“Media Engineering – a technical handbook for television, radio and new-media technicians”

Introduction – some history and the role of engineers in the media industries. An encouraging take on why media engineering is a great career.

I joined the BBC as a trainee engineer in the eighties at what was, as it turned out, a halcyon age for television technicians. I'd just completed a degree in maths and programming and having seen the majority of my friends go to work for Microsoft, IBM and BT I worried that my passion for technology would be killed if I was writing database code day in and day out. When I saw the BBC recruiting from wider than it's traditional sphere of electronics graduates I jumped at the chance and wound up in television news and current affairs – initially at  Lime Grove Studios and then at Television Centre.

Those were the days when digital video was just starting to make inroads into the production and post-production spheres. There were digital video effects units from various manufacturers as well as still-stores and painting systems from Quantel and the like. Sony was just about to launch it's D1 video recorder and 'proper' television equipement was still very expensive and very large – half an equipment bay for most devices. At the time a three machine video-editing suite might have set you back half a million pounds – three D1 or 1” VTRs, a couple of channels of digital video effects (DVE), caption machine and edit controller. Most of these units cost as much as a Ferrari and so television was still a very serious business with very serious budgets. 

Against all of this an engineer's salary and his initial and ongoing training was small beer. Since most equipment was an order of magnitude less reliable than it is today the industry recruited and trained an army of engineers annually. From the engineer's point of view it was possible to understand most of this gear from start to end. In 1989 I could take you through the schematics of a Quantel Paintbox and explain what every section on every card did. I could fix any fault the machine developed and felt entirely comfortable in every aspect of it's operation and maintenance. In fact there was an expectation that a good engineer could fix any bit of kit in his department, calibrate monitors and cameras and even know the signal flow from the camera in studio two all the way to the transmitter at Crystal Palace. I was expected to be able to jump in and help out in operations of telecine machines, studio vision mixers and links vehicles. It was all rather splendid as nothing was particularly complex if you could familiarise yourself with it. A solid understanding of electronic and engineering principles were all you needed to navigate your way through your working day.

If you jump forward a couple of decades we find ourselves in an entirely different world. Videotape has all but gone for acquisition, post and delivery and most pieces of equipment are running the same operating systems as the computers at home. High definition, which was an exotic demonstration at trade shows in the eighties is now well established to the home viewer. Much improved reliability and the cost of equipment has meant that broadcasters have all but shed the army of engineers they previously employed (or indeed subcontracted their work out entirely) and facility companies can afford to not have an engineer, instead relying on service companies and equipment resellers to provide systems integration and technical support services.

There are hundreds of channels and (since there is little more money via advertising) the same amount of cash has to support them all. Although production and delivery costs are now tiny by comparison there is still a feeling that the massive amount of choice we now have hasn't made our viewing any better. 

From the engineer's perspective it seems impossible to have a good understanding of television from end to end. An Avid is a complex beast and when a friend at a terrestrial broadcaster tries to explain to me the distributions for their channel taking into account all of the regions for advert-variation my eyes glaze over. Without the benefit of twenty years in the industry and having seen all these inovations from their early stages I wonder how any of my younger colleagues cope. 

Most engineers now are specialists – they rack cameras and operate in OB trucks or they fix Avids and Final Cut workstations. Unfortunately this had led to a loss of the bedrock knowledge – a confidence with mains power, basic audio and video as well as a passing familiarity with all three of the computer operating systems we encounter. I visit broadcast and facility companies every week in my work as a system designer and trainer and most of the engineers I come across – whilst hard-working and conscientious men and women – lack that bedrock knowledge that came from the BBC's training centre at Evesham or Ravensbourne College. When I show up to calibrate a monitor they look worried when I ask them what white-point they work to and cross-coupled earths on their mains leave them scratching their heads wondering why they have hum on that room's audio feeds. 

It is with this in mind that I decided to write this book. It is (in part) training material that I have been running for the last decade and I hope it will give people just starting out the confidence that a strong under-girding of technical knowledge brings. 

I mention radio and new-media in the title because although most of my career has been as a television engineer I've often had to work in radio studios as well as DVD and internet encoding facilities and those bedrock principles are all the same. We deal with signals (digital and analogue) as well as power, cooling, networks, microphones, machine rooms and equipment cabinets. We all need to patch signals and configure TCP/IP connections. Knowledge of newer cabling standards like fibre optics and ten-gigabit ethernet are important to all media technicians.

To this end the book will try and keep things interesting and relevant to all these areas of electronic media and may just pay cursory service to more specialist areas like coding and multiplexing as well as the more esoteric end of outside broadcast.

Finally it's worth pointing out that being an engineer in electronic media is a fantastic career. People aren't going to stop watching TV or online video, buying DVDs, or listening to the radio any time soon and with the demand for HD growing and many more devices for us to consume content on (as well as new delivery methods – podcasting etc.) the future for committed engineers seems good. The privilege of working with creative people and seeing the project that you had a small hand in being enjoyed by millions shouldn't be sniffed at. It's still a technical business and making yourself the go-to guy or gal ensures that your opinion (and hopefully salary!) will be held in esteem by the management. It's a small enough industry for you to get to know colleagues in other companies and it's always a pleasure to bump into old workmates at trade shows and conferences.  As an engineer you will have a career path that can take you from junior all the way to technical director without having to jump ship and leave your roots behind. There are good institutes that encourage your career development and once established the chance to work in other countries is always there. The growth of reality TV and sports means that you can work entirely on location if you chose or you could base yourself at a fixed facility or broadcaster.

I'm nearly at the quarter century in the industry and can honestly say that if I didn't need to go to work for financial reasons I would probably be doing this kind of thing anyway. 

1. Mains

1. Safety – first and last!

Mains power is the one things that is potentially deadly and found in all buildings from domestic dwellings to huge studio-complexes. There are well defined standards for cabling, connectors and styles of distribution that, if followed ensure a safe working environment for all. Modern practise is to test an installation at commission time and then have a schedule of testing for the life of the facility to ensure that the normal day to day wear and configuration changes don't result in a dangerous situation. Whilst there are some tasks that a qualified electrician will need to be called in for it is the responsibility of the technical staff to be aware of the mains in a building and have a constant eye on any faults or changes. As with many areas of engineering there can be a world of difference between what 'works' and what is safe and optimal. 

I attended a refresher course when the IEE 17th edition regulations were published and one session was given by a chap from the Health and Safety Executive. After a couple of hours of horror stories liberally sprinkled with slides of young electricians who'd suffered terrible burns and other injuries our man concluded his talk with the phase; “..and remember – a corpse changes everything”. He was of course quite correct. There is a modern attitude that holds Health and Safety legislation in low regard but if you get one take-away from this book only it should be that electricity can kill and you have a responsibility to ensure it doesn't happen in your facility. If you're not sure about something ask – never be too proud to admit your lack of knowledge in this most important area. 

2. Electricity – a quick primer

Although it was once the case that media engineers always came from an electronics background and so would understand the nature of electricity there are as many people entering the industry with an IT background who might not have that inherent understanding of electrical current. I often hear people confusing current with potential difference and electrical power and so a quick primer is in order. 

3. Generation – single and three-phase

In your average machine room if you look around your equipment racks (or under the desk in a edit room) you'll see lots of pieces of equipment that have a mains connector on the rear but as soon as that mains power enters the device it is stepped down to a much lower voltage – typically 12v or 5v – and converted from an alternating current to a direct current. Why on earth do we distribute electricity at a voltage and type that no kit uses? Wouldn't it be easier if the electricity company just brought 12v from the street into the machine room for all this equipment?

4. Technical vs Domestic mains

In a facility where you have production equipment that is handling the signals and data that represent the revenue for the company it is a good idea to segregate the mains supply for the technical equipment from the general purpose mains for everything else. Since domestic equipment (particularly those items with large motors – vacuum cleaners etc) is manufactured to a price it often doesn't treat the mains as well as it should. In the case of a vacuum cleaner with a motor that doesn't have industrial suppression on it powering or de-powering the motor can result in a transient spike being put back on the mains. You've no doubt seen a television's picture frame-roll or a radio start buzzing when another piece of equipment is in use upstairs. At home this isn't an issue but if the same effect was imposed on a transmission copy that was being made of a finished programme the broadcaster might turn it into an expensive mistake. For this reason it's common to have separate distributions. 

5. Mains earthing – class one and class two equipment

In the case of professional equipment that is housed in an expensive metal cabinet the safety earth is attached to the metal chassis so that if the worst happens and a conductor (mains wire) inside the unit gets detached and touches the metal case it won't be left sitting at a deadly potential ready to electrocute the next person who touches it. The earth safely runs the current away and since it's now a good conductor it will generally pass as much current as the supply can deliver rupturing the fuse in the plug or popping out the breaker in the mains cupboard. It's now safe and so long as the fault remains the fuse or breaker won't allow you to power it and make it dangerous. Countless people have been saved by the safety earth and for equipment with metal cases or exposed metalwork it's required. This arrangement is referred to as 'class one'.

that photo of the innards of an eCinema monitor showing the earth

The other arrangement which allows for no mains earth is 'class two' or 'double insulated' equipment. So long as there are at least two isolators between a conductor carrying mains potential and any part that can be touched then no earth is needed because if the wire carrying the live current came adrift and touched the inside of the kit there would still be another layer of insulation between the big volts and a person holding the equipment. 

6. Common configurations

7. Current standards and testing protocols (17th Ed etc), PAT testing etc

2. Video

1. What is video, its history, acquisition to delivery

2. VTRs – brief history and current formats

3. Cameras, Graphics & Editing workstations and Telecine machines

4. Overview of test and measurement and historically why it is necessary

5. References – the heartbeat of any media facility

6. Overview of current test sets and operation.

7. Overview of legalisers, compressors and other ways of avoiding rejection

8. Transmission – delivery over the air. DVB-T as well as Satellite. Transport streams.

9. Network delivery, prep'ing material for the Internet.

3. File-based media workflows

1. Workstation editing – Avid, Protools, FinalCut, and the others

2. Storage area networks (SANs) vs. commodity storage (NAS)

3. Codecs and data rates – acquisition vs editing vs delivery codecs

4. Media Asset Managers (MAMs) and how they fit into contemporary media workflows.

5. File-based QC

6. Some examples and good and bad file-based workflows.

4. Colourimetry

1. The importance of colour consistency in workflows

2. Standards – Standard and High definition, Rec 601 & 709 colour spaces

3. Display types – CRTs, LCDs, Plasma & projectors. Metamerism etc

4. Good practise in colour calibration

5. Audio

1. Audio waveforms and the nature of sound

2. Balanced and unbalanced audio

3. Loudspeakers and amplifiers

4. Microphones and dynamic range.

5. Audio recording formats – brief history and current formats

6. Digital representation of audio – codecs and bitrates.

7. Levels, how they equate and why it matters (headroom etc.)

8. How to use a PPM – over-levels etc

9. Introduction to audio features of modern multi-channel monitoring equipment

10. Dolby and other encoding systems

6. Networks

1. History - why a packet-switched network?

2. Layers - why they're important

3. The OSI 7-layer model and why it’s not accurate!

4. Protocols – UDP/IP and TCP/IP and why they've won out

5. Routers, hubs, switches and how they differ

6. Classes of networks

7. Network Address Translation – NAT

8. Applications in media storage systems

7. Other signal types (and how to make them go the distance!)

1. Computer display types, an overview

2. Contemporary types – DVI, HDMI & DisplayPort

3. Content management – HDCP

4. Resolution management – EDID inc DDC

5. Serial data - RS232, RS422 and USB

6. Remote control – Sony P2 protocol over RS422, MIDI etc.

8. Cabling types

1. Video – mostly coax!

2. SDi, HD-SDi and 3G – including length and cable metrics

3. Audio – twisted pair as well as other types

4. Balanced mode – not just for audio

5. Networking types – cat5 through cat7 

6. Fibre – single and multi-mode types (OS1, OM1 & OM3) – best practise, test methodologies etc.

9. Infrastructure and Systems Design

1. How do you design and build a facility?

2. Initial thoughts through bay layout, identify the operational champions

3. jackfields and krone frame layouts

4. structured cabling

5. Special considerations for vehicles – OB and links trucks.

6. Suppliers – knowing what products are appropriate.

7. Power load and air conditioning – best practise for the mains and cooling.

8. Acoustics – and when to bring in the specialists!

9. wiring technicians and how to manage them.

10. Gettings others to help – custom metalwork, panels etc

11. Testing and ratifying a build – handing it over.

10.  Being a great engineer

1. Maintenance – diagnosing and fixing problems quickly and appropriately

2. Test equipment – essential and 'nice to have'

3. Building relationships with suppliers – cable, parts etc

4. Your computer – a few recommendations.

5. Health and safety & legislation – CoSHH, IEE.17th ed., etc

6. Professional development and involvement – progress your career via an institute.

7. Trade shows – what to expects and how to get the most from them.

8. Record keeping – financial as well as engineering.

9. Staff vs. Freelance

10. Encouraging the juniors.

11. Ten things you should know as a matter of course!
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