frequency, dispersion narrows down where at 10KHz, horizontal coverage is 
at 30 degrees per cluster. 
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MAD WG200 Mass Notification System 

   A single 4 speaker array of WG200’s covers a 45 degree 
horizontal area and up to 1/2 mile distance.  Volume at the 1/2 
mile distance will be >  80 dB. 

   Eight 4 speaker arrays arranged around the pole 
covers a full 360 degrees horizontally and a di-
ameter up to one mile.  Volume at the 1/2 mile 
radius will be >  80 dB. 

   The WG200 is an active speaker system.  Ideally, each WG200 can be powered with its own amplifier channel. 
This arrangement can provide total flexibility in the setup and operation of the speaker such that if the coverage in a 
particular zone is not required, that speaker’s output can be individually adjusted.  Loudness of each individual cabi-
net can be adjusted if necessary. 
 
   The vertical dispersion of a single WG200 is 30 degrees.  Each WG200 within an array can be splayed up to 15 
degrees between adjacent speakers.  A four speaker array’s coverage can have a very narrow vertical sound beam 
without any splay or it can be adjustable up to 75 degrees vertical coverage using a full 15 degree splay between 
each speaker. 
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   A four speaker WG200 array shows a nominal sensitivity of 85 dB at 8 meter distance with a 1 watt input into the 
entire cluster.  Four WG200 cabinets form a line array and because of its physical size, it’s not possible to obtain 
proper acoustical measurements at a standard 1meter distance.  Measurement distance must be at least 4 times 
the array size to catch the whole acoustical output.  1W sensitivity graph was measured at 8m distance from the 
array.  The second graph shows the calculated output with 800W power for the whole cluster (200W into each 
WG200 driver).  
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   WG200 systems behave as a short line array.  The line array effect is frequency dependant.  In the midrange 
(around 1500Hz) line array effect extends to about 40 m from the array.  Within this area, SPL drops only 3 dB with 
the doubling of distance.  Distances between 30-50m becomes a transition zone where the “Line Source” starts be-
having as “Point Source” which follows the well known inverse square law where SPL drops 6 dB with doubling the 
distance.  Expected maximum SPL for 4xWG200 array, under ideal weather conditions (temperature 22 deg C, hu-
midity 50%) at 1/2 mile distance (800m) in the mid frequency range is 82 dB. 
 
   High frequency behavior of the array is very different.  Line Array effect will stretch to much farther distances, ef-
fectively increasing the SPL compared to the level in mid or low frequency range.  Air absorbs sound at high fre-
quencies more than at lower frequencies.  Increased SPL at high frequencies due to Line Array effect, is reduced 
due to the air absorption and effectively keep the high frequency output at a relatively constant volume.  Even at 
half mile distance MAD Arrays provides crystal clear and highly intelligible sound reproduction. 
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Noise exposure regulation by U.S. Department of Labor  
 

Occupational Safety & Health Administration (OSHA) 
 

Occupational noise exposure. - 1910.95  

1910.95(a)77 

   Protection against the effects of noise exposure shall be provided when the sound levels exceed those 
shown in Table G-16 when measured on the A scale of a standard sound level meter at slow response. 
When noise levels are determined by octave band analysis, the equivalent A-weighted sound level may be 
determined as follows: 

FIGURE G-9 - Equivalent A-Weighted Sound Level 

   Equivalent sound level contours. Octave band sound pressure levels may be converted to the equivalent 
A-weighted sound level by plotting them on this graph and noting the A-weighted sound level corresponding 
to the point of highest penetration into the sound level contours. This equivalent A-weighted sound level, 
which may differ from the actual A-weighted sound level of the noise, is used to determine exposure limits 
from Table 1.G-16. 
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         TABLE G-16 - PERMISSIBLE NOISE EXPOSURES (1) 

______________________________________________________________ 

                            | 

  Duration per day, hours   | Sound level dBA slow response 

____________________________|_________________________________ 

                            | 

8...........................|                    90 

6...........................|                    92 

4...........................|                    95 

3...........................|                    97 

2...........................|                   100 

1 1/2 ......................|                   102 

1...........................|                   105 

1/2 ........................|                   110 

1/4  or less................|                   115 

1910.95(b)(1) 

   When employees are subjected to sound exceeding those listed in Table G-16, feasible administrative or 
engineering controls shall be utilized.  If such controls fail to reduce sound levels within the levels of Table G-
16, personal protective equipment shall be provided and used to reduce sound levels within the levels of the 
table. 

1910.95(b)(2) 

If the variations in noise level involve maxima at intervals of 1 second or less, it is to be considered 
continuous. 

   Due to regulation standards of maximum SPL exposures, Mass Notification System output needs to be under 
control.  Existing sound systems, which implement compression drivers, suffer from extremely high SPL in near 
field. To meet the max SPL requirements they either need to be positioned very high in the air (very expensive solu-
tion) or used with reduced output and consequently reduce the sound throw distance. 
 
   The WG200 is a Line Array system.  Even with full output, SPL is within the limit of the permissible noise level. 
Expected time of use is 1/4 hour or less which limits the allowable volume to less than 115dBA.  WG200 systems 
have output of 115dB at 8 meters.  If coverage is required right at the pole, the MAD WG200 cluster needs to be 
positioned at least 8 meters high.  If we assume that full coverage needs to start at 50m from the pole, expected 
maximum SPL at that distance will be around 105 dB.  The first 50 meters will be off axes of the array.  Analyzing 
the off axis response (see polar plots) SPL at the pole should not be more than 95 dB.  It can be expected that 
within first 50-100 meters from the pole, the max SPL will be relatively constant (95-100 dB).   
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   The ICEpower200AC is an intelligent audio amplifier module designed particularly for the strongly competitive 
audio market. The ICEpower200AC is EMC approved and does not require shielding. The ultra high efficiency of 
93% eliminates the need for heat-sink, thus ensuring a highly competitive solution. 
 
Applications 

• Active speakers 

• Stereo applications 
 
   The ICEpower200AC requires external power supply. ICEpower200AC modules offer a flexible and powerful 
building block concept for multi channel / multi way audio system design. 
 
Main specifications 

• 200 W @ 0.2% THD+N / 4 Ohms , 10 Hz – 20 KHz, 0.01 W – 200 W, 47 V DC 

• Short term maximum power 290 W @ 10% THD+N / 4 Ohms 

• Full audio bandwidth (70 KHz) 

• State-of-the-art audio specifications (by ICEpower Analog Technology, based on patented COM modulation 

and MECC control techniques) 

• 110dB dynamic range, 200 W @ 4 Ohms 

• Damping Factor 4000, 100 Hz, 8 Ohms 

• THD+N=0.008% @ 1 W/100 Hz 

• CCIF intermodulation distortion 0.0005% 

• More than 93 % efficiency, 100 W/8 Ohms 

• Maximum operating ambient temperature 130 deg F 

• Size 2.2x4.2x1.5” 

• Weight 0.2 lb 
 
Features 

• Input signal soft clipper (for enhanced clipping sound quality) 

• Balanced audio input and balanced power output 

• EMI conforms to EN55013, FCC part 15, EN55020 

• Safety conforms to UL 6500 

• Thermal, short circuit, under voltage and over current protection features 

• Sound optimized soft clipping 

• Low pop 

• Rugged construction 

ICEpower 200AC Amplifier Module Specification 

   HPV Technology has adopted 
High-End Bang&Olafsen’s ICE 
Power Amplifier Technology for pow-
ering WG200 Mass Notification 
Speaker Systems. 
 
   In most cases Mass Notification 
System needs to be Battery pow-
ered. IcePower Amplifiers with their 
93% efficiency, reliability and High-
End sound quality are the only practi-
cal solution available on the market 
today. 


