
PBS has convened the Quality Group to improve 
the quality of public TV’s digital signals sent to 
viewers. CPB funded the year-long project to go 
where all broadcasters have had to go: into the 
chasms and wormholes of digital TV. Dave Mac-
Carn, chief technologist for Boston’s WGBH, is 
author of this Quality Group article. 

By Dave MacCarn

T elevision recording has changed quite a 
bit since its start in earlier analog days. 
We saw an explosion of new formats 

with the start of standard-definition digital 
video and an 
even broader 
array of options 
for high–defini-
tion recording. 
Each comes with 
its own set of 
specifications 
for resolution, 
encoding and 
compression. 
 What 
do all these 
specs mean to 
me? How do 
they affect the 
quality of the 

viewers’ experience? Aren’t all the HD digital 
recorders the same?
 The second article of this series (Current, 
May 3) focused on lens and imager size. Now 
we come to capturing those images. For HD, 
the cameras collect more than a billion bits 
of data per second. The Advanced Television 
Systems Committee, which formulates DTV 
standards in this country, defines a series of 
allowable HD formats: 
 Resolution: We can choose among many 
more options than analog offered to find 
the best fit for our productions. Compared 
with analog resolutions there are now many 
more choices, allowing the producer to select 
which best suits his or her vision. Should I 
shoot progressive or interlaced? 1080 or 720? 
24, 25 or 30 frames per second? 

 Each choice has consequences. A program 
acquired in 24p looks more like film than 
video usually does, but it can suffer undesir-
able artifacts. With 24 fps instead of 60, the 
camera shutter is open for longer and motion 
is more likely to be blurred. The “look” as-
sociated with film can be desirable for one 
program and disastrous for another—if it’s 
not considered when panning. 
 In practice, producing stations and PBS 
constrain some of those choices by fixing 
the delivery and broadcast specifications. 
The PBS Red Book—guidelines for program 
submission—mandates a format of HDCAM 
1080i/29.97. Some PBS stations are broad-
casting in the 720p/59.94 format while many 
choose 1080i/29.97.
 To make the most informed choices we 
need to understand the technology. Here’s 
the basic math: 

To capture an image 1920 pixels wide
and 1080 lines high,

at 30 frames per second  
(more precisely, 29.97 frames per second),
with each picture element (pixel) requiring  

8 or 10 bits of data  
(depending on how much dynamic range  

or “color depth” we want) 
and 3 samples of each pixel  

for luminance and color,
we have to record

more than 1.2 billion  
bits of data per second.

 That’s a huge amount of data! At the 
current state of recording technology, it is 
not practical to collect that much data in the 
field. To use any of the readily available stor-
age media — tape, hard drive or solid-state 
memory — we have to accept one of various 
trade-offs. 
 We usually see these alternatives as 
trade-offs between recording time and cost. 
Taking into account processing factors such 
as sampling and encoding, data recording 
devices tend to cluster around low data rates 
(18-50 Megabits per second), medium (100-
200 Megabits per second) and high (400-800 
Megabits per second). Costs vary along with 

the data rates.
 Virtually all recording devices are 
designed to put a lid on the accumulation 
of data, basically throwing some of it away. 
Unfortunately, discarding data is not a good 
thing if we want to maintain high-quality 
recordings suitable for downstream post 
processing and editing. 
 The range of HD acquisition recording 
formats, or codecs, are listed on page 11. 
We use the term “codec” to refer to the 
encoding and decoding processes being 
performed by encoders and decoders in the 
recording devices.  
 The makers of equipment and software 
try to get the best images for the cost by 
employing three categories of techniques:
 n Resolution sub-sampling, 
 n Video encoding/sampling, and
 n Video compression. 
 Resolution sub-sampling: The recorder 
collects fewer pixels than the full resolution 
of the frame. It actually records 1440 hori-
zontal pixels instead of 1920, for example, or 
960 instead of 1280. When the recording is 
played back, the video is up-sampled (inter-
polated) back to the original desired resolu-
tion. Codecs and recording formats that use 
this technique are HDCAM, DVCProHD, 
HDV, XDCamHD, XDCamEX(25Mbps) and 
AVCIntra(50Mbps).
 Video sampling: The data payload also 
can be reduced during video sampling—the 
process of collecting video data pixel by 
pixel. Since human vision is less sensitive to 
color than to luminance, we can use a lower 
data rate by reducing the number of chroma 
(color) samples collected relative to the luma 
value without viewers noticing. The sampling 
of luminance and chrominance is expressed 
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HD format options in DTV standard
Vertical x 
horizontal 
resolution

Scanning Frame rate  
(Hz)

720 lines x 
1280 pixels

Progressive 23.976, 24, 25, 
29.97, 30, 50, 59.94 
or 60

1080 lines 
x 1920 
pixels

Interlace 25 (50 fields) 
29.97 (59.94 fields) 
or 30 (60 fields)

Progressive 23.976, 24, 25, 
29.97 or 30

Source: HD section of ATSC A/53, Table 3
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as a ratio, normally represented by 
luminance (Y) samples relative to chroma 
samples of the color difference compo-
nents (Cr and Cb). So, a sampling rate of 
4:2:2 means that for every four samples 
of luminance (Y), two samples of each 
chroma component are kept. As you can 
see from the table below, some record-
ers throw away even more data by using 
4:2:0 sampling. This reduces the color 
information stored by half, however, and 
can cause chroma artifacts. Recording 
formats that use this 4:2:0 technique are 
HDV, XDCamHD, XDCamEX, AVCHD, 
Canon 5DMKII and AVCIntra(50Mbps).
 Video compression: Once the samples 
are collected, each frame of the image 
is compressed. Manufacturers choose 
different mathematical methods for 
compression, but all discard some 
information from each frame. Nearly all 
video compression techniques in use are 
“lossy”—that is, the data thrown away 
can never be recovered. The table on this 
page lists the commonly used compres-
sion techniques:
 n DCT (discrete cosine transform) 
compresses each frame of video, frame 
by frame, so each frame is available when 
it’s time to edit the video. Compression 
within each frame boundary means each 
compressed frame is not dependent upon 
any other frame— which a good thing 
as less edit processing will be necessary. 
However, DCT can cause undesirable 
blocking artifacts when using high com-
pression ratios. Recording formats that use 
this technique are HDCAM, DVCProHD, 
Avid DNxHD and Apple ProRes.
 n Wavelet compression is a relatively 
new and promising compression process 
that is also frame-based but uses a differ-
ent mathematical transform than DCT. 
The technique has been applied only 
recently to moving-image compression, 
so few manufacturers have adopted it. 
Wavelet compression can create per-
ceived artifacts across multiple frames 
at high compression levels. The RED 
camera uses wavelet compression.
 n MPEG (MPEG2), used for DTV 
transmission and DVDs and some audio 
recording, uses the DCT compression 
technique at its core. The two types of 
MPEG seen in video recording are I-
frame only and Long GOP (Long Group 
of Pictures). 
 I-frame is a compression technique 

HD Acquisition Codecs

720p 1080i 1080pVideo sample Audio

Mbps

960

1280

1280

1440

1920

1920 Sample # Bits

DCT
HDCam [1] 140 √  3:1:1 4 20
DVCProHD@24p 40 √  4:2:2 √ 8 16
DVCProHD-720p 100 √  4:2:2 8 16
DVCProHD-1080i 100 √  4:2:2 8 16
Avid DNxHD 145 √ √ √  4:2:2 4 16
Avid DNxHD 220 √ √ √  4:2:2 √ 4 16
Apple ProRes 145 √ √ √  4:2:2 √ 8 24
Apple ProRes 220 √ √ √  4:2:2 √ 8 24

Wavelet
Red 224-336 √ √ RGB or 4:2:2 12 4 24

MPEG2 Long GOP
HDV 25 √ √  4:2:0 2 MP1
XDCamHD 18-35 √  4:2:0 4 16
XDCam422 50 √ √  4:2:2 8 24
XDCamEX 25 √  4:2:0 2 16
XDCamEX 35 √ √  4:2:0 2 16
GFCam 50 √ √  4:2:2 4 16

MPEG2 I-frame
GFCam 100 √ √  4:2:2 4 16

H.264
AVCHD 24 √ √  4:2:0 2 AC3
AVCHD@24 24 √  4:2:0 2 AC3
Canon 5DMKII 38 √  4:2:0 2 16

H.264 I-frame
AVCIntra 50 √ √  4:2:0 √ 2 16
AVCIntra 100 √ √  4:2:2 √ 2 16

MPEG4 Studio Profile
HDCamSR [2] 440 √ √  4:2:2/4:4:4 √ 12 24
HDCamSR-HQ [2] 880 √ √ √  4:2:2/4:4:4 √ 12 24

[1] Tape format for comparison

[2] Tape with DPX file out

HD acquisition recording formats

[1] A familiar tape format for comparison
[2] Tape format with output of DPX file common in film industry for interchange among production and processing houses. 



that keeps the compressed video all within 
each frame (intra-frame). 
 Long GOP, also known as temporal com-
pression, applies the compression across mul-
tiple frames (inter-frame). I-frame compression 
is used in GFCam (100 Mbps). Long GOP 
compression is used in HDV, XDCamHD, XD-
Cam422, XDCamEX and GFCam (50Mbps).
 n H.264 or AVC is MPEG4 advanced 
video coding. It generally achieves higher 
image quality than MPEG2 but requires 
more processing power to handle the more 
complex encoding and decoding processes. 
H.264 is used by AVCHD and Canon 
5DMkII. A special I-frame version is used by 
AVCIntra.
 n MPEG4 Studio Profile is a very high-
bitrate system that uses both inter-frame 
and intra-frame coding. The recorders using 
MPEG4 Studio Profile are the HDCAM SR 
and HDCAM SR-HQ and use tape media.
 Editing: Most popular editing systems in 
the market today, such as Avid Media Com-
poser and Apple Final Cut Pro, can support 
all of these codecs natively (they can open a 
file without converting it) or through quick-
convert plug-in software modules. Editing 
and rendering can be relatively slow with 
computationally intensive codecs such as 
AVCHD and AVCIntra, especially if used on 
edit systems with inferior computing power.
 Recording media: File-based record-
ing systems available today store their data 
on optical disks, hard drives or solid-state 
memory cards. HDCAM systems (included 
here for comparison) use tape. Optical and 

tape recording systems have the disadvantage 
of slower transfer rates when it is time to 
edit, but carry the advantage of lower media 
cost and provide the producer with a physi-
cal asset. Hard drive systems can transfer 
very quickly (or can be directly attached for 
edit) and are only moderately more expen-
sive than tape but may be more vulnerable to 
damage from a sharp impact. They need to 
be “spun up” every few months to keep their 
mechanisms working. Solid-state memory 
in memory cards, is robust, has fast transfer 
rates (in that it is also direct attached) but its 
recording time is limited and its cost is high. 
 Backup: One issue that hasn’t come up 
in the past with tape systems is the need to 
backup — either in the field or on return 
to home base. By its nature, tape has been 
very robust and can be stored reliably for 
long periods of time. Even if it breaks, most 
of the recording can be salvaged. Video file 
recording systems are like any storage used 
in computers today — we need to back them 
up. Content can sometimes be recovered af-
ter hard disk and solid-state memory crashes, 
but at added expense. It is prudent to back 
them up as soon as possible.
 Long-term storage: In this new file-base 
world where and how do we store data we 
may want to keep forever? Hard-drive prices 
continue to fall but are not yet as inexpensive 
as tape. And solid-state memory is currently 
far too expense to store in the vault. Com-
mon information technology data-storage 
practices call for making two copies on data 
tape with one copy stored off-site.

E ach recording system technology has 
its advantages and disadvantages. They 
have various trade-offs of cost, record-

ing time, robustness, processing require-
ments and flexibility. 
 Data compression isn’t always a good 
thing and artifacts can surface. I-frame coding 
systems make editing easier; they require less 
processing, but their generally higher bitrates 
require more storage capacity. Inter-frame 
systems require more processing in the form 
of buffering and interpolation of the data (or 
rendering frames) within the edit system so 
that a frame edit can be made. And render-
ing each frame separately can lead to artifacts. 
Video sampling less than 4:2:2 discards more 
color information, with associated artifacts.
 The right choice for your production will 
depend on whether you’re capturing video in 
a war zone or a studio and on the capabilities 
of postproduction facilities you’ll be using. 
Take some time before you start shooting to 
review your entire production plan to make 
sure your choices won’t be ones you regret. 
 Remember the 1.2 Gigabits of data you 
want to capture for every second of shooting? 
How will you feel about compressing it to 25 
Megabits per second in the recorder? These 
recordings are not only your source mate-
rials; they may be as valuable as a dowry. 
Choose wisely.                                                n


