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MOTIVATION 

Bursa Metropolitan Municipality(BMM) M5 Mapping Project namely ; 
➢«1/1K & 1/5K Scale Digital Photogrammetric Line and Orthophoto Map 

Production » is awarded in 2014 .

➢One of the demand was define a unique transformation parameter set for the 
area of responsibility(AOR) of 12000 km2.   



BACKGROUND 

• Turkish National Horizontal (Triangulation) Control Network (TNHCN) adjusted in 
1954 (Hayford 1925 ellipsoid ‘European Datum 1950:’ED50’),

• Turkish National GPS Network(TNGN05) adjusted in 2005 (GRS80 ellipsoid, ITRF96 
and 2005.0 Epoch),

• Project Area is located one of the most active seismic zone of Anatolian Peninsula

Seismic Activities in between 1900-2011 Mag≥5.0

1,5cm/yıl

1,0 cm/year

2,5cm/yıl

Tectonic of Anatolian Peninsula 

PROJECT AREA



BACKGROUND 

• BMM Mapping Projects 

• When the Project area is examined,
o Since 2005,106 different transformation groups in and around

the Project area determined ,
o A total of 887 Points defined as Joint Transformation Set



• 887 Points located in 106 Groups Distribution to Project Area 

PREPARATORY WORKS 

JGCPs IN PHASE M3 
TOTAL GROUP :106



TURKISH NATIONAL HORIZONTAL CONTROL NETWORK 
POINTS DİSTRIBUTION TO M5 PROJECT AREA

TURKISH NATIONAL HORIZONTAL CONTROL NETWORK 
FIRST  AND SECOND ORDER POINTS IN M5 PROJECT AREA 

FIRST(I) ORDER       3 GCP
SECOND(II) ORDER 9 GCP

TOTAL : 12 GCPs PHYSICALLY 
ALIVE (GENERAL COMMAND 
OF MAPPING: GCM POINTS)



CONSTRAINTS

• Constraints imposed by TOR ; New Transformation parameters : 
o TOR CONS. : should not create matching problems with

➢M3/M4 

➢OTHER  GROUPS of TRANSFORMATIONS 

• Constraints imposed by Technical Regulation

REG CONS: 
o Transformation adjustment corrections (IQC) and 

o External Quality Control (EQC) differences should be less than 0.15m.

Δy≤0.15m; Δx≤0.15m

oAdjustment Mean Square Error should be less than

m0 ≤ ±0.10m 



Stop
Cartographic 

EQC(M3)

Geodetic EQC(M3)

(M3+GCM)+JGCP
(TKGM GR)İ .... i=1,n  
n=887, FINAL SET OF 

COMP JGCPs: 887, 

NO CONSTRAINTS

Direct 
Solution 

Geodetic External 
Quality Contr.

DIRECT SOLUTION 
wıth Spline Func. (DS)  

HST WITH 473 JGCPs
ALTERNATIVE 

COMBINATIONS  

UNIFIED 
(DeS+InS) 

(M3+GCM:46)HST➔
(TKGM GR)İ .... i=1,n  
n=106, fınal set of Compatible

JGCPs: 473 

IF Δy:Δx>0,15, 
m0≤10cm

DEDUCTIVE(DeS)  

Alternative 
solutions(j) 

Unified Deductive  

IF Δy:Δx>0,15, 
m0≤10cm

(M3+GCM)+JGCP
(TKGM GR)İ .... i=1,n  
n=887, FINAL SET OF 
COMP. JGCPs: 887, 

INDUCTIVE(InS)  

HELMERT SIMILARITY 
TRANSFORMATION(HST)  

Internal/External Quality Contr. 
(M5) ‘0,-1,A,B,C models’

Inductive 
solution 

TRANSFORMATIONS 

(M3+GCM)+JGCP
(TKGM GR)İ .... i=1,n  
n=887, FINAL SET OF 

COMP JGCPs: 887/573, 
‘0,-1,A,B,C Models’

IF Δy:Δx>0,15, 
m0≤10cm

DIRECT SOLUTION (2)  

HELMERT SIMILARITY T (1) 

Geodetic External 
Quality Contr.

Hybrid Solutions 
‘0,-1,A,B,C’  

HYBRID SOLUTION
HST+DS  

INPUT: İ=106 GROUP , 
TOTAL 887 GCP



HSTs AND HIERARCHICAL POINT BASED ELIMINATION OF 473 JGCPs SET ,FOUND AS COMPATIBLE 
WITH (M3+HGK) DATA AS PER THE RESULT OF DUAL HELMERT SIMILARITY TRANSFORMATION 

DEDUCTIVE HST APPROACH   

(M3+HGK)HST➔
(TKGM GR)İ .... i=1,n 
TOTAL JGCPs: 473 

HST WITH 473 JGCPs  

Till Δy:Δx<0,15m

m0 > 1,00 m 

0,10m<m0 ≤ 1,00 m

m0≤ 0,10 m 



INDUCTIVE APPROACH   

GROUPS , JGCPs AND TM ZONES 

TOTAL 
GROUP: 71  (CM:27➔18 Grp., CM:30➔53 Grp.)
JGCPs : 573 ; (+46=M3+HGK)➔ 619

INDUCTIVE APPROACH:  HSTs WITHOUT ANY CONSTRAINT 



UNIFIED DEDUCTIVE SOLUTIONS 
• UNIFIED DEDUCTIVE SOLUTION OF 102 ÖNEL II-12 AND 107 ÖNEL III-7 : 102U107 : 

RESULT IS A 143 JGCPs SET.

• 143 JGCPs DISTRIBUTION (TGBÇ 143 VII-1)

• FOR 11 POINTS Δy:Δx>0,15m

• 132 JGCPs DISTRIBUTION(TGBÇ 132 VII-2)

• FOR ALL POINTS Δy:Δx<0,15m 

• STATISTICS FOR 143 AND 132 JGCPs HSTs.     



TG 331 ÖNEL III-1 U TV 400 ÖNEL VI-2 = (TG U TV) BÇ 469 

UNIFIED DEDUCTIVE(TG) & INDUCTIVE(TV) SOLUTIONS(BÇ) 



IQC 

2D HSTs
TRANSFORMATION PARAMETERS

SCALE
ROTATION

ADJ. STATISTCS

SELECTED HELMERT SIMILARITY TRANSFORMATIONs
SATISFYING THE REGULATION IMPOSED  CONSTRAINTS 



EXPERIMENTAL RE-DESIGN OF JGCPs SET TO PROVIDE 
THE BEST POSSIBLE COVERAGE FOR THE PROJECT AREA 

WITH 146 JGCPs
• MINIMUM GAPs
• -0,38m≤Δy≤0,30m;  -0,31m≤Δx≤0,34m
• m0  = ±0,106m

FINAL UNIQUE TRANSFORMATION 

ELIMINTNSOLUTION No: JGCP REJT

PT NU. TRANS. PARAMETERS STATISTICS.
Differences 

Maximum Minimum

SCL

ROTATAT



EXTERNAL QUALITY CONTROLS FOR HSTs

IQC 

2D HSTs
TRANSFORMATION PARAMETERS

SCALE
ROTATION

ADJ. STATISTCS

HSTs USED FOR EXTERNAL  QUALITY  CONTROL HSTs USED FOR EXTERNAL  QUALITY  CONTROL



PHASE 2 EQC : EQC JGCPs SET CLASSIFICATION 

‘0’ CODED EQC : ALL EQC JGCPs SET, FORMED WITH UN-USED POINTS IN 
THE RELATED TRANSFORMATION,

‘-1’ CODED EQC: SET FORMED THE POINTS CREATING DIFFERENCES>1.0m IN ‘0’ 
CODED EQC PROCESS,

‘A’ CODED EQC : SET FORMED AFTER EXCLUSION OF ‘-1’ CODED POINTS FROM 
‘0’ CODED SET,

‘B’ CODED EQC : SET FORMED BY ALL POINTS FALLING IN THE PROJECT AREA.

‘C’ CODED EQC : SET FORMED WITH THE POINTS FALLING IN THE AREA  
DEFINED BY THE MOST OUTER POINTS OF THE RELATED      
TRANSFORMATION JGCPs SET   



CLASS INTER NOP NOG GROUP ID 

POINT AND GROUP BASED DIFFERENCE CLASSIFICATION USED FOR  EQC

POINT AND GROUP BASED DIFF. CLASSIFICATION FOR  EQC WITH 887 JGCPs SET FOR THE 140 JGCPS HST 

TOTAL 

SOME SAMPLES TO EQC PROCESS (TV+TG XIII 146)  

‘0’ CODED EQC WITH THE ALL POINTS IN THE PROJECT AREA for 140&146 JGCPs HSTPOINT AND GROUP BASED DIFF. CLASSIFICATION FOR  EQC WITH 887 JGCPs SET FOR THE 146 JGCPS HST 

POINT AND GROUP BASED DIFFERENCE CLASSIFICATION USED FOR  EQC

CLASS INTER NOP NOG GROUP ID 

TOTAL 



PHASE 2 ‘0’ CODED: 
POINT AND GROUP 

BASED EQC STATISTICS  
FOR 140 JGCPs  HST 

JGCPS:747

GRPs:106

Differences Abs. Differences

Differences Abs. Differences

MEAN

MEAN

PHASE 2 ‘0’ CODED : 
POINT AND GROUP 

BASED EQC STATISTICS  
FOR 146 JGCPs  HST 

JGCPS:741

GRPs:106

Differences Abs. Differences

Differences Abs. Differences

MEAN

MEAN



POSITION DIFFERENCE VECTORS FOR NEVER AND PARTLY USED GROUP’S 
WEIGTH CENTERS OF Δy:Δx: ΔS>1.0m ➔ RESPECTIVELY  OF 140 & 146 

&102 JGCP HSTs : PHASE 2 ‘-1 CODED’ EQC

SCALE       1m 

M3 PROJECT BORDER 
M5 PROJECT BORDER
WHOLLY DISQUALIFIED GROUPS (Δy:Δx>1,00)         
PARTLY USED GROUPS FOR EQC (14)

SCALE      1m 

M3 PROJECT BORDER 
M5 PROJECT BORDER
WHOLLY DISQUALIFIED GROUPS (Δy:Δx>1,00)         
PARTLY USED GROUPS FOR EQC (14)

POSITION DIFFERENCE VECTORS FOR NEVER AND PARTLY USED GROUPS WEIGTH 
CENTERS OF Δy:Δx>1.00m ➔ ΔS>1.0m  102 JGCP HST

M3 PROJECT BORDER 
M5 PROJECT BORDER
TOTALLY DISQUALIFIED GROUPS (Δy:Δx>1,00)         
PARTLY USED GROUPS FOR EQC (14)
TOTAL POSITION DIFFERENCE VECTOR

SCALE 1m



IMPORTANT EARTHQUAKE IN AND AROUND PROJECT AREA HAVING 
MAGNITUDE BIGGER THAN 6.0 AFTER 1950 (MTA,Ayhan etal, 2001) 

EPICENTER DATE
DİSTANCE TO 
PRJ. ARE.(km) EPICENTER DATE

DİSTANCE TO 
PRJ. ARE.(km)



SIMPLE EVALUATION OF DIFFERENCES(RESIDUALS)

• Anatolian Plate westward average velocıty 2.5 cm./year 
• Time elapsed since Turkish Horizontal network adjustment              

(2015-1954= 61 Years)
• Average survey duration of Turkish National Horizontal 

Control Network (1953-1937=18 Year)
• Average Estimated duration elapsed since the mid of 

observation period (61+9=70)
• Assumptıon: no change in Anatolian Plate velocity field 

(70*2.5 cm= 175.0 cm Total Difference in 70 years)
• So a difference of 1.750m in any datum can be accepted an 

average displacement except co-siesmic effects and chances 
in the velocity field. 



SCALE 

‘A’CODED EQC WITH 468 GCPs FOR HST 140 JGCPs

SCALE 

‘A’CODED EQC WITH 446 GCPs FOR HST 146 JGCPs 

‘A’ CODED EQC 
WITH 76 GR WC

‘A’ CODED EQC 
WITH 468 JGCPs

DIFFERENCES

DIFFERENCES ABSOLUTE DIFFERENCES

ABSOLUTE DIFFERENCES

MEAN 

MEAN 

‘A’ CODED EQC 
WITH 76 GR WC

‘A’ CODED EQC 
WITH 447 JGCPs

DIFFERENCES

DIFFERENCES

ABSOLUTE DIFFERENCES

ABSOLUTE DIFFERENCES

MEAN 

MEAN 

‘A’CODED EQC WITH 511 GCPs FOR HST 102 



‘B’ CODED EQC 
WITH 124 JGCPs

DIFFERENCES ABSOLUTE DIFFERENCES

‘B’ CODED EQC 
WITH 23 GR WC

DIFFERENCES ABSOLUTE DIFFERENCES

MEAN 

MEAN 

‘B’ CODED EQC 
WITH 21 GR WC

DIFFERENCES ABSOLUTE DIFFERENCES

‘B’ CODED EQC 
WITH 111 JGCPs

DIFFERENCES ABSOLUTE DIFFERENCES

MEAN 

MEAN 

SCALE     0.30m

‘B’CODED EQC WITH 94 GCPs FOR HST 102 



‘C’ CODED EQC 
WITH 238 JGCPs

DIFFERENCES ABSOLUTE DIFFERENCES

MEAN 

‘C’ CODED EQC 
WITH 42 GRP WC

DIFFERENCES ABSOLUTE DIFFERENCES

MEAN 

‘C’ CODED EQC 
WITH 232 JGCPs

DIFFERENCES ABSOLUTE DIFFERENCES

MEAN 

‘C’ CODED EQC 
WITH 42 GRP WC

DIFFERENCES ABSOLUTE DIFFERENCES

MEAN 



SOME RESULTS OF POINT BASED EQC FOR HST  

TO CONCLUDE : 
1. ALTHOUGH THERE ARE BIGGER 

RESIDUALS FOR ΔY:ΔX THAN 0.15 m; 
BEST RESULTS ARE ACHIEVED WITH 
THE HST OF 146 JGCPs , FROM THE 
POINTS OF ;

a) NUMBER OF JGCPs,
b) DISTRIBUTION TO PROJECT 

AREA,
c) THE BEST m0  VALUE

2. ALTHOUGH MAX AND MIN VALUES 
FOR ΔY:ΔX ARE IN THE RANGE OF

-0.622<Δy<0.427
-0.464<Δx<0.724



EQC PHASE 3 : GEODETIC EQC FOR M3 PROJECT AREA 

• 23 GCPs COMMON IN EACH DATUM (ITRF96 AND ED50) DEFINED NOT USED IN M3 HST TRANSFORMATION .  

• EQC PROCESS APPLIED TO THIS SET WITH HST M3(34) AND M5(146) transformation parameteres seperately  

M3 EQC WITH 23 JGCPs SET

LEGEND 
M3 PROJECT
M5 PROJECT 
JGCPs :23 

WITH M3 TRANS. PRM. (GCP:34) WITH M5 TRANS. PRM. (GCP:146) DIFF (M3 - M5) TRANSFORMED 

DIFF ED50 ABS DIFF ED50 DIFF ED50 ABS DIFF ED50 COMP(M3-M5)ED50

MAX.

MIN.

MEAN.



ΔY, ΔX, ΔS DIFFERENCES DISTRIBUTION TO PROJECT AREA FOR 23 GCPs

ΔY, ΔX, ΔS DIFFERENCES DISTRIBUTION TO PROJECT AREA FOR 21 GCPs

EQC PHASE 3 : GEODETIC EQC FOR M3 PROJECT AREA 



CARTOGRAPHIC CONTROLS 

CARTOGRAPHIC 
REFERENCE POINTS:98

CARTOGRAPHIC CONTROL POINTS IN M3/M5 PROJECT AREA: 45/98
OVER M3/M5 EXTERNAL BORDERS : 45/58 POINTS
OVER M3/M5 WEST-EAST DIRECTION: 10/17 POINTS 
OVER NORTH-SOUTH DIRECTION : 9/14 POINTS 

Classification of the 
M3(34)ED50 – M5(146)ED50

transformed coordinate differences



ΔY' DIFFERENCE SURFACE

Coordinate differences in between M3(34) and
M5(146) ED50 Transformed coordinates

ΔX' DIFFERENCE SURFACE 

Coordinate differences in between M3(34) and 
M5(146) ED50 Transformed coordinates

M3(34)-M5(146) CCPs 98

ΔS DIFFERENCE  SURFACE

Coordinate differences in between M3(34) and 
M5(146) ED50 Transformed coordinates

Cartographic Control : DIFFERENCE SURFACE OF M3(34)-M5(146) IN ED50 

ΔY FARK YÜZEYİ

Coordinate Differences in between M3(34) 
& M(146) Transformed Coordinates

ΔX FARK YÜZEYİ ΔS FARK YÜZEYİ

TÜM M3(34)-M5(102) KRT DNT ON98

Coordinate Differences in between M3(34) 
& M(146) Transformed Coordinates

ΔY DIFFERENCE 
SURFACE 

Coordinate differences in between M5(102) and 
M5(146) ED50 Transformed coordinates

ΔX DIFFERENCE 
SURFACE

ΔS DIFFERENCE 
SURFACE 

M5(102)-M5(146) CCPS 98

Coordinate differences in between M5(102) and 
M5(146) ED50 Transformed coordinates

Coordinate differences in between M5(102) and 
M5(146) ED50 Transformed coordinates

Cartographic Control : DIFFERENCE SURFACE OF M3(34)-M5(102) IN ED50 Cartographic Control : DIFFERENCE SURFACE OF M3(102)-M5(146) IN ED50 



DIRECT SOLUTION WITH SPLINE FUNCTION (JGCPs:887)  

WHOLE SET :887 
DIRECT SOLUTION WITH 
SPLINE FUNCTION 
NUMBER OF JGCPS:887 
(WHOLE SET)



MAXIMUM
MINIMUM
MEAN

MAXIMUM

MINIMUM

MEAN

WITH 887 POINTS

EQC 
STATISTICS

MAXIMUM

MINIMUM

MEAN

GEODETIC EQC FOR DIRECT SOLUTION



What was remarklable for the EQC process is 

• For all EQC points ; the differences in between known and 
corrected coordinates were 0.00. 

• So this a very impressive result

GEODETIC EQC FOR DIRECT SOLUTION



HYBRID SOLUTION 

• The basic philosopy of this method is the stochastic process approach to 
the problem. 

• Hybrid solution is planned as a two phase process. 

• First phase is the Helmert Similarity transformation. 
o The purpose of this phase is to extract the deterministic part from the data set. 
o The residuals are assumed as the stochastic part of the process which signals could 

be detected via modelling «pre,co,post seismic Earthquake affects» or «other 
possible signals on data». 

o If this signals can be filtered the rest will be the random part.

• Second phase is the Direct Solution. 
o It is decided to proceed without a detailed  investigation on data quality, which is

beyond the purpose of this project. 
o So the residuals are modelled with spline functions, to minimize the final differences 

for M5 project area. 



HYBRID SOLUTION (‘’0 Coded’’ Phase 1(146)&Phase 2(735)) 

Active faults in Project area and HST M5(146) 
Δy:Δx difference surfaces 

HYBRID SOLUTION HST M5(146) + DS(735) Δy:Δx difference surfaces 



HYBRID SOLUTION (‘’A Coded - exclusion of Δy:Δx>1.0 Poınts- » : EQC Aplication’’ : 443 JGCPs) 

HYBRID SOLUTION HST M5(146) + DS(443) Δy:Δx difference surfaces 



HYBRID SOLUTION (‘’A Coded - exclusion of Δy:Δx>1.0 Poınts- » : EQC : 443 JGCPs’’) 

HST M5(146)+ DS (246 A)

EQC WITH 197 POINTS FOR HST M5(146)+ DS (246 A)

HST M5(146)+DS(246 A) 
Hybrid Solution Statistics 
and seperation of Δy:Δx 
values to class intervals.

246 DS + 197 EQC = 443 HS

EQC WITH 197 POINTS FOR 
HST M5(146)+DS(246 A) 
Hybrid Solution Statistics 
and seperation of Δy:Δx 
values to class intervals.



HYBRID SOLUTION (‘’B Coded : 162 JGCPs’’)
- exclusion of the Points out of M5 Project Boundry-

HST M5(146)+DS(162 B) Hybrid Solution Statistics and seperation of Δy:Δx values to class intervals.



HYBRID SOLUTION (‘’B Coded  EQC’’: 89 DS+58 EQC)
- exclusion of the Points out of M5 Project Boundry-

HST M5(146)+ DS (89 B)

HST M5(146)+DS(89 B) 
Hybrid Solution Statistics 
and seperation of Δy:Δx 
values to class intervals.

89 DS + 58 EQC = 147 HS

EQC WITH 58 POINTS FOR HST M5(146)+ DS (89 B)

EQC WITH 58 POINTS FOR 
HST M5(146)+DS(89 B) 
Hybrid Solution Statistics 
and seperation of Δy:Δx 
values to class intervals.



Δy:Δx>0.40m : 33 
Points are excluded 
from 213 JGCPs set 

HYBRID SOLUTION (‘’C Coded ’’ : HST(146)+HS(213))

No points having 
Δy:Δx>0.40m
No relevant points for EQC



HYBRID SOLUTION (‘’C Coded ’’ : HST(146)+HS(180))

HYBRID SOLUTION HST (146)+ HS(96) 

EQC WITH 84 POINTS OF HYBRID SOLUTION HST (146)+ HS(96) 



• When TNHCN defined in ED50 datum; current concepts of 
oPlate Tectonics, 
oVelocity field, 
o Standart Epoch, 
oObservation Epoch, 
o Frame,
oDisplacement etc. 

were not considered.

• So all coordinates are assumed static, since ED50 introduced.

• With the introduction of ITRF96 datum in 2005 , above concepts have 
found a vast use capability in geodetic community  together with the 
other geosiences, 

CONCLUSIONS 



• So we have to remember ; 
o Used JGCPs sets for transformations -which are common and positions known in 

both datum- are not comparable to each other ; Cause all ITRF96 GCPs are corrected 
for the velocity field, while ED50 GCPs are kept un-changed since 1954.

o So, during transformation and EQC process, GCPs or groups having  differences ≥1m 
are observed and excluded from JGCPs set, but if only seismic velocity field 
considered, differences around 1.75m. will be  quite normal. 

o Δy:Δx differences achieved at common points carries very important information 
about the past tectonic activities.

o Points to be used for transformation and EQC should provide a well and 
homogenious distribution to project area and if possible extended beyond the 
project area boundry,

CONCLUSIONS 



• At the end, which method is better is not discussed too much, because it depends 
on ;
• Requirements of the projects ,

• Dispersion and sufficiency of the old ED50 points if can be found in the region,

• Possible positional accuracy of the known points and many other parameters .

• For these reason the decision is left to the practitioner.

• But at least we can say ; 
o Where Helmert Similarity Transformation is not good enough especially for the complex 

solutions,

o Direct and Hybrid solutions were effective enough without any doubt.

CONCLUSIONS 


