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❖ The sensitivity level provides information on the detection capability of

observing stations based on undetectable gross errors in a geodetic

network solution.

❖ Sensitivity is the minimum value of the undetectable gross errors by

hypothesis testing.

❖ The location of the station in the network and the total weight of its

observations contribute to the sensitivity levels.
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Sensitivity analysis for combining VLBI with GNSS data 

❖ The mathematical model:

𝑵𝑉𝐿𝐵𝐼 0

0 𝑵𝐺𝑁𝑆𝑆

𝒙𝑉𝐿𝐵𝐼
𝒙𝐺𝑁𝑆𝑆

=
𝒏𝑉𝐿𝐵𝐼
𝒏𝐺𝑁𝑆𝑆

𝑵𝑉𝐿𝐵𝐼 + 𝑵𝐺𝑁𝑆𝑆 . ො𝒙 − 𝒏𝑉𝐿𝐵𝐼 + 𝒏𝐺𝑁𝑆𝑆 = 0

❖ The weighting factor:

𝑤𝐺𝑁𝑆𝑆 =
𝑛𝑎𝐺𝑁𝑆𝑆

𝑛𝑎𝑉𝐿𝐵𝐼
.

ൗ(𝑡𝑟𝑎𝑐𝑒 𝑵𝐺𝑁𝑆𝑆 + 𝑡𝑟𝑎𝑐𝑒 𝑵𝑉𝐿𝐵𝐼 )
2

𝑡𝑟𝑎𝑐𝑒 𝑵𝐺𝑁𝑆𝑆

𝑤𝑉𝐿𝐵𝐼 =
ൗ(𝑡𝑟𝑎𝑐𝑒 𝑵𝐺𝑁𝑆𝑆 + 𝑡𝑟𝑎𝑐𝑒 𝑵𝑉𝐿𝐵𝐼 )
2

𝑡𝑟𝑎𝑐𝑒 𝑵𝑉𝐿𝐵𝐼

❖ Re-weighted mathematical model:

4

൯(𝑤𝑉𝐿𝐵𝐼 .𝑵𝑉𝐿𝐵𝐼 + 𝑤𝐺𝑁𝑆𝑆. 𝑵𝐺𝑁𝑆𝑆
. ෝ𝒙 − 𝑤𝑉𝐿𝐵𝐼. 𝒏𝑉𝐿𝐵𝐼 + 𝑤𝐺𝑁𝑆𝑆. 𝒏𝐺𝑁𝑆𝑆 = 0

𝑵𝑤 . ෝ𝒙 − 𝒏𝑤 = 0



❖ The linearized form of the functional model at each co-location site:

𝒍 = 𝑳 − 𝑳0 = ∆𝑿𝑖𝑗 − ∆𝑿0
𝑖𝑗

∆𝒙
∆𝒚
∆𝒛 𝑡𝑖𝑒

=
𝑿
𝒀
𝒁 𝑉𝐿𝐵𝐼

−
𝑿
𝒀
𝒁 𝐺𝑁𝑆𝑆

±

𝜎∆𝑥
𝜎∆𝑦
𝜎∆𝑧

𝑵𝑤 +𝑵𝑙𝑜𝑐𝑎𝑙 𝑡𝑖𝑒 𝒙 − 𝒏𝑤 + 𝒏𝑙𝑜𝑐𝑎𝑙 𝑡𝑖𝑒 = 𝟎

❖ Sensitivity level of a station:

𝑑 𝑚𝑖𝑛 =
𝛿0𝑚0

𝑡𝑜𝑡𝑎𝑙

𝜆𝑚𝑎𝑥

𝑚0
𝑡𝑜𝑡𝑎𝑙 =

𝒗𝑇𝑷𝒗 𝑉𝐿𝐵𝐼 + 𝒗𝑇𝑷𝒗 𝐺𝑁𝑆𝑆

𝑓𝑉𝐿𝐵𝐼 + 𝑓𝐺𝑁𝑆𝑆
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❖ 153 GNSS stations

(ITRF2014) evaluated with EPOS

❖ 17 VLBI stations (ITRF2014-

ICRF3) evaluated with

VieVS@GFZ

❖ 5 co-located stations

(ITRF2014)

Co-location sites:

❖ONSA-ONSALA60

❖NYA1-NYALES20

❖ZECK-ZELENCHK

❖MATE-MATERA

❖HOB2-HOBART26

VLBI and GNSS stations using for combination 

Blue dot: GNSS stations

Red/black diamond: VLBI stations

Red letter: Co-location sites
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Sensitivity levels of the VLBI antennas after the combination vs. 
before the combination in the CONT14 session

IGS Solution → IGS Final Products

IGR Solution → IGS Rapid Products



Effects of selected co-location sites on sensitivity levels
in the CONT14 Session

❖ Effects of selected co-location sites on sensitivity levels are investigated using four
scenarios.
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Scenario 1 Scenario 2 Scenario 3 Scenario 4

ONSA-ONSALA60
(max. 𝜎)

ONSA-ONSALA60
(min. 𝜎)

ONSA-ONSALA60 
(max. 𝜎)

ONSA-ONSALA60
(min. 𝜎)

NYA1-NYALES20 NYA1-NYALES20 NYA1-NYALES20 NYA1-NYALES20

ZECK-ZELENCHK ZECK-ZELENCHK TSKB-TSUKUB32 TSKB-TSUKUB32

MATE-MATERA MATE-MATERA MATE-MATERA MATE-MATERA

HOB2-HOBART26 HOB2-HOBART26 HOB2-HOBART26 HOB2-HOBART26



Conclusions

❖ To increase the detection capability of the VLBI stations based on sensitivity, the

selection of the co-location sites is very important.

❖ If co-location sites having minimum standard deviations are selected for the

combination, the better sensitivity levels will be obtained.

❖ The smaller the sensitivity levels, the better the identification of the gross errors

and the better the detection capability.
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Thank you!

contact

nehbit@gfz-potsdam.de
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