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§¸nh gi¸ sai sè vÒ vÞ trÝ  

trong c¸c hÖ täa ®é kh¸c nhau 

TrÇn Quèc B×nh, NguyÔn Cao HuÇn 

Khoa §Þa lý, tr−êng §¹i häc Khoa häc Tù nhiªn, §HQG Hµ Néi 

1. Më ®Çu 

Ngµy nay, cïng víi sù ph¸t triÓn cña khoa häc c«ng nghÖ, ®· xuÊt hiÖn nhiÒu ph−¬ng ph¸p 

thu thËp vµ xö lý d÷ liÖu kh«ng gian míi. Do ®Æc thï cña tõng ph−¬ng ph¸p vµ do yªu cÇu kü 

thuËt cña nguån cung cÊp mµ d÷ liÖu thu ®−îc sÏ n»m trong c¸c hÖ täa ®é vµ hÖ quy chiÕu kh¸c 

nhau. C¸c phÇn mÒm HÖ th«ng tin ®Þa lý (GIS) phæ biÕn hiÖn nay ®Òu cã kh¶ n¨ng lµm viÖc ®ång 

thêi víi d÷ liÖu kh«ng gian trong nhiÒu hÖ täa ®é. Tuy nhiªn, chóng chØ cho phÐp chuyÓn ®æi täa 

®é mµ kh«ng cã kh¶ n¨ng chuyÓn ®æi sai sè cña c¸c täa ®é ®ã. Bµi b¸o nµy ®Ò xuÊt c¸c c«ng thøc 

tÝnh chuyÓn ®æi sai sè vÒ vÞ trÝ gi÷a hÖ täa ®é vu«ng gãc kh«ng gian, hÖ täa ®é tr¾c ®Þa (®Þa lý) vµ 

hÖ täa ®é ph¼ng b¶n ®å. 

2. C¸c c«ng thøc c¬ b¶n 

Gi¶ sö täa ®é (x1, x2, x3) cña ®iÓm P ®−îc x¸c ®Þnh víi ma trËn hiÖp ph−¬ng sai sau: 
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     (1) 

Theo Lý thuyÕt sai sè, sai sè trung ph−¬ng vÒ vÞ trÝ cña ®iÓm P chÝnh lµ c¨n bËc 2 cña c¸c 

phÇn tö chÐo cña ma trËn : 

  3,2,1,  im iii         (2) 

Tõ c«ng thøc (2) cã thÓ nhËn thÊy viÖc chuyÓn ®æi sai sè vÒ vÞ trÝ cã thÓ ®−îc thùc hiÖn 

th«ng qua chuyÓn ®æi ma trËn hiÖp ph−¬ng sai . 

Gi¶ sö phÐp chuyÓn ®æi täa ®é gi÷a 2 hÖ ),,( 321 xxxX   vµ ),,( 321 uuuU   ®−îc biÓu diÔn 

bëi ph−¬ng tr×nh sau: 

)(UFX          (3) 

Trong tr−êng hîp tæng qu¸t, hµm vect¬ F  cã d¹ng phi tuyÕn tÝnh. Ph©n tÝch vÕ ph¶i cña (3) 

thµnh d·y Taylor víi ®iÓm khëi ®Çu 0U  vµ lo¹i bá c¸c phÇn tö bËc cao sÏ ®−îc ph−¬ng tr×nh 

tuyÕn tÝnh sau: 

  DdUUFdU
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UFX  )()( 00      (4) 

víi   
dU

dX

dU

dF
D           (5) 

Mèi quan hÖ gi÷a c¸c ma trËn hiÖp ph−¬ng sai U , X  trong c¸c hÖ täa ®é U  vµ X  ®−îc 

suy ra tõ c«ng thøc (4) vµ quy t¾c chuyÓn ®æi hiÖp ph−¬ng sai [2, 7]: 
T

UX DD         (6) 

Tõ c«ng thøc trªn suy ra: 
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  T
XU DD         (7) 

víi  1 D
dX

dU
D  

C¸c phÇn tiÕp theo cña bµi b¸o nµy sÏ tÝnh to¸n ma trËn D  cho bµi to¸n chuyÓn ®æi gi÷a 

c¸c hÖ täa ®é kh¸c nhau. 

3. ChuyÓn ®æi gi÷a hÖ täa ®é tr¾c ®Þa vµ hÖ täa ®é vu«ng gãc kh«ng gian 

C¸c yÕu tè cña hÖ täa ®é tr¾c ®Þa ),,( h  vµ hÖ täa ®é vu«ng gãc kh«ng gian ),,( wvu  ®−îc 

thÓ hiÖn trªn h×nh 1.  

 w 

v 

u 




N

h

P

®−êng ph¸p tuyÕn 

ellipsoid 
kinh tuyÕn gèc 

 

H×nh 1: HÖ täa ®é tr¾c ®Þa ),,( h  vµ hÖ täa ®é ®Þa t©m ),,( wvu . 

Víi 1 ellipsoid x¸c ®Þnh, mèi quan hÖ gi÷a täa ®é vu«ng gãc kh«ng gian ),,( wvu  vµ täa ®é 

tr¾c ®Þa ),,( h  ®−îc biÓu diÔn qua c¸c c«ng thøc sau [4, 6]: 

)cos()cos()( hNu         

)sin()cos()( hNv        (8) 

)sin(])1([ 2 heNw         

trong ®ã: 

a : b¸n trôc lín cña ellipsoid, 

f : ®é dÑt cña ellipsoid, 

22 2 ffe  : b×nh ph−¬ng cña ®é lÖch t©m thø nhÊt, 

)(sin1 22 e

a
N


 : b¸n kÝnh cong cña vßng th¼ng ®øng thø nhÊt, 

h,, : vÜ ®é, kinh ®é vµ ®é cao tr¾c ®Þa. 

§Ó ý r»ng: 
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lÊy vi ph©n c¸c ph−¬ng tr×nh (8) ta ®−îc: 
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víi 
2/322

2

)](sin1[

)1(

e

ea
M




  - b¸n kÝnh cong cña cung kinh tuyÕn. 

Ma trËn wvuhD ,,,,   ®−îc sö dông ®Ó chuyÓn ®æi sai sè vÒ vÞ trÝ tõ hÖ täa ®é tr¾c ®Þa sang hÖ 

täa ®é vu«ng gãc kh«ng gian. Ma trËn  hwvuD ,,,,   ®Ó chuyÓn ®æi tõ hÖ täa ®é vu«ng gãc kh«ng 

gian sang täa ®é tr¾c ®Þa thu ®−îc b»ng c¸ch lÊy nghÞch ®¶o cña wvuhD ,,,,  : 
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4. ChuyÓn ®æi gi÷a hÖ täa ®é tr¾c ®Þa vµ hÖ täa ®é vu«ng gãc ph¼ng 

PhÇn nµy chØ xÐt tr−êng hîp sö dông c¸c l−íi chiÕu b¶n ®å thuéc lo¹i Transverse Mercator 

nh− Gauss-Krugger, UTM... 

 

K
in

h
 t

u
yÕ

n
 t

rô
c 
 0

 

y

x 

§−êng kinh tuyÕn 

§−êng vÜ tuyÕn 

P(x,y,h) = P(,,h)

Fy  

H×nh 2. HÖ täa ®é vu«ng gãc ph¼ng. 

Ph−¬ng tr×nh chuyÓn ®æi tõ täa ®é tr¾c ®Þa sang täa ®é vu«ng gãc ph¼ng nh− sau [3]: 
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trong ®ã: 

0k  - HÖ sè biÕn d¹ng chiÒu dµi theo kinh tuyÕn trôc; 

0  - Kinh ®é cña kinh tuyÕn trôc;  
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yx FF ,  - Kho¶ng dÞch chuyÓn t©m täa ®é theo c¸c trôc x vµ y. ë ViÖt Nam, 0xF  vµ 

mFy 500000 . 

)(tg t  , )(cos
1

2
2

2
2 

e

e


 ; 

S - ChiÒu dµi cung kinh tuyÕn tõ xÝch ®¹o ®Õn vÜ ®é  : 
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Víi môc ®Ých tÝnh to¸n ma trËn hiÖp ph−¬ng sai, c¸c phÇn tö bËc cao ®èi víi (-0)  cã thÓ 

®−îc bá qua vµ c¸c c«ng thøc (11) vµ (12) ®−îc rót gän thµnh: 
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Gi¶ thiÕt r»ng hÖ täa ®é vu«ng gãc ph¼ng còng sö dông ®é cao tr¾c ®Þa h, ma trËn 

hyxhD ,,,,   ®Ó chuyÓn ®æi sai sè tõ hÖ täa tr¾c ®Þa sang hÖ täa ®é vu«ng gãc ph¼ng ®−îc suy ra tõ 

c¸c c«ng thøc (5), (14) vµ (15): 


















100

0

0

2221

1211

,,,, dd

dd

D hyxh       (16) 

víi c¸c phÇn tö sau: 
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Ma trËn hhyxD ,,,,   ®Ó chuyÓn ®æi ng−îc l¹i tõ täa ®é vu«ng gãc ph¼ng sang täa ®é tr¾c ®Þa 

chÝnh lµ ma trËn nghÞch ®¶o cña hyxhD ,,,,  : 
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víi 21122211 ddddr   

5. ChuyÓn ®æi gi÷a hÖ täa ®é vu«ng gãc kh«ng gian vµ hÖ täa ®é vu«ng gãc ph¼ng 

PhÐp chuyÓn ®æi nµy cã thÓ ®−îc thùc hiÖn qua trung gian lµ täa ®é tr¾c ®Þa theo s¬ ®å trªn 

h×nh 3: 

 
Täa ®é vu«ng gãc kh«ng gian

Täa ®é tr¾c ®Þa

Täa ®é vu«ng gãc ph¼ng

 

H×nh 3. S¬ ®å chuyÓn ®æi gi÷a hÖ täa ®é vu«ng gãc kh«ng gian vµ hÖ täa ®é vu«ng gãc ph¼ng. 

Cã thÓ nhËn thÊy c¸c ma trËn chuyÓn ®æi hyxwvuD ,,,,   vµ wvuhyxD ,,,,   ®−îc tÝnh tõ (6), (9), 

(10), (16) vµ (17) nh− sau: 

hwvuhyxhhyxwvu DDD ,,,,,,,,,,,,         (18) 

hhyxwvuhwvuhyx DDD ,,,,,,,,,,,,     

6. KÕt qu¶ thö nghiÖm 

Täa ®é vu«ng gãc kh«ng gian cña ®iÓm P32 ®−îc x¸c ®Þnh b»ng ph−¬ng ph¸p ®o GPS víi 

kÕt qu¶ nh− sau: 
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0.0086700.0055390.001467-

0.0055390.0062520.001239-

0.001467-0.001239-0.009853

uvw  

Sai sè vÒ vÞ trÝ cña ®iÓm P32 trong hÖ täa ®é vu«ng gãc kh«ng gian ®−îc x¸c ®Þnh theo 

c«ng thøc (2): 

  mm uvwu 099.0009853.0
11

  

  mm uvwv 079.0006252.0
22

  

  mm uvww 093.0008670.0
33
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Täa ®é tr¾c ®Þa cña P32 ®−îc tÝnh b»ng c¸ch gi¶i ph−¬ng tr×nh (8)1: 
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Ma trËn hwvuD ,,,,   ®−îc tÝnh tõ c«ng thøc (10): 

  






















0.377396360.892894050.24558542-

0104.4877-101.6316-

101.4596105.7354-101.5775
-87-

-7-8-8

,,,, hwvuD   

Ma trËn hiÖp ph−¬ng sai h,,  cña täa ®é tr¾c ®Þa b»ng: 























 

0.011362103.0765107.30123

103.0765102.56765102.1333-

107.30123102.1333-101.10479

10-10-

10-16-17-

10-17-16-

,,,,,,,,,,,,
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Suy ra sai sè trung ph−¬ng cña täa ®é ®iÓm P32 trong hÖ täa ®é tr¾c ®Þa b»ng: 

"00217.01005109.11010479.1 816   radm  

"00331.01060239.11056765.2 816   radm  

mmh 107.0011362.0   

Täa ®é vu«ng gãc ph¼ng cña P32 ®−îc tÝnh theo c«ng thøc (11) vµ (12): 
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Ma trËn chuyÓn ®æi hxxh NE
D ,,,,   suy ra tõ (17): 
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,,,, hyxhD   

Ma trËn hiÖp ph−¬ng sai hyx ,,  b»ng: 


















 

0.0113620.0018060.004635

0.0018060.0089630.000788-

0.0046350.000788-0.004440

,,,,,,,,,,,,
T

hyxhhhyxhhyx DD 

 

Suy ra sai sè trung ph−¬ng cña täa ®é ®iÓm P32 trong hÖ täa ®é vu«ng gãc ph¼ng b»ng: 

mmx 067.0004440.0   

mmy 095.0008963.0   

mmh 107.0011362.0   

                                           
1 Ph−¬ng ph¸p gi¶i ph−¬ng tr×nh (8) ®èi víi c¸c Èn sè , , h ®−îc tr×nh bµy trong nhiÒu tµi liÖu [3]. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.25000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.25000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


