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1. ##AERX (Observation Equations)
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2. EH1TH (Weight Matrix)

HAMEDOEEICRSOWTEAZEE !

BADFE :
wi=1/(o_i)?
ZZT:

w_i =8AlEI DEH
o_i =&AEI DIFERE

BFfH :

gLy 3l
o AX=0.02m—w_AX=1/(0.002)2= 250,000
o AY=0.03m—-w_AY=1/(0.003)2=111,111
o AZ=0.005m—w AZ=1/(0.005)2= 40,000

gty gv2:
o AX=0.00lm—-w AX=1/(0.001)2= 1,000,000
o AY=0.02m—w_AY=1/(0.002)2= 250,000
o AZ=0.003m—-w AZ=1/(0.003)2=111,111
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3. E¥# 53X (Normal Equations)
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A, ¥EEFHE (Accuracy Assessment)

@ H%iE#E(RE (Posterior Standard Deviation)
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m-n = BHE (Degrees of Freedom)
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@ FEEDIE#(RZ (Coordinate Standard Deviation)
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@ KFHEE - NEHRE

KIEREE (Horizontal Accuracy)
o H=V (g X*+ 0_Y?
SNEFEE (Vertical Accuracy)

o V=07

@ 95% =X (95% Confidence Interval)
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Cl_ 95% =1.96 x 0.0008” = 0.001568"
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AX=X_#%8m - X BEER
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1: +1 0 0 -1 0 0 (AX {1—ref})
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6: 0 0 +1 0 0 -1 (AZ {2—ref})



2. IEMTTH (NTTFI) DR
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4. RFIE

HIEENDKE S TICRHE :

max(|Ax i|) < €
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REI—F (C#)
MultiSessionAnalyzer 7 7 X

public class MultiSessionAnalyzer
{
/// <summary>B#t v 3> - BEEAOBREBFE</ summary >
public static void PerformRigorousNetworkAdjustment(
List<SessionResult> sessionResults,
out List<AdjustedPoint> adjustedPoints,
out AdjustmentStatistics stats)

// % Step 1: &AIKDER
var observationPoints = CollectObservationPoints(sessionResults);
int numPoints = observationPoints.Count;

// K Step 2: HESDRE
var referencePoint = SelectReferencePoint(observationPoints);
int numFreePoints = numPoints - 1; // E¥SIETE

// % Step 3: EAEDEN
var observations = CollectObservations(
sessionResults, observationPoints, referencePoint);
int numObservations = observations.Count;

// % Step 4-6: RIEFTHE

var adjustedCoords = PerformIterativeAdjustment(
observationPoints, referencePoint, observations,
out var normalMatrix, out var covarianceMatrix);

// % Step 7-8: {EEL:TM
ComputeAccuracy(observations, adjustedCoords, referencePoint,
normalMatrix, out var standardDeviations);

// % Step 9: REBHTE
JudgeQuality(adjustedCoords, standardDeviations,
out adjustedPoints, out stats);

/// <summary>Step 3: ¥ 2 E1TH] (AfTH)) D#HERL</summary>
private static Matrix ComputeJacobianMatrix(
List<Point> points, Point refPoint, List<Observation> observations)

{
int m = observations.Count; // B
int n = (points.Count - 1) * 3; // KA EEIZKR)
var A = new Matrix(m, n);

int rowIdx = 0;
foreach (var obs in observations)
{
int pointIdx = points.FindIndex(p => p.Id == obs.PointId);
int colIdx = (pointIdx - 1) * 3; // EES|Feh D THKIL-3 (XFv )



/1 EREAFEXDRHS
if (obs.Type == ObservationType.DeltaX)

A[rowIdx, colIdx + @] = +1.8; // 3(AX)/3X_BE=
[/ d(BX)/dX_EHES = -1.0 (FEESLOTHELARW

}
else if (obs.Type == ObservationType.DeltaY)
{
A[rowIdx, colIdx + 1] = +1.8; // 3(AY)/dY_BE=
}
else if (obs.Type == ObservationType.DeltaZz)
{
A[rowIdx, colIdx + 2] = +1.8; // 3(AZ)/3z_BE=
}
rowIdx++;
}
return A;

/// <summary>Step 4 : EH1TH] WITF) DIER</summary>
private static Matrix ComputeWeightMatrix(
List<Observation> observations)
{
int m
var W

observations.Count;
Matrix.Zero(m, m);

for (int 1 = 0; i < m; i++)
{

double sigma = observations[i].StandardDeviation;
W[i, i] = 1.0 / (sigma * sigma); // w.i =1/ o_i?
}

return W;

/// <summary>Step 5-6 : IEARGFFEX DAL & KE</summary>
private static Vector PerformIterativeAdjustment(
List<Point> points, Point refPoint, List<Observation> observations,
out Matrix normalMatrix, out Matrix covarianceMatrix)

var currentCoords = InitializeCoordinates(points, refPoint);
double convergenceTolerance = ©.001; // 1 mm
int maxIterations = 10;

for (int iter = @; iter < maxIterations; iter++)

{
// VAT DR
var A = ComputeJacobianMatrix(points, refPoint, observations);

/] EHRTHIORER

var W = ComputeWeightMatrix(observations);

// ERITH N = AAT - W - A
normalMatrix = A.Transpose() * W * A;

/] BRAASEAOFEEE
var residuals = ComputeResiduals(
observations, currentCoords, refPoint);



/] EEIE u = AT - W -1
var constantVector = A.Transpose() * W * residuals;

// ERAENXZKE ax = N {-1} - u

var corrections = normalMatrix.Inverse() * constantVector;

/1 PER¥IE
double maxCorrection = corrections.MaxAbsoluteValue();
if (maxCorrection < convergenceTolerance)

{

}
/] EERR % B

currentCoords = currentCoords + corrections;

break; // IR

}

/] DEFEDEATI 1 I x = 002 - NA{-1}
covarianceMatrix = normalMatrix.Inverse();

return currentCoords;

/// <summary>Step 8 : f5EHM (IZERZEDFE) </summary>
private static void ComputeAccuracy(
List<Observation> observations,
Vector adjustedCoords, Point refPoint,
Matrix covarianceMatrix,
out List<CoordinateAccuracy> standardDeviations)

/] K EREDEE

var residuals = ComputeResiduals(observations, adjustedCoords, refPoint);

/] * BERFEEREDFE
double vTWv = 0;
for (int i = @; i < residuals.Length; i++)
{
VTWv += residuals[i] * residuals[i] / (observations[i].StandardDeviation *
observations[i].StandardDeviation);

}
int m = observations.Count; // #BI¥
int n = adjustedCoords.Length; // KA

int degreesOfFreedom = m - n;

double sigma@Squared = vTWv / degreesOfFreedom; // BRIZEERBEDFSH



/1 Kk BEZREDEERE
standardDeviations = new List<CoordinateAccuracy>();
for (int i = @; i < adjustedCoords.Length; i += 3)
{

double sigmaX
double sigmaY
double sigmaz

Math.Sqrt(sigma@Squared * covarianceMatrix[i, i]);
Math.Sqrt(sigma@Squared * covarianceMatrix[i + 1, i + 1]);
Math.Sqrt(sigma@Squared * covarianceMatrix[i + 2, i + 2]);

double sigmaH = Math.Sqrt(sigmaX * sigmaX + sigmaY * sigmaY); // KFHEE

standardDeviations.Add(new CoordinateAccuracy
{

SigmaX = sigmaX,

SigmaY = sigmay,

SigmaZ = sigmaZz,

SigmaHorizontal = sigmaH,

Sigma@Squared = sigma@Squared

1)

0O

/// <summary>Step 9 : FAE¥IE</summary>
private static void JudgeQuality(
Vector adjustedCoords,
List<CoordinateAccuracy> accuracies,
out List<AdjustedPoint> adjustedPoints,
out AdjustmentStatistics stats)

{
adjustedPoints = new List<AdjustedPoint>();
/] FEEEE (F]: 3REESAE)
double threshold_Horlzontal = 0.100; // 100 mm
double threshold_Vertical = 0.150; // 150 mm

int passCount = 0;
double sumHorizontal

double sumVertical 0



for (int i = @; i < adjustedCoords.Length; i += 3)
{

var acc = accuracies[i / 3];

/] wEHE

string qualityGrade = DetermineQualityGrade(acc);

bool isPassed = acc.SigmaHorizontal <= threshold_Horizontal &&
acc.SigmaZ <= threshold_Vertical;

if (isPassed)
passCount++;

sumHorizontal += acc.SigmaHorizontal;
sumVertical += acc.SigmaZ;

adjustedPoints.Add(new AdjustedPoint
{

Coordinates = new Vector3(
adjustedCoords[i],
adjustedCoords[i + 1],
adjustedCoords[i + 2]),

Accuracy = acc,

QualityGrade = qualityGrade,

IsPassed = isPassed

s

/] BETIEHR

stats = new AdjustmentStatistics

{
TotalPoints = adjustedCoords.Length / 3,
PassedPoints = passCount,
AverageHorizontalAccuracy = sumHorizontal / (adjustedCoords.Length / 3),
AverageVerticalAccuracy = sumVertical / (adjustedCoords.Length / 3),
DegreesOfFreedom = /* m - n */,
AdjustmentMethod = "Rigorous Network Adjustment (Least Squares)"

1



HAF (DLBIERRE)

(FFEEE]

tyyar# 2
BRI 4
FIKFHEE 286.81 mm
FEHYEEREE 491.69 mm
BAKERE 327.09 mm
BAEBERE 538.24 mm
AR 1/4

MR E CRIhEEAR)

m BE(E) RE(E) BREEm) | KEBEmm) | AEREE(mm)

-56.6976 74.6586 -262.047 0.00 0.00
2 -57.6727 64.4165 -261.084 263.52 509.94 Tatg
8 -47.3355 64.0985 -325.493 269.81 426.90 Iy
4 -46.8526 73.6385 54.528 327.09 538.24 Ny

mﬁ; . SRR <95%)

0.00

0.0000 0.0000 0.0000 0.0000
2 7.2528 8.3682 509941 14.2155 16.4016 999485
3 7.9075 5.4433 426901 15.4986 10.6689 836726

4 9.4988 6.8059 538240 18.6176 13.3395 1054951



mEHEERE

SRR ERIARE S : HRETHE ap—
mBEFROF CHREZEANE)

an B Fik KEFREEE IMERERESE

—REES <5mm <10 mm
THREES <50 mm <100 mm
=HREER < 100 mm < 150 mm

EHE > 100 mm > 150 mm

Hieavy o

if (0_H <= 5 mm AND ¢_V <= 10 mm) {
qualityGrade = "—fkFENES";
isPassed = true;

} else if (o_H <= 50 mm AND o_V <= 100 mm) {
qualityGrade = " fRFEUES";
isPassed = true;

} else if (0_H <= 100 mm AND o_V <= 150 mm) {

qualityGrade = " =fkFHEHEN";
isPassed = true;
} else {

qualityGrade = "ZEFELH";
isPassed = false;
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CollectObservationPoints
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SelectReferencePoint
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Y
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Yes - X~ / No — K&
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