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Introduction

In the 100 years following Thomas Edison's invention of the phonograph in 1877, recording and playback systems took gradual steps towards more advanced technology. Then, in the late '70s and early '80s, digital technology blew open the door for incredible amount of innovations. There has been more technological and entrepreneurial activity in the past 25 years than in the entire preceding century, and the next generation promises even more inventions, revisions, and upgrades than we've seen so far.


As Ken C. Pohlmann explains, “Although the underlying concepts have been well understood since the 1920s, commercialization of digital audio did not begin until the 1970s simply because theory had to wait 50 years for technology to catch up.”

However, any attempt to fix a date on the beginning of the digital era — or identify an individual or company responsible for ushering it in — is guaranteed to start an argument. There is no “father of digital audio” any more than there is any single entity that can claim credit for inventing it.

Throughout this paper I would like to explore the major milestones in the development of digital audio production and reproduction techniques, while specifically looking at Digidesigne’s Pro Tools home studios invasion as a case study.  

Leaving aside for a minute the recording industry, let's take a snapshot of the technological landscape as it was in 1977. It's easy for us now, freshly arrived in this era of connectivity, to recall that e-mail, the Internet and the personal organizer are relatively recent phenomena that were not even conceived of in the late '70s — except maybe by experimenting engineers whose views weren't taken seriously.

But think about the other technologies we now take for granted that either didn't exist or weren't yet mainstream in 1977: cable TV, the remote control, the stereo Hi-Fi VCR, call-waiting, the answering machine, the fax machine, the personal stereo, the video game, the word processor, the personal computer, the CD player, the DVD player, GPS, home theater, MP3 and the cell phone — to name just a few.

As Paul Verna, Mix Magazine NY editor, recalls, “In 1977, listening to a record required a long attention span and a commitment to the task. You carefully plucked the LP from its sleeve to avoid getting fingerprints on it, wiped it with a cleaning solution if you cared about its health and that of your turntable, and gently placed the disc on the platter. Then you oh-so-delicately dropped the needle on the vinyl surface, cranked up a big rotary volume knob, sat down in a plush chair, and contemplated the cosmos as the music came blasting out of the speakers. You probably weren't doing anything else while listening, other than gazing at the album cover and reading the liner notes.”

However, Mr. Verna analyses, “Today, we seldom devote ourselves to any one task for more than a few minutes. Music gets listened to in the car, in a personal stereo at the gym, at our desks at work, or at home while cooking dinner, folding the laundry or browsing the Internet. Under such harried conditions, we almost never allow ourselves the luxury of actually listening to what we're hearing. We live in a world in which our information and entertainment choices are so vast as to be overwhelming, and we owe this fragmentation, in part, to the power and versatility of digital media.”

But consumer electronics were not the only ones to undergo a radical transformation in the past quarter century, so has the task of recording, editing and mixing music. 

Analog vs. Digital

If you were a session musician going into a studio to cut a track in the late '70s, you almost certainly recorded onto an 8, 16 or 24-track analog reel through a console that had, at the most, 32 channels. There wouldn't have been much outboard gear to speak of, other than the heavy-duty vintage pieces you still find at high-end studios throughout the world.
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The process itself could not have been more straightforward. You played, you recorded, you listened back and you mixed — sometimes all in the same day. Lesley Gore recalling the recording of her 1960s hit “It’s My Party and I’ll Cry If I want To” with then up-and-coming young producer Quincy Jones, “We would walk into the studio in the morning to record this song Quincy just snapped out one of the publishers, by late afternoon the mixing were almost done, but Quincy had a party to attend. So we left the studio planning on cutting the record in a day or two. Fortunately, at the party Quincy bumped into, then already known producer Phil Spector, and accidentally found out that Phil had been working on the same song as we, with a different group
. In less than an hour Quincy was back in the studio, finished the mixing and mastering, and cutting the record on time to be shipped to the distributor the following day, and that’s how the song became our first major hit.”

And that is how it worked back in the days, a song would be recorded and mixed in less then a day, usually will be cut the following day and will be in the store by the following week. And why not? There was no timecode, no sampling rate, no tapes or drives brought in from home, no automation, no computer, no digital pops and clicks, no plug-ins, and there was little ability to time-shift or tune poorly played parts. What you saw was what you got, and what the listener heard on the other end was a reasonable re-creation of what went down in the studio, even if it was souped up by a creative engineer.

Back in the old analogue world there were limitations on everything: 

· The number of tracks on the tape machine - which went slowly up from 4 to 16, 24and finally 48

· The amount of processing gear in the control room –which usually counted to 1 type of delay, a reverb and a compressor

· The number of channels and auxiliary sends on the console – slowly evolving from 16 to 24, 32 and 48. 

· The ability to move from home to studio (or from studio to studio) was non-existence.

· The amount of time allotted to editing and mixing was basically a couple of hours.

· The ability to recall the last setup used (not to mention earlier setups) was based on the ability of the engineer to remember where his faders were located and which fx’s were in use (later on an assistant engineer was brought into the studio in order to capture the setup used every couple of hours, which made it possible to recall the mixing console setup long after the session was gone, but it still would take a couple of hours to maintain)

· And every hour of studio time was surely damn expensive.

Today, by contrast, we approach recording projects with seemingly infinite possibilities. We can leave a song in mid-stream and know that the next time we put it up on the drive or the digital console, it will come up exactly as we left it. We can collaborate with musicians across the world via the Internet. We can avail ourselves to a powerful arsenal of editing, processing and mixing technology in the space of a computer hard drive.

Then, once we've finished the “album,” we can mix it down to DAT, MDM, CD-ROM, audio CD, Exabyte, AIT, DLT, data DAT, Masterlink, SCSI drives, FireWire drives or various analog formats (half-inch being the most common, but quarter-inch and 1-inch are also viable). Heck, if we want to we can use all of those formats and more. 

We can upload the master to an FTP site or convert it to a data-compressed format to deliver remotely for approval. Or, if we choose to overnight a “hard” copy to a collaborator far away, we can rest assured that if FedEx loses the package, the “original” master will not be lost, provided we went through the trouble of making a digital clone and/or data backup.

THE BIRTH OF DIGITAL AUDIO

According to Steve Schoenherr, a history professor at the University of San Diego, the origins of digital audio can be traced as far back as 1937, when Alec H. Reeves, a scientist at the International Telephone and Telegraph Co. in France, invented pulse-code modulation
. He was granted a French patent in 1938, a British patent in 1939, and U.S. patent No. 2,272,070 in 1942, 

Although Mr. Reeves set the foundation for PCM audio in the early 20th century, it wasn't until 1962 that Thomas Stockham, an electrical engineering professor at M.I.T., began experimenting with digital audio tape recordings. Later, in 1975, he would co-found Soundstream, a company that created one of the first commercially available digital recorders.

At the same time, 3M engineer Tom Jung was also experimenting with PCM-based digital audio recording. He later left 3M to form DMP Records, which would become the first label to devote itself exclusively to the CD format.
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Notwithstanding these important but relatively isolated experiments, the digital era truly began in the 1970s with various separate developments, including the digital delay, the microprocessor, the Synclavier synthesizer, the Apple computer, and videotape-based digital audio recorders.
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The digital delay — introduced in 1971 by Gotham Audio and Lexicon — evolved into a universe of products synonymous with modern-day studio mixing. The Apple I
 launched a revolution in home computing that lives on in the form of the Macintosh. And New England Digital's Synclavier set the stage for the digital synthesizers, samplers and tapeless studios of the '80s and beyond.
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However, like with any other new media many other inventions such as early digital recorders, including multitracks from Soundstream, 3M and Mitsubishi, as well as Sony's PCM-F1 processor, which allowed users to record 14- or 16-bit digital signals to Beta or VHS decks, for reasons that had as much to do with luck, marketing and timing as with technology, these pioneering units all ended up in history's dust bin.
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Much more fortunate were Sony's 24-track DASH machine and PCM-1610 U-Matic mastering deck (along with its successor, the 1630). Whatever their limitations, those products took hold because they were perfect for their time.

The DASH format, only recently eclipsed by lower-priced modular digital multitracks and hard-disk recorders, was for a long time the only “game in town” when it came to studio recording. (True, 3M and Mitsubishi enjoyed a fare amount of success with their 32-track digital recorders, but they did not achieve either the market penetration or longevity of the 24- and 48-track DASH.)
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COMPACT DISC vs. LP

Of course, no amount of professional digital production would have meant much without a digital consumer sound carrier like the compact disc. It's impossible to overstate the impact of the CD. Of all the technologies that have appeared since the beginning of (audio) recorded history — analog or digital, consumer or professional — the little plastic disc is arguably the most successful.

While the “wizards” of the audio world had been preoccupied with comparing the 16-bit CD to high-end analog formats — and finding that the Red Book standard that underlies the CD is, at best, limited — the consumer's perspective has been entirely different.

Consumers in the LP era had to deal with many annoyances: 

· Constantly worry about the quality and integrity of turntable cartridge (a worn needle damages the grooves of your cherished records). 

· Records had the tendency to constantly skip and get scratches.

· Many times one could notice disparities in quality between the first and last tracks on a side. 

· There were many differences between different pressings of an album. 

· Sometimes wear and tear on the grooves occurred after only a few spins.

· Even sonically, the LP left a lot to be desired. Unless you could afford an audiophile system and were disciplined enough to play only high quality pressed albums on it, you probably experienced dull sound compared to what the creators of the music were hearing in the recording studio. 

Given those limitations, its no wonder the public took immediate liking to the CD. After all, the new digital format was everything that the LP wasn't: practical, compact, durable, sexy and new.

If the CD's runaway success was impressive, its endurance has been staggering. No other product in the digital era has lasted, virtually unharmed, for 20 years and is still going strong. Without an unexpected turn of events, the audio CD will remain the dominant sound carrier for a good decade or more, and its “cousins” — the CD-R, the CD-ROM, the photo CD, etc. — are equally in position to remain in the forefront well into the foreseeable future.

Connectivity, Automation: More Tracks 

As the CD was grabbing the public attention at large in the early '80s, digital processors, samplers, synthesizers and drum machines were transforming the recording studio. But for all their creative potential, these new devices would prove unmanageable unless they could be made to talk to one another.

Enter MIDI. A protocol that allowed all compatible digital instruments and modules to communicate with each other, MIDI was the solution for musicians, programmers and engineers who were struggling to make sense of their new digital arsenals. So powerful was the impact of MIDI on the recording industry that it colored the sound of music itself, giving rise to the synth pop sound of the early '80s and other subsequent forms of electronic music.

The advent of MIDI — with its layers of real and “virtual” tracks — combined with the arrival of 48-track recording (via the second-generation, 48-track DASH and the ability to synchronize two or more analog 24-tracks) to usher in the age of the big consoles. No longer would 32 channels suffice to handle a music mix; studios had to think in terms of 56 channels or more if they had any hopes of capturing mixing work (today no respected studio will operate with less than 72 or 96 channels console).

Whereas Neve had dominated the console market for the better part of the 1970s, Solid State Logic emerged as the leader in the early '80s with its top-of-the-line 4000 E Series mixer. Its features and options included Total Recall, automation, built-in dynamics and processing, and extensive routing capabilities. In short, the SSL 4000 E was perfectly suited to the increasingly complex needs of recording and mixing engineers at the time.
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As Gordon Raphael, a working musician, engineer and producer since the 1980s recalls, “By the late '80s, a high-end commercial studio was expected to have a bank of MIDI-enabled synthesizers and drum machines; at least one and, ideally, several analog 24-tracks, along with a Time-line synchronizer; a Sony or Studer DASH 48-track; an automated SSL console (or a Neve, if the room was geared for tracking); a half-inch analog mastering deck; and a DAT machine, which by then had become the de facto digital mixdown medium after it failed to emerge as a recordable consumer sound carrier.”

Enter The Project Studio

While professional engineers and studio owners were busy sorting out a tangled web of new technologies, home recording enthusiasts were bubbling with excitement over the cassette multitrack recorders that had been introduced starting in the early '80s by companies including Tascam and Yamaha, and by low-cost drum machines by the likes of Roland and Yamaha. Few knew it at the time, but the recording establishment and this escalating home-based market were on a collision course that would change the playing field for the entire industry in the next decade. However, before the home studio could pose a real threat to commercial facilities, the audiocassette would have to give way to a new, improved and preferably digital format.

The Alesis ADAT — a VHS-based, modular, digital 8-track recorder — turned out to be the first solution for the home recording industry. Introduced in early 1991 at a NAMM show, the ADAT was an instant success.
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The ADAT seemed to be the answer to every home recordist's prayers. Its audio fidelity was considerably better than that of the cassette, it offered the ability to bounce tracks without losing quality, and its track capacity was virtually unlimited with the use of two or more machines in a modular setup. Furthermore, it was affordable. 

Later, Tascam weighed in with the DA-88, a Hi-8-based machine that worked on the same principle as the ADAT but was a bit pricier and more professionally oriented. Together, these two devices — MDMs, as they came to be called - opened the gate for amateurs and professionals alike. Suddenly, a recording hobbyist with enough skill and creativity could make a master-quality record at home.
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But the home-based engineers with modest budgets did not stop there, in 1990 Mackie introduced their CR-1604 digital mixer followed by the 1995 Yamaha introduction of the 02R digital mixer, an automated console with built-in effects, dynamics and option cards that offered digital links to ADATs, DA-88s and other popular devices. Other companies followed with similar products, and suddenly a market was born for affordable digital mixers that interfaced with the huge installed base of MDMs.
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While the MDM/digital mixer combination posed a clear threat to commercial studios, forward-thinking facility owners saw that the same technologies that were enabling the home studio could also save them money. In other words, inexpensive MDMs — or some future variant thereof — could replace a far costlier DASH mutitrack. Even if a studio owner felt he or she needed to stock a DASH machine for compatibility with the rest of the world, one recorder — not three — might suffice in a three-room facility.
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Still, there was tension between these two ends of the recording spectrum, and it was far from the only source of friction in the recording industry in the 1990s.

The Benefits of Being Digital

The first thing to remember is that a digital system is more complex than the equivalent analog circuit.
 However, digital circuits are complex, but very few of the components must be precise; most of the circuitry merely responds to the presence or absence of current. Improving performance is usually only a matter of increasing the word size or the sample rate, which is achieved by duplicating elements of the circuit (or in simpler words – by a press of a key). It is possible to build analog circuits that match digital performance levels, but they are very expensive and require constant maintenance. The bottom line is that good digital systems are cheaper than good analog systems.

Digital devices usually require less maintenance than analog equipment. The electrical characteristics of most circuit elements change with time and temperature, and minor changes slowly degrade the performance of analog circuits. Digital components either work or don't, and it is much easier to find a chip that has failed entirely than one that is merely 10% off spec. Many analog systems are mechanical in nature, and simple wear can soon cause problems. Digital systems have few moving parts, and such parts are usually designed so that a little vibration or speed variation is not important.

In addition, digitally encoded information is more durable than analog information, again because circuits are responding only to the presence or absence of something rather than to the precise characteristics of anything. Which means it is possible to design digital systems so that they can actually reconstruct missing or incorrect data. You can hear every little imperfection on an LP, but minor damage is not audible with a CD. 

The aspect of digital sound that is most exciting to the electronic musician is that any numbers can be converted into sound, whether they originated at a microphone or not. This opens up the possibility of creating sounds that have never existed before, and of controlling those sounds with a precision that is simply not possible with any other technique.
Today’s Studio-In-A-Box

In the 1990s the production community became consumed in another trend that rewrote many of the rules of the industry: the digital audio workstation.

Initially embraced by mastering engineers as a 2- or 4-track, 16-bit editing platform, the Digital Audio Workstation (DAW) evolved into a bonafide tracking/mixing tool with the advent of 

· 24-bit recording

· Powerful computers like the Mac G3

· A third-party plug-in architecture that provided a wealth of processing options without any additional hardware.

Although many companies marketed compelling DAWs, Digidesign's Pro Tools platform became — and remains — the leader starting with the introduction of Pro Tools 24 in the late '90s.
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Initially resisted by large pockets of the music recording universe due to the digital quality of the days, DAWs became increasingly visible at the turn of the millennium, and by now they're nearly ubiquitous.

Because of their natural flexibility as recorders, editors and processors, DAWs have carved huge holes into the demand for linear digital audio recorders like MDMs and DASH machines, digital consoles of the 02R generation and hardware processors. Up until a few years ago, a credible studio needed a minimum of two or three MDMs, a good console, and a stack of outboard gear. Today, a $2,500 G4 equipped with a $1,000, entry-level Pro Tools Digi 001 could form the core of a serious home studio that could give a commercial facility a run for its money, at least in the overdubbing and editing aspects of production.

Besides reducing costs — and thereby further threatening the commercial studio business — the consolidation of the home studio in a computer opens up the possibility of the Internet studio, a hot trend that is likely to define the next era of recording.

With the studio computer linked to the Internet via a high-speed connection, one can now collaborate with other music makers throughout the world by simply posting tracks on a server, or e-mailing them back and forth. This method of transmitting audio through cyberspace works equally well for shared multitrack projects as it does for quick approval of mixes or other works in progress. It's a big world out there, but it's being made smaller by the connectivity that these tools afford us.

The Pro Tools Story

When a modest audio editing program called Sound Tools evolved into Pro Tools in 1991, few could have predicted the rocket path it would take to achieving superpower status. As the Alesis ADAT had done over on the tape side, Pro Tools represented a major leap forward in digital recording technology. By the mid/late '90s, Pro Tools had become an industry standard. Like other brand names that became a part of our language, the name Pro Tools became synonymous with computer-based audio recording and editing.

As John Eaton, electrical and audio engineer whose work included building the NYC based Hit Factory recording studio
 and Puff Daddy’s Bad Boys Entertainment facilities explains, by the mid-1990s as Pro Tools became the industry standard for recording and mixing suddenly almost every studio, whether it is a home studio or a major one, enquired the software and upgraded their studios toward the digital age. The main reason for that “sudden” move would be based in the compatibilities that Pro Tools offered. Once everybody were using Pro Tools it was very easy to transfer your work between your home-studio were most writing and editing took place to the major studios where recording and mixing were done. The ability to move around with the recordings’ material opened up many working opportunities that weren’t there before. For example, you could record drums and vocals in a major studio, and then add the guitars and keyboard or MIDI at your home studio and hiring a different studio to mix all of the tracks while encountering no compatibility problems. And as Mr. Eaton recalls, by the end of the 1990s absolutely everybody in America would use Pro Tools one way or another.  

The Pro Tools platform has evolved significantly over the years, but its essence has remained the same from the start. The system is based on two key categories: 

(a) An elegant software application in which all main functions take place within two main windows — edit and mix — and 

(b) (b) Companion hardware that provides serious DSP power and connectivity.
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Some points on Pro Tools road to stardom:

Twenty years ago, personal computers were just beginning to go mainstream. A similar interest in finding a better way to do things drove Digidesign’s founders, Evan Brooks and Peter Gotcher, to develop a product called “digidrums.” These replacement drum-sample chips for Drumulator, Linn, and other drum machines were the original inspiration that ultimately morphed into Pro Tools. 

Back in those days, computers and music were still considered something of an obscure combination. Tape, the recording media standard for decades previous, still remain supreme, as did analog devices ranging from hardware delay and reverb devices to big analog recording consoles. Along with its relative affordability and accessibility, many years of reliable use and experience supported analog’s place in the audio production world. It seemed an unshakable relationship; few in the industry sought an alternative.

But as the digital revolution quickly gathered steam, it inevitably dipped into the audio world. New media options began popping up left, right, and everywhere in between. 

Regardless of genre or style, digital and electronic instruments began to pop up in studios and on stages everywhere, having finally become affordable enough to make sense to musicians on almost every level. In 1983 the first electronic keyboards with MIDI (Musical Instrument Digital Interface) were introduced, paving the way for increasingly powerful and sophisticated computer-based music systems. Those tools didn’t necessarily adjust the essence of songwriting so much as they introduced the possibilities of the digital world to a very wide audience. 

This was the point of crossways between the merging of personal computers, electronic/digital instruments, and popular acceptance. And Digidesign assumed an instrumental role in generating and propelling new advances. Inspired by the success of their initial venture, Gotcher and Brooks developed and released their Sound Tools product, an early digital recording system introduced in 1989. And by 1991, TDM-based Pro Tools I was born. 

From that point on, Digidesign’s products developed rapidly, as creativity blossomed, technological means improved, and the competitive field broadened. 1994’s Pro Tools III introduced a major leap in performance and ushered software plug-ins into the picture, providing a new route for digital audio signal-processing innovations. With Avid’s purchase of Digidesign in 1995, integrated audio for picture became an integral part of the Pro Tools schema. In 1997, Pro Tools|24 took sound quality to the next level. It was succeeded a year later by Pro Tools|24 MIX, which added even greater TDM muscle through advanced DSP. By 1998 Digidesign decided to take their product a step forward by developing the ProControl a Pro Tools based mixing console, this new console offered to combine the advantages of hands-on mixing console where you can actually “swift faders and bottoms” which was the old fashion way of working in the studio, with the advances of using a digital software, where every button can carry a few functions and automation abilities. Digidesign’s current flagship product, Pro Tools|HD and HD Accel, arrived in 2002 and 2003 respectively, setting yet another new standard in sound quality, performance, and flexibility. And most recently, the ICON integrated console environment has delivered an unprecedented degree of efficiency and quality to digital audio production (mostly adopted by major studios and post production facilities).

Over the span of those years, a variety of powerful innovations that have proven themselves invaluable for music and post production were introduced to the market: ProControl, Control|24, and Command|8 control surfaces; the Pro Tools LE family of products — including Digi 001, Mbox, Digi 002, and Digi 002 Rack — which brought professional production capabilities into home and project studios worldwide; AVoption, AVoption|XL, and AVoption|V10 for post facilities; DigiDelivery secure electronic file delivery; and the Digidesign Training & Education Program, to name a few.
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Just on January 2005 Digidesign decided to enter a new market with the launch of its new VENUE digital live sound console. David Gibbons, Director of Product Marketing for Digidesign, modestly says that while the 20-year-old company is "reasonably well" positioned in their core business of music and postproduction, Digidesign was "looking for a way to expand and give us a growth path that would take us to the next decade.”  Up till today the live sound console used in the market were mainly analog due to a few reasons - sound quality, maximum reliability and the latency problem - however the new Venue console deals with those issues while offering the live sound world the advantages of the digital environment, such as a big plug-ins library, automation functions, and recording and editing options.

The Pro Tools advantages

Professional engineers and producers working with a wide range of popular artists and films productions made all of the following points:

· Pro Tools is easier to edit with.

· Pro Tools is quicker to work with.

· Pro Tools opens up new possibilities for creativity.

· Pro Tools offers wide range of plug-ins (digital processors) that enable us to eq, compress, stretch, replace, and tune the sounds, while adding delays, reverb, distortion, or clarity to the sounds, and it is all inside the computer. No expensive hardware necessary.

· Pro Tools offers recording at a higher sample rate, which offers warmer, clearer sound and the ability to work in surround.

· Pro Tools offers compatibility with other studios.

· Pro Tools offers new dimension and emotional range to the music.

· Pro Tools is very useful as a songwriting tool.

· Pro Tools unable you to go back and fourth while working.

· Pro Tools saves the sessions with its plug-ins setup for a long period.

· Pro Tools is easy to move around with, using the Pro Tools Mbox you can just plug and play with Pro Tools on your laptop. 

· Pro Tools is the standard in the industry, which means almost 100% of the industry personnel know how to operate the system and speak the Pro Tools language.

· And Pro Tools is much cheaper to buy, update and maintain than any analog device.

* The original quotations can be found on appendix 2.

THE NEXT WAVE

So, where do all this power, all this flexibility, and all this inter-connectedness leave us?

For all that have been accomplished in the past quarter century, the recording industry have probably only scratched the surface of what can be accomplished from a technical, creative and entrepreneurial perspective.

The home theater promises to open new vistas for musicians, audio engineers, and business people as ways to figure out how to maximize the format's potential are being explored. So far, we have seen a small progress in surround audio production, but the vast majority of our collective experience remains in the stereo realm.

The bar of audio resolution had been rising steadily to a nominal threshold of 24 bits and 192kHz sampling, easing the concerns of those who felt that early digital sound was “cold.” It's getting warmer, but it's still not as hot as a live performance. How can we make recordings sound more “real”? Do we increase the word length? Do we embrace a whole new paradigm of digital recording, as Direct Stream Digital is trying to do? Or is there another, still uninvented way of delivering music to the listener?

And of course, we are beginning to use the Internet to further our creative goals, but even with T1s, DSL and cable modems, our ability to upload and download uncompressed audio data is severely limited by those systems' available bandwidth. If we are to truly rely on the Internet as a production tool, we need wholesale increments in bandwidth and affordable access to it.

Ultimately, even if we harness all these tools to their full potential, our success as creative individuals will be measured not by our technical achievements, but by how deeply we touch people with our work. As music industry veteran Al Teller wrote in 1991: “While we may be dazzled by all this technical wizardry, we should not be blinded to a simple truth: that it still takes the talents of a gifted artist to make these instruments truly sing.”

Appendix 1

Basics of Digital Recording – by Peter Elsea

CONVERTING SOUND INTO NUMBERS

In a digital recording system, sound is stored and manipulated as a stream of discrete numbers, each number representing the air pressure at a particular time. The numbers are generated by a microphone connected to a circuit called an ANALOG TO DIGITAL CONVERTER, or ADC. Each number is called a SAMPLE, and the number of samples taken per second is the SAMPLE RATE. Ultimately, the numbers will be converted back into sound by a DIGITAL TO ANALOG CONVERTER or DAC, connected to a loudspeaker.
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Fig. 1 The digital signal chain
Figure 1 shows the components of a digital system. Notice that the output of the ADC and the input of the DAC consists of a bundle of wires. These wires carry the numbers that are the result of the analog to digital conversion. The numbers are in the binary number system in which only two characters are used, 1 and 0. (The circuitry is actually built around switches which are either on or off.) The value of a character depends on its place in the number, just as in the familiar decimal system. Here are a few equivalents:

          BINARY DECIMAL 

               0=0 

               1=1 

              10=2 

              11=3 

             100=4 

            1111=15 

1111111111111111=65535

Each digit in a number is called a BIT, so that last number is sixteen bits long in its binary form. If we wrote the second number as 0000000000000001, it would be sixteen bits long and have a value of 1.

Word Size

The number of bits in the number has a direct bearing on the fidelity of the signal. Figure 2 illustrates how this works. The number of possible voltage levels at the output is simply the number of values that may be represented by the largest possible number (no "in between" values are allowed). If there were only one bit in the number, the ultimate output would be a pulse wave with a fixed amplitude and more or less the frequency of the input signal. If there are more bits in the number the waveform is more accurately traced, because each added bit doubles the number of possible values. The distortion is roughly the percentage that the least significant bit represents out of the average value. Distortion in digital systems increases as signal levels decrease, which is the opposite of the behavior of analog systems.
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Fig. 2 Effect of word size
The number of bits in the number also determines the dynamic range. Moving a binary number one space to the left multiplies the value by two (just as moving a decimal number one space to the left multiplies the value by ten), so each bit doubles the voltage that may be represented. Doubling the voltage increases the power available by 6 dB, so we can see the dynamic range available is about the number of bits times 6 dB.

Sample Rate

The rate at which the numbers are generated is even more important than the number of bits used. Figure 3. illustrates this. If the sampling rate is lower than the frequency we are trying to capture, entire cycles will be missed, and the decoded result would be too low in frequency and might not resemble the proper waveform at all. This kind of mistake is called aliasing. If the sampling rate were exactly the frequency of the input, the result would be a straight line, because the same spot on the waveform would be measured each time. This can happen even if the sampling rate is twice the frequency of the input if the input is a sine or similar waveform. The sampling rate must be greater than twice the frequency measured for accurate results. (The mathematical statement of this is the Nyquist Theorem.) This implies that if we are dealing with sound, we should sample at least 40,000 times per second. 
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Fig. 3 Effects of low sample rates
The Nyquist rate (twice the frequency of interest) is the lowest allowable sampling rate. For best results, sampling rates twice or four times this should be used. Figure 4 shows how the waveform improves as the sampling rate is increased. 
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Fig. 4 Effect of increasing sample rate
Even at high sample rates, the output of the system is a series of steps. A Fourier analysis of this would show that everything belonging in the signal would be there along with a healthy dose of the sampling rate and its harmonics. The extra junk must be removed with a low pass filter that cuts off a little higher than the highest desired frequency. (An identical filter should be placed before the ADC to prevent aliasing of any unsuspected ultrasonic content, such as radio frequency interference.) 

If the sampling rate is only twice the frequency of interest, the filters must have a very steep characteristic to allow proper frequency response and satisfactorily reject the sampling clock. Such filters are difficult and expensive to build. Many systems now use a very high sample rate at the output in order to simplify the filters. The extra samples needed to produce a super high rate are interpolated from the recorded samples.

By the way, the circuits that generate the sample rate must be exceedingly accurate. Any difference between the sample rate used for recording and the rate used at playback will change the pitch of the music, just like an off speed analog tape. Also, any unsteadiness or jitter in the sample clock will distort the signal as it is being converted from or to analog form. 

Recording Digital Data

Once the waveform is faithfully transformed into bits, it is not easy to record. The major problem is finding a scheme that will record the bits fast enough. If we sample at 44,100 hz, with a sixteen bit word size, in stereo, we have to accommodate 1,411,200 bits per second. This seems like a lot, but it is within the capabilities of techniques developed for video recording. (In fact, the first digital audio systems were built around VCRs. 44.1 khz was chosen as a sample rate because it worked well with them.) 

To record on tape, a very high speed is required to keep the wavelength of a bit at manageable dimensions. This is accomplished by moving the head as well as the tape, resulting in a series of short tracks across the tape at a diagonal. 

On a Compact Disc, the bits are microscopic pits burned into the plastic by a laser. The stream of pits spirals just like the groove on a record, but is played from the inside out. To read the data, light from a gentler laser is reflected off the surface of the plastic (from the back: the plastic is clear.) into a light detector. The pits disrupt this reflection and yield up the data. 

In either case, the process is helped by avoiding numbers that are hard to detect, like 00001000. That example is difficult because it will give just a single very short electrical spike. If some numbers are unusable, a larger maximum (more bits) must be available to allow recording the entire set. On tape, twenty bits are used to record each sixteen bit sample, on CDs, twenty-eight bits are used.

Error Correction

Even with these techniques, the bits are going to be physically very small, and it must be assumed that some will be lost in the process. A single bit can be very important (suppose it represents the sign of a large number!), so there has to be a way of recovering lost data. Error correction is really two problems; how to detect an error, and what to do about it.
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Fig. 5 Effects of data errors
The most common error detection method is parity computation. An extra bit is added to each number which indicates whether the number is even or odd. When the data is read off the tape, if the parity bit is inappropriate, something has gone wrong. This works well enough for telephone conversations and the like, but does not detect serious errors very well.

In digital recording, large chunks of data are often wiped out by a tape dropout or a scratch on the disk. Catching these problems with parity would be a matter of luck. To help deal with large scale data loss, some mathematical computation is run on the numbers, and the result is merged with the data from time to time. This is known as a Cyclical Redundancy Check Code or CRCC. If a mistake turns up in this number, an error has occurred since the last correct CRCC was received.

Once an error is detected, the system must deal gracefully with the problem. To make this possible, the data is recorded in a complex order. Instead of word two following word one, as you might expect, the data is interleaved, following a pattern like:

words 1,5,9,13,17,21,25,29,2,6,10,14,18,22,26,30,3,7,15,19,27 etc.

With this scheme, you could lose eight words, but they would represent several isolated parts of the data stream, rather than a large continuous chunk of waveform. When a CRC indicates a problem, the signal can be fixed. For minor errors, the CRCC can be used to replace the missing numbers exactly. If the problem is more extensive, the system can use the previous and following words to reconstruct a passable imitation of the missing one. One of the factors that makes up the price difference in various digital systems is the sophistication available to reconstruct missing data.

Appendix 2

Why using Pro Tools? Examples from the masters…

Despite the fact that Sir Elton John doesn't embrace modern technologies like email or cell phones, he recognizes the importance of Pro Tools. "Elton loves working in Pro Tools," says engineer Matt Still
. "He's looking to build a studio/writing room for himself in Venice, Italy, and the one thing he's said he wants for sure is a Pro Tools system. He respects the value of Pro Tools: the speed at which you can do things you could never do in the analog world, and the way you can work with arranging a song." 

"When you're recording someone like Elton, with piano and voice and real instruments, you immediately hear the advantages of working at 96 kHz," Still notes. In addition to the CD, the Elton John project will be mixed in surround and released as a SACD and DVD-A — another compelling reason to record at a high sample rate.

For each piece on Elton's new release, the Pro Tools sessions total between 36 and 110 tracks. "I don't know if we could pull it off with any fewer tracks," says Matt. And then, of course, there's Auto-Tune. "Auto-Tune is a thing that every engineer uses, and no artist admits to," he jokes. "Auto-Tune is great when you get a phenomenal performance and there's just that one little flaw. You can salvage things that you couldn't otherwise salvage. That's really what I use it for."

In the movie post-production world Pro Tools played a major role as well. Kent Sparling
 started out working at recording studios, getting hands-on training right out of high school, and eventually opening his own studio with a friend. In 1997, he joined Northern California's legendary Skywalker Sound as a mix technician. The position was created as digital audio workstations became the standard delivery platform to the mix stage, and consoles grew increasingly complicated for mixers to set up, patch, and troubleshoot on their own. 

Skywalker aside, Sparling does most of his Pro Tools-based music work in his Berkeley home studio. Kent's studio centres on a Power Mac G4 800 MHz running Pro Tools LE in Mac OS X, with a Digi 002 as his audio, MIDI, and mixing interface. He uses a Yamaha KX88 weighted key controller to trigger samples in Native Instruments' Kontakt within Pro Tools. As for plug-ins, Sparling uses only Kontakt and Vokator, also from Native Instruments, though he did just download the Bomb Factory plug-ins from Digidesign. 

Sparling comment on Pro Tools features, "Mostly, I work it heavily as an editing platform. And the fact that I can work back and forth between my LE system and the TDM mix delivery system at Skywalker, lets me design at home on what's become the de facto standard in the film industry." 

"It's a great, really efficient way of editing," says Sparling. "I come from a background where I used to cut tape, — and I love cutting tape, but it's just so much less nerve-racking to cut in Pro Tools." 

And with Pro Tools, Kent can combine the tactile aspects of analog with the control of digital processing. "I'm very much an analog guy still," he admits. "There are things you can only do with an outboard processor. There's a tactile way of working that you can't come close to with anything on a computer. The Digi 002 allows me bridge these two worlds of analog and digital, while providing a complete compact MIDI interface for controlling samples and sampling things." 

In the Urban world they say:

"Pro Tools is perfect for someone like Missy Elliott, because she tends to write about five or six songs on the same track," says engineer/mixer/producer Jimmy Douglass, an industry icon who regularly works with Missy Elliott, Jay-Z, Timbaland, Lil' Kim, and other platinum-level hip-hop acts. "She'll say, 'Turn that chorus off, I don't want to use that chorus.' And then she'll do some other chorus lines, double or triple them, then do some harmonies and go, 'Wait. I don't like that line. Hold that line for a minute.'" 

Pro Tools helps keep the tracks straight and the session moving, says Douglass. "I used to record her to analog tape," he recalls. "I'd just hide the tracks as we went along, turning them off on the board. But you can do that really easily with Pro Tools — so now we work entirely in Pro Tools."

Douglass started out engineering and mixing rock and classic R&B, but his experience and discography now spans several genres of music, including funk, jazz, rock, rap, and hip-hop records. His main compliment for Pro Tools, "With the advent of digital recording, and technology making it so accessible, it's now really easy to hear your vision in an instant," says Douglass. "Back in the day, you had to think about it, organize it, get the musicians, go to a studio — and all the while, you had to keep the vision alive. You had to have imagination about what the vision could turn into. But today you can open up a little box, find a sample, play a loop, and your vision can be realized in about ten seconds. Then you can either develop it, or move on. It's very nice, but it's also made it so that nobody spends much time on music anymore. You can literally go buy a box today, go home and make a record. It's really given us immediate gratification."

Today, Douglass splits his work between several Pro Tools studios. "They've got an HD system at the studio I use in New York at Manhattan Center Studios, and I just bought an HD system for my home studio," he says. "I've also purchased two HD systems for the studio that Timbaland and I are building in Virginia Beach." 

And when he goes out on the road, Douglass always takes his home Pro Tools rig with him, just to make sure he doesn't miss out on any of his favourite plug-ins.

Another benefit Douglass mentioned, "One great thing about the disposability of digital recording and editing is that you can get done a lot quicker and move onto the next thing," he says. "You don't have to worry, because you can always come back to it. But, on the other side, if you keep working on the same thing over and over and make things too 'right,' then there's no life left to it. And I think that carries over to the listeners — they know!"

Black Eyed Peas engineer/editor Tal Herzberg also gives Pro Tools a tip of the hat. "Pro Tools really shone on the orchestral portions of the record," he says about Elephunk, nominated this year for the Grammy category of Best Engineered Album (Non-Classical), "Those orchestral elements of Elephunk sound very majestic combined with the hip-hop flavour of the songs and the band," he continues. "Pro Tools helped in creating a truly magical musical event. It was used in every step of the creation process, including the writing, recording, editing, and mixing of the album. We got into vocal tuning, orchestral recording and editing, quantizing specified sections, using plug-ins, and other functions, all with Pro Tools. We were able to keep the experimental elements completely alive while refining the production values right to the end, which is awesome." 

Tony Maserati, who mixed Elephunk, agrees. "The increased processing speed and additional DSP of Pro Tools|HD allowed Will.i.am and I to look at his music from a totally different perspective," says Maserati. "The resolution of the HD plug-ins impressed and inspired both of us to create new ideas on a couple of songs that were already several months old at the time. Pro Tools was also an important factor in the Beyoncé project. I had been using the Pro Tools|HD system for about a year when I worked on the Beyoncé record [Best Contemporary R&B Album, Best R&B Song, Best Female R&B Album]. Having worked on the last Destiny's Child record as well, I knew what to expect from the tracks and from her voice. The Pro Tools|HD system gave me greater depth on that project, and truly pushed the limits of the sonic experience." 

When Dave Pensado mixed Christina Aguilera's "Beautiful" with Pro Tools|HD, he helped earn a Grammy win for Best Female Vocal Performance. "My first thought was to show the world what my HD rig could really do!" laughs Pensado. "But as I opened the Pro Tools session, I realized that the mix itself could ruin the song. If people heard my mix rather than the song itself, then I would have ultimately failed. With Pro Tools, I come closer to getting the song just as the musicians have left it. I get their actual session, plug-ins, levels, pans, and such, so as a mixer I'm picking up right where they left off. Pro Tools has made the songwriting and mixing process much more creative and interactive in this way."

Avril Lavigne, three major Grammy nominee, co-wrote "I'm With You" with Lauren Christy, Graham Edwards, and Scott Spock, the production trio known as The Matrix, who have also worked with Christina Aguilera, Liz Phair, Robbie Williams, Britney Spears, and Ricky Martin. "With Pro Tools, arranging and production are now an essential part of songwriting," says Matrix member Scott Spock. "A great song isn't only about great melodies and lyrics anymore — just try walking into a label these days with nothing but an acoustic guitar. Using Pro Tools, the emotion of the music as a whole can now be translated into an even greater song. It's an essential songwriting tool that has created a new breed of amazing songwriter-producers." 

And the most successful production team of the last couple of years – The Neptunes – responsible for enormous number 1 hits for the like of Jay-Z, Nelly, Justin Timberlake, Britney Spears, and many more embraces Pro Tools as well. "Pro Tools|HD sounds so crystal clear, and it's especially good for capturing live instruments," says Chad Hugo, one-half of this century's top hip-hop, rap, pop, and rock production duo, The Neptunes. "In the low end, you can hear so much more of the depth of the sound and the ambience of live instruments. MIXplus is great for hip-hop and other music, but with Pro Tools|HD you hear much more dimension." 

Andrew “Drew” Coleman, a programmer and engineer who has worked with the duo for the last 10 years explains, "A cool thing about Pro Tools is the way we can easily keep track of and carry around all these songs Pharrell and Chad are working on for other people," he says. "It's great that they can just say, 'Hey Drew, remember that song we ended up not doing with so-and-so last year? Bring that one up a minute.' And it's right there, and nothing has changed at all in the session settings, except that we might have another artist in mind for those tracks. 'I'm A Slave 4 U' is an example of that, of how fast we can instantly recall everything associated with a song that we've already worked on."

And he adds up, “Mostly when you're working with producers, engineers, and artists like these guys, speed is key. If you can get ten things done in the time it takes to usually do one thing, then you've opened up lots of avenues for creativity and Pro Tools can give you this speed."
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Bing Crosby with his beloved Ampex 200A recorders (analog recorders).
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TEAC�1⁄4-Inch Simul-Sync 4-Tracks (1969) – one of the first home recorders�





Abbey Road Studio manager Ken Townsend buys an SSL 4000 from Colin Sanders.
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Pro Tools Mbox – plug & play system – removable laptop operating Pro Tools system, approx. $450.





Pro Tools’ Mix window (right) and edit window (left)





Sony PCM 3348 HR – 48 tracks recorder





Tascam DA-88 Modular Digital Multitrack








� Ken C. Pohlmann, Principles of Digital Audio, New York McGraw-Hill Professional, 2000.


� Back in those days a publisher will sell a song to a few different producers at the same time, especially if it was a hit song.


� Pulse Code Modulation (PCM) is still the most common form of data modulation. Essentially it is a system used to translate, modulate and store digital data.


� The first computer platform to integrate stereo sound with heavy-duty data processing, Macintosh “has always been a creative tool, developed for creative professionals, visual or musical,” says Apple Computer senior director of applications marketing, Richard Kerris. “The Mac has audio as part of its DNA. Those creative professionals influenced what Apple is today. The audio industry is part of that.”





� For further understanding of the digital system read Appendix 1.


� The Hit Factory was considered as 1 of the top 3 studios in NYC for the past 15 years or so, however, by the beginning of 2005 the studio had shot down its doors and moved all of its equipment to the Miami Hit Factory. One of the main reasons were the huge home-based studios market in NY, which stole a big fortune of the major league studios work, and secondly, in the last couple of years there has been a major shift of recording facilities to places like LA and Miami where the artists can enjoy the warm weather and seaside view while recording their albums.


� With the advent of the Pro Tools HD (High Definition) line, Digidesign has raised the bar substantially. The list of new features is long and impressive. HD now supports sample rates of up to 192kHz, track count can climb to 128 tracks at 48kHz, additional timeslots allow significantly larger mixer setups, up to 96 channels of I/O are now available, the new HTDM plug-in format combines the advantages of dedicated hardware with host-based processing, hardware quality and connectivity has been vastly improved, and that's just scratching the surface.


� Still is a versatile engineer who has worked on everything from rap and R&B records to musicals. His credits include playing on OutKast's Stankonia and Big Boi and Dre Present...OutKast, plus engineering tracks for OutKast's award-winning Speakerboxxx/The Love Below and such rock records as Third Day's debut release. And for the first half of this year, Still worked with Elton John on his new record, scheduled for release in November 2004.





� A sound designer and film mixer for Skywalker Sound who has worked on Sophia Coppola's Lost in Translation and The Virgin Suicides, plus a host of indie films.
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