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TRANSFORMATION BETWEEN 3D AND 2D SPACES

Xie Mingyu and Yao Yibin

(School of Geodesy and Geomatics, Wuhan University, Wuhan 430079)

Abstract A new method which is called Height Substitution Circular Method is put forward aimed at the solu-
tion of the seven-parameter transformation between 3D and 2D spaces with unknown height. The feasibility and the

applicability of this method are proved through processing the real data and the simulated data. The results show that

when both the ranges of longitude and latitude are less than 8°,both the coordinate differences in x and y direction

are about 1 em and the accuracy is obviously improved with the range reduction of longitude and latitude especially

the range reduction of latitude.
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NSRRI 4 Hy, Fr3TRI43 BIS4 THI KA,
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Tab.1 The rectangular space coordinate (X,Y,Z),, under WGS84 and geodetic coordinate (B,L),,
under BJ54 of six given points

Ys«s(m)

Zsa(m)

By (°)

Ly (°)

R Kot (m)
1 -2238017.8089
2 -2273784.5359
3 -2247664.7511
4  -2260474.3105
5  -2257915.4086
6  -2299503.933 1

5019 830.984 5
5008 894. 558 7
5031 800. 366 1
4 990 568. 192 4
5009 836.946 8
4975 713.897 5

3225 455. 661 1
3217 502.755 2
3200 151.339 6
3254 865.9157
3227131.957 6
3 250 308. 653 7

30. 343 049 742
30. 293 052 709
30. 183 757 013
30. 530 153 836
30. 353 356 681
30. 500 904 186

114. 014 218 086
114. 245 406 247
114. 040 954 271
114. 220 294 858
114. 153 706 056
114. 481 139 928

REEFR RSB H KRBT R L Hy, R
B Hy, (B0 :Hs,) 1% 2,

HR2AUEN, A B85, R EED 211
INT B H, BERRRBRATLT .

MoRIBH L SR HR AT AR H, i H,
RSB M HoR BN SEHEERRAR
RS, e ELRREBH LS HE R ER
HEMR/D

H H RERESHT (58 BoRBES
BARR, B S5 LUS R 8 Hs AR S BOIHIR,i =

4,5,6--);
de=-63.7427m M(dx) = 0.104 5 m
dy=140.828 5 m M(dx) = 0.057 1 m
dz=93.9304 m M(dx) = 0.096 7 m
Scale= -11.320 803 560 3 x10~°

M(Scale) = 0.008 5 x10~¢
Qr=1.0622428067s M(Qx)=0.0029s
Qy= -1.6665307463s M(Qy)=0.0029s
Qz=1.1033644098s  M(Qz) = 0.0028 s
m, =0. 000 681 96 m
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Tab.2 The transformation process of H,
AS  H Hy, Hs, Hs, H,
37.1450 37.1446 37.1446 37.1446 37.1446
45.636 7 45.6393 45.6392 45.6392 45.639 2
28.803 3 28.8015 28.8015 28.8014 28.8014
34.0537 34.0542 34.0542 34.0542 34.0542
45.8192 45.8214 45.8214 45.8214 45.8214
40.833 0 40.8315 40.8315 40.8314 40.8314

G I-E S B0 IR WGS84 T I A IR 1T
#:,78%) BI54 TR 5)R BIS4 ARFREY Lhi R
3:

%3 THIE BIS4 LR N WGSS4 &iRh Hy, R H
S HFHA BIS4 THILERHMLR

Tab.3 Comparison of the given coordinates under BJ54
with the coordinates under BJ54 transformed from
the given coordinates under WGS84 by use of the
seven parameters from H,

Ry B(°) L(°)

30. 343 049 742 114. 014 218 086

30.343 049 745 4° 114.014 218 082 4
30. 293 052 709 114. 245 406 247

A L AW

2 30.293 052713 7° 114. 245 406 247 1
3 30. 183 757 013 114. 040 954 271
30. 183 757 012 2 114. 040 954 271 5
4 30. 530 153 836 114. 220 294 858
30.530 153 840 6 114,220 294 860 8
5 30. 353 356 681 114. 153 706 056
30. 353 356 683 9 114. 153 706 054 3
6 30. 500 904 186 114. 481 139 928

30. 500 904 186 1 114.481 139923 6
R+ ERRARE BN WS84 A hRe Hy R
HE-L B4 BIS4 THIABIR

mE3AUES, B H o Rt S 5ERR
BJ54 TFHMkn 5 RE A BIS4 AR RN, B
SRR B SOR A R , BT R AT T , AR K
B ENBEAR 4 KERBECERE, FiREm, =
0. 000 681 96 m, =K i BJ54 AR AT MEAHE
BN BERBERNR, HELHEN &R ZEH
BRI, BRRAE—/MNEEW R A A SH TR
N B EEZEAIM BIS4 FTHELHERE
i, T 6 B OE 3R R ET R FEAR KN ARE
REOXK A, BT AR —RENE R, XM
EIRESTERKAEER? THE, 53X — Mg
TRENERILR,

3 Bk

A BJ7 i 4 BT .
1) 3R 1. 3R 5 A WGS84 4,3 B J20.0°

~60.0°, A # 10°;L M 113. 0° ~ 126. 0°, &K
G432 H 0.0 m ~4 000. 0 m, 4 RAEAL A AT —
HERR 2 .

*4 HEA1
Tab.4 Data group 1
RE B(°) L(°) H(m)
1 20.0 113.0 0.0
2 30.0 117.0 500.0
3 40.0 120.0 1 000.0
4 50.0 123.0 2000.0
5 60.0 126.0 4 000.0

2) ¥iEe 2. R F 5 4> WGS84 5,1 B M20.0°
~21.0°, K EH 15" KRB RBHEA 1,

VWA RS A W6Se4 &, H LM
113.0° ~ 114, 0°, BIR A 15" KA R HiE 4
1,

AYBIEH 4. R P 5 4> WGS84 5, H B J20.0°
~21.0°, KA 15,5 L M 113.0° ~114. 0°, &
WA 1S H B FERA 1.

StF AL 4 AEHE, S0k WGS84 T Akin il L il
B B SRS R i HooR -3 80Kk i BIS4 T
BOARAR , ER A R AR IR R RS EIN A it
Tite. BEELEH B R M-ESHOR B1
BJ54 ARCGARRESLE, WEHHFELE) 5HE
BREABEREEIN-LSEFT KRB K BIS4 &
Pr( UG TERRITRAE) , NS HBERELE,

) SHFERA 1, 347 10 KIEHTHE, ML
ST, LSRN EEAES 2 KR P
A BRI LG AR A 2L, BI% 5 KU
JEAAL AR T (BT UG 3 ABE Hi#fT 5
KIEFHHE) . BIERBHY-ELSEFHWT (83 S
) :

di= -60.4742 m M(dx) = 8.366 6 m
dy=121.5875m M(dx) =3.2961m
dz=116.023 9 m M(dx) = 1.9032 m
Scale = —9.981 776 757 9 x 10~
M(Scale) = 0.175 7 x107°
Qx=1.9162041397s M(Qx) = 0.048 4 s
Qy= -1.3488367500s M(Qy)=0.2003s
Qz=1.2535904600s  M(Qz) = 0.2276s
my = 0.626 431 02 m

B FHTR AN BI54 iRV HE L, N TELF
WEBRELESHREZE, AT ETE S &5
B R BB B ERINE S BN



w2 WG T . =gk 5 _4as Bl L S RE RS BREH T ik 107

5 HERA1HRAXEMTHEECEAMERET LS FALRRLEE
Tab.S The Gauss horizontal coordinates and its differences under each near projection belt of the ture values and the calcu-
lated values of group 1

g TRTFR MK ol KK y R B 0 R y i FEST ATmSE

) ) (m) (m) (m) (m) FEME(m)  FREME(m)
1 113 2212429.4598 499951.0924 221 2428.6127 499 950.822 7 0.847 1 0.269 7
2 117 332016 8.5489 499933.0531 3320168.9805 499 933.228 6 -0.4316 -0.1755
3 120 442 957 5.3461 499919.5838 4429576.2074 499 919.790 1 -0.8613 -0.2063
4 123 554 088 5.8837 499 908.2014 554 088 6.3056 499 908. 256 3 -0.4219 -0.0549
5 126 665 4106.5658 499 899.1047 6654105.696 6 499 898.920 4 0. 869 2 0.1843

2)XRMTHIEL 1, J5H 3 HBIERBHL Scale = -10.706 610 432 7 x10¢
SREHALEMTEMHES AREEREW LIS M(Scale) = 0.020 6 x 10~

B m AR R EE TR, Qx=1.1533000305s M(Qx)=0.1012s
Bied 2 RIGH-ESHWT: Qy= -1.7580479252s M(Qy) = 0.060 8 s
dx= -73.1050 m M(dx) = 0.8948 m Qz=1.434904 6283 s  M(Qz) = 0.0102 s
dy=135.0799 m M(dx) = 0.964 0 m my = 0.021 826 42 m
dz=94.9232m M(dx) = 3.4076 m

®6 HRA2HAXANHEEESAMIEEE ENBNFEHLSREEN
Tab.6 The Gauss planar coordinates and its differences under each near projection belt of the ture values and the calculated

values of group 2

TEEST IEESH
g PRTER EXEN LR REMO AR IO B N 25 Hamat BN b

(°) (m) (m) (m) (m) FEME(m)  FREME(m)

1 113 2212429.4598 499951.0924 2212429.4574 499 951.060 0 0.002 4 0.0324
2 117 224 0109.8901 499939.9175 2240109.8911 499 939,939 3 -0.0010 -0.0218
3 120 226779 0.2344 499931.5736 2267790.236 6 499 931.604 8 -0.0022 -0.0312
4 123 229 547 1.5333  499923.3326 2295471.5345 499923.3456 -0.0012 -0.0130
5 126 2323153.7877 499915.2229 2323153.7856 499915.1895 0.002 1 0.033 4
PR 3 RIBHELSEMT M(Scale) = 0.162 6 x107°
de= -57.0036 m M(dx) = 8.990 2 m Qr=1.8787596046s M(Qx)=0.0843s
dy=124.0206 m M(dx) = 3.8900m Qy= -1.3240072175s M(Qy)=0.1958s
dz=115.5817 m M(dx) =1.0440m Qz=1.1151420361s  M(Qz) = 0.2500 s
Scale = -10.073 728 356 3 x10~° my = 0.564 316 27 m

£7T BEAIHALENIHEEEAHERRS LB EALERAEE
Tab.7 The Gauss horizontal coordinates and its differences under each near projection belt of the ture values and the calcu-
lated values of group 3

N i . . — ALAST EEEST
s TRTFR HEMO 00 JT y BIR RN« 2R Oy S oo m Wy &

*) (m) (m) (m) (m) FEME(m)  AFEME(m)
113 221242 9.4598 499 951.092 4 221 242 8. 6115 499 951. 0747 0.848 3 0.017 7
113 3320190.7079 524 065.4537 3320191.1288 524 065.463 2 -0.4209 ~-0.009 5
113 442968 7.3954 542 635.496 8 442 968 8.246 1 542 635.507 9 -0.8507 -0.0111
114 5540004.9124 482009.1436 5540905.3370 482 009.1499 -0.424 6 -0.006 3
114 665409 1.0822 499931.7276 6654090.2351 499 931.712 8 0.847 1 0.014 8

WM oW N -
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AR 4 RBIO-LSHEIT - M(Scale) = 0.015 1 x107°
= -51.2579m M(dx) = 14.168 5 m Qr=0.490246951 65  M(Qx) = 0.3224s
dy=153.2229m M(dr) = 1.3278 m Qy= -1.71339833745s M(Qy) =0.2919s
dz=78.3928 m M(dx) = 11.941 8 m Qz=0.6065630317s  M(Qz)=0.4149s

Scale = -10.960 255 074 1 x10°°

mg = 0.001 816 79 m

£8 YEAIJNETENHEEESAMERET ENBR ETELERREME
Tab.8 The Gauss horizontal coordinates and its differences under each near projection belt of the ture values and the calcu-

lated values of group 4

HEMAGT REEST

g TRTER MO B KUy 2 HIAR 0 HEEN SR wiaw. s BiEm, %

) (m) (m) (m) (m) FEM(m) AFEE(m)
1 113 221 2429.4598 499951.0924 2212429.4615 499 951.094 0 -0.0017 -0.001 6
2 113 224 012 5.5279 526070.898 4 224012 5.5274 526 070.898 0 0.000 5 0.000 4
3 113 226786 2.6342 552 106.9886 226 7862.6323 552 106.986 7 0.001 9 0.0019
4 114 229548 1.293 0 473912.3404 229548 1.2916 473 912.3389 0.001 4 0.0015
5 114 2323139.8910 499947.562 1 2323139.8932 499 947.564 1 -0.002 2 -0.0020

4 Bimotrkai
4 EBEHILER A MR 9 PR

F9 4AHBHERIEHR
Tab.9 The comparison of results among the four sets of
data

max min max min m
(lazl) (lash) C(layh  (layD ( °)
(m) (m) (m) (m) m

0.8692 -0.4219 0.2697 -0.054 90.626 431 02

BE
#1
BuoE

4o 00024 -0.0010

61
g3~ 0-8507 -0.4209

%%—0.0022 0.0005 -0.0020 0.000 4 0.001 816 79

0.033 4 -0.013 0 0.021 826 42

0.017 7 -0.006 3 0.564 316 27

HEBIIEE P E R A RBIRA 1,k L
M ELHER BN SR HE BIS4 THARE
H(ERE A R ELE) SEABERERKHK
L SHRHAE BIS4 THRRE HOHHEE) , W& 106

HERI0ALEY:

1) BEREHESROEEUARELE S
AR A AT I 2 (4R B L AL TE B /Db
[E:-3="H,

) TR REMNBEEA 1 BIBERA 2 MBIE4 3,
BRMAEIEH 2 B4 3 BIRIEA 4 BTUF
TS E M4/ SR B ARRERE, h a
i X B AR FE AR R RO (B 35 T L S B A 4/ )
REA SRR v J7 18 R HE 5

F10 tBYREBEOHNEESITEEE
Tab.10 The comparison between ture values and calculated values of the seven parameters as well as height

H Hi AH| a .
A S 3t HE(E

1 -3.168 4 -4.9788 1.8104 dx -63.7427 m -60.4742 m
2 499.8530 503.2205 3.3675 dy 140.828 S m 121.587 5 m
3 996.9794 1005.6025 8.6231 dz 93.9304 m 116.023 9 m
4 1988.5208 2002.3641 13.8433  Scale ~11.320 803 560 3 ppm -9.981 776 757 9 ppm
5 3974.9621 3993.7974 18.8353 Qx 1.062 242 806 7 s 1.916204 1397 s

Qy ~1.666 530 746 3 s -1.348 836 7500 s

Qz 1.103364 4098 s 1.253 590 460 0 s

3) X TFIE RN R K EE K H(KHE L BJ54
TH H BRTREERHRER) 5 BEMLT,
BB PR R RN RIS, B TR

fB Rk WGS84 F 4 000.0 m, it BIS4 Ty
B ABIE 20 m , {EL3CBR B 4 /1N F4 000.0
m, B4, IS ERE K e, R
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