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1. Introduction 

 
SM01 is a serial digital interface (SDI) video pattern generator supporting 525i, 625i and 19 high-
definition video standards. The standards supported are: 
 
525i 
625i 
720p/23.98Hz 
720p/24Hz 
720p/25Hz 
720p/29.97Hz 
720p/30Hz 
720p/50Hz 
720p/59.97Hz 
720p/60Hz 
1080p/23.98Hz 
1080p/24Hz 
1080p/25Hz 
1080p/29.97Hz 
1080p/30Hz 
1080i/50Hz 
1080i/59.94Hz 
1080i/60Hz 
1080p/50Hz 
1080p/59.97Hz 
1080p/60Hz 
 
Patterns available are: 
 
525i   625i   HD 
75% colour bars  75% colour bars  75% colour bars 
100% colour bars  100% colour bars  100% colour bars 
SMPTE colour bars 75% bars + red  SMPTE colour bars 
N7CMPF   CCIR17   Black 
N7CMBF   CCIR18   Grey 
FCCMB   CCIR330   White 
Y/C frequency sweep CCIR331   Red 
Limit ramp  Limit ramp  Green 
Pedestal   50% flat field  Blue 
Zone plate  Zone plate  Limit ramp 
      5-step staircase 
      2T30TPB 
      Multi-burst 
      15MHz sweep 
      30MHz sweep 
      Crosshatch 
      Pathological 

     Matrix 
     Zone plate 

 
SM01 is powered by a universal input power supply, or it can operate more than four hours standalone 
with its internal rechargeable batteries. 
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2. Controls and Connections 
 
The top view of the SM01 module is shown in Figure 1. 
 

 
Figure 1 SM01 module connections. 

 

 
The AC-DC converter connects to the ‘Power In’ left-hand jack. The SM01 input is protected against 
reverse polarity and out of range inputs with a resettable fuse. The converter supplied with the SM01 is 
a model TE10A0503F01 manufactured by SL Power Electronics Corp., providing 5VDC at 2A and 
accepting AC inputs from 100-240VAC. Connect the supplied power cord (appropriate to your country) 
to the AC-DC converter and output DC of the converter to the Power In input jack of the SM01. 
 
A full specification for the supplied AC-DC converter may be found in Appendix A. 
The SM01 will also operate for more than four hours using its rechargeable NiMH batteries (depending 
on the standard selected). 
 
The serial digital interface (3G-/HD-/SDI) output is connected to the ‘SDI Output’ BNC. The SDI output 
conforms to the SMPTE-259M/SMPTE-292M/SMPTE-425M specification. The SDI output specification is 
detailed in Chapter 5. 
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3. Quick Start Guide 

 
 

Switch On and Control 
 
Switch on the SM01 using the left-hand toggle switch (down for ON, up for OFF). The FPGA OK LED 
should light (indicating the FPGA has been configured correctly) and the SDI LOCK LED should also light 
(indicating the SDI PLL has locked and the output is valid). 
 
To change the video standard, push the Select Video Standard pushbutton. The standards will 
sequence through the following 21 standards (indicated on the OLED display): 
 
525i/59.94Hz (default) 
625i/50Hz 
720p/23.98Hz 
720p/24Hz 
720p/25Hz 
720p/29.97Hz 
720p/30Hz 
720p/50Hz 
720p/59.94Hz 
720p/60Hz 
1080p/23.98Hz 
1080p/24Hz 
1080p/25Hz 
1080p/29.97Hz 
1080p/30Hz 
1080i/50Hz 
1080i/59.94Hz 
1080i/60Hz 
1035i/29.97Hz 
1035i/30Hz 
1080p/50Hz 
1080p/59.94Hz 
1080p/60Hz 
 
To change the video test pattern, push the Select Video Pattern pushbutton. The patterns selected will 
be different depending on the standard selected. The patterns will sequence through the following 
selections (indicated on the OLED display): 
 
525i standard: 
75% colour bars 
100% colour bars 
SMPTE colour bars 
N7CMPF 
N7CMBF 
FCCMB 
Y/C frequency sweep 
Limit ramp 
Pedestal 
Zone plate 
 
625i standard 
75% colour bars 
100% colour bars 
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75% bars + red 
CCIR17 
CCIR18 
CCIR330 
CCIR331 
Ramp 
50% flat field 
Zone plate 
 
HD standards: 
75% Colour bars 
100% Colour bars 
SMPTE Colour bars 
Black field 
Grey field 
White field 
Red field 
Green field 
Blue field 
Modulated ramp. 
Modulated 5-step staircase 
2T, 30T pulse bar 
30MHz/15MHz multiburst 
15MHz/7.5MHz sweep 
30MHz/15MHz sweep 
Crosshatch 
SDI pathological 
Matrix 
Zone plate 
 
A description of each pattern and its function can be found in Chapter 4. 
 
It is possible to continue to use the SM01 whilst the batteries charge. The batteries take approximately 
1 hour to charge from fully empty. While charging the Charge LED will light. 
 
The Fault LED will light if the battery monitor detects an error condition, which usually indicates the 
batteries need to be changed (See Appendix C). 
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4. SM01 Patterns 

 
Below is a detailed description of each of the SM01 patterns. 
 

525i/625i test patterns 
 
75% Colour bars (525i and 625i) 

 

 
 

Figure 2 75% SD colour bars. 

 
75% colour bars are used for measuring insertion gain, chroma level and chroma gain and for monitor 
alignment.  
 
 
  



 

10 

 

 
100% Colour bars (525i and 625i) 

 

 
 

Figure 3 SD SMPTE Colour Bars. 

 
100% colour bars are used for measuring insertion gain, chroma level and chroma gain and for monitor 
alignment. The colour bar sequence is white, yellow, cyan, green, magenta, red, blue and black. 
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SMPTE Colour bars (525i only) 

 

 
 
67% of the SMPTE colour bar waveform comprises 75% colour bars; white, yellow, cyan, green, 
magenta, red and blue. Below this and comprising 8% of the frame, is a sequence of blue, black, 
magenta, black, cyan, black, white bars. The function of these bars is to set monitor chroma gain and 
phase – the red and green monitor outputs are switched off and the monitor hue (chroma phase) is 
adjusted to equalize the cyan/magneta and magenta/cyan vertical transitions. The chroma saturation is 
then used to equalize the transition between white/blue vertical transition. 
 
The bottom 25% of the SMPTE pattern is, from left to right, -I, white, Q, black and pluge. 
The pluge (±4 IRE bars) is used to set up the monitor black level; the whiter than black bar should be 
visible, the blacker than black bar should not. The –I and Q elements of the SMPTE pattern are no 
longer used. 
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N7CMPF (NTC-7 Composite – 525i only) 

 

 
 

Figure 4 N7CMPF test pattern. 

 
The NTC-7 pattern consists of a 100% white bar, 2T pulse, 12.5T chrominance pulse and a 5-step 
modulated staircase. 
 
The 2T pulse is used for measuring distortion in the system group delay (the delay vs. frequency 
response of system). 
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N7CMBF (525i only) 

 

 
 

Figure 5 N7CMBF test image. 

 
The NTC-7 Combination pattern consists of a white bar at 100 IRE, 6 multiburst packets of 50 IRE 
amplitude on a 50 IRE pedestal (at 0.5MHz, 1.0MHz, 2.0MHz, 3.0MHz, 3.58MHz and 4.2MHz) and a 
20,40 and 80 IRE amplitude modulated chrominance on a 50 IRE pedestal. 
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FCC-MB (525i only) 

 

 
 

Figure 6 FCC-MB test image. 

 
The FCCMB test signal is a pulse reference followed by six frequency packets at 0.5MHz, 1.25MHz, 
2.0MHz, 3.0MHz, 3.579545MHz and 4.1MHz. 
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Frequency Sweep (525i and 625i) 

 

 
 

Figure 7 Frequency sweep test image. 

 
Sweep is a swept frequency waveform used for testing the system frequency response. 
For PAL/NTSC the frequency range is 0.25MHz to 5.75MHz for luma and 0.125MHz to 2.75MHz for 
chroma. 
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Limit Ramp (525i only) 

 

 
 

Figure 8 Limit ramp test image. 

 
The limit ramp is a linear luma and chroma ramp, incrementing from 6410 to 94010 across the active 
picture area. It may be used for noise measurements and linearity tests. 

 

 
Pedestal (525i) / 50% flat field (625i) 
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Figure 9 Pedestal and 50% full frame test image. 

 
Pedestal is a full frame 50 IRE (NTSC) or 350mV (50%, PAL) video signal that may be used for noise 
measurements. 

 
 
75% Colour bars + Red (625i only) 
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The top half of this pattern is 75% colour bars, as described above. The bottom half is a 75% saturation 
red field. 

 

 
CCIR17 (625i only) 
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Figure 10 CCIR 17 Test Image. 

 
The CCIR17 pattern consists of a 100% reference luminance bar followed by 2T and 20T pulses and a 5 
step luminance staircase. The pattern may be used for the measurement of K-factor, luma/chroma 
gain/delay and luminance linearity. 
 
The CCIR17 signal is also inserted on line 17 of the output signal by enabling ‘VITSOn’ in the Setup 
menu, (default is on). 
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Figure 11 CCIR18 test image. 

 
The CCIR18 pattern is a standard VITS, (Vertical Interval Test Signal), pattern consisting of a luminance 
reference bar followed by 6 multi-burst packets at 0.5MHz, 1.0MHz, 2.0MHz, 3.0MHz, 4.8MHz and 
5.8MHz of 60% amplitude on a 50% pedestal. 
 
The CCIR18 signal is inserted on line 18 of the output signal by enabling ‘VITSOn’ in the Setup menu, 
(default is on). 

 

 
CCIR330 
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Figure 12 CCIR330 test image. 

 
The CCIR331 signal is used to measure chroma amplitude and phase errors as well as luma/chroma 
intermodulation. It is a vertical interval test signal (VITS) and is inserted on line 331 of the output signal 
by enabling ‘VITSOn’ in the Setup menu, (default is on). 

 

 
Ramp (PAL only) 
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Figure 13 Ramp test image. 

 
 

 
HD/aCVi Patterns 

 
75% Colour bars 

 
75% colour bars are used for measuring insertion gain, chroma level and chroma gain and for monitor 
alignment. The SM01 generates full frame 75% saturated colour bars with a 100% white bar reference. 
The colour bar sequence is white, yellow, cyan, green, magenta, red, blue and black. 
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Figure 14 75% colour bar waveform. 

 

 
100% Colour bars 

 
100% colour bars are used for measuring insertion gain, chroma level and chroma gain and for monitor 
alignment. The SM01 generates full frame 100% saturated colour bars with a 100% white bar reference. 
The colour bar sequence is white, yellow, cyan, green, magenta, red, blue and black. 
 

 
Figure 15 100% colour bars. 

 
 
SMPTE Colour bars 
 
67% of the SMPTE colour bar waveform comprises 75% colour bars; white, yellow, cyan, green, 
magenta, red and blue. Below this and comprising 8% of the frame, is a sequence of blue, black, 



 

24 

 

magenta, black, cyan, black, white bars. The bars are used to set the monitor colour saturation and 
contrast. Below this is a below black ‘pluge’ which is used to set the monitor black level. 
 

 
Figure 16 SMPTE Colour bars. 

 
 
 
Black 
 
Black is a full frame 0mV luma only video signal that may be used for noise measurements. 

 
Figure 17 Black flat field. 

 
50% Grey 
 
Pedestal is a full frame 350mV luma only video signal that may be used for noise measurements. 
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Figure 18 Grey flat field. 

 
White 
 
White is a full frame 700mV luma only video signal that may be used for noise measurements or for 
finding AC coupling or clamping issues. 
 

 
Figure 19 White flat field. 

 
 
Red 
 
Red is a full frame 75% saturated red video signal. 
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Figure 20 Red flat field. 

 
Green 
 
Green is a full frame 75% saturated green video signal. 

 
Figure 21 Green flat field. 

 
Blue 
 
Blue is a full frame 75% saturated blue video signal. 
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Figure 22 Blue flat field. 

 
Ramp 

 
This waveform is a linear modulated ramp and may be used to measure linearity or signal to noise ratio. 
 

 
Figure 23 Modulated ramp. 

 
 
 
5-step staircase 
 
This waveform is five, equal amplitude, steps of luma and chroma and may be used to measure 
linearity. 
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Figure 24 5-step modulated staircase. 

 
 
2T30T 

 
This waveform is a pulse/bar waveform consisting of a 2T wide pulse, a 12.5T wide pulse, a 30T wide 
pulse and a white bar. This test signal is used to measure the pulse response of the video path where 
ringing of pulses, or asymmetry indicate possible problems. 2T is the minimum pulse width permissible 
in the HD video stream. 

 

 
Figure 25 2T, 30T pulse bar. 

 
 
 
Multiburst 

 



 

29 

 

The Multiburst waveform is used to measure frequency response. It consists of a reference amplitude 
bar and six packets of 5MHz, 10MHz, 15MHz, 20MHz, 25MHz and 30MHz for the luma channel and 
2.5MHz, 5MHz, 7.5MHz, 10MHz, 12.5MHz and 15MHz for the chroma channels. 
 

 
Figure 26 Multiburst. 

 
 
 
 
15MHz sweep. 

 
This waveform is a 1MHz to 15MHz frequency sweep for the luma channel, and a 0.5MHz to 7.5MHz 
frequency sweep for the chroma channels. 
 

 
Figure 27 15MHz frequency sweep. 
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30MHz sweep 

 
This waveform is a 1MHz to 30MHz frequency sweep for the luma channel, and a 0.5MHz to 15MHz 
frequency sweep for the chroma channels. These frequencies are the limits of the SMPTE-296M 
specification for HD video. 
At the bottom of the waveform are 5 markers which indicate the 5MHz,10MHz,15MHz, 20MHz and 
25MHz frequencies for luma and the 2.5MHz, 5MHz, 7.5MHz, 10MHz and 12.5MHz frequencies for 
chroma. 
 

 
Figure 28 30MHz frequency sweep. 

 
 
 
Crosshatch 
 
The crosshatch pattern is a grid of 23 x 11 (1080 line) or 21 x 11 (720 line) lines which may be used for 
monitor alignment and positioning. 
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Figure 29 Crosshatch. 

 
Pathological 
 
The SDI PLL test signal is intended to test the SDI input receiver. 
 
The top half consists of a repetitive active line pattern of values Y=198h and C=300h. After scrambling 
this results in either 19 ‘ones’ followed by one ‘zero’ or 19 ‘zeros’ followed by one ‘one’. This output 
stresses the equalizer because of its low frequency content. 
 
The bottom half consists of a repetitive active line pattern of values Y=110h and C=200h. This results in 
an output with 20 ‘zeros’ followed by 20 ‘ones’. This bit pattern tests the receiver PLL because of the 
low transition frequency of edges in the data. 
 

 
Figure 30 SDI Pathological. 
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Matrix 
 
The matrix test signal comprises five equally spaced patterns in one combination test signal that 
permits a single test signal analysis of a video component or system. The five signals are: 75% colour 
bars, 5 step modulated staircase, 2T/20T pulse and bar, luma multi-burst and modulated ramp. 
 

 
Figure 31 Matrix. 

 
 
 
Zone Plate 
 
The zone plate is a two-dimensional linear frequency sweep with the highest frequencies at the edges 
of the image. It can be used to measure the horizontal and vertical frequency response of system. 
Attenuation on the left and right edges of the image show low pass filtering of the image; attenuation 
of the top and bottom of the image show vertical filtering, perhaps line to line averaging or issues with 
a scaler or de-interlacer. 
The zone plate is very useful for designing and testing composite analogue video decoders, including 
the new HD composite standards (see Figure 20). 
 
The zone plate’s use is not just restricted to analogue video decoding. Any video processing, SD or HD, 
which manipulates the image spatially and/or temporally can be tested to breaking point with the zone 
plate: such processing includes video standards conversion, de-interlacing and scaling. 
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Figure 32 Zone plate. 
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5. SDI Output 
 
The SDI output measurements, (measured using a Tektronix WFM700M), are shown in Figures 33 to 36. 
 

 
 

Figure 33 SDI output 525i line format measurement 

 

 
 

Figure 34 SDI output 625i line format measurement 
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Figure 35 SDI output 625i line eye pattern 

 

 
 

Figure 36 SDI output 625i line jitter measurement. 
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Appendix A: Power supply specification 

 
 

The AC-DC converter supplied with the SM01 is a model TE10A0503F01 from SL Power Electronics. It 
accepts all AC inputs from 90-264VAC and provides a 5V, 2A DC output for the SM01. The detailed 
specification is shown below. 
 

 
 

Figure 37 Power supply specification - page 1. 
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Figure 38 Power supply specification - page 2. 
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Figure 39 Power supply specification - page 3. 
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Appendix B: SM01 Schematics 
 

 
Figure 40 SM01 Schematics Sheet 1 – Battery control. 
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Figure 41 SM01 Schematics Sheet 2 Power supplies. 
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Figure 42 SM01 Schematics Sheet 3 - FPGA. 



 

42 

 

 
Figure 43 SM01 Schematics Sheet 4 - Peripherals. 
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Figure 44 SM01 Schematics Sheet 5 SDI output. 
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Appendix C: Replacing the batteries 
 
 

TBD. 


