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ATSC Comments on Hong Kong Tests of DTTB Systems

and Comparison of Results for ATSC, DVB-T and ISDB-T

The tests of Digital Terrestrial Television Broadcasting (DTTB) in Hong Kong were conducted on three DTV systems:  ATSC, DVB-T, and ISDB-T.  The tests were conducted separately on each system, in sequential fashion, such that systems were tested weeks and months apart in time.  This type of data does not permit the most meaningful and accurate system comparisons , since field conditions change over time.  In difficult reception environments, moving the antenna as little as one foot (0.3 m) can have drastic effects, so that it is impossible to duplicate signal conditions when sites are revisited.  Since the data was taken over a number of months, there could also be seasonal variations.  Even limited statistical comparisons are difficult to make with any confidence, because of the lack of valid signal-to-noise and margin measurements, and the small number of sites contained in the tests.  The test procedure resulted in reports of the individual systems, and a fourth report that listed some of these results in sequential form.  These ATSC comments combine and contrast the data on the three systems to the extent possible given the limitations of the test data.  Thus, this paper refers to all of the technical and summary documents together as “the Hong Kong tests.”

When the data is viewed in this way, with comparative tables and figures, the superiority of the ATSC system under Hong Kong’s conditions is revealed.  While the data is not nearly as extensive as other comparative tests that have been conducted around the world (e.g., those in Australia, the SET/ABERT tests in Brazil, and the tests conducted in 2000 in the U.S. by 30 major broadcasting organizations), it shows the same trend of superior margin for the ATSC/VSB system under field conditions and all laboratory conditions that affect spectrum planning and the allocation of transmitters to achieve universal coverage.

Any evaluation of the Hong Kong test results warrants caution in two respects: 

(1) The field data is not extensive, it was taken at different times for different systems, and in many instances it was not taken from the same sites for all systems. 

(2) The field and laboratory data have some limitations in technique that reduce the apparent accuracy, and in some cases call the data into question.  

Because of these limitations, the Hong Kong test report does not quantify the fixed reception and indoor reception performance of the various systems beyond stating that each was “satisfactory” and better than PAL.  Nevertheless, there is a definite trend in the raw data favoring the ATSC system, which can be seen in the analysis below.  

For ease of comparison, we have taken tables provided in the Hong Kong reports on the three systems and combined them (without any editing of or changes to the data) for a side-by-side comparison of system results.  We have color-shaded important results, as explained in the following sections.  All the figures are repeated full size in the appendix for ease of reading and printing.

I. Field Data

A. General Comments

1. Margin

Margin was apparently measured by reducing the signal level until a specific error level was reached.  This method has at least two faults that make the margin data useless for system comparisons.  First, the value is heavily dependent on tuner performance – particularly noise figure and gain.  These parameters can be traded off against other tuner characteristics in a particular receiver, independent of the modulation system, and hence cloud any comparison.  Second, the COFDM systems were measured to a threshold before the Reed-Solomon (RS) correction.  This technique is useful in the lab when adding white noise, but gives erroneous results in the field where the signal is corrupted by interference and ghosts, which change the effective gain of the RS correction circuit.  For example, pure laboratory white noise conditions that result in the “Quasi-error-free” error rate of 2 x10-4 at the output of the Viterbi decoder, will hypothetically produce less than one error per hour at the output of the Reed-Solomon decoder.  However, impulse noise that produces the same 2x 10-4 error count at the output of the Viterbi decoder produces frequent visible errors at the output of the Reed-Solomon decoder.  This has been confirmed repeatedly, for example, in the Australian laboratory tests, which stated “Since the effect of impulse noise is different to that of white noise the COFDM system was also placed in picture mode and the degradation of the picture observed.”  The tests found that impulse noise caused picture freezes at a noise level 5 dB lower than the “quasi-error-free” level.  

A second method for computing margin requires the noise floor of the system to be measured.  Unfortunately, the carrier-to-noise ratio (C/N) measurements made in Hong Kong are not scientific, do not use accepted engineering practice and, hence, are not trustworthy.  This was discovered during the field tests of the ATSC system (the last system to be tested).  At that time, it was conclusively determined that the noise value being measured was actually attributable to the noise floor of the spectrum analyzer in the truck.  Since that value changes with various control settings and does not reflect the actual noise floor of the system, it is not possible to compare C/N or computed margin between systems or even successive measurements for a single system.

2. Raw Reception Data

There is difficulty in interpreting some of the reception reports, as there is conflicting data at some sites between the verbal description and the actual error measurements.  For example, the DVB fixed reception test at location 11 states a margin of 27 dB, yet contains the comment that loss of picture occurred intermittently.  The lack of consistency in visiting all sites with all systems makes it difficult to develop a reliable analysis.  Since the data values cannot be directly compared between systems, instead of graphing data such as the untrustworthy margin values, we have chosen to view the field test sites in terms of difficulty of reception.  In the charts below, we have marked site visits that showed problems either in the description of video/audio or in the error measurements.  

None of the field tests were performed during evening hours when the neon signs were lit.  This oversight and the lack of laboratory impulse noise tests, gives an unfair bias toward the DVB-T system, which has a known problem dealing with impulse noise impairments.

B. Comments on Specific Tests

1. Fixed Reception

The problems with the measurements of margin are plain here, since in many cases various DVB modes were measured as having the same margin, when one would expect them to differ by several dB.  Also, some locations are reported as having large margins, but the associated comments indicate blocky pictures,which implies no margin (0 dB).

In the chart below (Figure 1), an attempt was made to place similar locations for each system on the same line.  A blank space indicates that a site was not visited for a particular system.  The reader is again cautioned that since the tests were performed at different times and exact positions could not have been repeated, it is not advisable to compare systems on a location-by-location basis.  However, general field performance trends are evident.  The yellow shaded entries show some degree of receiver problems (for example, increased error rate), and the orange shaded blocks show visibly impaired reception.  This data clearly shows that DVB had the most difficulty in the field with fixed reception.  Seven locations out of 21 showed problems with DVB-T reception.  Two of the locations showed that the error rates before R/S were not low and hence the system margin was compromised.  Five of the seven problem locations included remarks indicating visible reception problems.
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Figure 1 - Fixed Reception
[Note:  all figures are repeated in a larger size in the Appendix.]

2. Indoor Reception

For indoor reception, ATSC transmissions were received successfully at all the test sites at the full data rate, whereas ISDB showed some errors, and in many cases, DVB was not usable without reducing the data rate to levels that cannot support HDTV.  Since the data rate needed to be reduced for two of the four location tests of DVB-T, the assumption is that DVB-T only functioned at full data rate at 50% of the indoor tests.  Since the ATSC system stated no errors or problems at any indoor location, the data clearly shows that ATSC performed best.  
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Figure 2 - Indoor Reception

3. Tidal Fading

None of the DTV systems did well under tidal fading conditions.  It is possible that better results and a valid comparison could be obtained with greater transmitter power to counter deep fades.  Orange shading indicates visible reception problems, which occurred for tests of all three systems.

[image: image3.wmf]Tidal Fading Test Results

Location 

 Conditions 

PAL-I

Pix / Sound / Threshold

BER

Margin

BER

Margin

Remarks

Chivas Godown,

Chai Wan

Test signals from 

Temple  Hill,

 Ant. Ht 10 m

3.5 (Picture with interference)

 /

 5 

/

 7 Picture quality 

degraded to 3

<1E-8 (RS off 

< 1E-8 (RS on)

34

<1E-8 (RS off 

< 1E-8 (RS on)

---

Test signals from 

Temple  Hill,

 Ant. Ht 10 m

3 (Picture noisy with

 interference)

 /

 3 disturbance 

occurred itermittently) 

/ --- 

<1E-8 (RS off 

< 1E-8 (RS on)

11

<1.02E-7 (RS off 

< 1E-8 (RS on)

---

Blocky picture and sound

 distrubance  occurred

 intermittenly (SD & HD)

Test signals from 

Temple  Hill,

 Ant. Ht 6 m

3 (Picture with interference)

 /

 5 

/

 ---

<1E-8 (RS off 

< 1E-8 (RS on)

14

<1E-8 (RS off 

< 1E-8 (RS on)

Blocky picture and sound 

distrubance occurred

 intermittenly (HD)

Sai Ying Pun

Sai Wan Ho 

Ferry Pier

ISDB-T

SDTV  

(2k, 64QAM 

GI = 1/8, CR = 2/3)

HDTV 

(2k, 64QAM 

GI = 1/8, CR = 7/8)

 Conditions 

PAL-I

SDTV  

(2k, 64QAM 

GI = 1/8, CR = 2/3)

HDTV 

(2k, 64QAM 

GI = 1/8, CR = 7/8)

 Conditions 

PAL-I

Pix / Sound 

BER

BER

Remarks

Pix / Sound 

Remarks

Test signals from Temple  Hill,

 Ant. Ht 10 m , ERP of TX was 100W,  

Mode A(2k,64QAM GI=1/8, CR=2/3)

1.5  /  5

<8.41E-5 (RS off 

< 1E-9 (RS on)

<8.41E-5 (RS off 

< 1E-9 (RS on)

Loss of picture and sound

 occurred  intermittenly (SD ) 

Reception failed (HD)

Test signals from Temple  Hill



2  /  3

Frozen picture and blocky  and 

loss of sound  occurred  

intermittenly )

Test signals from Temple  Hill,

 Ant. Ht 9.7 m , ERP of TX was 1kW,  

Mode A(2k,64QAM GI=1/8, CR=2/3)

 ---  /  ---

not measured 

(RS off)

< 1E-9 (RS on)

not measured 

(RS off)

< 1E-9 (RS on)

Loss of picture and sound

 occurred  intermittenly,  Freq of 

above occrence droped when 

ERP raised to 1kW

Test signals from Temple  Hill,

Ant. Ht 9.2 m , ERP of TX was 100W,  

Mode A(2k,64QAM GI=1/8, CR=2/3)

 ---  /  ---

Frozen picture and lossof 

sound occurred frequently

Test signals from Temple  Hill,

Ant. Ht 9.2 m , ERP of TX was 100W,  

Mode F(2k,QPSK GI=1/4, CR=1/2)

 ---  /  ---

5 / 5

Test signals from Temple  Hill,

Ant. Ht 9.2 m , ERP of TX was 100W,  

Mode H(2k,16QAM GI=1/4, CR=1/2)

 ---  /  ---

5 / 5

Test signals from Temple  Hill



 ---  /  ---

Frozen picture and blocky  and 

loss of sound  occurred  

intermittenly )

Most of the time SER 

was greater than 2.5



SER

Most of the time SER 

was greater than 2.5

DVB-T

ATSC

SDTV 


Figure 3 - Tidal Fading
(Orange color indicates impaired reception)
4. In-Building Coaxial Cable Distribution System (IBCCDS) Tests

There were some cases of increased error rate with both ISDB and DVB (shaded yellow in Figure 4).  While this does not imply that those systems failed, it does indicate that a reduced margin for implementation error exists.  The ATSC system performed flawlessly.  Both of the COFDM systems had some reduced-margin sites.  Without detailed characterization of the In-Building systems, it is not possible to state the exact causes of increased error rate in the COFDM systems.  Possible sources of reduced margin for COFDM systems could be their sensitivity to phase noise, intermodulation, or other factors commonly present to some degree in distribution systems.
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Figure 4 – IBCCDS
(Yellow – receiver difficulty)
5. Single Frequency Network (SFN)

There is insufficient data to make a strong conclusion on the viability of SFN systems in Hong Kong based on the data collected.  DVB was tested at only one site, where it performed satisfactorily.  The measured ghost ratio was –1 dB, a level that has been demonstrated to be receivable with current designs of VSB receivers.  ISDB showed problems with even more benign ghosts.  Such poor performance is not believed to be typical of this system, according to previous tests, so the conditions are suspect, but no further comment is possible because there is no data to cross-reference and apparently no attempt was made to check the operation of the test facility when questionable results were obtained.  Results are shown in Figure 5, with yellow shading for reduced performance, and orange for visible reception problems.
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Figure 5 – SFN
(Yellow – receiver difficulty: Orange – impaired reception)
The ATSC system was not tested with SFN conditions in Hong Kong due to the lack of a synchronized second transmitter.  However, an even more viable approach is a gap filler technique using non-synchronized re-transmitters.  This technique does not require synchronized transmitters or a special time delay matched source signal.  The SET/ABERT (Brazil) tests measured a gap filler at a grid of sites, and showed the ATSC system capable of excellent performance within the range of ghost intensities found at the Hong Kong sites.  Neither the Hong Kong nor the SET/ABERT tests directly addressed sites that might have exactly zero dB ghosts in a flat-terrain case, but flat terrain is not representative of Hong Kong, and therefore is not a major concern.  Gap-filler operation with moderate or strong terrain shielding has been shown to be excellent with the ATSC system, and is thus very well suited to Hong Kong’s situation.

Tests carried out by the Advanced Television Technology Center (ATTC) in the U.S. concluded that the design requirements for on-channel repeaters for ATSC were the same as for any digital system (isolation between the receiving and transmitting antennas), and there were not any problems with the receivers under the resulting ghost conditions.  This was reported in the paper “On-Channel Repeaters for Digital Television – Implementation and Testing.”  The report can be found at the ATTC web site, www.attc.org.  It is listed as “Paper Presented at NAB 1999”, or www.attc.org/docr.pdf.  It is attached to this report for convenience of reference.  

6. Mobile Reception

The ATSC system was not tested for mobile reception.  The results for ISDB and DVB indicate that only sporadic reception could be obtained, and that neither system provided high reliability of reception.  Even at the extremely low data rate of 4 Mbps, reception near high-rise buildings proved impractical.  As with the other field tests, the data is too sparse to make firm conclusions, having only twelve tests for ISDB-T, and seven tests for DVB.  In Figure 6, yellow shading shows reduced performance and orange shading shows visible errors.  
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Figure 6 – Mobile Reception
(Yellow – receiver difficulty: Orange – impaired reception)

II. Laboratory Data

A. DTV-Into-PAL Interference

Although tests were conducted for interference of DTV into PAL for both analog video and sound and for the NICAM digital audio subcarrier, the results do not record which interference mode reached the threshold of acceptability first.  This information is critical in accessing what interferences may have been affected by the different bandwidths of the tested DTV systems 
(8 MHz for DVB, and 6 MHz for ISDB and ATSC).  

The results show unexpected very large differences in performance between systems in some cases.  On co-channel interference, DVB-T shows much worse performance than the other two systems.  This large a difference cannot be reconciled with tests done by other agencies, which show poorer performance for DVB-T, but not as poor as that recorded in Hong Kong.  Similarly, in upper adjacent channel interference, the ATSC system shows an unexplained poor performance compared to the other systems, which does not match the results of other testing agencies.  Also, for lower adjacent interference into PAL, ISDB shows an unexplained improvement over the other two systems.  To support the assertion that this data is suspect, the data from the Brazil tests have been added to the D-into-A graphs below.  The Brazil data is color-coded to match the appropriate system:  green for ATSC, blue for DVB-T, orange for ISDB-T.
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Figure 7
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Figure 9
One explanation of the unusual variation between systems could be a lack of reference for the subjective level of interference.  In the figures above, the results from the SET/ABERT study are shown at the right side of the graph portion.  It can be seen that the unexplained differences in the Hong Kong data are of about the same magnitude as those between Threshold of Visibility (TOV) and ITU grade 3 or 4.  This implies the possibility of change of subjective reference criteria at times, which happens easily unless all viewing conditions are tightly controlled and viewers are trained to a standard reference interference level before making judgments.  Viewing conditions include, for example, the particular receiver(s) used, the setting of black level, contrast and sharpness, ambient light level, viewing distance, and so on.  The standard training reference is a series of images of the same source material to be used for subjective viewing, with different controlled levels of added white noise corresponding to various ITU-R grades.  The Hong Kong reports do not state how these items were controlled.

Another difficulty with the Hong Kong data is that it was obtained with DTV systems of different bandwidth, as mentioned above.  This could determine how the digital signal affected the PAL carriers (analog video, chroma, audio, and NICAM digital audio).  Proper compensation is required for the difference in bandwidth, as was done in the Australian tests.  If the tests are to include specific reference to the analog audio and NICAM carriers in addition to the video carrier, it is necessary to document these separately and possibly necessary to adjust the frequency offset to assure that the interferer fully overlaps the carrier being tested.

It is also not clear from the report whether the digital systems were normalized for equal total energy or equal energy density.  When all systems are tested with the same bandwidth, this factor drops out, but when different bandwidths are involved, calculations such as noise and interference power in the desired band need to be adjusted according to the ratio of bandwidths of the systems.  An adjustment of 1.25 dB is necessary to compensate for 6 MHz vs. 8 MHz bandwidth, if measurements are taken with the wrong bandwidth or power level.  The adjustment may be positive, negative or zero depending on how the test apparatus was configured.  Accidental application of the wrong bandwidth could contribute this amount of error to the discrepancy between the high and low data rates of the COFDM systems, but is not sufficient to account for all reported differences.

B. PAL-into-DTV Interference

There are unexplained huge differences between “SDTV” and “HDTV” in the cases of PAL into DTV interference for the COFDM systems.  In these cases, a much smaller difference is expected between “SDTV” and “HDTV”, caused by the different data rate and coding used in each case.  Figure 10 shows that the PAL-into-DVB interference was measured as much worse than the other systems for the HDTV upper adjacent and lower adjacent cases, while being closer to the other systems for SDTV.  (The mode represented here as DVB “HDTV” is actually a lower data rate mode of 17.6 Mbps equivalent in 6 MHz, compared to the ATSC rate of 19.3 Mbps.)  Similarly, ISDB-T was measured as considerably worse than the other systems for co-channel HDTV, but closer for SDTV.  Since these measurements do not record a specific criterion of threshold, it appears probable that different criteria were used at different times.  It is also possible that the test bed setup and filters were not reproduced identically between system tests.  This may account for the large discrepancy of performance on particular PAL-into-DTV tests between the high and low data rate modes of the COFDM systems. 

In the case of co-channel interference, ATSC was clearly the best performer, as expected from its white noise performance.  This test is truly a system test, not affected by variations in tuner/IF adjacent channel performance.
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Figure 10
For upper and lower adjacent PAL into DTV results, some caution is required, since the results can be affected by the performance of the tuners and IF filters of the individual receivers, independent of the modulation scheme.  

For upper adjacent PAL-into-DTV interference, the results show ISDB-T performing slightly better than ATSC, and considerably better than DVB-T for “SDTV” mode.  However, the extreme degree of worse performance in the “HDTV” mode for DVB-T and in one case for ISDB-T is unexplained, as mentioned above.  Expected results would show at least a 2 dB difference between HDTV and SDTV performance for the ISDB-T system due to the different thresholds of the different data rates.  The slight difference between ATSC and ISDB-T can easily be attributed to differences in tuners that are irrelevant to system comparisons, and thus are not a clear indication of system differences.
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Figure 11
For lower adjacent PAL-into-DTV interference, the results show DVB-T in the “SDTV” mode performing better than ATSC or ISDB-T for PAL-I and PAL-I1, but considerably worse for PAL-K.  Again, there is an extreme degree of worse performance in the “HDTV” mode that is not easily accounted for.  The combination of ATSC with lower adjacent PAL shows the best performance of all combinations.  The large differences between SDTV and HDTV for DVB-T (and in one case for ISDB-T) make it difficult to accept the data at face value.  The expected performance for the three systems with equivalent tuner/IF is similar to the co-channel or white noise results, that is, ATSC is expected to have about a 4 dB advantage over a COFDM system of the same bandwidth and data rate.
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Figure 12
[image: image13.wmf]Note: DVB-T and ISDB-T used lower effective data rates (near 16.5) than ATSC in the SDTV measurements.

         This gives them a threshold benefit of about 2 dB in these tests.

         Also, the DVB data rate plotted as HDTV above is 10% lower than the HDTV rate for ATSC.


C. DTV-into-DTV Interference

These tests show a consistent advantage for ATSC, as is expected based on all previous laboratory tests of the systems.  The effects of different error correction overheads can be seen in the DVB results, which used a lower data rate (approximately 16.5 Mbps in 8 MHz) to achieve a threshold nearer to ATSC.  The effects of changing the data rate and error correction overhead are seen in the comparison of ISDB-T in “HDTV” and “SDTV” modes also, but again this difference is unexpectedly large.  

This is another area of importance for frequency allocation, especially in a crowded geographical area like Hong Kong, since it determines where a channel may be re-used for an independent program.  
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Figure 13
[image: image15.wmf]Note: DVB-T and ISDB-T used lower effective data rates (near 16.5) than ATSC in the SDTV measurements.

         This gives them a threshold benefit of about 2 dB in these tests.


III. Frequency Planning Study

It is unfortunate that the study appears to have been approached with the assumption that a single frequency network (SFN) is necessary.  Tests in Brazil and the U.S. have shown that same-frequency gap fillers, which are not technically an SFN, work very well for the ATSC system.  The advantage of a gap filler using an on-channel repeater as compared to a synchronized SFN is that the gap filler does not require an independent signal feed (e.g., fiber optics or microwave) as input to the remote transmitter or a synchronized reference oscillator.  Additionally, where SFN clear channels are not available, the system interference characteristics become some of the most important parameters.  The ATSC system, because of its lower threshold, excels in this area.  This makes frequency assignments easier with the ATSC system than with the COFDM systems, so that replication of analog service and expansion of service will be easier with the ATSC system.  Hence, the statement that the ATSC system can only support a maximum of three multiplexes is erroneous.

In these tests, as in all previous tests, the ATSC system excels in every parameter that affects frequency spectrum planning and allocation.  This of course applies to MFN usage, but also applies to frequency re-use and on-channel repeaters or gap-fillers.  In April of 1999, the ATTC presented a paper on their tests of same-channel repeaters for the ATSC system.  The successful tests were performed in the Blue Ridge Mountains outside Charles Town, West Virginia.  As mentioned previously, a full copy of this report is attached and available at http://www.attc.org/docr.pdf.  

Another independent test was performed in Brazil.  The results of these tests showed a great increase in reception performance when using a gap filler transmitter with the ATSC system.  The gap filler test was included in the SET/ABERT reports, which are available on the ANATEL web site at www.anatel.gov.br.  ATSC comments on this report are also available on the ATSC web site at www.atsc.org. 

A study was performed on the effects of COFDM vs. VSB in the geographically crowded area of New York.  This comparison showed that if COFDM were to be used, the broadcasters would lose hundreds of thousands of viewers.  This is based on the measured interference characteristics of each system.  This study implies that using VSB in Hong Kong would result in greater viewership and increased availability of channels for gap fillers.
 

IV. Summary

The limited amount of data makes extensive critical comparison of the systems impossible.  However, some general conclusions can be reached from the data and they are summarized in the table below.

	
	ISDB
	DVB
	ATSC

	Fixed Reception Test
	
	Worst of 3
	

	Indoor Reception
	
	
	Best

	Mobile
	Marginal
	Marginal
	Not tested

	Tidal Fading
	Poor
	Poor
	Poor

	IBCCDS
	
	
	Best

	SFN
	-  -  -  -  I n a d e q u a t e   d a t a  -  -  -  -

	A > D Co-Channel
	
	
	Best

	A > D Adjacent
	-  -  -  -  I n a d e q u a t e   d a t a  -  -  -  -

	D > D Co-Channel
	
	
	Best

	D > D Adjacent
	
	
	Best

	D > A
	-  -  -  -  I n a d e q u a t e   d a t a  -  -  -  -


Table 1
This shows clearly that while all three systems can perform adequately, the only system with notably better performance is the ATSC system.  

Better interference performance translates into a greater ability to make frequency assignments using the ATSC system.  SFNs are not necessary to maximize the number of multiplexes that can be made available in Hong Kong. Same-frequency gap filler transmitters are a viable option for use with the ATSC system.  Better interference characteristics mean that ATSC will allow more channels to be reused.  This means easier frequency assignments to cover the entire Hong Kong population with more multiplexes without the need for complicated SFN-based repeaters.

The Hong Kong mobile reception tests demonstrate that even with extremely slow 4 Mbps data rates, reliable service cannot be provided in high-rise sections of the territory with either the DVB-T or ISDB-T systems.

The ATSC system performed best in fixed reception and indoor tests using an HDTV signal.  Similar reception required lower data rate modes capable of only SDTV for the DVB-T system.

In Hong Kong, no tests were performed to measure performance in the presence of impulse noise.  The DVB-T system has been found to have difficulty with this condition.  In the U.K., the practice is to support only rooftop and loft antennas in order to maximize the signal-to-noise ratio and diminish the negative impact of impulse noise.
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