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1. INTRODUCTION P

DTMs are essential for representing geospatial

data and Earth's surface relief (Mohamed et

al., 2024).

Data Sources:
1. GNSS, LiDAR, InSAR, bathymetry,

photogrammetry

2. Global models (SRTM, ASTER, AW3D30,
TanDEM-X, Copernicus DEM) (Ouédraogo et
al., 2014; Montealegre et al., 2015; Zhang et
al., 2016).




GEOREFERENCING OF RURAL PROPERTIES

The Georeferencing of Rural Properties produces geospatial
information, such as the perimeter, the area and the unequivocal
location of rural properties, through geospatial information

surveys.

In Brazil, INCRA certifies these processes based on Law
6.015/73 and the Technical Standard for Georeferencing of Rural
Properties (NTGIR), updated in 2022.

This update incorporated the use of altimetry, improving the
calculation of areas that depends on the Local Geodetic System
(SGL).
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ALTITUDE ACCURACY

Altimetry is a new element to consider to meet

current regulations;

DTMs provide altimetric data for property

v

insertion in SIGEF, though challenges remain in

balancing cost and accuracy.

The influence of altimetric quality on Local
Geodesic System area calculation is uncertain,
as the georeferencing manual lacks defined

altitude precision criteria.




DATA INTEGRATION

Da Silveira & Silveira (2017) integrated contour,
elevation, and hydrographic data to classify
Parana’s geomorphology and generate a

regional terrain model.

Druzina & Souza (2010) integrated data from
charts, ASTER, and SRTM to generate a hybrid
DEM for a region in Porto Alegre, Rio Grande
do Sul.

DATA INTERPOLATION

Several interpolation methods exist, including
deterministic (TIN, polynomial, IDW) and
geostatistical approaches (kriging) (Fan et al.,
2014)

1. 2. OBJECTIVES

This study assessed DTM altimetric accuracy
using GNSS data as a reference and for model

integration.



2. MATERIALS AND METHODS

Localization of the study sites Study site in Reserva do Iguagu
2 (25.8450° S; 52.0278° W)
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DATA INTERPOLATION
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With the coefficients a, b, and ¢ are obtained by
solving the linear system formed by the coordinates of
the three known vertices.

Z 50 is the estimated elevation of the point of interest
w; is the weight of the reference point;

Z ;) is elevation of the reference point;

p is the exponent used to determine the weight of the
reference point (most often, p = 2);

n is the number of landmarks in the immediate vicinity
of s,; and d;, is the distance between points with

known and unknown elevation.

DATA INTEGRATION

@ *PROJETO_21-02-2025 — QGIS

Projeto  Editar Exibir Camada Configuragses Complementos

Vetor Raster Banco dedados Web Malha SCP

BRR: OS2 BPPsQ L
LL RV AY Ny AV ‘o M% - 8
G BB LR R -
P Eeom=a - 6k o\ O DEEE Y
Canadas Ak Mualizagies de diversos plugins estio disponivels
CAETE-B D
® CHECAGEM SEPARADOS
*GNSS+SRTM 3 e
® Pontos MDT
© GNSS+SRTMZ2
v {/ GNSS+PAINEIRA
¥ ® VERTICES M _EM FALTA
*GNSS+ALOS PALSAR : G i
+ —l v VERTICES P_EM FALTA
i " MDT ERROS_GNSS+PAINEIRA
» W MDT ERROS GNSS
" GRADE VIZINHO +MAIS PROXIMO
*GNSS+SENTINEL-1 " Taacicin
L ]
°
°

. 1 ~
Bias = —Yi_1(yi — 9i)

n
1
EMA=—E P
n_llyl Vil
1=

Where:

n is the number of observations

x; is the ith value of the observed variable

X; is the sample mean of the valuesx;

y; is the observed (actual) value in the ith observation

y; is the value foreseen in the ith observation

n
1
RMSE = |~ (= 9.
i=1



3. RESULTS

Chart 1: RMSE, SD, MAE AND bias for Reserva do Iguacu Chart 2: RMSE, SD, MAE AND bias for Guarapuava
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Chart 3:

Percentiles 50, 68 and 95 for Reserva do

Chart 4: Percentiles 50, 68 and 95 for Guarapuava
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Chart 5: Error density distribution for the region located in the Chart 6: Error density distribution for the region located in

municipality of Reserva do Iguagu the municipality of Guarapuava
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Chart 9: Moran’s Index plots for the region located in the Chart 10: Moran’s Index plots for the region located in the
municipality of Reserva do Iguacgu municipality of Guarapuava
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Table 1: Overview of the performance results across the statistical metrics evaluated

Model Bias (m) RMSE (m) SD (m) MAE (m) Percentile 50 (m) Percentile 68 (m) Percentile 95 (m)
RESERVA DO GNSS+SRTM_IDW 0.30 7.18 7.18 3.93 -0.19 1.07 9.13
IGUACU

GNSS+SRTM_TIN 0.03 1.99 1.99 1.26 0.16 0.64 2.44
Sentine-1 4.42 4.93 2.22 4.47 4,35 5.01 7.25
ALOS PALSAR -0.09 2.14 2.14 1.40 -0.02 0.49 2.47

GUARAPUAVA GNSS+SRTM_IDW 3.97 13.84 13.25 6.88 0.48 2.74 34.33
GNSS+SRTM_TIN 0.53 2.88 2.88 1.44 0.27 0.77 3.93
Sentine-1 -0.06 3.36 3.36 1.55 -0.01 0.53 3.85

ALOS PALSAR -0.09 3.14 3.14 1.54 -0.03 0.56 3.72



4. CONCLUSION

O Terrain morphology and land cover significantly influence DTM reliability and accuracy.

O TIN interpolation provided the best performance, while IDW showed the lowest

accuracy.

0 GNSS integration with global or orbital elevation models can be a cost-efficient route for

enhanced vertical accuracy in cadastral contexts.

U Radar-derived DTMs offered balanced performance, with variations across terrain types

emphasising sensor choice matters



NEXT STEPS AND RECOMMENDATIONS

O Evaluate possible strategies for integration and complementarity between
technologies;

0 Test other combinations of integrated data, including different interpolation
methods;

d Classify the quality of DTMs according to PEC-PCD

O Evaluate the sampling of points in the generation of DTMs as well as the

appropriate selection of checkpoints.
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