

Chapter 1 | Neil

THE MOST IMPORTANT THING I’VE EVER DONE

Music has been one of the great joys of my life. I’ve performed for more than fifty years and written and recorded scores of albums. I’ve traveled around the world performing for audiences in dozens of countries. There’s nothing as good as a live performance where the music is unfiltered—where it fills the air, reverberates, and is just so pure and organic. Likewise, a great recording that tries to replicate this is also in a class by itself. It’s an art form.

In the sixties and seventies, advances in audio equipment, high-quality vinyl, and tape recording brought wonderful-sounding music into the home. While not the same as live performances, the sound was an art form unto itself and allowed listeners to enjoy the music, become immersed in it, and be exposed to many of its nuances.

ENTER THE DIGITAL AGE

Yet in the early eighties, instead of audio improving even more, something unexpected occurred. When digital music became available on the compact disc (CD), I got very excited. I thought, Finally, no more cracks, no more pops, no more surface noises that had accompanied vinyl records. All the artifacts would be gone.

When I went into the studio after making my recordings, I did what I usually did. I cranked up the volume and started mixing, listening to CD quality from my new digital machines. After three hours, my ears were killing me! They were ringing and really hurting badly. That was when I first realized that something was wrong.

The CD was a brand-new format, and because it was new, it was highly promoted and pushed very hard by the music and tech industries. But convenient as it was, it was inferior to its predecessors, such as vinyl and tape recordings, in terms of audio quality.

That was the beginning of a downward spiral, where at each step along the way of supposed progress, quality was compromised for convenience. And from that point to today, we’ve experienced this degradation over and over: multiple new formats, each sounding worse than what came before.

To me it simply made no sense. People tend to dislike new formats since they need to keep buying the same content over and over. But to buy the same content and get something worse? That was terrible! I thought, all we really need is one format, and if we have just one format, it should be great—the best it can be.

Unfortunately, today there is no convenient way for the mass audience to purchase the early high-quality recordings that come close to the original performances. Listeners cannot enjoy the history of recorded sound and the magical recordings of the last century at their finest. These high-quality recordings are currently only available to the elite few who pay a premium for their music and have the expensive equipment needed to enjoy it. And because the audience that can afford these recordings is so small, there’s only a very limited number of titles available. Instead, the record companies focus on what they can sell: inferior quality made for cell phones.

The acceptance of poor quality ripples throughout the industry and makes it even more difficult to reverse direction. People get used to hearing this poorer quality and many never experience what music could sound like. As the demand for high-quality audio diminishes, hardware companies struggle to survive and artists record at lower quality. When these companies die, there’s nothing available to play quality sound. It’s a race to the bottom that affects the entire audio industry.

DIGITAL QUALITY IMPROVES—EXCEPT AUDIO

The deterioration of quality is not happening with other digital content—only audio. Digital video and imaging have made amazing progress. Films in the theater and images we take with our cameras—and even our phones—are sharper and clearer than ever. Advances such as image and contrast correction take advantage of digital technologies to increase enjoyment and provide the detail and fine nuances otherwise lost.

Why can’t we say the same about audio? To me, something is wrong. As an artist, I want my fans to experience the same quality that I experience in the studio. I want fans of other artists to be able to do the same. In this age of technology, there is nothing standing in the way of this idea—except greed.

Record companies want to charge a lot more to stream high res just because it sounds better. There is no additional cost to them to stream high-resolution music. It’s only bandwidth. The consumer’s bandwidth costs have plummeted. Should it cost more to listen to good-sounding music than it costs to listen to bad-sounding music? Should the cost be borne by the consumer? I have not yet found a satisfactory answer.

If the record companies were to take the price restrictions off the streaming companies and let them stream whatever they could without additional costs, then it would be up to the streaming companies to improve their technology and bring high-quality music into the twenty-first century. I found a way and did that for my music. I stream in high res on my NYA archive site and NYA apps. Streaming companies could do it, too, but they have not. Why is that?

WHY IS SOUND SO BAD TODAY?

Streaming services are built around old limitations from the twentieth century when memory and bandwidth were expensive. Those limitations were major issues when Apple developed the iPod decades ago using expensive hard drives with limited capacity. Low-cost solid-state memory was unavailable, and data traveled at a fraction of today’s speeds. All these things are old issues that no longer exist, yet current music formats are still based on them—held prisoner to them. Music is in a cage.

It’s the same with the record companies and the files they sell. They charge high prices for high res, which has nothing to do with anything. Restricting audio quality doesn’t make sense from a financial standpoint. If you sell a better product, which you already have access to, and it doesn’t cost any more to sell it, then why not? Why hold it back and put an inflated price on it so literally no one buys it? What is the advantage to having something if no one can use it? I just don’t get that. If these companies went back a little further than the digital past, they would see that they used to charge almost the same for everything: records, cassettes, and tapes. It was all essentially the same price and quality, and that’s when people really loved music, because they could hear it and feel it. They could feel the soul of the music, and they loved it.

I think if the highest-quality music audio were available at a reasonable price, the streaming companies would stream it, everybody would hear and feel better music, and the world would be a much happier, better place.

One of the arguments the music and technology industries make about their complacency for not improving music quality is that many people can’t hear the difference anyway, so why bother? Well, my response is simple. It doesn’t matter if every person can hear the difference or not. Some can, and some can’t. If it costs the same amount, what’s the big deal?

Look, I know music, I know sound, and I can hear and feel it! There are a lot of color-blind people out there, like myself, but you don’t see television sets that don’t have color. They didn’t take the color out of TV because some people can’t see all the colors of the spectrum. They used to say that the limit of TV quality that people could perceive was 2,000 lines of resolution. Yet now manufacturers are introducing sets with 8,000 lines, because some can appreciate the improvement.

I think it’s the same thing with tone deafness. If you can’t hear the music—the difference in audio quality—it doesn’t mean it shouldn’t be there. People who can hear it deserve to be able to hear it. Plus, how are others going to find out whether they can hear it? How do they know they can’t hear it? What do they have to compare it to? They’ve been so conditioned to hearing low-quality audio, that’s all they hear. They never hear high quality, or if they do hear it, it might be for just a few minutes, and in that short time span they may not be able to absorb the difference. It is subtle, but once discovered, it can be life changing.

If people could listen to high-res music all the time, they might just find they enjoy the music a lot more. You have to give your body a chance to absorb it and recognize how good it feels to hear it. The human body is incredible. It’s great! It has such deep sensitivity. It’s made by God/nature, depending on your beliefs. If some listeners can hear and feel the input from everywhere, why give them less? There’s no advantage. Sticking to lower quality means that all of the people who are sensitive and can hear the quality don’t receive it. There’s no logical reason to not provide the best and improve the quality of life. That, after all, is one of the goals of technology—to improve our lives.

Music is my life, and it’s too important. I want to ensure it is preserved in its highest quality. Sometimes I think, This could be the most important thing I’ve ever tried to do. I don’t know if I will succeed at it. But if I do, it will be a great accomplishment, because it affects all the music of all musicians, every recording ever made back to the beginning, not just mine.

So, I am not giving up, because somebody’s got to listen to this. Somebody’s got to care.

Restoring high-quality audio has been my long-term goal, a much longer term than I thought it would be. We are up against many challenges to make it happen, but we will continue to come up with new ways to succeed.




Chapter 2 | Phil

A LOOK AT AUDIO QUALITY

To better understand what’s happened to music, it’s useful to understand some of the technology of digital music, the various formats, and some of the forces that shaped their development.

DEFINITIONS

First, high-res digital music, a somewhat vague term, is simply digital music files that have audio quality better than CDs. While it can’t always match the original performance in all respects, it does a better job than CDs in providing more of the details and nuances of what was originally recorded.

Audio recordings come in two formats, analog and digital. Analog is made up of a continuous data stream that comes closest to the original sound, since the original sound is analog. Digital audio is a series of discrete, discontinuous data that tries to replicate or simulate the original analog recording.

LIMITATIONS




Analog vs. Digital
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With analog audio recordings, such as what’s recorded on vinyl and tape, the limitation of the audio quality is often the recording medium itself, which imposes some characteristics on top of the recorded performance; artifacts such as hisses or crackles, for example, may show up as background noise on the recording. The original recording is essentially all there but sometimes slightly impacted by these background effects. Analog quality is dependent on how well the performance can be recorded and how minimal these artifacts are, mostly a function of the recording equipment.

SAMPLING RATE

In contrast, digital audio is “manufactured” from the original performance. The original recording is chopped up into pieces of data (sampled) to represent the recording. How often it takes these samples, and how precise the samples are, affects the sound quality. The more frequent the sampling, the higher the quality; the less frequent, the poorer the representation of the original recording.

How often the analog music is sampled is measured in number of times per second, referred to as frequency. The highest-used sampling rates for music are 384,000 and 192,000 times per second. The unit of measure for frequency is hertz (Hz). A rate of 192,000 times per second or 192 kilohertz (kHz) is considered sufficiently high for essentially all recording needs.

Sampling music is much like sampling a moving object to create a video or movie; the higher the sampling rate the better the representation. Images in old-fashioned movies flickered and were jumpy because the sampling rate was just a few frames per second (fps). With digital cinema, HD video, and Blu-ray, sampling is up to 60 fps, resulting in a smoother and much higher quality representation of the original.

PRECISION AND DEPTH

In addition to the sampling frequency, there is the level of detail, precision, or resolution of each individual sample (just as the number pi can be described as 3.14 or 3.14159265359, low precision and high precision). In audio, it’s either a number with 16 or 24 bits of precision, where the latter is better because it’s a more precise number. In audio, that precision determines the dynamic range or the accuracy of the sound reproduction. A precision of 24 bits provides a much bigger range in volume or dynamic range (16,777,216 levels compared to 65,536 levels for 16 bits). With more precision, it can also better match the studio’s analog performance and capture more of the nuances.

DIGITAL AUDIO QUALITY IN TWO NUMBERS

Digital audio can also be compared to a digital camera that captures an analog scene, which is made up of a continuous series of colors and light levels, by creating pixels. The pixels are samples representative of the color and brightness of tiny areas in the scene. The more pixels (frequency), and the more colors and light levels (bit depth) for each pixel, the more faithfully the digital photo matches the original scene. Likewise, audio quality is defined by a pair of numbers: sampling rate and bit depth.

As noted, the audio industry defines high res as music that is better in quality than CD quality, which is 44.1 kHz with 16 bits of precision, abbreviated as 44.1/16. According to the Recording Industry Association of America’s (RIAA’s) official definition:


High-resolution audio is lossless audio that is capable of reproducing the full range of sound from recordings that have been mastered from better than CD quality music sources.1

Thus, a digital recording made as a 192 kHz/24 bit file is considered to be essentially as a good as a digital file can be. To put all of this in perspective, a high-quality analog recording beats a top digital version even if the digital is at 192/24, which is much better than CD quality, which in turn is much better than MP3.

When the original recording is compressed to CD or MP3 levels, the intent is to discard the less important data rather than discarding data randomly. The compression algorithms use a set of rules that might discard the softer passages when there’s louder music playing and discard more of the sound occurring in areas where our hearing is less sensitive. But they do discard data that you can hear and feel.

STREAMING NUMBERS

If you are wondering what the corresponding pair of numbers are for low-res streaming, there are none. Streaming uses a different measurement that relates to how many total bits of data are streamed per second. It varies from as little as 24 kbps (thousands of bits per second) to about 320 kbps. With most streaming services, it’s 128 or 256 kbps.

High-res music, when expressed using the same units as streaming music, would be 9,216 kbps. (Note: For high-res 192/24 music, 24 bits are sampled 192,000 times per second, so the total data rate is 24 × 192,000 = 4,608,000 bits per second = 4,608 kbps of data for each of the two stereo channels, or a total of 9,216 kbps.)

There is a technique to reduce the file size by about 40 percent using an industry lossless compression scheme called FLAC (Free Lossless Audio Codec), so the net result is about 6,000 kbps. This is the amount needed to stream high-res, no-compromised two-channel audio. That number, 6,000, will vary somewhat, as different music content compresses differently with FLAC.




Audio bit rate comparison
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Thus, low-res streaming music uses anywhere from 24 kbps to 320 kbps compared to about 6,000 kbps for high-res audio and 1,411 kbps for CD quality.
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Up to this point we’ve discussed the quality of the content of the recorded music. The quality is also dependent on how you listen to it.

While better equipment, such as good headphones or speakers, can provide better sound than lesser equipment, most listening experiences with adequate equipment benefit from better recording quality.

During the development of Pono, we listened to hundreds of combinations of players, headphones, and speakers in the office, at home, in the car, and in our audio room, playing files that spanned the full range of quality. We found that, while even the best equipment can’t make a poor audio file sound very good, a high-quality audio file improved the listening experience on most equipment.

That’s not all that surprising. If you start with a blurry photograph, you can never make it look sharp, but if you start with a sharp photo, it’s sharp whether you view it from afar or up close. The information is in the image file no matter how you view it.

In listening to music, sometimes it may not be obvious how much better a high-resolution file can be. It’s also like a photo that way. When viewing an image on your phone, it may look great, but as you zoom in or print it out as an enlargement, the defects become obvious. When listening to music playing in the background, not focusing your mind on the music, all files may sound fine. But “zooming” in to carefully listen to music will reveal significant differences. Zooming in to the music means removing other distractions, concentrating on the music, and listening for an extended period. You need to listen to it, giving the music a chance to permeate, and feel the subtleties as it’s playing. Over time lower-quality music becomes tiring, even jarring to the listener, while with higher-quality music you can listen for hours. Making the music the focus will bring out the differences.

There’s been a perpetual debate about what some can hear, and others cannot, when it comes to high-res audio, similar to other areas of enjoyment, such as wine and photography. Wine is a subject that brings out a range of strong opinions, from those who are willing to spend a lot of money because they appreciate a great Bordeaux, to those who prefer to enjoy a $10 bottle of red table wine. What the enjoyment of wine and audio have in common is people’s passion and strongly held opinions, especially when they can be so wildly different. There’s often a lack of respect and even disdain from those who belittle others who appreciate the subtleties of wine or audio and are able to discern the differences.

In the field of photography, digital cameras began to be taken seriously when their sensors were capable of creating an image with three million pixels (three megapixels), matching the resolution of a single frame of 35 mm film. At that point “experts” said you couldn’t distinguish images that had more than three million pixels, so don’t waste your money. Yet, cameras continued to be developed with even higher-resolution sensors, all the way to more than forty megapixels on some pro cameras and even twelve megapixels on smartphone cameras. It turns out that those extra pixels are not wasted. What you get with these higher-quality sensors is more than just better resolution; there are many more nuances that improve the picture quality, such as a wider dynamic range, better contrast, and more subtleties of color.

The fact is that an audio file with a small amount of data does not have many of the subtleties that a higher-resolution file does, much as some wines do not have all of the nuances of other wines, and a low-res image doesn’t capture all the subtleties that a high-res image can.

So just what can you hear with high-resolution audio that you cannot with low resolution? It’s the spaciousness, the breadth of the sound field, and the ability to hear and feel a ping of a triangle or a pluck of a guitar string, each with all of its own resonance and harmonics that slowly trail off into silence. Music affects many of our senses: sound waves enter our ears, but they also reach other parts of our body. The subtleties of the audio can even trigger our brain to recall a past event in our lives.

When I brought home the first prototype of the Pono player, I asked my wife, Jane, to listen. For more than twenty years, Jane was a singer in the San Diego Master Chorale, San Diego’s foremost choir, which often performs with the San Diego Symphony Orchestra. She’s been skeptical of many of the products I’ve designed in the past, and that makes her a great sounding board. She was eager to listen to Pono, not as an audiophile but as a music lover and a musician. Even I was surprised by her reaction.

As she explained at the time, “When I am onstage during a rehearsal or performance, as I sing my part or listen during orchestral interludes, I can hear the purity of tone of each individual instrument, as well as the overtones of the orchestra that give such richness to the sound. In addition, we often perform in acoustically alive venues, such as symphony halls and cathedrals, where the precision of such works as the Verdi Requiem or Bach B Minor Mass are enriched with the reverberation of the acoustics of the hall or cathedral.

“I have never before experienced this quality of sound in a home setting—not even close. However, last night, using the Pono player and your Audeze headphones, I listened to an assortment of choral and orchestral works and some more contemporary songs, such as Roberta Flack singing ‘Killing Me Softly.’ I was amazed by the purity and fullness of the sound. I was able to place the instruments around me, just like standing up onstage with the orchestra. In the case of Flack, her voice was rich and sonorous and at the same time the instrumental background allowed the overtones to come through, along with just enough reverberation.”

I never had such an enthusiastic reaction to the scores of products I’ve worked on over my career. Jane’s conclusion was, “This is the best thing you’ve ever worked on and others need to hear it! You need to make it happen.”

Still, in the high-tech community, there has been skepticism about the value of high-resolution music, and opinions ranged from “I can’t tell the difference” to “Just amazing.” Neil had a simple response to all of this: “If someone can’t tell the difference, that’s okay. They shouldn’t waste their money. But they shouldn’t prevent those who can appreciate the quality from enjoying it.”

There’s no question in my mind that high-quality music changes not only the content of what you hear, but also impacts your attitude, your energy, and your happiness. There’s something special about music in the way it touches us through so many senses. And there’s even scientific evidence to confirm what Neil has known all along.

One example comes from a study by scientists at the University of Helsinki who discovered that listening to classical music actually alters the function of our genes.2 They reported that it “reduces blood pressure, causes the release of dopamine, and even improves muscle function. But new research has found that music has an even more profound effect on our bodies.”

In the study, researchers took blood samples from participants before and after listening to Mozart’s Violin Concerto No. 3 in G Major, K. 216. They found that the music directly affects human RNA, suggesting that listening to music has even more surprising benefits than previously thought. It affects the very core of your biological being.3

The point is that music comes in a range of quality and can be enjoyed in a range of ways. As a universal language, it brings enjoyment to us, whether we are playing it in the background or are in the center of a theater, hearing a live performance. But for most, high-res music comes closest to replicating the live experience, and there is no reason to settle for less.

Because a high-resolution digital music file contains so much more data than a low-res music file, pioneers of MP3s and portable music players had to address several technical issues. High-res music requires more memory to store and faster wireless networks to transmit the additional data. These limitations—more memory, slow networks, and higher data costs—drove many of the decisions found in today’s music services, standards, and formats. They led to highly compressed music that used less data to make it easier to send and store.

As Neil has pointed out, these limitations have been rapidly disappearing. Memory costs have plummeted, moving from large complex disk drives to tiny solid-state memory chips. One megabyte of memory cost $6,480 in 1980, $106 in 1990, $1.56 in 2000, $0.19 in 2010, and less than $.007 in 2019. Memory costs are now just a tiny fraction compared to when the iPod was introduced.4 Yet, it was the iPod that played a major role in cementing the small size of the music file, and that size has barely changed over the past two decades.

Similar progress has been made with data transmission speeds and data costs. High-speed cellular data speeds have gone from 2 mbps (megabits per second) beginning with 3G technology in 2003 to 200 mbps using 4G today and will soon become a thousand times faster as 5G takes over in the coming years.




Historical Cost of Computer Memory and Storage
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What this means is that all of the limitations that forced music to be compressed and compromised have disappeared as technology has advanced. There is no longer any need for us to compromise.

There have been similar advancements in the sensors used in cameras and phones, yet we’ve not seen their manufacturers reluctant to incorporate them. They’ve embraced change and offer upgraded models each year focused on better quality imaging, well beyond what was originally assumed to be “good enough.” Similarly, we’ve not seen the high-definition flat-panel television manufacturers refrain from offering us new models that provide pictures with ever higher resolution and greater dynamic range. In fact, it’s completely normal and expected for technology companies to make continuous and rapid improvement in all their products, driven by the advances in components, infrastructure, and manufacturing techniques.




Data costs are dropping while transmission speeds are increasing each year
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What’s so disconcerting is that we have not seen this with the audio quality of recorded music. Among all the advances in consumer digital technology, music has been the exception. Quality has actually decreased over time. We’re seeing more musicians recording at lower-quality audio, and more people listening to lower-quality files, compared to what was done in the past. Clearly, something is amiss and needs to be changed.
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