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1980 Ą 2018

ETRS89

ETRF89, ETRF90, ETRF91, ETRF92, 
ETRF93, ETRF94, ETRF96, ETRF97, 
ETRF2000

ITRS

ITRF88, ITRF89, ITRF90, ITRF91, ITRF92, 
ITRF93, ITRF94, ITRF96, ITRF97, ITRF2000, 
ITRF2005, ITRF2008, ITRF2014



ROYAL 
OBSERVATORY 

OF BELGIUMRINEX 3 data flow



ROYAL 
OBSERVATORY 

OF BELGIUMRINEX 3 data flow



ROYAL 
OBSERVATORY 

OF BELGIUMExamples

1) CRD: ITRF2005 (2007,0) Ą ITRF91 (2007,0) 

2) CRD: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

3) CRD+VEL: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

4) CRD: ITRF2000 (2012,0) Ą ETRF2000 (2012,0)

5) CRD: ITRF2014 (2012,0) Ą ETRF2000 (2012,0)

6) CRD+VEL: ITRF2014 (2012,0) Ą ETRF2000 (2001,0)

7) CRD: ETRF2000 (2008,0) Ą ETRF96 (2008,0)

8) CRD+VEL: ETRF2000 (2008,0) Ą ETRF96 (2001,0)
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EX1: ITRF2005 (2007,0) Ą ITRF91 (2007,0)
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OF BELGIUMCRD: ITRFyy(t) Ą ITRFzz(t)

ITRFyy(t) Ą ITRFzz(t) 

ὢ ὸ ὢ ὸ Ὕὸ ὈὸȢὢ ὸ ὙὸȢὢ ὸ

Translation vector     Ὕὸ

Ὕ ὸ
Ὕ ὸ
Ὕ ὸ

Scale Ὀὸ

Rotation matrix Ὑὸ

π Ὑ ὸ Ὑ ὸ
Ὑ ὸ π Ὑ ὸ
Ὑ ὸ Ὑ ὸ π

http://itrf.ign.fr/rel_trs.php
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From-To ITRF88ITRF89ITRF90ITRF91ITRF92ITRF93ITRF94ITRF96ITRF97ITRF2000ITRF2005ITRF2008ITRF2014

ITRF88 X X X

ITRF89 X X X

ITRF90 X X X

ITRF91 X X X

ITRF92 X X X

ITRF93 X X X

ITRF94 X X X

ITRF96 X X X

ITRF97 X X X

ITRF2000 X X X X X X X X X X X X

ITRF2005 X X X

ITRF2008 X X X X X X X X X X X X X

ITRF2014 X X

Example ITRF2005 Ą ITRF91 :   ITRF2005 Ą ITRF2000 
ITRF2000 Ą ITRF91
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From-To ITRF88ITRF89ITRF90ITRF91ITRF92ITRF93ITRF94ITRF96ITRF97ITRF2000ITRF2005ITRF2008ITRF2014

ITRF88 X X X

ITRF89 X X X

ITRF90 X X X

ITRF91 X X X

ITRF92 X X X

ITRF93 X X X

ITRF94 X X X

ITRF96 X X X

ITRF97 X X X

ITRF2000 X X X X X X X X X X X X

ITRF2005 X X X

ITRF2008 X X X X X X X X X X X X X

ITRF2014 X X

Example ITRF2005 Ą ITRF91 :   ITRF2005 Ą ITRF2000 
ITRF2000 Ą ITRF91
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mm Ąm     x10-9 mas Ą radians

X 1000 x 
ȟ
Ȣ

1) conversion from milliarcsecond to arc second:  x 0,001      
2) conversion from arc second to degrees  :  /3600 
3) conversion from degrees to radians   :   x 2̄ /360
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Use rates to express each parameter at the requested epoch (t=2007,0):
ὖςππχȟπ ὖςπππȟπ ὖςππχȟπ ςπππȟπ
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From-To ITRF88ITRF89ITRF90ITRF91ITRF92ITRF93ITRF94ITRF96ITRF97ITRF2000ITRF2005ITRF2008ITRF2014

ITRF88 X X X

ITRF89 X X X

ITRF90 X X X

ITRF91 X X X

ITRF92 X X X

ITRF93 X X X

ITRF94 X X X

ITRF96 X X X

ITRF97 X X X

ITRF2000 X X X X X X X X X X X X

ITRF2005 X X X

ITRF2008 X X X X X X X X X X X X X

ITRF2014 X X

Example ITRF2005 Ą ITRF91 :   ITRF2005 Ą ITRF2000 
ITRF2000 Ą ITRF91
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1) CRD: ITRF2005 (2007,0) Ą ITRF91 (2007,0) 

2) CRD: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

3) CRD+VEL: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

4) CRD: ITRF2000 (2012,0) Ą ETRF2000 (2012,0)

5) CRD: ITRF2014 (2012,0) Ą ETRF2000 (2012,0)

6) CRD+VEL: ITRF2014 (2012,0) Ą ETRF2000 (2001,0)

7) CRD: ETRF2000 (2008,0) Ą ETRF96 (2008,0)

8) CRD+VEL: ETRF2000 (2008,0) Ą ETRF96 (2001,0)
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EX2: ITRF2005 (2007,0) Ą ITRF91 (1999,0)
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EX2: ITRF2005 (2007,0) Ą ITRF91 (1999,0)
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1) CRD: ITRF2005 (2007,0) Ą ITRF91 (2007,0) 

2) CRD: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

3) CRD+VEL: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

4) CRD: ITRF2000 (2012,0) Ą ETRF2000 (2012,0)

5) CRD: ITRF2014 (2012,0) Ą ETRF2000 (2012,0)

6) CRD+VEL: ITRF2014 (2012,0) Ą ETRF2000 (2001,0)

7) CRD: ETRF2000 (2008,0) Ą ETRF96 (2008,0)

8) CRD+VEL: ETRF2000 (2008,0) Ą ETRF96 (2001,0)
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ITRFyy(t) Ą ITRFzz(t) 

Position:
ὢ ὸ ὢ ὸ Ὕὸ ὈὸȢὢ ὸ ὙὸȢὢ ὸ

Velocity:

ὠ ὠ Ὕ ὈȢὢ ὙȢὢ

http://itrf.ign.fr/rel_trs.php
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EX3: ITRF2005 (2007,0) Ą ITRF91 (1999,0)
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In step 1-3, positions and velocities are transformed ITRFyy(t)ĄITRFzz(t).
In step 4, the velocities are used to express the positions at the correct epoch.

ὢὸ ὢὸ ὠȢὸ ὸ

EX3: ITRF2005 (2007,0) Ą ITRF91 (1999,0)
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ὢĄὢ ὢĄὢ ?

ὠĄὠ ὠĄὠ ?

with with 

T, D, R Ὕ, D, R

ὝȟὈȟὙ ὝȟὈȟὙ
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1) CRD: ITRF2005 (2007,0) Ą ITRF91 (2007,0) 

2) CRD: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

3) CRD+VEL: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

4) CRD: ITRF2000 (2012,0) Ą ETRF2000 (2012,0)

5) CRD: ITRF2014 (2012,0) Ą ETRF2000 (2012,0)

6) CRD+VEL: ITRF2014 (2012,0) Ą ETRF2000 (2001,0)

7) CRD: ETRF2000 (2008,0) Ą ETRF96 (2008,0)

8) CRD+VEL: ETRF2000 (2008,0) Ą ETRF96 (2001,0)



ROYAL 
OBSERVATORY 

OF BELGIUM

Memo Boucher & Altamimi:

http://etrs89.ensg.ign.fr/memo-V8.pdf

Position :

ὢ ὸ ὢ ὸ Ὕ Ὑ Ȣὢ ὸȢὸ ρωψω

Velocity:

ὠ ὠ Ὑ Ȣὢ ὸ

Ὕ Ą Table 3 of Appendix 3 (case A) (unit: cm Ą m)

Ὑ

π Ὑ Ὑ

Ὑ π Ὑ

Ὑ Ὑ π

Ą Table 4 of Appendix 3

(unit: mas/yrĄ rad/yr)

ITRFyy(t) ĄETRFyy(t)
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EX4: ITRF2000 (2012,0) ĄETRF2000 (2012,0)



ROYAL 
OBSERVATORY 

OF BELGIUMExamples

1) CRD: ITRF2005 (2007,0) Ą ITRF91 (2007,0) 

2) CRD: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

3) CRD+VEL: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

4) CRD: ITRF2000 (2012,0) Ą ETRF2000 (2012,0)

5) CRD: ITRF2014 (2012,0) Ą ETRF2000 (2012,0)

6) CRD+VEL: ITRF2014 (2012,0) Ą ETRF2000 (2001,0)

7) CRD: ETRF2000 (2008,0) Ą ETRF96 (2008,0)

8) CRD+VEL: ETRF2000 (2008,0) Ą ETRF96 (2001,0)
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We know

ÅITRFyy(t) Ą ITRFzz(t)

ÅITRFzz(t) Ą ETRFzz(t) 

Step 1) ITRF2014(t) Ą ITRF2000(t)

can have sub-steps

Step 2) ITRF2000(t) Ą ETRF2000(t)   



ROYAL 
OBSERVATORY 

OF BELGIUM
EX5: ITRF2014 (2012,0) ĄETRF2000 (2012,0)
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EX5: ITRF2014 (2012,0) ĄETRF2000 (2012,0)



ROYAL 
OBSERVATORY 

OF BELGIUMITRF web site

From-To ITRF88ITRF89ITRF90ITRF91ITRF92ITRF93ITRF94ITRF96ITRF97ITRF2000ITRF2005ITRF2008ITRF2014

ITRF88 X X X

ITRF89 X X X

ITRF90 X X X

ITRF91 X X X

ITRF92 X X X

ITRF93 X X X

ITRF94 X X X

ITRF96 X X X

ITRF97 X X X

ITRF2000 X X X X X X X X X X X X

ITRF2005 X X X

ITRF2008 X X X X X X X X X X X X X

ITRF2014 X X

Example ITRF2014 Ą ITRF2000 :   ITRF2014 Ą ITRF2008
ITRF2008 Ą ITRF2005 
ITRF2005 Ą ITRF2000
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From-To ITRF88ITRF89ITRF90ITRF91ITRF92ITRF93ITRF94ITRF96ITRF97ITRF2000ITRF2005ITRF2008ITRF2014

ITRF88 X X X

ITRF89 X X X

ITRF90 X X X

ITRF91 X X X

ITRF92 X X X

ITRF93 X X X

ITRF94 X X X

ITRF96 X X X

ITRF97 X X X

ITRF2000 X X X X X X X X X X X X

ITRF2005 X X X

ITRF2008 X X X X X X X X X X X X X

ITRF2014 X X

Example ITRF2014 Ą ITRF2000 :   ITRF2014 Ą ITRF2008
ITRF2008 Ą ITRF2005 
ITRF2005 Ą ITRF2000
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1) CRD: ITRF2005 (2007,0) Ą ITRF91 (2007,0) 

2) CRD: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

3) CRD+VEL: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

4) CRD: ITRF2000 (2012,0) Ą ETRF2000 (2012,0)

5) CRD: ITRF2014 (2012,0) Ą ETRF2000 (2012,0)

6) CRD+VEL: ITRF2014 (2012,0) Ą ETRF2000 (2001,0)

7) CRD: ETRF2000 (2008,0) Ą ETRF96 (2008,0)

8) CRD+VEL: ETRF2000 (2008,0) Ą ETRF96 (2001,0)
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We know

A. ITRFyy(t1) Ą ITRFzz(t1)

B. ITRFyy(t1) Ą ETRFyy(t1) 

C. ETRFyy(t1) Ą ETRFyy(t2)    requires site velocity

Step 1) ITRF2014(2012,0) Ą ITRF2000(2012,0) A.

can have sub-steps

Step 2)ITRF2000(2012,0) Ą ETRF2000(2012,0)   B.

Step 3) ETRF2000(2012,0) Ą ETRF2000(2001,0)      C.
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EX6: ITRF2014 (2012,0) ĄETRF2000 (2001,0)
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1) CRD: ITRF2005 (2007,0) Ą ITRF91 (2007,0) 

2) CRD: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

3) CRD+VEL: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

4) CRD: ITRF2000 (2012,0) Ą ETRF2000 (2012,0)

5) CRD: ITRF2014 (2012,0) Ą ETRF2000 (2012,0)

6) CRD+VEL: ITRF2014 (2012,0) Ą ETRF2000 (2001,0)

7) CRD: ETRF2000 (2008,0) Ą ETRF96 (2008,0)

8) CRD+VEL: ETRF2000 (2008,0) Ą ETRF96 (2001,0)
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We know

A. ITRFyy(t1) Ą ITRFzz(t1)

B. ITRFyy(t1) Ą ETRFyy(t1) 

C. ETRFyy(t1) Ą ETRFyy(t2)    requires site velocity

Step 1) ETRF2000(2008,0) Ą ITRF2000(2008,0) B. (reverse)

Step 2)ITRF2000(2008,0) Ą ITRF96(2008,0)   A.

Step 3) ITRF96(2008,0) Ą ETRF96 (2008,0)   B.
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EX7: ETRF2000(2008,0) ĄETRF96(2008,0)
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1) CRD: ITRF2005 (2007,0) Ą ITRF91 (2007,0) 

2) CRD: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

3) CRD+VEL: ITRF2005 (2007,0) Ą ITRF91 (1999,0)

4) CRD: ITRF2000 (2012,0) Ą ETRF2000 (2012,0)

5) CRD: ITRF2014 (2012,0) Ą ETRF2000 (2012,0)

6) CRD+VEL: ITRF2014 (2012,0) Ą ETRF2000 (2001,0)

7) CRD: ETRF2000 (2008,0) Ą ETRF96 (2008,0)

8) CRD+VEL: ETRF2000 (2008,0) Ą ETRF96 (2001,0)
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We know

A. ITRFyy(t1) Ą ITRFzz(t1)

B. ITRFyy(t1) Ą ETRFyy(t1) 

C. ETRFyy(t1) Ą ETRFyy(t2)    requires site velocity

Step 1) ETRF2000(2008,0) Ą ITRF2000(2008,0) B. (reverse)

Step 2)ITRF2000(2008,0) Ą ITRF96(2008,0)   A.

Step 3) ITRF96(2008,0) Ą ETRF96(2008,0)   B.

Step 4) ETRF96 (2008,0) Ą ETRF96(2001,0) C.
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We just use 3 basic formula:

ÅITRFyy(t) Ą ITRFzz(t)    between diff. ITRF, same epoch

ὢ ὢ Ὕὸ ὈὸȢὢ ὙὸȢὢ

ὠ ὠ Ὕ ὈȢὢ ὙȢὢ

ÅITRFyy(t1) Ą ITRFyy(t2) change epoch, same frame
ETRFyy(t1) Ą ETRFyy(t2)

ὢὸ ὢὸ ὠȢὸ ὸ

ÅITRFyy(t) Ą ETRFyy(t) between ITRFyyand ETRFyy

ὢ ὸ ὢ ὸ Ὕ Ὑ Ȣὢ ὸȢὸ ρωψω

ὠ ὠ Ὑ Ȣὢ ὸ
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5ƻ ƴƻǘ ŦƻǊƎŜǘΧ ŦƻǊ ǘƘƻǎŜ ƻŦ ȅƻǳ ǿƘƻ ǿŀƴǘ ǘƻ Řƻ ǎƻƳŜ ǘŜǎǘƛƴƎ

ÅTransformation parameters are time dependent Ą convert to 
epoch of the transformation

ÅCheck units of transformation parameters Ą convert to SI

http://epncb.oma.be/_productsservices/coord_trans/
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ÅThe ITRF web site 

http://itrf.ensg.ign.fr/

ÅThe Memo

http://etrs89.ensg.ign.fr/memo-V8.pdf

Questions ?


