Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography ISSN 1598-4850(Print)
Vol. 40, No. 4, 325-332, 2022 ISSN 2288-260X(Online)

https://doi.org/10.7848/ksgpc.2022.40.4.325

HIAFERIO| BE Xt EM 24 - MIS VLB IVP 28 =2
Characteristics of Measurement Errors due to Reflective Sheet Targets
- Surveying for Sejong VLBI IVP Estimation
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Abstract

Determination of VLBI IVP (Very Long Baseline Interferometry Invariant Point) position with high accuracy
is required to compute local tie vectors between the space geodetic techniques. In general, reflective targets are
attached on VLBI antenna and slant distances, horizontal and vertical angles are measured from the pillars.
Then, adjustment computation is performed by using the mathematical model which connects measurements and
unknown parameters. This indicates that the accuracy of the estimated solutions is affected by the accuracy of
the measurements. One of issues in local tie surveying, however, is that the reflective targets are not in favorable
condition, that is, the reflective sheet target cannot be perfectly aligned to the instrument perpendicularly.
Deviation from the line of sight of an instrument may cause different type of measurement errors. This inherent
limitation may lead to incorrect stochastic modeling for the measurements in adjustment computation procedures.
In this study, error characteristics by measurement types and pillars are analyzed, respectively. The analysis on
the studentized residuals is performed after adjustment computation. The normality of the residuals is tested
and then equal variance test between the measurement types are performed. The results show that there are
differences in variance according to the measurement types. Differences in variance between distances and angle
measurements are observed when F-test is performed for the measurements from each pillar. Therefore, more
detailed stochastic modeling is required for optimal solutions, especially in local tie survey.
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Fig. 1. Flowchart of the study
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matrix, &: s x | vector of unknowns (parameters), e : nx 1
vector of measurement errors, @, : variance component, P:

1 x n weight matrix, rk {} rank of matrix.
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Fig. 2. Location map of Sejong VLBI station and pillars
(NGII, 2019)

Fig. 3. Location of reflective targets for co-location survey
(NGILI, 2019)
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Table 1. Specification of surveying instrument
(Trimble, 2010)

Manufacturer Trimble
Model Trimble S8
Distance: 0.8mm =+ 1.0ppm
A
couracy Angle: 0.5"

22kl oigt w2gte) A

Table 2. Number of observations for local tie survey

Slant Horizontal | Vertical
. Total
distance angle angle
Number 2489 1540 2222 6251
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Fig. 4. Estimated coordinates of pillars and reflective
targets using MINOLESS approach
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Fig. 5. Studentized residuals, i

Table 3. Statistical characteristics of the studentized

residuals
Slant Horizontal Vertical
distance angle angle
Mean 0.007 0.020 -0.006
Standard 0.623 1.210 1.081
deviation
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Table 4. Skewness and kurtosis of each measurement type

Slant Horizontal Vertical
distance angle angle
Skewness 0.3689 -0.2574 0.0388
Kurtosis 6.3520 27272 3.2213

Table 5. Variances and degree of freedom of the

measurements
Slant Horizontal Vertical
Distance Angle Angle
6? 0.3876 1.4642 1.1686
df 2488 1539 2221

Table 59| AR5 o-§-5of 715 7HR 7 Frke] At
Zopet gy 7HdR g Bato] tharkehe 7Hd e A
Aot & P2 ool on 1 Aihe Table 63F 2o
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Table 6. Hypothesis testing results of F-test

SD:HA SD:VA HA:VA

H, | Reject(0.2647) | Reject(0.3317) | Reject(1.2530)

ZApe] fAto] A= thErhs AL 27] 4o = 44
H gEo] ¥ 249 A 4S9 vhdshal A=
Fotths 2e onlstn nhepi] 27] R4Sl tigh 71
2ol A 2EE 52 ool £AF 2lE A gsfjof & Ao
2 vhekEch

A S 5% S WA el Rk dYE 2T
o Q7] wizoll WS flXof whet S 2 Aol FIF
= E % YU ol 5o SUR WAL AR ek el
QAo whe} =2 Zbo] Th= A LERd 4= 9lom] T A what
Elo] Wt Febd 4 Q1Y) wiz otk Heke £ EE]r—
TS Ap B4 2Ask7] flsl 2 et tisf =3 7
2], 32, =212k gt RS AR oH DPZWP’JE f
Lot HeE ALbsto] A5tdE 41813tk Table 722 9=
S HE=S UEhd o2 A A4S e W B A &
5 ORI Qe Ae & UEiTth

Table 7. Skewness and kurtosis of measurements by the

measurement types and pillars

Pillar Slant |Horizontal| Vertical
ID distance angle angle
VP01 0.3417 -0.4554 -0.1290
VP02 1.4640 -0.4494 -0.2875
Skewness | VP03 -0.4372 -0.5223 0.2830
VP04 -0.0315 0.2542 0.0125
VP05 0.1105 0.2058 -0.0388
VP01 5.8341 2.7419 2.7797
VP02 6.9537 3.6672 3.8468
Kurtosis | VP03 6.2752 3.6216 3.7556
VP04 6.1933 2.4933 2.8528
VP05 4.9988 2.3584 2.8699
2} el aligah Rafol tha) B el B ALY 2
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S & AAFSE Z3}= Table 81} 2t} Table 10. Results of F-test with test statistics
SD HA VA
Table 8. Variances and degree of freedom of each VPOLVPO2 Reject Reject Reject
Pillar ID Slant Horizontal | Vertical (07165) (1'8?69) (1'9:537)
Distance Angle Angle : Accept Reject Reject
VPOLVPO3 (0.9576) (1.8685) (1.3809)
VPOl 62 0.3092 1.5880 1.3745 A. A A'
: ceept ccept ceept
df 529 353 479 VPOLVPO4 | 08281y | (0.8916) | (0.9604)
A2 .
o 0.4316 0.8645 0.7036 Reject Accept Accept
VPOL1:VPO5
VP02 ar 479 05 165 (0.6472) (0.8542) (1.0104)
N : Accept Accept Reject
VPO3 62 0.3229 0.8499 0.9954 VP02:VP03 (1.3365) (1.0172) (0.7069)
daf 499 328 419 Accept Reject Reject
VP02:VP04 Ly
oy |G| 03734 17810 1.4312 (1.1559) ((;4?54) ((;4?16)
. Accept eject eject
df 453 280 357 VPOZVPOS | 90033y | (04650) | (0.5172)
— ; ;
o 0.4778 1.8590 1.3603 Accept Reject Reject
VP03:VP04
VP05 ar 524 29 497 (0.8648) (0.4772) (0.6955)
. Reject Reject Reject
VPOIVPOS | 6759 (0.4572) (0.7317)
A AA T Bk 2o} Q=R E FAA LS 3 B4 . Accept Accept Accept
It A & 2Ake A7t A E FAA S oﬂ A VPO4VPOs | (el 0.9580) (1.0521)
5}l 0w T1 A= Table 991 ). 235 HWH B Fefo]
S 2 Aelol 57 2 S 12k Hato] AR thE Ao
2 UEhd wh gz 2 2ke] Ak Afol= fls Ao R Table 99} Table 109] Ao oJat = elgle] whet
Uehgeh 2 Bebe 7120 R SR SR grEe & oS mARstE Ak AL Dot Jaglo] FU
B2 9.3} 370l 2ol girka £ 4= gk gho2 A4S s Ppstea 2 4= ik ofof sl 552
U 2)Zhe Felgh Wetol halAlut FUs F7]0) Bakgt
Table 9. Results of F-test based on the measurement types 2 HAsfjof e Ao 7 Hehech
SD:HA SD:VA HA:VA
5. 20t % 7=
VPOl | Reject (0.1947) | Reject (0.2250) [Accept (1.1553)
VP02 | Reject (0.4992) | Reject (0.6134) |Accept (1.2287) A%} Zepo v} o] VLBI OF|Lbo] 220} 917]
VP03 | Reject (0.3800) | Reject (0.3244) Accept (0.8538)  Eof W}kS ojoj2 2Ast Ao| Brlisal Abejo]A] o]
VP04 | Reject(0.2096) | Reject (0.2609) |Accept (1.2445)  C1RIER THebA AA 4= 2 2f= S7F 7)7] A= Ao A A
TELT O) I o 2} A2} Jo|7) o)L A o) K -
VP05 | Reject (0.2570) | Reject (0.3512) |Accept (1.3666) sohl N @2 FEI AV UE AU E =
oAl 2T 5 A AR A A, $B7 FHZe @
A £4& 48151k o & 919 MINOLESSE 283 &
A B et Depo] wek Bate] Aol S AXSIIOH B kel mE o] HTHS A
U= A A 98l FaAde sdsteen I Ak Askeich At A4 2 2E S ol tial] b= A
Table 107} ek, 744} A2]0) 49 107} 23 5 77) el ] THEES o230 Qi AR Uehgtor] FA% A Bk

BAlo] 2 Ao Uehiton] Su7), A7) 49 AN AR ThE A0 Uebith 23 S S A4 Beko] 9]
2T HALO] L AR Uehgth 2 A4 AR B2 meh 2 oxph ek 4 9] iR 2 E

g 2} et shgsle
o3 Heho] gaiglol BUT A0 WASIlE Y AAE TS ehEE U] A A4S Stk 24
A2 Woluf 9z Wl £zke Heto] wek Aol gt Hebol chal w5 el WA ATHEES o] 23 9l 2
e o 4 gk 02 pehom] S RAF o8 TS uf E Detof o)
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