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The AccuPel HDG-3000 HD/SD/DVI Component Video Calibration Generator is intended for commercial
and professional testing and calibration of video monitors, projectors, and signal processors.

Versatile Signal Formats

The HDG-3000 produces YPbPr and RGB analog component video with signal amplitudes, format timing,
and sync compliant with EIA/CEA-770.2 (480i/480p), EBU-N10 (480i), EIA/CEA-770.3 (1080i/720p),
SMPTE-274M (1080i), and SMPTE-296M (720p) standards. Most current generation DVD player/recorders,
set-top boxes, and digital tape recorders conform to the EIA/CEA standards. Professional high-definition
broadcast and video production products may instead use the SMPTE standards, which differ in their
application of tri-level sync. The HDG-3000 defaults to the EIA/CEA standards, but may be switched to the
SMPTE standards (see Special Compatibility Modes).

The YPbPrs and RGBs analog output modes are intended for compatibility with professional transcoders
and scalers that produce 7.5-IRE black-level setup when converting standard-definition component video.
The YPbPrs mode is also compatible with DVD players that produce Panasonic MIl component video
signals (480i) with black-level setup.

Option 01 adds DVI digital video output signals compliant with EIA/CEA-861-B (480i/480p/1080i/720p). The
digital RGB signals are selectable for compatibility with DVI-PC levels or DVI-Video levels. Digital YCbCr
signals are also available for compatibility with future HDMI sources and displays.

The DTC-100 mode, with black-level setup and special signal amplitudes, is included for compatibility with
the RCA DTC-100 HDTV DirecTV/ATSC receiver.

If an RGB to YPbPr transcoder, or a YPbPr to RGB transcoder, is used in the video system feed the HDG-
3000 output through the specific transcoder for optimum system calibration.

Full 10-Bit Analog Component Video Dynamic Range & Resolution

The YPbPr and RGB analog component video signals are generated from full 10-bit 4:4:4 YPbPr and RGB
digital component-video signals by 10-bit Digital to Analog Converters for all video formats (1024 luma levels
from black to peak-white, and 1024 color levels). Other generators may trade-off 30% of the video signal
resolution to generate sync signals, or use 8-bit Digital to Analog Converters with less resolution or linearity.

DVI Digital Component Video Signals Compatible with HDMI and PCs

The DVI output produces digital RGB signals or digital YCbCr signals. The 8-bit (per DVI specifications)
digital RGB signals can be selected to comply with DVI-PC or DVI-Video signal levels. DVI-PC digital levels
are 0-255 for 0-100 IRE, and therefore below-black DVI-PC levels are not allowed. DVI-Video digital levels
are 16-235 for 0-100 IRE, and below-black DVI-Video levels are possible in PLUGE patterns. Digital YCbCr
signals are also provided for compatibility with future HDMI products.

Direct-Drive Digital (D3) Pattern Generation

All video pattern & sync signal timing is directly generated from separate low-noise, high-stability, 27.00000
MHz (480i/480p) and 74.17582 MHz (74.25 MHz/1.001) (1080i/720p) crystal oscillator clocks per applicable
SMPTE and EIA/CEA standards. Proprietary AccuPel 30-bit digital RGB/YPbPr pattern generation ICs
directly drive precision 10-bit resolution video Digital-to-Analog Converters for analog component video
output. A separate, proprietary AccuPel 24-bit digital IC provides RGB DVI-Video, RGB DVI-PC, and YCbCr
values to directly drive the DVI output transmitter without any digital truncation or conversion errors. No
clock synthesizers, format converters, color-space converters, or frame buffers are used.
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Versatile Sync Options

High-definition (1080i/720p) signals have selectable Tri-Level Sync per EIA/CEA-770.3 (syncon Y or G
only) or Tri-Level Sync per SMPTE 274M/296M (sync on all YPbPr/RGB signals). Standard-definition
(480i/480p) signals have Bi-Level sync (on Y or G only per EIA/CEA-770.2). Bi-Level sync can also be
selected for 1080i/720p signals for compatibility with upconverters that lack Tri-Level sync generation.

Embedded Bi-Level and Tri-Level sync can be disabled for RGB signals. Separate H, V and C (composite)
sync are available with positive or negative polarity for RGB signals, or they can also be used to separately
trigger oscilloscopes or other test equipment when using YPbPr signals.

Professional Quality Analog Signal Interfaces

True 75-ohm BNC signal outputs provide the highest-quality analog YPbPr or RGB (and HV/C) interface to
front projectors and other displays over long cable runs. All analog signals are simultaneously available
through the DVI-1 output connector to drive a separate monitor. All video and HV/C sync signals are 75-ohm
reverse terminated for optimum pulse fidelity.

Complete DVI Compatibility

Option 01 adds 480i/480p/1080i/720p digital video signals to the DVI-I output. DVI is still relatively new to
video equipment, which has created some compatibility issues between products originally designed for PC
applications and newer video products. The HDG-3000 provides selectable functions to address those
compatibility issues.

Some video products use digital signal levels intended for PCs rather than video levels. The HDG-3000 DVI
output provides digital RGB-PC and RGB-Video levels, as well as YCbCr digital video, a digital signal option
of future HDMI interfaces. HDMI is electrically compatible with DVI and requires only a passive DVI to HDMI
cable.

Another DVI compatibility issue involves embedded sync timing. Many DVI-equipped CRT-based displays

do not follow the standard, and instead use alternative sync timing. The HDG-3000 provides a selection for
both the standard and more @ommonGDVI sync timing, so that it can be used to identify and calibrate DVI

displays that use either.

Infrared Remote Control

The optional 37-key IR remote control provides dedicated buttons to directly select each Output mode, Sync
mode, Format mode, Pattern Group, and an individual pattern within the current group. There are also
dedicated rocker buttons to move forward or backward through Groups or Patterns. A user-defined Pattern
List provides the easiest way to switch back and forth between any of the patterns as you work. A single
button push will store or delete up to 6 patterns from a Pattern List, and then move forward or backward
through the user-defined Pattern List.

The IR remote control also provides dedicated buttons to toggle on or off each of the Special Features (Low-
IRE Grayscale, Video Edge modes) and Special Compatibility Modes (Composite Sync, SMPTE Sync, Sync
Position, DTC mode).

Complete documentation is included with the optional IR remote control, or can be downloaded from the
AccuPel website (www.accupel.com).

RS-232C Serial Control Interface
The RS-232 Serial Control Interface provides full operation of all HDG-3000 functions, including direct

selection of each pattern. Complete documentation for the RS-232 interface can be downloaded from the
AccuPel website (www.accupel.com).
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The RS-232 Serial Control Interface provides complete control of all HDG-3000
functions. Refer to the HDG-3000 User Manual for a description of all modes,
functions, and calibration patterns.

1 RS-232 Connector Pin-out

An inexpensive ($2-$5), easy to configure, DB9 Female to RJ-12 (RJ-11) adapter
and a standard 4-wire telephone cable can be used to connect the HDG-3000 to
the serial port of a personal computer. Adapters are available from many on-line
sources including Radio Shack (Catalog #: 950-0285), computer stores, or
electronic parts suppliers.

Pin 1 is on the left side of the RJ-12 connector when facing the rear of the HDG-

3000.
RS-232 Connector
Pin-out .
PC DB9 PC Function HDG-3000 RJ-12 HDG-3000
RJ-12 Female Connector Connector Function
(RA T
3 Tx 4 Rx
O 5.{ ‘ .1 O
o000
5 Ground 5 Ground
DB-9 Female
2 RS-232 Protocol
RS-232 Protocol The RS-232 controller (computer) should be set to 9600 baud, 8 bits, no parity, 1

stop bit and no flow control.
3 HDG-3000 Command Syntax

The HDG-3000 accepts ASCII text commands. Each command is 3 to 11
characters in length and must be followed by a carriage return (CR) character
(ASCII 13). You may not send multiple commands with a single CR. Partial
command strings are not valid.

RS-232 Command
Syntax

If more than 11 characters are received WI'[hOU'[ a CR, an error message will be
returned with the first 11 characters, and the 12" " character will be considered the
start of the next command.

Capital and non-capital characters are accepted, i.e.a = A, B=b.

All spaces and line feed (LF) characters are ignored.
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@KOMessage

&R OMessage

MNA OMessage

Multiple Query
Commands

Automatically Recalled
Sync States

Send Sync & HVC
Commands

After Format or Output
Commands

Confirmation and Error Messages

The HDG-3000 will return @K Q(without quotes), followed by CRLF (ASCII 13,
ASCII 10), after executing each valid RS-232 command.

If the HDG-3000 receives an unrecognized character string it will return R O
followed by the unrecognized character string, followed by CRLF.

Some valid command strings may not be appropriate in certain generator modes,
i.e. TriLevel sync is Not Appropriate when the Format is 480i (or 480p). In that
case, the HDG-3000 will return QA Qfollowed by the command string, followed
by CRLF.

Query Commands

Query commands end with a question mark (?). Query commands return one or
more text strings (each 11 characters maximum), each followed by a CRLF. @KO
followed by CRLF will be returned after the last text string.

To avoid a possible buffer overrun when sending multiple Query commands, wait
for the @WKOresponse before sending the next Query command. It is not
necessary to wait for @KOwhen sending valid non-Query commands.

Embedded Sync & HVC Sync Modes

The embedded Sync (BiLevel, TriLevel, or SyncOff) and HVC sync (Pos, Neg, or
HVCOff) states are stored and automatically recalled when changing the Output
or Format modes. This is necessary because certain sync modes are required by
some video standards, but prohibited by others. For instance, embedded Bi-Level
sync is always required for the 480i or 480p formats when using YPbPr or YPbPrs
output modes, but Bi-Level sync is not required for RGB or RGBs output modes.
Tri-Level is never permitted for 480i or 480p formats.

Hence, to conform to the various video standards, the sync modes must follow
several rules when the Format mode is changed between HD (720p/1080i) and
SD (480i/480p), or the Output mode is changed between RGB/RGBs and
YPbPr/YPbPrs. The generator stores 4 states for the Sync mode, and 4 states for
the HVC mode, which each depend on the current Output and Format modes.

SyncMode [Output] [Format] = BiLevel, TriLevel or SyncOff
HVCMode [Output] [Format] = Pos, Neg or HVCOff
where  Output = YPbPr/YPbPrs or RGB/RGBs
Format = 720p/1080i or 480i/480p

The HDG-3000 will recall the previous Sync and HVC states when changing
Format or Output, or you can send new Sync and HVC modes after changing
Format and/or Output. But don®send a new Sync or HVC mode before sending a
new Format or Output mode, because it may be changed when the previous
states are recalled.
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Signal Mode Commands

Signal Mode Commands

Signal Command Notes
Modes
Output Modes
YPbPr No 7.5 IRE setup. Standard for 480p, 720p,
1080i. Sometimes used for 480i.
DVI digital YCbCr signals.
RGB No 7.5 IRE setup. Standard for 480p, 720p,
1080i. Sometimes used for 480i.
DVI digital RGB signals (DVI-Video levels).
YPbPrs 7.5 IRE setup. Often used for 480i, and 480i to
480p/720p/1080i scalers.
DVI digital YCbCr signals.
RGBs 7.5 IRE setup. Often used for 480i, and 480i to
480p/720p/1080i scalers.
DVI digital RGB signals (DVI-PC levels).
Sync Modes Embedded sync on analog signals.
SyncOff - NA, if YPbPr/YPbPrs Output mode
BiLevel - Always used for 480i/480p YPbPr/YPbPrs
TriLevel - NA, if 480i/480p Output mode
HVC Modes Polarity of separate analog HV or C sync
signals, and DVI embedded HV sync polarity.
HVCOff Disables separate analog HV(C) sync signals.
Separate HV(C) sync signals are not used with
YPbPr/YPbPrs output, but may be used as
trigger signals for oscilloscope.
HVCOff produces standard polarity for DVI
embedded HV sync. Use Pos or Neg to
override. See User Manual for DVI details.
Neg - Common HV sync polarity for RGB video
Pos - Sometimes used for 1080i/720p RGB video
Format Modes
480i
480p
1080i

720p
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Group Commands

Group Command Notes

Modes

Groups Usually not used with RS-232 interface,

send Pattern commands directly.
Color75
Color100
Special
PLUGE
Grayscale
Grayfield
Pattern Commands

Pattern Command Notes

Group

Color75 9 Patterns
SplitCB75 Split 75% Color Bars
CB75 75% Color Bars
Red75 75% Red Window
Green75 75% Green Window
Blue75 75% Blue Window
Yellow75 75% Yellow Window
Cyan75 75% Cyan Window
Magenta75 75% Magenta Window
White75 75% White Window

Color100 9 Patterns
SplitCB100 Split 100% Color Bars
CB100 100% Color Bars
Red100 100% Red Field
Greenl100 100% Green Field
Blue100 100% Blue Field
Yellow100 100% Yellow Field
Cyan100 100% Cyan Field
Magental00 100% Magenta Field
White100 100% White Field

Special 8 Patterns
XHatch Crosshatch
InvXHatch Inverse Crosshatch
NeedlePulse Dual Needle Pulses
CMultiBurst Color Pixel Multiburst
MultiBurst Pixel Multiburst
CrossHair Cross Hair and 4:3 Sizing
Sharpness Sharpness & Detail Enhancement
CheckerBrd Checkboard
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Pattern Commands (cont)

Pattern Command Notes
Groups
PLUGE 9 Patterns
PLUGEO 0 IRE, 0% APL with PLUGE
PLUGES50 0/50 IRE, 25% APL with PLUGE
PLUGE100 0/100 IRE, 50% APL with +/-4, 98 IRE PLUGE
PLUGEW25 25 IRE Window with PLUGE
PLUGEWS50 50 IRE Window with PLUGE
PLUGEW?75 75 IRE Window with PLUGE
PLUGEW100 100 IRE Window with PLUGE
PLUGEW10098 | 100 IRE Window with +/-4, 98 IRE PLUGE
PLUGEW10050 | 100/50 IRE Window with PLUGE
Gray Scale 13 10-100 IRE Patterns
13 1-10 IRE Patterns
Use LowlIREONn command to change these
patterns from 10-100 IRE to 1-10 IRE.
GSVert 10-step Vertical Grayscale Bars
GSSplitVert 10-step Split Vertical Grayscale Bars
GSHoriz 10-step Horizontal Grayscale Bars
GS10 10 IRE Grayscale Window
GS20 20 IRE Grayscale Window
GS30 30 IRE Grayscale Window
GS40 40 IRE Grayscale Window
GS50 50 IRE Grayscale Window
GS60 60 IRE Grayscale Window
GS70 70 IRE Grayscale Window
GS80 80 IRE Grayscale Window
GS90 90 IRE Grayscale Window
GS100 100 IRE Grayscale Window
When 7.5 IRE setup is on (YPbPrs or RGBs
Output), Grayscale levels are 10-100% (or 1-
10%) of black-to-white amplitude.
Gray Field 8 Patterns
Overscan Overscan
InvOverscan Inverse Overscan
BncOverscan Bounce Overscan
GFO 0 IRE Gray Field
GF25 25 IRE Gray Field
GF50 50 IRE Gray Field
GF75 75 IRE Gray Field
GF100 100 IRE Gray Field
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Compatibility Mode
Commands

Compatibility Mode Commands

Compatibility
Modes

Command

Notes

DTC

Special mode for RCA DTC-100 HDTV
receiver compatibility.

Sets DTC-100 signal size/offset when RGBs
is selected.

RGBs LED will blink when selected.

DTCOff
DTCOn

- Initial/reset setting
- Enable DTC-100 mode. Also selects
RGBs, 1080i, SyncOff, Pos modes.

Composite
Sync

Enables/disables composite (C) sync on H
sync output.

Only used with uncommon 4-coax RGBS
interface.

Pos or Neg LED will blink when enabled.

CSyncOff
CSyncOn

- Initial/reset setting
- Enable composite sync

Sync Position

Sync positioning for picture centering. See
HDG-3000 User Manual for details.

Only affects 720p or 1080i formats.

720p or 1080i LED will blink when 720p or
1080i format is selected.

SyncPosFall

SyncPosRise

Initial/reset setting. Sync Position "Off" in
User Manual

Align analog H-sync signal (and embedded
bi-level sync) to falling edge of tri-level sync.

Align DVI embedded H-sync to rising edge
of tri-level sync.

Sync Position "On" in User Manual

Align analog H-sync signal (and embedded
bi-level sync) to rising edge of tri-level sync.

Align DVI embedded H-sync to falling edge
of tri-level sync.

10
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Compatibility Mode
Commands

Compatibility Mode Commands (cont)

Compatibility Command Notes
Modes
SMPTE Sync Embedded Tri-level sync on Y/G signal or all
YPbPr/RGB signals.
Only affects Tri-level sync.
Tri-Level LED will blink during Tri-Level sync
modes.
SMPTEOff Initial/reset setting. Sync on Y/G only, EIA
770.3 compatible.
SMPTEOn Enable sync on all YPbPr/RGB signals,

SMPTE 274M/296M compatible.

11
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Special Feature Commands

Special
Features

Command

Notes

Video Edge

Slows Y signal (and G signal) edge
transitions on monochrome only test
patterns.

YPbPr or YPbPrs LEDs will blink during
YPbPr or YPbPrs modes.

In RGB or RGBs modes, the picture will be
green & black because R & B signals are
turned off.

YFilterOff
YFilterOn

- Initial/reset setting
- Enable YFilter

Low IRE

Enables 1-10 IRE patterns in place of 10-
100 IRE patterns when Gray Scale group
selected.

Gray Scale LED will blink when Gray Scale
group is selected.

LowlIREOff
LowlREON

- Initial/reset setting
- Enable Low IRE Gray Scale patterns

Gray Scale group is not selected by
LowlREON, (select pattern separately).

Reset

ResetAll

Resets all settings to power up state

Quer

y Commands

Query
Commands

Command

Notes

Ver?

Returns software version number

Setl?

Returns basic settings (Output, Format,
Sync, HVC, Pattern)

Set2?

Returns special sync settings (Composite
Sync, Sync Position, SMPTE Sync)

Set3?

Returns special settings (DTC, Video Edge,
Low IRE)
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