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[Abstract]

This paper aims to improve the limitations of drone surveying, where the placement of Ground

Control Points (GCPs) and Check Points (CPs) depends largely on operator experience and fieldwork

time. To achieve this, it proposes an automatic GCP/CP candidate generation method based on survey

area shape analysis and constraint filtering. The proposed method calculates geometric indicators of the

drone survey area, such as area, perimeter, aspect ratio, circularity, rectangular fitness, convexity, and

linearity. Based on these indicators, the survey area is classified into types such as square, rectangle,

circle, ellipse, linear infrastructure, and triangle, and type-specific placement rules are applied to

generate GCP and CP candidates automatically. In addition, unsuitable candidates are filtered by

considering exclusion features such as buildings, roads, rivers and forests, as well as boundary offset

conditions. Replacement candidates are then generated while maintaining the original placement role.

The placement efficiency of the generated candidates is evaluated using Voronoi distribution analysis,

Delaunay network analysis, and CP independence assessment. Through these evaluations, the spatial

distribution uniformity of GCPs, network stability, and independent validation capability of CPs can be

quantitatively verified. Therefore, the proposed method can support an efficient GCP/CP distribution

strategy and contribute to improving drone surveying quality and mission-planning efficiency.
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I. Introduction
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II. Preliminaries

1. Related works

1.1 Public Surveying Standards and GCP/CP
Placement Methods
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1.3 Studies on Automation and Constraint-Based
Candidate Selection
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III. The Proposed Scheme

1. Overall Structure of Automatic GCP/CP
Candidate Generation
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Fig. 1. Overall Workflow of Automatic GCP/CP Candidate Generation
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Table 2. Shape Analysis Metrics of Survey Area

Symbol| Metric Purpose of Use
Determine the
number of GCPs/CPs
P |Perimeter |Polygon boundary length|Calculate circularity
Number of[Number of vertices o
v Vertices |after simplification Classify triangle/rectangle
Major Axis|Long side of the minimum
Length rotated rectangle
Minor Axis|Short side of the minimum

W Calculate aspect ratio
Length rotated rectangle P

Formula or Meaning

A |Area Area inside the polygon

Calculate aspect ratio

Aspect _ Classify linear
R Ratio R=LW infrastructure/rectangle
C |Circularity |C = 4mtA/P? Classify circle/ellipse
Rectangular .
= X
Q Fithess Q= A/L X W) Classify square/rectangle

Classify concave/irregular
type

H |Convexity |H = A/A_hull

Centerline length or

LS Linearity width ratio relative to Classify linear
Score . ) infrastructure
the major axis

5399 I 24 Aibs 509 w00 AR
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EE ARG O R LRI of2lst BEE ol S8 A)
d GAIA FE BiR] A2 AEishs 7]E0] HY, 2

Table 3. Threshold Values and Decision Rules for
Survey Area Classification

Survey Type| Threshold Criteria | Placement Considerations
Square \és>—= %8% =120, 3x3 uniform placement
Rectangle Vs =4, 1.20 < R < 3.00, Di;tribution along the major
Q >= 0.85 axis
Circle C >=0.80, R <= 1.20, |Center plus outer-ring
Q < 0.85 placement
Ellipse 0.60 <= C < 0.80, Placement along the major
1.20 < R < 3.00 and minor axes
Linear R >= 300 or LS >= 045 Alternating Ieft-right placgment
Infrastructure based on centerline chainage
Triangle |Vs = 3 Co_mbi_nation of _vertif:es, efige
midpoints, and interior points
Irregular Type H < 0.85_ or none of t_he Genere_)te candida_tes k_)ased on
above criteria are satisfied|outer, inner, and junction areas

Note: Vs: number of vertices after simplification, R: aspect ratio,
C: circularity, Q: rectangular fitness, H: convexity, LS: linearity score.

3. Main Processes in the Candidate GCP/CP
Generation Stage

GCP/CP 587 A il 92 % B4 ol A5l
A%0%, WA, vjHAY 82 vlgo 2 AR GCPe} CP

FUAS WIS W02 £ N W E 49 2k

Table 4. Processes in the Candidate Generation

Output

Number of GCPs,
Number of CPs

Technical Content
Set the number according to
public surveying, general
GCPs/CPs surveying, or custom mode
Generate Initial |Apply placement rules for|Initial GCP/CP
Candidates by Type|each survey type candidates
Generate Apply offset distances
3 Exclusion-Feature |around buildings, roads,

Step| Process Item
Determine the
1 number of

Exclusion zone

Buffers rivers, railways, etc.

Constraint Check whether cgndldates Valid/invalid
4 o overlap boundaries or )

Filtering candidates

exclusion zones
Search for replacement points

Repl t
eplacemen Replacement

5 Candidate that preserve the placement candidate
Search role of invalid candidates
6 Finalize Integrate valid candidates|Final GCP/CP

Candidate Points|and replacement candidates|set
Assign ID, coordinates,

Assign Attribute Candidate

/ Information priority, status, and attribute data
placement role
84 Jirt 5% SRT JYE @450 vt g
2V 5 itk 2 RoliE 3EEY 9 REE JlE
02 GCP 941t CP 34 olo2 A3ich E3 §3
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A el A5 el ANS sia wast gt
ESF AP} Y2 SAAS T RS HiR|st
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BYS A0l FRE st o o2t RIE
GCP/CP 3574 A w42 & 59 o] Hojgict

Table 5. Shape-Specific GCP/CP Candidate Generation
Rules

. . P Candidate
Survey Type|GCP Candidate Generation Rules < X
Generation Rules
Square 3x3 placement based on normalized | Diagonal dispersion
q coordinates uy = 0.15, 050, and 0.85|within the grid
. . |Di jon in th
4x2 placement along the major axis |§per5|on |_n €
Rectangle . . |middle section
plus a central reinforcement point|. . . .
inside the major axis
- Ong center point plus points at Inner zone at radius
Circle radius 0.75R
) . 0.45R-0.55R
Eight outer points
Placement based on center, |Interior dispersion
Ellipse major-axis, minor-axis, and between the major
diagonal directions and minor axes
. Ni ints al th nterline
Linear Ine- poInts a'ong the cente Near s = 0.22, the
Infrastructure section s = 0.05-0.95, center, and s = 0.78
Alternating left-right placement ! )
. ... |Interi | t
. Three vertices, three edge midpoints, nterior placemen
Triangle ) - ; between each edge
and three interior points
and the center
. . . . Di jon i t
Irregular  |Six outer points, two inner points, |. Ispersion in empty
Type and one weak-area point internal areas
& between GCPs
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Table 6. Principles for Replacement Candidate Search

Search Principle Content

Preserve the placement role of the original
Role Preservation|candidate, such as outer, inner, centerline,
or junction role

Same-Zone Priority|Search first within the same placement zone

Expand the search radius in the order of

Radius Expansion 20 m, 40 m, 60 m, 80 m, and 100 m

Adjacent-Zone |If the same zone fails, search adjacent or

Search opposite zones
Constraint Apply the same exclusion-feature and
Rechecking boundary conditions to replacement candidates

. |Store replacement candidates with replacement
Status Recording P P

status and the original candidate ID
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Fig. 2.

Implementation of Automatic GCP/CP Candidates
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IV. Evaluation for Generated GCP/CP
Candidates

1. Overview of the Evaluation Method
o] oM 25 2dH GCP/CP 2RO ulx] B4
PR or sk Yge AARIE £F SEFL o]0
5499 7] oA 12, 2 3347, A, 45
3 5 AR 2700] wet BiR]E|lY] o] 25 2R
ke AP GCPE} CP7} 5399 AiAlE @3 Q71 st

LX], GCP 7t ¢1ZAgto] oF&AQIX], CP7} GCPL} iAol
BEHE AFHOR J158 5 SLerlel A7) Aol

At HoF oA e e 7 7 )

[

Table 7. Evaluation Framework for GCP/CP Candidates

Evaluation |Evaluation|Evaluation Key Metrics Evaluation
Aspect Target | Method v Purpose
Voronoi cell Evaluate whether
GCP Voronoi area, CV, and |GCPs are evenly
Distribution GCP ~ ... |maximum/ distributed across
. . Distribution| .. )
Uniformity minimum cell |the entire survey
ratios area
Edg? distance, Evaluate whether
maximum edge, the spatial
GCP Network Delaunay |number of P .
GCP . _|connection

Stability Network |edges exceeding
500 m, and

triangle quality

structure among
GCPs is stable

CP-GCP distance,

. . ) Evaluate whether
cp Distance, |nter‘-C_P dlsta_nce, CPs are suitable

CP zone, and|cell dispersion, :
Independence . . . as independent
hull analysis|and inclusion .
check points

in the GCP hull
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2, Evaluation of Voronoi-Based GCP Distribution

GCP Bx #4554 HIH= A& GCP S H¥Xo| 53599
HAIZ 28 WA dESHEAIS Hsh] g Botolct,
o] 93l 7t GCPE 7]&A 0 2 Voronoi Diagram2 A
Astal, ZF Voronoi CellE £3F499 Polygon UHE2 &
Ueto] GCPY QY Aol AL 7} Cello] WAlo]
QAFE2E GCP7 FSoPl HiAE Ao sjNat 4 ¢l
o, 4 Cello] AUAA 39 g 499 GCP U=
7} BEG 702 WO Y2 54 Cello] AIUAA
0@ 8g GCP7} T GCPe} UL 7h7ke 9lR|o] vl|
g 7202 2 2 ok

Bt Voronoi Cell WA th-Za} o] AlAbect

V_mean = A /' N_GCP 2)
of7IM Ae 5FFY WAool N_.GCP+ %5 GCP
7i4olct. Voronoi Cell HA9] dd== HEA,2 4
Fpeicy,
Vev=Vstd / V.mean (3
Eot FY| Cell v]&} 2|4 Cell Hlg2 th3a} 2o
AEE 2 9ok
V_max_ratio = V_.max /' V_mean (4)
V.min /' V_mean (5)

o 18y 19

V_min_ratio =
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Table 8. Voronoi-Based GCP Distribution Metrics
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3. Evaluation of Delaunay-Based GCP Network
Stability

GCP 94 oA HIt= 3]& GCP ¥4 7Ho] A7t
A o7 2571 AR S Eelap] gist Botolrt. of
£ 98§ GCP 7]¥to2  Delaunay
TriangulationS- AJAdst, AYAE EdgeQ] Zo|9} Az
ol Fefs M3t GCP7F #d QA HiA|EW
Delaunay Edge®] Z0[7} ¥]wAl g5k, AUR|A 11
Edgel ‘gAleh A7bgo] A7 HASstt). ¥ £74 39

of GCP7} B-&3HH 71 Edge?} AskL, A&l AET<
O]—?ﬂ/ﬂo] LJ-OPU Ea (}J\J\E,}

Delaunay Edge®] 2|tfA2]= thaat Zo] At&

E max = max(d(GCP_i, GCP_j)) (6)
Edge Bwt7el= th3at Zo] ALkt
E mean = (1 /M) XX Ek (7)

o17]X E_ki= Delaunay 2] k¥i#] Edge Zo]o]
H, M2 ZA| Edge 40|t} & =woA+= 500mE &t
5t Edgeg GCP 7HA0] atesh @ 4{tes HHst
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Metric Formula Meaning Interpretation
Area of the _ A-Iarger ceII_ir_ujicates al  ABEQ} 7t 7122 1 101 ®E1lof AJA]shc
V areai |i-th Voronoi Area assigned to|higher possibility of
- ! cell each GCP insufficient GCP
coverage in that area Table 10. Delaunay-Based GCP Network Stability Metrics
Mean assigned |Ideal assigned area per
V_mean | A /N_GCP area GCP Metric Meaning Evaluation Purpose
V std / Coefficient of |A smaller value indicates E mean Mean Delaunay edge | Identify the overall spacing
V_cv V_mean variation of cell|{a more uniform GCP - distance of GCP connections
- area distribution E max Maximum edge Detect GCP sections that
. A larger value indicates - distance are excessively far apart
V_max_ V_max / [Maximum Cell o - — - -
. . an area with insufficient Standard deviation of | Evaluate the uniformity of
ratio V_mean |Ratio E_std . . .
GCP coverage edge distances connection distances
V. min_ V.min / |Minimum Cell A smaller value |nd|cat_es LongEdge. count Numbe_r of edges Detect gonnectlon _secflons
. . possible over-concentration exceeding 500 m exceeding the criterion
ratio V_mean |Ratio — - -
of GCPs Minimum internal Detect excessively flat

Table 9. Interpretation Criteria for Voronoi Distribution

Evaluation Metric Good Moderate Poor

Voronoi CV 0.30 or less | 0.30-0.50 | Greater than 0.50
Maximum Cell Ratio | 1.5 or less 15-2.0 Greater than 20
Minimum Cell Ratio | 05 or more 0.3-0.5 Less than 0.3

T_min_angle .
-min_ang triangles

Evaluate the shape stability
of the triangular network

angle of triangles

T_aspect Triangle aspect ratio
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Table 11. Interpretation for Delaunay Network Stability

Table 12. CP Independence Evaluation Metrics

Evaluation Metric Good Moderate Poor Metric Meaning Evaluation Purpose
Maximum edge distance 500 m or | 500-600 Greater Minimum distance Evaluate independent
9 less m than 600 m D_CP-GCP,min|between a CP and its separation frgm GCPs
Number of edges exceeding 0 1-2 3 or more nearest GCP P
500 m D CP-CP min Minimum distance Evaluate dispersion
Minimum internal angle of 20° or more| 15-20° Less than - ! between CPs among CPs
triangles 15° Number of . . . .
Great dispersed Number of different Voronoi|Evaluate dispersion across
Triangle aspect ratio 3 or less 3-5 t:: eSr cellps cells containing CPs GCP influence zones
N f . . )
di:g]ebrz; do Number of different evaluation|Evaluate representativeness
Delaunay 7]]?_1_ %7}1;- GCP7} é‘eékdéo—:! L‘Hoﬂj\1 01-7(‘]7(‘] zones zones containing CPs of the survey area
= - Number of Verify whether checking
o slarA HEI]-O ﬂ/v] L oy e
] 710}0 E K o} K] ud-‘_o}]_ ] H:} CPs inside m:ggi;:gggi;s\fjﬁeﬁu” is performed within the
;o] Edge 71019){ /\1-71-131- o:]/\ % E‘_q_—_]/_,\_é‘; 7& H/\ .Llﬂ7]»i the hull adjustment network
£ aels}] olgle BIHY Baye =2 4 gk

4. Evaluation of CP Independence
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Table 13. Interpretation Criteria for CP Independence

Good
100 m or
more
150 m or
more

Moderate Poor

50-100 m

Evaluation Item

Minimum CP-GCP Distance

Less than 50 m

Minimum distance
between CPs

Number of Dispersed
Voronoi Cells

Number of dispersed
zones

Number of CPs inside the
GCP hull

100-150 m|Less than 100 m

3 cells 2 cells 1 cell

3 zones 2 zones |1 zone
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2 1 or fewer
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V. Conclusions
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