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Functional Description 

My fundamental focus for this project is to build an ideal pair of loudspeakers for myself, 

and, above all else, I’d like to maintain that focus. I will take full advantage of being both the 

designer and end-user, sculpting my design to fit my own sonic needs. First, I plan to design a 

pair of loudspeakers that have two functions: mixing and easy listening. Thankfully, if I can 

please the former, the latter will come to fruition on its own! I spend a large majority of time 

listening to music in my current monitors, which, in my opinion, only helps to familiarize my 

ears with their sound. My custom monitors will be placed beside the existing ones (on small 

stands placed on my desktop), however I’d like to maintain flexibility for future rooms. To 

achieve this, portability and dispersion must be considered.  

Target Bandwidth 

Bandwidth is both a daunting and exciting term when it comes to my speaker design. A 

lot of music that I produce (and listen to) lives very low in frequency, and my current monitors 

can’t quite reach it. To hear these lower notes, I must use headphones or take my mix to another 

system – which can become time consuming. Loudspeaker production seems to be an elongated 

series of compromises, and I’d like to do all I can to maintain at least a 40Hz response in the low 

end. After multiple experiments and critical listening, I’ve found 40Hz to be where most of those 

low frequencies lay. If possible I’d like to go lower, but further investigation and planning will 

be necessary. In order to please the end-user (myself), however, if compromises must be made, 

the furthest I’ll go is 50Hz. I haven’t yet decided how I’d like the frequency response to look, so 
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I am unable to provide a dB rating at these frequencies for now. I can say, though, that I’d like to 

add a little beef to the low end, in order to ensure those low notes are rich and powerful. On the 

other side of the scale, I’d like a generally flat response with a small roll-off (maybe 2dB or so) 

beginning at 10kHz. Below (Fig #) is a general “sketch” of how I see my frequency response 

looking (ideally, of course). 

 

 

 

 

 

Physical Size 

The size of my loudspeakers will heavily depend on driver quantity and size, but they 

obviously must stay within reason. I’m completely content with a larger enclosure (reaching 

40Hz or lower isn’t entirely easy for 5” drivers...), and am expecting it. At the end of the day, 

however, they must remain portable and reasonable to carry around. To throw numbers out, I’d 

like to stay near the 14” range for height, around 10” wide, and 8” to 10” deep. Again, this will 

all be dictated by the driver selection and layout, but aiming for that range should keep things 

portable. I’m not very picky about the weight (I’ve been hauling around a 150+ lbs mobile DJ 

system for four years now and have become quite good at the maneuvers), but being able to 

easily carry one speaker at a time is my target. 

Figure	  (#)	  
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Visual Aesthetics and Cabinet Design 

Aesthetically, I have one goal: sleek. At this point, I’m unsure how I want to finish my 

cabinets, but I definitely want to maintain a sleek and sexy design – something that looks great 

and grabs your attention. To a certain degree, the appearance of the speakers is an area not 

necessarily dependent on compromise, and I’d like to take full advantage of that. Whether I 

decide to paint or finish the wood is still up in the air, but I want to work hard to ensure a 

professional aesthetic to match the professional sound. Because this is my first time designing a 

loudspeaker, I plan to stick to a rectangular shape. Upon first thought, I wanted to chase the 

“coffin” style to minimize parallel reflections within the cabinet. Now, after some brainstorming 

and sketching, I plan to return to a rectangular design but implement a skyline-like diffuser 

within the cabinet to reduce any noise, resonances, or reflections. For now, I plan to use 13-ply 

plywood on the exterior and possibly implement some MDF on the interior for reinforcement 

and maximum absorption. Also, this will make the cabinet heavier (which isn’t a major concern 

of mine) and help to reduce vibration. After much thought and consideration, I’ve decided to 

paint my monitors. Because of this decision, I will use MDF on the exterior and 11-ply plywood 

for internal reinforcement. I will implement staggered joints to ensure a tight and permanent seal, 

and possibly sand the front board to be rounded at the contact points with the other walls. After 

further research and planning, I’ve decided to stick with the MDF/plywood combination, 

however 11-ply won’t be entirely necessary. I plan to use 5-ply, or something close to it. As far 

as interior reflections, I’ve decided to dampen with fiberglass rather than building a skyline-type 

diffuser – I want to keep internal volume as high as possible. 
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Listening Purpose 

 I predominately produce and mix electronic music of all varieties, which is yet another 

reason I’d like such a deep response on the low end. My current monitors don’t reach the low 

notes (response near 50Hz begins to roll-off drastically), but sound absolutely amazing through 

20kHz. Even if some coloration occurs with my custom monitors, I plan to learn the sound and 

know how to critically listen between the monitors. With non-production work, I listen to pretty 

much every genre at comfortable levels. I would, however, like to know that I could get them 

running pretty hot without fear of damaging any part of the loudspeaker.  

Environment(s) 

 The environment these loudspeakers will live in is a decently treated home studio. For the 

future, I can’t make any assumptions about where I will live or how close to my neighbors I’ll 

be, so I’d like to design my speakers to be easily adaptable for any room. In order to do this, I’d 

like to keep them as near-field as possible, which will minimize reflections in the room and, in 

essence, lessen the room’s role. Another perk of designing near-field monitors is the fact that 

they more accurately resemble the range of consumer loudspeakers1. I am aware, however, that 

the design of my speakers may call for a larger enclosure and, therefore, near-field monitors may 

become not-so-near-field throughout the design process. I’ve decided to port my enclosures out 

opposing sides, in order to have further control of how they interact with the environment. If I 

desire more “room” while listening, the monitors will be arranged so the ports face outwards. On 

the other hand, however, if I desire less “room” and a tighter response, simply switching the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 David Moulton, Total Recording: The Complete Guide to Audio Production and Engineering, 
(KIQ Productions, 2000), 312. 
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monitors solves this problem. I’ve never experimented with this in the past, so I’m excited to see 

how this plays out. 

Priorities 

 First and foremost, fiscal discipline is my first priority. As with any other designer, I want 

to get the most out of the price range I fall under. That being said, a close second priority is 

achieving my frequency response goal. I’m willing to sacrifice cost for sonic beauty to an extent, 

but cost will remain the overarching dictator of this project. After those two, I’m willing to let 

the rest of the compromises happen as they occur. If I can focus a majority of time and effort on 

the sound and interior design, I’m not too worried about the final color or finish of the cabinets. 

As the design begins to come together, I will make a choice of what looks best with the drivers 

and wood I’ve selected. I’ve broken down the prioritization of size, low frequency response, and 

SPL here:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

As you can see, the extension of frequencies nearing 40Hz is top priority, and then 

managing a reasonable SPL comes second, followed by size. The interesting thing, here, is that 

each priority spills onto the next. For example, a large driver will be required for low frequency 

Size	  

LFR	  

SPL	  
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extension, which will require more SPL, and, as a result, the cabinet size will increase as well2. 

As long as I am able to keep a solid balance of these three elements and stay focused on the 

priorities, everything should sound groovy! 

Listening Habits 

Below (Fig #) is a chart of my measured listening habits from January 16th to January 

20th, 2014. I tend to go above and below each measurement from time to time, but I preferred an 

average to the peaks. These measurements were taken from my bedroom desk, where about 80% 

of my listening happens each day. I decided it was only necessary to measure these SPL’s 

because I am building monitors to accompany my current pair – in this room. I would like to 

have a generous amount of SPL available because, living in an apartment complex currently, I 

tend to listen quieter than when I don’t have neighbors or roommates to worry about (and I plan 

to have these for a very long time). As for time spent on each genre and level, I only listen loud 

for short periods of time. The average level I measured was around 65 dB when doing 

homework, and I enjoy mixing around 70-85 dB. I spend about equal time listening to each of the 

genres listed, with the exception of ambient and classical, but mix mainly electronic music. As 

these will be mixing monitors first and “easy listening” second, my sights are set on my mixing 

habits first.  

 
 
 
 
 
 
 
 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 Keith Holland, Philip Newell, Loudspeakers, (Jordan Hill, Oxford, 2007), 326. 
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Technical SPL Specifications & Sensitivity 

 As the primary use of these speakers will be monitoring, I don’t necessarily plan on being 

much father than 1 to 1.5 meters from them. At this distance, I will stay within the measured 

sensitivity range. My goal, for now, is remaining within the 85 dB to 90 dB sensitivity range. 

The Dayton Audio RS 225 driver I’ve chosen is measured at 86.2 dB sensitivity and, when 

paired with the Vifa D27TG35-06’s 92.6 dB, should nicely cover 20 Hz – 20,000 Hz. 

Low Frequency Preferences 

As much as I love that deep, 40Hz wave, I know compromises must be made. For the 

chart below (Fig #), the “Min Hz” is the low side of my preference. This is a LF level I am 

comfortable listening to and would prefer to stay near. “Max Hz”, on the other hand, is the 

highest LF cut I would be willing to make per genre. As I said with SPL measurements, I 

primarily work with electronic music, so my LF goal is 40 Hz (but I’m willing to go as far as 52-

55 Hz). As a side note, I decided to split Rap and Hip Hop for these measurements. Hip Hop was 

measured as more of the 90’s to 00’s drum-loop hip hop (think Notorious BIG) and Rap was 

40	  

50	  

60	  

70	  

80	  

90	  

100	  

dB	  Min	  

dB	  Max	  

Figure	  (#)	  
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focused more on today’s bass-heavy computer production (think Juicy J). The reasoning behind 

this is because today’s rap has a lot of the frequencies that my own mixes have (very deep), and I 

felt it was necessary to split the two. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Driver Selection & Pre-Planning 

 While initially searching for drivers, I quickly realized my design goals would require 

increased size and money. However, I must say I am rather pleased with the price range. The low 

frequency response I desire is easily obtainable under $100 per driver and, as a matter of fact, the 

one that best matched my desired specifications is $57! After surfing Parts Express for a while, I 

decided an 8” driver would be a perfect fit. I plan to use the Dayton Audio RS 225-8 8”woofer 

and a Tang Band 25-302SH 1” tweeter, as of now. The woofer stood out immediately because of 

its excellent frequency response. Listed from 28 to 2,200 Hz, it covers the exact range I am 

looking for. In addition, Parts Express has an “optimum enclosure” section in the specifications, 

0	   10	   20	   30	   40	   50	   60	   70	   80	   90	   100	  

Ambient	  

Classical	  

Downtempo	  

Electronic	  

Metal	  

Rap	  

Hip	  Hop	  

Rock	  

Min	  Hz	  

Max	  Hz	  

Figure (#) 
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which, in a ported enclosure, provides an F3 of 38Hz3! In addition, its sensitivity is listed at 86 

dB – which perfectly fits in my desired range. I would cross the drivers over at 2 kHz, and the 

Tang Band tweeter should easily cover the high end of the spectrum. The tweeter is built in a 

slightly horn-loaded flange, resulting in flat and extended frequency response4. Low frequency is 

obviously my main focus, so I’m open to any changes that may occur with my tweeter selection. 

The woofer seems to be flawless, and will most likely remain my choice. For now, I am very 

excited that I was able to find ideal drivers right off the bat, and am anxious to get them 

modeled! My tweeter selection is subject to change at this point in time, but I plan to meet with 

my professor, Christopher Plummer, to discuss options and considerations. 

Driver Selection & Analysis 

 After modeling the Dayton RS 225-8 using Winspeakerz, it has proved to be the winning 

woofer. As shown in figure (#), the F3 in a box of 0.88 cubic feet is 40 Hz. That would provide 

ideal low frequency response in a box I’m more than comfortable with (0.88 cubic feet = 

1520.64 cubic inches = 16” tall, 10” wide, 9.5” deep). The enclosure would be tuned to 32 Hz, 

with a 3” deep vent. A comparison of five different woofers is shown in figure (#)5678, and their 

ideal frequency responses in figure (#). As for the tweeter, closely analyzing each set of data 

proved to be the best way of choosing from the breadth of drivers available. My initial decision 

was to use the Tang Band 25-302SH, which is a 1” shielded neodymium dome tweeter, but after 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Parts Express, “Dayton Audio RS 225-8 8” Reference Woofer”  
4 Parts Express, “Tang Band 25-302SH 1” Shielded Neodymium Dome Tweeter” 
5 Parts Express, Aurum Cantus AC-165 6-1/2” Carbon Fiber/Kevlar Woofer 

http://www.parts-express.com/aurum-cantus-ac-165-6-1-2-carbon-fiber-kevlar-woofer--296-410 
6 Parts Express, Dayton Audio RS180P-8 7” Reference Paper Woofer 8 Ohm 

http://www.parts-express.com/dayton-audio-rs180p-8-7-reference-paper-woofer-8-ohm--295-365 
7 Parts Express, Tang Band W8-740P 8” Subwoofer 

http://www.parts-express.com/tang-band-w8-740p-8-subwoofer--264-854 
8 Parts Express, Morel H8.1 8” Hybrid Series Woofer 

http://www.parts-express.com/morel-h81-8-hybrid-series-woofer--297-066	  
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further research I felt as if the Dayton Audio DC28FS-8 would provide a better fit. After 

modeling a crossover point at 2 kHz with the Dayton Audio woofer, I realized my decision to 

switch tweeters was moot. Because the frequency response begins to roll off around 1.4 and 1.6 

kHz for the two tweeters, crossing over at 2 kHz became an issue (as seen in figure (#)).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although the dip seen at 2 kHz could be corrected with the use of the miniDSP plate amps, I 

decided to make life a little easier and, again, refer to the pool of tweeters I was sifting through. 

Making an excel sheet comparing the tweeters was an immense help (figure (#)), literally 

stacking the tweeters side by side to observe differences. After doing so, I was left with two 

potential keepers: the Tang Band 251933S 1” fabric dome and the Vifa D27TG35-06 1” silk 

dome tweeters. After some discussion with Christopher, he recommended the Vifa tweeter, as it 

provides “gentle, smooth, and easy listening.”9 

Driver Specifications 

*Please see separate document: Driver Specifications & Analyses 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 Christopher Plummer, meeting to discuss driver selection and paper revisions, February 19th, 2014. 

Figure (#): Dayton Audio RS 225-8 and Dayton Audio DC28FS-8 crossed at 2 kHz (second order filter). 
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Crossover 

 As mentioned, I plan to cross my drivers over with the miniDSP plate amplifiers.  The 

purpose of this is mainly to have total control over the tuning, as well as equalization and the 

ability to bridge to mono if needed. Digital tuning is something I’ve always thought about, and 

now I’ve realized it’s actually possible! I plan to use the first “preset” on the amps as a reference, 

tuned to as flat as possible. Then, however, once I’ve brought the speakers home, I plan to create 

a second preset of which tailors to the needs of my room. I don’t necessarily plan on changing 

the crossover frequency itself, just equalizing when and where it is needed. Specifically, I plan to 

cross the drivers at 2 kHz, with a fourth order filter. I chose a fourth order because the Dayton 

woofer begins to break up around 2.2 kHz, so, if crossed at 2 kHz, the driver will be more than 

12 dB down by 3 kHz, and some nasty stuff occurs between 5 kHz and 10 kHz – this should 

easily be avoided with a fourth order filter. 

Testing & Tuning 

	   Upon	  completion	  of	  my	  boxes,	  I	  was	  anxious	  to	  hear	  how	  they	  sounded.	  Right	  off	  the	  

bat,	  I	  realized	  my	  tweeter	  was	  hotter	  than	  I	  anticipated,	  and	  took	  a	  note	  to	  pad	  it	  with	  the	  

miniDSP	  (I	  later	  found	  out	  it	  required	  a	  3dB	  drop).	  Initial	  testing	  was	  actually	  done	  before	  I	  

ported	  the	  boxes,	  which	  provided	  me	  with	  an	  opportunity	  to	  hear	  how	  they	  sounded	  

sealed.	  My	  very	  first	  sweep	  exposed	  some	  flaws,	  but	  it	  was	  nicer	  than	  I	  was	  expecting.	  

Unfortunately,	  I	  deleted	  my	  first	  responses,	  so	  I	  cannot	  show	  them	  here.	  I	  can,	  however,	  

show	  a	  response	  after	  Chris	  and	  I	  did	  some	  time	  alignment	  and	  crossover	  work.	  For	  this	  

test,	  the	  mic	  was	  16”	  from	  the	  speaker,	  aimed	  directly	  between	  the	  woofer	  and	  tweeter,	  
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resting	  on	  three	  “stage	  blocks”	  –	  maybe	  about	  4’	  off	  the	  floor,	  with	  a	  pad	  on	  the	  floor	  to	  help	  

reduce	  reflections.	  	  

	  
	  
 This response was recorded after the ports were drilled, and the anomalies between 400 

and 1,500 Hz occurred because of no internal dampening (fiber glass), which caused nasty 

reflections within the box. Chris assured me it would smooth out once the fiberglass was in 

place, which boosted my confidence even further. As I was content with my initial tuning, I 

placed the speaker on the stand we set up and began final testing. These tests were conducted 

similarly to the prior ones (16” away, aimed directly between the woofer and tweeter), but 10’ 

off the floor to reduce any reflection interference. The plots below show the measurements. 
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Plot	  #1:	  Overall	  Frequency	  Response	  

 

Plot	  #2:	  Integrated	  Frequency	  Response	  

 

Plot	  #3:	  Harmonic	  Distortion	  

	  
Plot	  #4:	  Minimum	  Phase	  
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Plot	  #5:	  Horizontal	  Off-‐Axis	  Response	  (0,	  15,	  30,	  45,	  and	  60	  degrees	  off-‐axis)	  

	  
	  
	  
Plot	  #6:	  Vertical	  Off-‐Axis	  Response	  (0,	  15,	  30,	  45,	  and	  60	  degrees	  off-‐axis)	  

	  
	  
Plot	  #7:	  Difference	  Plot	  (L/R)	  
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Plot	  #8:	  Step	  Response	  

	  
	  
Plot	  #9:	  Integrated	  Step	  Response	  

	  
	  
Plot	  #10:	  Impulse	  Response	  
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Plot	  11:	  Integrated	  Impulse	  Response	  

	  
	  
Plot	  #11:	  Woofer	  –	  Horizontal	  Off-‐Axis	  Responses	  (0,	  15,	  30,	  45,	  and	  60	  degrees)	  

	  
Plot	  #12	  Tweeter	  –	  Horizontal	  Off-‐Axis	  Responses	  (0,	  15,	  30,	  45,	  and	  60	  degrees)	  
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Plot	  #13:	  Woofer	  –	  Vertical	  Off-‐Axis	  Response	  (0,	  15,	  30,	  45,	  and	  60	  degrees)	  

	  
Plot	  #14:	  Tweeter	  –	  Vertical	  Off-‐Axis	  Responses	  (0,	  15,	  30,	  45,	  and	  60	  degrees)	  

	  
	  

Conclusion & Final Thoughts 

 Once final testing was complete, I found myself extremely excited. During the design and 

planning stage of these monitors, as they began to take shape on paper and in the computer, they 

appeared to be exactly what I was aiming for. When constructing, I began to get nervous, 

because all of the theory and physics that went into this project relied on my precision in the 

shop. I knew things would turn out just fine, and reminded myself constantly to stick to the 

numbers and drafts I planned. Once tuning was done, however, I came to a point where both of 

those entities became one – I built the exact monitors I wanted, and they sounded just the way I 
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hoped they would, which explains the excitement. I started with a goal and chased it with 

precision and accuracy, and I couldn’t be happier with my final result. The low frequency 

extension and accuracy was very important to me, and these puppies can put out some serious 

bass. Actually, while this closing paragraph has been typed, my monitors are atop my desk 

playing my favorite tunes (sounding fantastic in the room, I must add). I can’t think of a better 

way for this joyous journey to wind down than that! 
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