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

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

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

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

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

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

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

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



ROYAL 
OBSERVATORY 

OF BELGIUM

EX1: ITRF2005 (2007,0)  ITRF91 (2007,0)



ROYAL 
OBSERVATORY 

OF BELGIUM

EX1: ITRF2005 (2007,0)  ITRF91 (2007,0)
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ITRFyy(t)  ITRFzz(t) 

𝑋𝐼𝑇𝑅𝐹𝑧𝑧(𝑡) = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) + 𝑇(𝑡) + 𝐷(𝑡). 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) + 𝑅(𝑡). 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡)

Translation vector     𝑇(𝑡) =

𝑇1(𝑡)
𝑇2(𝑡)
𝑇3(𝑡)

Scale 𝐷(𝑡)

Rotation matrix 𝑅(𝑡) =

0 −𝑅3(𝑡) 𝑅2(𝑡)
𝑅3(𝑡) 0 −𝑅1(𝑡)
−𝑅2(𝑡) 𝑅1(𝑡) 0

http://itrf.ign.fr/rel_trs.php
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From-To ITRF88 ITRF89 ITRF90 ITRF91 ITRF92 ITRF93 ITRF94 ITRF96 ITRF97 ITRF2000 ITRF2005 ITRF2008 ITRF2014

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  ITRF91 :   ITRF2005  ITRF2000 
ITRF2000  ITRF91
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From-To ITRF88 ITRF89 ITRF90 ITRF91 ITRF92 ITRF93 ITRF94 ITRF96 ITRF97 ITRF2000 ITRF2005 ITRF2008 ITRF2014

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  ITRF91 :   ITRF2005  ITRF2000 
ITRF2000  ITRF91
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mm m     x10-9 mas  radians

X 1000 x 
0,001

3600
.
𝜋

180

1) conversion from milliarc second to arc second:  x 0,001      
2) conversion from arc second to degrees  :  /3600 
3) conversion from degrees to radians   :   x 2π/360
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Use rates to express each parameter at the requested epoch (t=2007,0):
𝑃 2007,0 = 𝑃(2000,0) + ሶ𝑃(2007,0 − 2000,0)
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From-To ITRF88 ITRF89 ITRF90 ITRF91 ITRF92 ITRF93 ITRF94 ITRF96 ITRF97 ITRF2000 ITRF2005 ITRF2008 ITRF2014

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  ITRF91 :   ITRF2005  ITRF2000 
ITRF2000  ITRF91



ROYAL 
OBSERVATORY 

OF BELGIUMITRF2000 ITRF91 web site



ROYAL 
OBSERVATORY 

OF BELGIUM



ROYAL 
OBSERVATORY 

OF BELGIUMExamples

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

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

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

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

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

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

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

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



ROYAL 
OBSERVATORY 

OF BELGIUM

EX2: ITRF2005 (2007,0)  ITRF91 (1999,0)
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1) CRD: ITRF2005 (2007,0)  ITRF91 (2007,0) 

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

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

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

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

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

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

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

Position:
𝑋𝐼𝑇𝑅𝐹𝑧𝑧(𝑡) = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) + 𝑇(𝑡) + 𝐷(𝑡). 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) + 𝑅(𝑡). 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡)

Velocity:

𝑉𝐼𝑇𝑅𝐹𝑧𝑧 = 𝑉𝐼𝑇𝑅𝐹𝑦𝑦 + ሶ𝑇 + ሶ𝐷. 𝑋𝐼𝑇𝑅𝐹𝑦𝑦 + ሶ𝑅. 𝑋𝐼𝑇𝑅𝐹𝑦𝑦

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

𝑋(𝑡2) = 𝑋(𝑡1) + 𝑉. (𝑡2 − 𝑡1)

EX3: ITRF2005 (2007,0)  ITRF91 (1999,0)
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𝑋1 𝑋2 𝑋2 𝑋1 ?

𝑉1 𝑉2 𝑉2 𝑉1 ?

with with 

T, D, R −𝑇, −D, −R

ሶ𝑇, ሶ𝐷, ሶ𝑅 − ሶ𝑇, − ሶ𝐷, − ሶ𝑅
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1) CRD: ITRF2005 (2007,0)  ITRF91 (2007,0) 

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

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

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

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

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

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

8) CRD+VEL: ETRF2000 (2008,0)  ETRF96 (2001,0)
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Memo Boucher & Altamimi:

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

Position :

𝑋𝐸𝑇𝑅𝐹𝑦𝑦 𝑡 = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦 𝑡 + 𝑇𝑦𝑦 + ሶ𝑅𝑦𝑦 . 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡). (𝑡 − 1989)

Velocity :

𝑉𝐸𝑇𝑅𝐹𝑦𝑦 = 𝑉𝐼𝑇𝑅𝐹𝑦𝑦 + ሶ𝑅𝑦𝑦 . 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡)

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

ሶ𝑅𝑦𝑦 =

0 − ሶ𝑅3 ሶ𝑅2
ሶ𝑅3 0 − ሶ𝑅1

− ሶ𝑅2 ሶ𝑅1 0

 Table 4 of Appendix 3

(unit: mas/yr rad/yr)

ITRFyy (t)  ETRFyy (t)
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EX4: ITRF2000 (2012,0) ETRF2000 (2012,0)
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1) CRD: ITRF2005 (2007,0)  ITRF91 (2007,0) 

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

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

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

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

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

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

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

• ITRFyy(t)  ITRFzz(t)

• ITRFzz(t)  ETRFzz(t) 

Step 1) ITRF2014(t)  ITRF2000(t)

can have sub-steps

Step 2) ITRF2000(t)  ETRF2000(t)   
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From-To ITRF88 ITRF89 ITRF90 ITRF91 ITRF92 ITRF93 ITRF94 ITRF96 ITRF97 ITRF2000 ITRF2005 ITRF2008 ITRF2014

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  ITRF2000 :   ITRF2014  ITRF2008
ITRF2008  ITRF2005 
ITRF2005  ITRF2000
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From-To ITRF88 ITRF89 ITRF90 ITRF91 ITRF92 ITRF93 ITRF94 ITRF96 ITRF97 ITRF2000 ITRF2005 ITRF2008 ITRF2014

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

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

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

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

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

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

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

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

A. ITRFyy(t1)  ITRFzz(t1)

B. ITRFyy(t1)  ETRFyy(t1) 

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

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

can have sub-steps

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

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

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

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

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

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

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

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

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



ROYAL 
OBSERVATORY 

OF BELGIUM
EX7: ETRF2000(2008,0) ETRF96(2008,0)

We know

A. ITRFyy(t1)  ITRFzz(t1)

B. ITRFyy(t1)  ETRFyy(t1) 

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

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

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

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

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

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

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

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

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

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

8) CRD+VEL: ETRF2000 (2008,0)  ETRF96 (2001,0)
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EX8: ETRF2000(2008,0) ETRF96(2001,0)

We know

A. ITRFyy(t1)  ITRFzz(t1)

B. ITRFyy(t1)  ETRFyy(t1) 

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

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

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

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

Step 4) ETRF96 (2008,0)  ETRF96(2001,0) C.
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EX8: ETRF2000(2008,0) ETRF96(2001,0)
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EX8: ETRF2000(2008,0) ETRF96(2001,0)
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We just use 3 basic formula:

• ITRFyy(t)  ITRFzz(t)    between diff. ITRF, same epoch

𝑋𝐼𝑇𝑅𝐹𝑧𝑧 = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦 + 𝑇(𝑡) + 𝐷(𝑡). 𝑋𝐼𝑇𝑅𝐹𝑦𝑦 + 𝑅(𝑡). 𝑋𝐼𝑇𝑅𝐹𝑦𝑦
𝑉𝐼𝑇𝑅𝐹𝑧𝑧 = 𝑉𝐼𝑇𝑅𝐹𝑦𝑦 + ሶ𝑇 + ሶ𝐷. 𝑋𝐼𝑇𝑅𝐹𝑦𝑦 + ሶ𝑅. 𝑋𝐼𝑇𝑅𝐹𝑦𝑦

• ITRFyy (t1)  ITRFyy (t2) change epoch, same frame
ETRFyy(t1)  ETRFyy(t2)

𝑋(𝑡2) = 𝑋(𝑡1) + 𝑉. (𝑡2 − 𝑡1)

• ITRFyy(t)  ETRFyy(t) between ITRFyy and ETRFyy

𝑋𝐸𝑇𝑅𝐹𝑦𝑦 𝑡 = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦 𝑡 + 𝑇𝑦𝑦 + ሶ𝑅𝑦𝑦. 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡). (𝑡 − 1989)

𝑉𝐸𝑇𝑅𝐹𝑦𝑦 = 𝑉𝐼𝑇𝑅𝐹𝑦𝑦 + ሶ𝑅𝑦𝑦. 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡)
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Do not forget… for those of you who want to do some testing

• Transformation parameters are time dependent  convert to 
epoch of the transformation

• Check units of transformation parameters  convert to SI

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

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

• The Memo

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

Questions ?


