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1. Introduction

Measurements from the Vertica Temperature Profile Radiometer (VTPR) launched on the NOAA polar
orbiters (NOAA-2 to 5) are available from November 1972 to February 1979, and represent a valuable
source of the global top of atmosphere radiance observations for reanalyses. Previoudy retrieved VTPR
temperature and humidity profile products have been used in the NCEP/ NCAR reandysis from 1975
onwards (Kahay et a. 1996). The horizontal spacing was poor (about 600km). Their quality was not good
enough to use before 1975.

In the ERA-40 reanalysis, Uppala et al. (2005), the VTPR raw radiance data have been extensively used.
They offered the first long term record of top of atmosphere infrared radiances and they were assimilated
from 1973 onwards. Hence the year 1973 represents the beginning of the use of satellite datain ERA-40. The
next significant change to the observing system was introduced by the TOV'S (TIROS Operationa Vertica
Sounder) radiance datain 1979, Hernandez et al. (2004).

2. Basiccharacteristicsof the VTPR

VTPR was an operational 8-channel sounding instrument onboard the satellites from NOAA-2 to 5, each
gpacecraft having two VTPR instruments on board. The satellites with VTPR instruments are shown in
Figure 1.

ERA40 - OBSERVING SYSTEM: VTPR
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Figure 1. Availability of the VTPR data.

The characteristics of VTPR instrument are summarized in Tables 1 and 2. Six of the eight channels are in
the 15 micron CO, band. They are very similar to the HIRS CO, channels. Two other channels are in the 18
micron water vapour absorption band and a 11 micron in an atmospheric window region. These two
channels are used to determine the upper atmospheric water vapour amount and the surface or the cloud top
temperature. The weighting functions, showing regions of the atmospheric sensitivity are shownin Figure 2.
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Table 1. The VTPR System Parameters
Parameter Value
Ground field of view (FOV)
Nadir 55 km along track * 57 km cross track
End of scan 67 lam al ong track x 91 km cross track
Scan line
Time per gcan 12.5¢
Angle from nadir +30.3°
Number of FOV 23
Scan step
Time 05s
Angle 2.7°
Number of channels 8
Table 2. Nominal Spectral Intervals for the VTPR Filters
Central Central Half-power
Channel| Description |Wave number| Wave length | band width
(1/em ) (um) (1/em)
1 15 pm CO2 669 14.96 35
2 15 pm CO2 678 14.77 10
3 15 pm CO2 695 14.38 10
4 15 pm CO2 708 14.12 10
5 15 pm CO2 725 13.79 10
6 15 pm COz2 747 13.38 10
7 18 pm Hz20 535 18.69 10
8 11pm Window 833 11.97 10

VTPR Radiance Sensitivity

Radiance sensitivity fo atmospheric temperature changes Radiance sensitivity (Trepical] to aimesgheric melsiure changes
VTPA chanmols on MOAA-27/53/4/5 VTPR channos on MOAA-Z/'3 /475
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Figure 2 Atmospheric Sengitivity for VTPR channels
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3. Pre-processingthe VTPR data set

Copies of the level-1b VTPR raw data were obtained from NCAR. These data were recorded many years ago
and had not been processed to level-1c. There were many anomalous values of radiance counts in the data
stream and considerable effort was required to extract good calibrated brightness temperatures. Details are
given in the Appendix A.

Only afew of the VTPR pixels were earth-located. In an areawith 184 (8 x 23) pixels only three of them, the
"principal points' and coloured red in Figure 3, are available in the origind VTPR dataset. The first
operational satellite retrievals were produced by a statistical method and used in the NCEP/ NCAR
reanalysis from 1975 onwards.

Navigation was required for al the VTPR pixels. By using the ITPP5.01 software all the geographical
coordinates were calculated and checked for consistency with the origina VTPR data at the same pixe
locations, see Figure 4. In addition the epoch times were often incorrect in the original VTPR dataset. The
files of orbit parameters, orbital elements, were recreated for NOAA-2 > NOAA-5.

60 “W A0°W

«20°N

[ X1
-

60 W 40°W
Figure 3. Diagram of the VTPR scan pattern and the "principal points'. Only the principal points, the
pixelsinred, are earth-located in the original VTPR dataset.
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Figure 4. Results of recalculating the navigation for VTPR.
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4. Radiancesimulator for VTPR

In order to assimilate the VTPR radiances in the ERA-40 3D-Var anaysis they have to be simulated using a
fast radiative transfer model. In common with other passive infrared and microwave sensors used in ERA-40
the VTPR radiances are simulated using the fast radiative transfer model, RTTOV, described by Saunders et
al (1999). In order to compute the VTPR transmittances required for the RTTOV coefficient generation the
VTPR channel spectral responses are required. The spectral responses for VTPR are available in McMillin et
a (1973) but it proved impossible to relate the different responses to a specific NOAA platform and so the
responses were assumed to be the same for all satellites which is clearly not ideal. As there are two sensors
on each NOAA platform and the sensor being used is identified in the data stream the coefficients for
VTPR1 or VTPR2 could be selected for the ERA-40 radiance simulations. Having computed the
transmittances convolved with the filter responses the RTTOV coefficients were computed alowing rapid
calculations to be made of VTPR radiances given an input state vector from the model background field. The
VTPR RTTOV coefficients are available on request from the NWP Satellite Application Facility at
nwpsaf @metoffice.gov.uk for al NOAA platforms (although they are the same coefficients) and for sensor
1 and sensor 2 on each platform.

5. Cloud screening

The method to identify VTPR radiances unaffected by cloud was based on the use of threshold values which
varied with channd and latitude. A table of departure values was obtained by comparing the 11 micron
window channel (channel-8) brightness temperatures with those calculated from the model first guess by
using the radiative transfer model. Figure 5 shows the channel usage above various cloud tops, the cloud
height being determined from the channel-8 departure in the table. Additionally a first guess check
(observation — background) and variational quality control were applied during the assimilation process to
remove bad or inconsistent data. Figure 6 shows a plot of raw radiances for channd-2 without any
corrections. This channel peaks in the stratosphere and is unaffected by cloud. Figure 7 shows a typical six
hour coverage of VTPR radiances used in the analysis.

Schematic diagram of VTPR channels used for
differing cloud and surface conditions

A A A

height

O~ WN =

Sea surface - VTPR spot ~55 km

Cloud detection uses differences CH8 & SST
Figure 5 VTPR Cloud Detection
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Image created from VTPR CH2 for all orbits on 28/12/1972

Figure 6 Raw VTPR radiance data for channel-2

VTPR data usage for two Tropospheric channels plotted on imagery
from CH8: magenta CH&, yellow addition
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6. Scan and air mass bias corrections

The method used for the VTPR bias correction follows the method described by Harris and Kelly (2001). A
scan bias and air mass correction are applied to the observed radiances. The scan bias correction is a function
of the spot position in the scan line and the latitude. The scan bias and air mass corrections are calculated on
aninitial two week sample of each instrument. The air mass correction is a regression based method for each
channd using the following predictors from the model first guess:

Thickness Z (1000-300) hPa
Thickness Z (200-50) hPa
Surface Skin Temperature
Total Column Water V apour

Figures 8 shows examples of how much channels 1-7 have been adjusted (corrected) in reference to the first
guess for both VTPR instruments 1 and 2 on NOAA-2. All curves represent statistics based on the
observation-minus-first guess departures. The blue curves show the biases before bias correction and the
solid red show the biases after the application of bias correction. The two dotted red lines show one standard
deviation of the departures. Even though the standard deviations are about twice the values for the HIRS
instrument, the use of VTPR radiances enabled good quality analyses over oceanic regions.

The analysis and first guess departures for VTPR channels 1-6 are shown in Figure 9. In a single six hour
analysis cycle about 31000 channel-1 radiances were used This number reduces to about 11000 radiances
for the lower channel-3 and to about 5000 for the lowest peaking channel-6 After analysis the standard
deviation of the radiance departures reduces to about half that of the first guess.
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Figure 8 Bias correction time series for the two NOAA-2 VTPR sensors
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Departure statistics for VTPR channels 1 to 6
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Figure 9 Departures of the bias corrected VTPR brightness temperatures fromthe analysis and first

guess

ERAA4O0 fit of radiosondes 100 hPa

1973

1977

Figure 10 ERA-40 radiosonde departures at 100hPa.

1979

Analysis increments of 500 hPa temperature and total precipitable water prior and during the introduction of
VTPR radiances are shown in Figures 11 and 12. There is an increase in variance of temperature but the
mean remains largely unchanged, whereas VTPR radiances make changes to the precipitable water. Periods
of missing datain early January 1973 can be clearly identified due to the lack of variance in both figures.
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From December 1974 until August 1976 the bias correction for NOAA 4 was incorrect resulting in some
stratospheric temperature biases. Figure 10 shows the jump in the fit of ERA-40 to radiosondes in this
period. ERA-40 analyses above 200 hPa should be treated with caution during thistime.

Analysis Increments at the start of VTPR radiance assimilation

S00hPa

VTPR

Analysis Increments. exp: 0030 S500hPa Temp C. s mean bias= 0.00 st.dev. meaan st.dev.= 0.58
Region: Land and Sea limited by: 20.0/ 0.0 - -90. 01357

1]
=

] A YT " i i
== b sy A My o p -’"l\. ATt ey S i A W
=] A A A A A A Y W W IlI 1 e i ¥
. : el e i A Pt BN i it v ol dietindiad d Sed¥iihe, S ey "\‘\""'Y.rﬁ.:"'l\‘\"l,\"‘" \l“?“'-"'g-'M “‘.m\M."",ﬁ.r‘ﬁ.'\’1,.\"!.!".".*4*\%“‘.-W‘-.I'&ﬁl'“w.-w-*\'“w"
o4

e e ers

Analysis / Background exp: 0030 S500hPa Temp C. Analysis. mean= -15.80 Background. mean= -15.80

Region: Land and Sea limited by: 20.0/ 0.0 - -90.0W357.5

.....

.|5I—mﬁ3w \H.

Figure 11 Time evolution of analysis increments of 500hPa temper ature and the mean 500hPa
temperature for both the background and analysis.

Analysis Increments at the start of VTPR radiance assimilation
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Figure 12 Time evolution of total precipitable water increments and mean values for both the background
and analysis
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7. Comparison of ERA-40 and the old Australian analysis

In 1974 a VTPR retrievd method was developed at ANMRC in Australia. It was based on a regression
model and produced retrieved vertical profiles of temperature and moisture. These profiles were input to the
Australian Hemispheric assimilation system (Kelly 1976).

It is interesting to compare the VTPR analysis from the Kelly (1976) assimilation with the same case from
ERA-40 which used raw VTPR radiances. The 1000/500 hPa geopotential thickness for both analyses are
shown in Figure 13. Thereis a clear similarity between these two analyses.

1000 / 500 mb thickness VTPR analysis 1000 / 500 mb thickness ERA-40 analysis
Figure 13 Comparison of ERA-40 with Australian analysis of VTPR.

8. Useof Australian PAOBSs.

During the VTPR period (1973-1978) the surface data coverage in the Southern Hemisphere was poor. At
thistime only afew drifting buoys were active. The mgjor source of surface oceanic data was cloud imagery.

In 1972 the Bureau of Meteorology in Australia introduced an operational numerical Southern Hemispheric
analysis. At this time much of the source of data over the oceanic regions was satdllite cloud imagery (Kelly,
1978). Using these images and all other sources of meteorological conventional data, manual analyses of
mean sea level pressure were constructed. Next a grid of point values (known as PAOBS) were read off this
manual analysis and were used as input to the Southern Hemispheric numerical ANalysis (SHAN). The
method is described in a paper by Seaman and Hart (2003).

Unfortunately the PAOBSs for this period were lost but the GRIB SHAN analyses were obtained from the
Bureau Of Meteorology (BOM). PAOBs were then reconstructed by interpolation of the SHAN mean sea
leve fields on aregular latitude/longitude grid, see Figure 14. This grid was then used as PAOBs and used as
part of the input observations for ERA-40 for the VTPR period.

ERA-40 Project Report Series No. 21 9
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Figure 14 Data coverage of PAOBs (red data used in ERA-40)

9. Conclusions

ERA-40 has been a pioneering project in the use of the VTPR raw radiance data. After 25 years from the
observation time the analysis system can now make optimal use of these valuable radiance data. A
considerable effort was required to ‘clean up’ and earth-locate the VTPR raw radiance dataset.

Even if more information can be extracted from VTPR data in the future reanalyses ERA-40 results have
aready proven the positive impacts of VTPR data, see Uppaa et. a (2005). Among those are the improved
quality of TCWYV over tropical oceans, better identification of tropical cyclones and also improved forecasts
scores.
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Appendix A: Pre-processing the VTPR data set

The VTPR data available to ERA-40 are coded as Cray data (64 bit) sets. They are written sequentially in
fileO, filel,..., filed4, orbit by orbit. Each orbit of datais stored as three separate files, corresponding to raw
radiance (archive 1), cloud clear radiance (archive 2) and retrievals (archive 3). The coded data are written
and therefore read one block at a time. The information necessary for decoding and obtaining a record
(header, data or end) may come from a single block or multiple blocks. In the latter case, it means that the
record is spanning blocks. For VTPR data, only the data records of archive 1 and archive 3 span blocks.
Tables 3 and 4 show the format descriptions of the header record and data record of archive 1.

Table 3. The VTPR Archive-1 Format and Data Description:
Header Record {6480 bits)

Number | Biis/ | Number
Description of words | word of bits
Satellite ID 1 36 36
Start date(Year, Month, Day) 3 12 36
Day number in a year 1 12 12
Start time (Hour, Minute,Second) 3 12 36
End time {(Hour, Minute,Second) 3 12 36
Callibration ID 1 12 12
Standard deviations 16 12 192
Fill 1 36 36
Orbit parameters 6 36 216
Epoch Date (Year, Month, Day) 3 12 36
Epoch time (Hour, Minute, Second) 3 12 36
Maximum Roll in the orbit 1 12 12
Right ascension of maximum Yaw 1 12 12
Fill 481 12 5772

Table 4. VTPR archive-1 format and data description:
Data record (19440 bits)
{one data record is a group of 3 records with 6480 bits each)

Number Bits / | Number

Description of words | word | of bits
Radiances (8 x 23 x §) 1472 12 17664
Latitude of spot {4,5) 1 12 12
Longitude of spot (4,5) 1 12 12
Latitude of spot (4,12) 1 12 12
Longitude of spot (4,12) 1 12 12
Latitude of spot (4,19) 1 12 12
Longitude of spot (4,19) 1 12 12
Hour, Minute, Second of spot (4,11) 3 12 36
Zenith Angles of 7 spots 7 12 84
Fill 1 12 12
Line count 1 12 12
Sea surface temperatures 184 8 1472
Fill 1 28 28
Instrument number 8 3 24
Clock for spot (1,1) 1 36 36

ERA-40 Project Report Series No. 21 Appendix A-1
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Processing program
A program to read and decode the VTPR data is available from NCAR (PROG1). Figure 15 shows the

flowchart:
l
)\ Yes Read in Ist .
onuwmr=0 block (header) | Read in
and save it next block
No and
o =0 I?E}ecodg}leader < g;iert'y“i“e
: + aby = atype
Irth = itr(itp) wa — ithiit) P
Read in a block
Yes and handle records
spanning bl ocks
by = 32
No nba = lthb(itp)
) |
Read in a block
Yes ~._Yes |toignore padding
padding blocks in archive III
nhi =32
nha = lthhfitn)
g
nhget =
minflrth - Ibo, nba - nbit)
Fill in ihget bits into ndbyf”
ibo =lbo +nbget
nbu = nbi +nbget
Decode nibf
and get a
data record
Figure 15 Flowchart of processing one file of VTPR data in original program.
1. Readinthefirst block of afile, regard it automatically as the header of the current file and save it for

5.
6.

the decoding of the header record after the type index (itp) of the current file is determined.

Read in the next block, regard it automatically as a data record , determine itp, based on the length
of thisblock (1th bytes).

Decode the header record.

Fill in the array n1bf, including reading in additional data blocks to handle the data records
spanning blocks and ignore the padding blocks.

Decodenlbf and get adatarecord when 1lbo = lrth.

When an end record isread in, set numr = 0 for processing the next file.

The meaning of the variables and arrays used in flowcharts and rejection criteriaare givenin Table 5.
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Table 5. Variables and arrays used in flowcharts and rejection criteria

Parameter Description

nbi Array to store one block of data newly read in

nibf Array to store all the data necessary for decoding

nf File number

nr Data record number of the current file

numb Number of blocks already read in the current file

itp TypelID (=1, 2, 3) of the block newly read in

itpc TypeID (=1, 2, 3) of the block read in last time

frth = Ithr(itp) |Length of a data record in bits (= 19440, 720, 3280)

fthbyitp) Length of a block in bits (= 6480, 720, 8160)

nba nba = Ithb(itp) + 32

nbu Number of bits have been extracted in zbi

nbget Number of bits extracted from nbl (filling in nlbf)

ibo Number of bits have been filled in lhf

{thb(itp) Length of a block in bytes (= 816,96,1024)

ftht Sum of the lengths of blocks ever read in for a data
record. Usually, ftht = 2446 jor itp = 1

There are three basic steps to obtain a data record:

1
2.

3.

Read the coded data blocksinto array nb1.

Extract data from nbl and then fill them into n1bf until it contains all the information from a

record.

Decode nl1bf and get adatarecord.

Figure 16 demonstrates the procedure to get a V TPR-1c data record.

_ Read data
into array nid
3 times
(816 bytes- once) Fill in array
(B0 N ity 3 times
(6480 bits once)
6496 bits
T 6480 bits
32 bits (lbo = a480)
__________________ iflbo = 19440
. 6480 bits Decode nibf
6496 bits ——® {lbo = 12960) Get one VIPR-1c¢
data record
32 bits .
__________________ 6480 bits
6496 bits |—""| (ibo = 19440)

Figure 16 Flowchart of processing onefile of VTPR data in the original program.
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Establishment of rejection criteriafor a datarecord

To guarantee data quality, rejection criteria must be set up and applied to the full data set. Thisis especialy
necessary when the quality control in the data assimilation system is unable to identify the erroneous data.
This needs a detailed inventory, i.e., the full data set is read by the processing program. Every element of a
datarecord, especialy of the raw radiance data records, is saved and then checked carefully.

Based on the inventories, the rejection criteria have been set up as follows:
1. Criterion 1: Thereturn information from the reading of a datarecord is 2 (error).
2. Criterion 2: The 1tht (see4.5) is not equal to 2448.
3. Criterion 3: Thetime (hour, minute, second) of a data record is unreasonable.
4. Criterion 4: The starting time (year, month, day, hour, minute, second) of an orbit is unreasonable.
5. Criterion 5: The time of adatarecord is earlier than the starting time of the current orbit.

Here, "unreasonable’ means that the value is beyond the normal range. Only the time parameters of the
elements of a data record are used to set up the criteria. In practice, criterion 3 isimportant for archive 1 data.
Since the time of a data record is in the third part of n1bf, if it is right, usualy everything is right. The
exception iswhen criterion 2 applies.

These five rgections happen independently, therefore, if err, rejl, rej2, rej3, rej4 isthe
number of the data records rejected by criterion<96>1, 2, 3, 4, 5 respectively, the tota number of
the rejected datarecords is:

errt = err + rejl + rej2 + rej3 + rej4b.
If nr isthetotal number of records, then the error rateis:
err rate = errt/nr

If the rgjection criteria are applied, how many data records will be rejected? To answer this question,
Inventory 1 is performed. This can help us understand the quality of the whole of the VTPR data. It aso
provides a verification of the rejection criteriathemselves.

Inventory 1:
e Full VTPR data set
e PROGL + Rejection criteria (1~5)

A careful check indicates that the rejection criteria work very well. Therefore, the rgection rate is really the
error rate. From Table 6, the average error rate of the VTPR-1c datais 2.95%.
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Table 6. Numbers and error rates of the VTPR-1c data

records in file0 ~ file44; Results from Inventory 1.
file err rej1 rej2 rej3 repd errt nr err_rate
] &6 146 2601 534 3 3461 | 40959 2.45%
1 65 517 3106 166 ] Ig62 | 37827 10.21%
2 ] 208 1526 132 28 1924 | 37412 5.12%
3 49 63 2322 225 5 2660 | 33231 6.97%
4 34 56 1523 42 16 1671 | 37109 4.50%
5 42 46 2151 21 37 2297 | 26153 2.78%
f 50 41 2375 100 33 2500 | 33679 7.72%
7 50 10 2517 454 24 3085 | 38928 7.92%
] 74 129 4767 372 ] 5351 | 3716l 14.40%
] 19 25 1091 g1 0 1216 | 35800 3.40%
10 3 46 144 1 29 223 37825 0.58%
11 i 10 14 24 0 43 25545 0.19%
12 i ] 0 i 0 ] 17879 0.04%
13 0 4 1 0 51 135 37748 0.36%
14 i 16 3 i 0 19 41590 0.05%
15 ] 7 0 0 0 ] 40617 0.02%
16 1 15 23 51 0 an 33298 0.23%
17 i 7 0 i 0 7 41332 0.02%
15 0 22 1 0 1 22 39933 0.06%
19 i 178 0 i 0 178 39067 0.45%
20 0 10 0 0 0 10 38805 0.03%
21 0 4 5 0 1 a 33520 0.03%
22 i 42 637 i 0 679 41397 1.64%
23 0 7 3090 0 36 3153 | 42365 7.44%
24 5 3 1402 i 3 1448 | 42315 3.38%
25 i 7 1254 i 1 1282 | 42920 2.00%
26 1 202 al 167 36 467 40532 1.15%
z7 i 16 0 i 106 122 43030 0.28%
28 ] 7 220 0 0 220 41310 0.55%
23 2 417 76 83 1 558 42365 1.30%
a0 i 142 0 i 74 216 41931 0.52%
31 ] 193 118 0 0 313 40416 0.7
32 i £9 0 i 0 £9 27326 0.25%
33 1 57 58 i 6 152 42968 0.42%
! 2 546 104 0 36 635 43304 1.59%
5 1 487 124 i 0 612 42930 1.42%
36 10 327 510 0 0 347 41431 2.04%
37 2 410 433 i 0 250 43213 1.97%
g 2 505 104 i 0 911 43130 2.11%
39 é 3863 82 13 150 4114 | 42121 9.7
40 4 3053 322 a 6 3424 | 39433 B.68%
41 i 171 20 i 0 191 37673 0.51%
42 0 335 1 0 1 326 39312 0.83%
43 i 218 aq 63 0 371 31032 1.20%
44 I I 1 54 1 54 1556 3.40%
Total | 545 | 13000 | 32879 | 2662 | 823 | 49999 |1692115| 2.95%

Basically, there are no great problems. The errors happened mainly in three periods:

)] November 1972 <96> April 1974 (fileO - file9), this corresponds to the first period when NOAA-2
datawas available.

i) January 1976 <96> August 1976 (file2 - file25), this corresponds to the end of NOAA-4 data.
iii) June 1978 <96> October 1978 (file39 - file40), thisisin the period of NOAA-5.

In these 3 periods, the error rates are not negligible and can very often reach about 8%.
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M odifying the processing program and data recovery

All the information of the VTPR data should be contained in the original VTPR data set. This means that it
should be possible to recover the data through modifying the processing program. The reasons for the
erroneous VTPR data have been reveaed by the more complete inventories, e.g., the check of the length of
every block. Generally , the reason is that PROGL is unable to handle some unexpected situations in the
VTPR data. Although every block in the VTPR data set is correctly formulated, and both step 1 (reading in
blocks) and step 3 (decoding) (see Figure 4) are aways realised correctly in PROGL, unfortunately, step 2
(extracting and filling in) occasionally does not interpret the data correctly. This leads to erroneously
decoded header or data records.

One example of an unexpected situation is when there is no end record in a datafile. If file-1 is an archive 3
file (1tp=3) without an end record, the next file (file-2), which is, for instance, an archive 1 file (itp=1),
will be incorrectly categorized as an archive 3 file by PROGL. This happens because, in PROG1, itp is
assessed and then updated only if the first block of afileisread in. The decoding routines depend on i tp, so
when itp iswrong, the decoded record is wrong.

Similarly, if there is no header record in file-2, the first block of file-2, which is actually a data block, will be
regarded as a header record. In order to handle such unexpected situations, PROGL1 has been modified and a
new processing program, PROG2, devel oped.

PROG?2 is based on the concept that data handing at block level is sufficient for all processes, including all
the 3 steps in Figure 17. This make PROG2 be able to handle the situation in which afile is not complete (no
end record or header record).

Figure 5 isthe flowchart of PROG2. The main modificationsin PROG2 include:

1 Additional assessment is made to determine whether ablock is a header record or a data record.

2. The block type is assessed every time a new block is read in, rather than only when the first
block of afileisread in as PROG1.

3. For archive 1 data, when a decoded data record is rejected by criterion 3, one data block is
skipped.

Inventory_2 was undertaken to evaluate the effects of PROG2.
e Full VTPR data set
e PROG 1 + Rejection criteria (1-5)

From Table 7 and Figure 18, we can see that most of the erroneous VTPR-1c data have been recovered. The
number of erroneous VTPR-1c data records has been reduced from 49999, corresponding to 58 days data, to
14961, corresponding to 17 days data. The average error rate has reduced from 2.95% to 0.88%. The three
periods with alarge error rate have been reduced to one period.

An unsolved problem in data recovery

The error rates in Inventory 2 are still about 9% in file39 and filed0. The reason is that the length of many
archive-1 blocks in these two files is longer than 816 bytes (normal), for instance, 820, 824, 828 and so on,
and 1tht islarger than 2446 bytes, so rejection criterion 2 occurs very often. In fact, this means that thereis
something wrong with the data block. PROG2 cannot deal with this problem.
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Figure 17 Flowchart of VTPR data processing in the modified program.
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Table 7. Numbers and error rates of the VTPR-1c data
records in file0 ~ filed4: Results from Inventory 2.

file err rejl rej2 rej3 rejd errt nr err_rate
i i 16 70 i 34 120 40935 0.29%
1 i g 163 0 B 179 57489 0.48%
2 i f 44 0 i 0 37438 0.13%
3 i 27 182 58 B 272 38209 0.71%
4 i 4 100 0 16 120 37171 0.52%
5 i 2 57 0 37 126 26065 0.48%
f i 13 113 fi5 33 224 S36A2 0.67%
7 i 12 115 0 24 151 58998 0.59%
3 i 22 408 i B 438 7176 1.18%
9 i 24 137 0 i 161 35758 0.45%
10 i 47 5 0 K] 82 57820 0.22%
11 i 10 1 0 i 11 15545 0.04%
12 i &0 2 0 i 82 34000 0.24%
13 i EE] i 0 51 135 37748 0.36%
14 i 16 9 i i 25 41887 0.06%
15 i 7 i 0 i 7 40615 0.02%
16 i 15 B 0 i 23 58204 0.06%
17 i 7 i 0 i 7 41332 0.02%
18 i 21 i 0 i 21 30088 0.05%
19 i 4 i 0 i 4 50793 0.01%
a0 i 9 i i i 9 58894 0.02%
21 i 4 14 0 i 15 33515 0.05%
22 i 42 49 0 i 91 41373 0.22%
23 i 24 168 0 36 228 42280 0.54%
24 i 0 &0 0 EF 113 43775 0.28%
25 i 26 i1 0 1 108 42882 0.25%
26 i 197 24 41 36 208 40520 0.74%
27 i 16 i 0 106 122 43030 0.28%
28 i g 2 0 i 10 41309 0.02%
29 i 406 7 0 i 413 42852 0.96%
30 i 139 7 0 74 2200 41926 0.52%
31 i 191 2 0 i 193 40412 0.48%
32 i fi5 i i i fis 17322 0.24%
i3 i EE] 4 0 36 124 42963 0.28%
34 i 554 3 0 36 503 43309 1.37%
35 i 484 3 0 i 487 420985 1.13%
36 i 330 B 0 i 338 41425 0.82%
57 i 303 a5 0 i 4589 43162 1.13%
38 i 06 3 i i 509 43131 1.88%
39 i 3867 17 0 150 4034 | 42122 9 58%
40 i 3055 21 0 36 3112 50432 7 89%
41 i 170 4 0 i 174 57671 0.46%
42 i 325 5 0 i 330 39310 0.84%
43 i 218 B [i] i 156 51028 0.92%
44 0 0 1 53 0 54 1586 3.40%
Total 0 11838 | 2051 277 705 | 14961 (1707140| 0.88%

Error Rate {%)

o
N0 12 34567 5 W 0111219141517 1715 19202122 2324 25 26 27 2079 30 3132 30 34 35 95 37 38 3940 41 42 49 44

file (0~43)
Figure 18 The error rates of the VTPR-1c data in fileO -file43.
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