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This paper attempts to quantify off-axis performance of a DSP equalized 

loudspeakers. The loudspeakers system used for the measurements are a very simple 2-

way design, with a 1ò/50W metal dome tweeter and 8ò/90W woofers mounted on a flat 

baffle. Frequency response of the system was aimed at 45Hz-20000Hz, but with a DSP 

equalization was extended to 45Hz-30000Hz. 

 

 

                
 Figure 1. W-220P woofer and D25AG tweeter used in this project 

 
Wooferôs data 
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Tweeterôs data 

                                      
 

Vifa DG25AG metal dome tweeter treatment 

 

 The DG25AG tweeter is equipped with a phase plug, designed to flatten the high-

end of the frequency response. This approach works reasonably well, but there has been 

some criticism of ñtizzy soundò attributed to this driver. 

 

 
       Figure 2. Vifa tweeter with the phase plug (left) and without phase plug (right). 

 

 Also, the off-axis SPL curves roll-off more smoothly without the phase plug. It 

has been decided to remove the phase plug from the front of the metal dome. All 

subsequent measurements have been conducted on the tweeter with set of figures as 

presented on the right.  

 

Measurement equipment 

 

1. All measurements were conducted using SoundEasy V18, with MLS system 

running at 96kHz sampling frequency. 

2. DSP processor was Ultimate Equalizer V5 (UE5), also running at 96kHz. 

3. Test power amplifier -  LM3876, a simple 50Watt integrated design from 

National Semiconductor, originally had 3dB cut off at 16Hz. Amplifier was 

modified to lower the 3dB down to 2Hz. 

4. Microphone pre-amplifier ï A commercial design based on low-noise, LM833 

chip. Modifications done to equalize microphoneôs low-end roll off. 

5. Microphone ï CLIO Mic01. 8.2V DC bias provided by the pre-amplifier. 
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6. Listening room has the following dimensions: Length = 6.5meters, width = 

4.5meters and Hight = 2.6meters. 

 

 
 Figure 3. Overall measurement setup. Second PC (in the distance) runs UE5. 

 

 

 

 
 Figure 4. Close-up of the small 2-way loudspeaker.  

                           Notice 0,15,30,45 and 60degrees direction pointer sticks. 
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       Polar Measurement Results 200Hz-30000Hz 

 
All curves presented below compare residual SPL irregularities of a system 

with 2kHz/24dB LR crossover with Linear-Phase and HBT equalization, against simple 

2kHz/24dB, LR crossover. HBT upper limit set on UE5 was 30kHz. 

 

 
                   Figure 5. Mike distance = 50cm, HBT+LinPh vs. crossover only ï 0deg 

Red = Linear_Phase + HBT EQ = 94dB-89dB = 5dB 

Green = Minimum_Phase,  No EQ = 98dB-80dB = 18dB 

 

 
                  Figure 6. Mike distance = 50cm, HBT+LinPh vs. crossover only ï 15deg 

Red = Linear_Phase + HBT EQ = 96dB-86dB = 10dB 

Green = Minimum_Phase,  No EQ = 96dB-78dB = 18dB 
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                Figure 7. Mike distance = 50cm, HBT+LinPh vs. crossover only ï 30deg 

 

Red = Linear_Phase + HBT EQ = 95dB-74dB = 21dB 

Green = Minimum_Phase  No EQ = 92dB-68dB = 24dB 

 

 

 

 

 
Figure 8. Mike distance = 50cm, HBT+LinPh vs. crossover only ï 45deg 

 

Red = Linear_Phase + HBT EQ = 93dB-62dB = 31dB 

Green = Minimum_Phase  No EQ = 92dB-55dB = 37dB 
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                  Figure 9. Mike distance = 50cm, HBT+LinPh vs. crossover only ï 60deg 

 

Red = Linear_Phase + HBT EQ = 92dB-68dB = 24dB 

Green = Minimum_Phase,  No EQ = 90dB-62dB = 28dB 

 

 

Two-way WTW configuration loudspeaker for Center Channel in HT 

 

 

The next loudspeaker is a typical 2-way system in WTW configuration. I use this 

loudspeaker as center channel for the HT system. Measurement setup is shown below. 

 

Conceptually, the front loudspeaker is a 2-way, vented system with two 

8ò/90Wrms woofers and 1.125ò/100Wrms silk dome Dayton shown below (selected over 

Vifa tweeter), and making it quite a robust, medium-sized loudspeaker.     
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         Figure 10. Overall measurement setup. Second PC (in the distance) runs UE5. 

 
     Figure 11. Raw RS28F-4 tweeter measurements (horizontal) 0, 15, 30, 45, 60 deg. 

 

   Vertical Orientation  
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           Figure 12. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 0deg 

 

Red = Linear_Phase + HBT EQ = 96dB-92dB = 4dB 

Green = Minimum_Phase,  No EQ = 98dB-80dB = 18dB 

 

 

 

 

 
Figure 13. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 15deg 

 

Red = Linear_Phase + HBT EQ = 96dB-88dB = 8dB 

Green = Minimum_Phase,  No EQ = 97dB-75dB = 22dB 
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         Figure 14. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 30deg 

 

Red = Linear_Phase + HBT EQ = 96dB-75dB = 21dB 

Green = Minimum_Phase,  No EQ = 97dB-63dB = 34dB 

 

 

 

 
        Figure 15. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 45deg 

 

Red = Linear_Phase + HBT EQ = 95dB-74dB = 21dB 

Green = Minimum_Phase,  No EQ = 96dB-65dB = 31dB 
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         Figure 16. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 60deg 

Red = Linear_Phase + HBT EQ = 94dB-67dB = 27dB 

Green = Minimum_Phase,  No EQ = 95dB-67dB = 28dB 

 

    Horizontal Orientation  

                                           

                                                     
 

 
 Figure 17. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 0deg 

 

Red = Linear_Phase + HBT EQ = 96dB-93dB = 3dB 

Green = Minimum_Phase,  No EQ = 98dB-72dB = 26dB 
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 Figure 18. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 15deg 

 

Red = Linear_Phase + HBT EQ = 96dB-85dB = 11dB 

Green = Minimum_Phase,  No EQ = 97dB-74dB = 23dB 

 

 

 
 Figure 19. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 30deg 

 

Red = Linear_Phase + HBT EQ = 97dB-70dB = 27dB 

Green = Minimum_Phase,  No EQ = 95dB-59dB = 36dB 
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 Figure 20. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 45deg 

 

Red = Linear_Phase + HBT EQ = 96dB-72dB = 24dB 

Green = Minimum_Phase,  No EQ = 92dB-65dB = 27dB 

 

 

 

 
 Figure 21. Mike distance = 100cm, HBT+LinPh vs. crossover only ï 60deg 

 

Red = Linear_Phase + HBT EQ = 92dB-68dB = 24dB 

Green = Minimum_Phase,  No EQ = 92dB-63dB = 29dB 

 

 

      12 



                EQ Degradation Due to Distance 

 

 
 Figure 22. Mike distance = 51cm, HBT+LinPh vs. crossover only ï 0deg 

 

Red = Linear_Phase + HBT EQ = 98dB-96dB = 2dB 

Green = Minimum_Phase,  No EQ = 101dB-84dB = 17dB 

 

 

 
Figure 23. Mike distance = 51,100,210cm, HBT+LinPh ï 0deg 

 

There is minimal degradation in SPL flatness due to distance. HBT was calculated for 

100cm distance. This is why the green SPL curve is the flattest. 
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