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The Accuracy of the Triangular Method in Digitizing
Small Cadastral Parcels:
A Study of Area Deviations and the Impact of Scale
(1:500 as a Case Study)

Eng. Hasan Al-Ibrahim, Dr. Rami Badaw
University of Idlib, Faculty of Civil Engineering

Abstract:

Within the framework of digital transformation and the reconstruction
of Syria’s cadastral infrastructure after 2025, this study aims to
evaluate the accuracy of the Triangulation Method in digitizing small
cadastral parcels, in recognition of the importance of this property
category in documenting ownership and resolving community
disputes. The research is based on an applied study conducted on three
cadastral maps from different cadastral areas within Idlib Governorate.
A sample of old paper maps was selected and digitized using
AutoCAD Raster Design software. The georeferencing process was
performed using Ground Control Points (GCPs), and accuracy
indicators—including the Root Mean Square Error (RMSE) and
Standard Deviation (SD)—were computed to estimate spatial
deviations between paper records and digital outputs.

The results indicated that deviations did not exceed 2% in small
parcels, confirming the effectiveness of AutoCAD Raster Design,
when employing the Triangulation Method, in correcting paper
distortions and preserving the geometric integrity of land parcels.
These findings affirm that adopting the Triangulation Method for the
digitization of small cadastral parcels constitutes a precise and reliable
scientific approach that can be generalized to similar Syrian villages,
thereby enhancing the overall quality of digital cadastral records.

Keywords: cadastral digitization, Triangulation Method, Geographic
Information Systems (GIS), area accuracy, Standard Deviation (SD),
Root Mean Square Error (RMSE).
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[ 0.00000000004115 -226756.9395, 1946202109 -226786.9100, 1946201900 Export..
B3 0.00000000004115 -22B7A1.3723, 194624 0810 226751 4434, 1946241594
@ 0.0000 -226775.2156, 1946231178 -226775.1300, 1946231200
uAutD z00m

Total RMS errar: 1] oK Cancel Help
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€52 4

i

) yae 2 iall dalaial) 2 8y alada o oSaill Lol 35 (13) JSal

O (14) S8 3 Gl lsad) pipe seda aSaall Lalis aaas aey
Jraail) 2ayg J8 dalial) culiilas)

# Rubbersheet - Set Control Points

bethod

© Triangular

() Polynarmial 1

0 Errar Source Point Destination Point
1(0,0) 0.00000000006507 -234000.2766, 1653500.1315 -234000.0000, 153500.0000
2(0.1)  0.00000000002910 -2339580.2310, 153500.2851 -233850.0000, 153500.0000
3(0.2) 0.00000000002910 -233900.2012, 153500.3877 -233900.0000. 153500.0000
4(0,3) 0.00000000002310 -233850 2820, 163500 4752 -233650.0000, 163500.0000
50, 4) 0.00000000002910 -233800.2913, 1653500 5168 -233600.0000, 153500.0000
Bi0.5) 0.00000000002910 -233750.2471,153500.5717 -233750.0000. 153500.0000
7(1,0) 0.00000000008507 -234000.0418, 153549.6962 -234000.0000, 153550.0000
8(1,1) 0.00000000006507 -233949 9688, 1653549 6937 -233950.0000, 153550.0000
9(1.2) 0.00000000005820 -233899.9867, 153850.0217  -233300.0000, 153550.0000
101, 3) 0.00000000002910 -233850.0808, 153550.0978 -233850.0000, 153550.0000
11 (1. 4) 0.00000000006507 -233800.0831, 163560.2213 -233600.0000, 163550.0000
12 (1.5) 0.00000000006507 -233750.0385, 163560.3218 -233750.0000, 153550.0000
13 (2. 0) 0.00000000005820 -233999.8505, 153599.3138 -234000.0000. 153600.0000
142, 1) 0.00000000005820 -233949.7705, 153599.4362 -233950.0000, 153600.0000
15(2. 2) 0.00000000002910 -233099.6073, 163599.6019 -233900.0000, 153600.0000
16 (2. 3) 0.00000000004115 -233849.8655, 153599.7391 -233850.0000. 153600.0000
Total RMS error: i]

x

Add Points <
Grid Points
Delate
Repick <
Zoom Tao <
Preview
Impaort

Export

@ Auto zoom

Help
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el aang (olall Jaadl s cihlial) cilaliar (1) Jsaal

i Jandl b iall Aalus ) aey jlial) daliae
e (m?) ¢ i) (m?)

4l 94 159 161
4,204 278 274

45 83 141 145

446 84 65 64
U)o 27 1414 1414
L) e 28 883 882

gl b dasiiuaal) dilaay) Y alaal

:Displacement 4alyy) .1

Desp = /(A x)2 + (A y)? (1) dolee

t X AU gleall Bl 2

iz = ZDesp (2) Aslee
n
D0 Wl Gl L3
0= [~ —%)? (3) dalea

RMSE dacgiall ansill Uadll .4
(4) ales

CV ol Jelea .5
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2025 plal 2 232 § alaal

CV =

RilQ

(5) Ualea

) draly &gay dlaa

Aadl ) a) (1) oy dadadial) Aiah geitil Luilasy) cdlalaal

Joaail) dasg J8 oSail) bl da)3y) o Cpaat (2) Jsaal)

PointlD Source_X Source Y Dest_X Dest Y Displacement(m)
1 [-227319.9574 |194804.9164 |-227319.7877 |194804.6526 0.295
2 [-227321.2798 |194818.8933 -227321.03 | 194819.0195 0.259
3 [-227349.9011 194825381 |-227349.6675 | 1948255597 0.261
4 |-2273456787 |194851.0252 |-227345.7532 |194851.2083 0.186
5 [-227347.8319 1948434291 |-227347.5641 |[194843.2725 0.276
6 [-227311.9355 |194853.7137 -227311.9 194853.49 0.224
T [-227319.3367 |194833.5828 -227319.15 194833.36 0.241
8 [-227272.8006 194825.739 |-227272.5217 |194825.8466 0.281
9 [-227374.2523 |194857.6396 -227374.47 194857.64 0.218

10 -227366.348 | 194885.1909 -227366.552 194885.45 0.274
raad (2) Aaleall (e dad 33U aladl Jaws giadl ¥ ) s
g = 2215 0.252
X =——=\u. m
10
0.01
o= EBTE =+0.0011 = 0.033 m

a5 (4) Aaladll (e (RMSE).LM ).\Aj\ oz Al Wil 3
RMSE = =40.0644 = 0.254 m

1333 (5) Alalaal) o sl Jalaa 4
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0.033

V =
0.252

X 100 = 13.10%

Joaxill 3asg 8 oSl Lalisd a3y il o (3) oo

" PointlD Source_X Source Y Dest_X Dest_Y Displacement(m)
1 -226817.3697 | 194638.7224 -226817.19 194638.92 0.226
2 -226822.0158 | 194618.1035 -226822.16 194618.21 0.153
3 -226807.2579 | 194628.0484 -226807.24 194628.15 0.102
5 -226799.4726 | 194640.861 -226799.3 194640.99 0.191
6 -226794.8738 | 194626.1533 -226794.79 194626.2 0.085
7 -226798.7174 | 194612337 -226798.76 194612.36 0.044
8 -226786.9395 | 194620.2109 -226786.91 194620.19 0.032
9 -226781.3723 | 194624.081 | -226781.4434 | 194624.1594 0.082
10 -226775.2158 | 194623.1178 -226775.13 194623.12 0.086

i (Mean) olesll Jasgiall. 1

: (Standard Deviation)g)baall <alyai¥). 2

N(x — %2 [0.027

=+0.003 = 0.055 m

n 9
: (RMSE)acsiall e sill Uadl).3
0.128
RMSE = =+0.0142 = 0.119 m

9
: (Coefficient of Variation) plall Jales.4

cv = 100 = 2050
X T 0.111

X 100% = 49.55%

Ui e (2) by Jabaial) Aiady guitis) Lsleany) cdbalaall
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Joaxill aayg I oSail) Jalaid a3 ad st (4) Jsand

" PointlD Source X Source Y Dest X Dest Y | Displacement(m)

1 -234000.2766 | 153500.1315 | -234000 | 153500 0.306
2 -234000.0416 | 153549.6962 | -234000 | 153550 0.307
3 -233949.9698 | 153549.8937 | -233950 | 153550 0.1

4 -2338099.9867 | 153550.0217 | -233900 | 153550 0.025
5 -233850.0806 | 153550.0978 | -233850 | 153550 0.127
6 -233800.0831 | 153550.2213 | -233800 | 153550 0.236
7 -233750.0395 | 1535503218 | -233750 | 153550 0.324
8 -233849.8655 | 153599.7391 | -233850 | 153600 0.293

rAalU sl Tacegiall. |

1728
X = 3 - 0.216 m
tlmall a2
0 080
o= =+0.0100 = 0.100 m
: (RMSE)huusiall o) (.3
O 488
RMSE = =+v0.0610 = 0.247 m
soplal) Jales.4
CV = 0.100 X 100 = 46.30%
0216 -
Uilaee adiel camayall 2l e lgihail (gae aaaty A3l Al 48y Jilail
I )l alalual) cidn (Standard Deviation) (sbaall calat)
g'.'ai:: WS d:.\.u}ld\
1 - .
o= [Prria-ar () as
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@98 3 culis gladl L3 caaly)
i a3y Jleall Zuad )l Aalenall = 4;
ALY 2,00 cilaliaall leall agiall = A4
il Lelad Al @ljlaall 2ae = n

Ghad) Gl = ¢

o= \/%Z?=1(Ai — A)?2 =+/6.166 = 2.48 m’

PAa (e Jlie JSI (Relative Deviation) o) cahas¥) cuwd WS
:Adul daladl)

Jad) & dabisall 3 ) Aalisal) . . . -
100 x T2t = (06) a1 (7) s

eyl s daleaally )laad) Jacdl 8 Alscaall daliall G 3)lae 2(5) Jsaal

(%) alya) (Po) il 2ay dalsal) (%) @hiadl dacdl 8 dalodl Dl )
1.89% 161 159 94 2.,
1.44% 274 278 204 aa,
1.42% 145 141 83 s
1.54 % 64 65 84 &l

0% 1414 1414 27 ) e

0.11% 882 833 28 ) e

il Jaeadd) adY) Calai) G (6) Jsaad) L
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2025 plad 2 aaxdl 8 alaalf ld) daala Eigay ddaa

G iy Jnadl ) Gl (6) sl

G385k &Y) Cal )
< o (a) dalud Jlial
¢ el Jaodll
o 1.89% 161 94 4l
O abasl LSl
pn 1.54% -
el 3L
rgdliilly asadsl)

Aoleal) labiall dhaall 2liayly Al dale e slgil) ax
Anaeyl) 8)sl) D lanally gl Aaill) itul) i clitial) dasylas 5yl
oyl dy Al clibully Ay Gadl) G dnlad) 383 (530 a3 Lok
94 laall) 1.89% 5 (wyjee 27 laadl) 0% o anail) Undl) o bl
585 %2 Gala chlaall e Jlie Y aadV) Cahatl Gelaty A1 3) ((da
AAdgally 4)laall landail) 8 Josall Hlieal)

132 %1.07 Mon Gaadyl) lalesall 8 oansil) Calat¥) Jasia g
Glind) Jaedl 3 Alacaal) laleaall (go Tan L8 iy L0l Slalead) of ey
L . (1:500) pebsir clabiie pe dolaill die dials ¢ Jpall 2all ang
o Blaal) 3 degal daphll ddlady w50l 3 LB e Jle (g5 pSay
el Slaluall ahaal) ulal
CibadV ) dalBU luall Jacgiall) £ gund) dglanyl adll i LS
B cliball dil B ddee o ) (o) Jalaay RMSE ¢(glunal
RMSE ad iz daguad) cillaall donyall £ahaall ailsall e calils
il AlKa dal) ol Cagan aac g Lalail) wdlge bl (eSay (gylal) iyl
Aualaie el i) of g cplall Jalae (alias) o WS L dblas) AV
elleall Tl Yl o 21 diadyl) o cuy Lo e yaall collaladdl) JolS e
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L gsamall dlall Syl 383 dgaa (aca LlaYl gadlse o cabils
1:500 ubie e

Laady gl Jlaniaad Wyl 53 dalse ) dulad)) okl sda gy
&) }lﬂ‘ E\AJL?.A} PR J}Jﬂ‘ cﬁ\] Cpauad darcaie diad) daaglia é:\_\laij ¢4y
O3 pgd) e 4l ) penpe oK Ll lo adiad) ihaall Syl 430
0o e i Ll clgiasaas e a2l o ) (ladll jolias s 3505
il a Aiady dplee (of 8 Ayl cilaail)
sdlaiaal) Wbdl) jalae

Clsal e dusull diadyl) slicl (g pi it agaall o A eladl 1
Wle) aii oLl it 8 daglall claliiY) (e of ¥) ¢ CADEad
Jals ol saaetie Laghd adals die dald cAgaial) Ll sl clylnll
2g3al) aa Hga)l)
oary ek a3 gl @bl aaldl dais : dxaage 48y Clagdn 2
bl (e dima ehial b palaial e LY S saal cldle
sl zaall DA 5l LdS Guray dnase s ) 25 L
Al
oS bl Jlaxiaal ot yi SV Gamy J 83gasall Jihaall sliwy) 48y .3
3 Ll oda i b Tan e lihadl dgag o V) asall Adle
Jabidl (el Ligyll & 2l &8y e LuSany
S oy lasanae i Asledl il e Jalgall s3a 5 6 cdlld aas
B ) @y (ghedy Bl Al Lgiias ) A8 Adlell Bjpall o Lpsa
O Apnagall SlLAN) 3 Qs e Jany (53 ¢Jasivall bl 235l
SN el dalie e Wadl) ays Pla
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Dha Jia Cliliall 42k dzdal) a8yl o) Jedll (Sar il o2a

Liha s Jla b daliy dpiall @bl ge deladll xie Yiady Bgise

O WS ade diphy clagdill Java e (K& Jee duy 13500 Guliiay

Lo lawiag G198 Jgshal) (ggicnall aria s Linyhall 238 (e dailil) culil sy

Alaal el Cuans b aal Bl e dasicd Y dagidl o2 dagy
 ddlyaal) ULl acled Baga iy

s Cilana gl

Adygl) eadl) Cp Apaliall AN Jidaty duhal) <l e 2l
Aongidly Apalel)l ol G desane i (Say Bppiall Shlaall dua g
Badieall dpngiall (o aliia) Glai pacesis Ayl 48y s Leila e A
rull el e el
L cluhall 4 g (GCPs): Alall oSaal) Lls axe 835 .1
&b Lasas Sl gl laal) ajgl oSaal) Lls (e ST sae
By Ll saiee o Aakitie pe Glalas e ggnd Al clabiadl)
ol il s 1k Caiial Uy (o Aaylay LlE i 0055
Oand ¢ (ligyall) Hlads (en litally &y guail) Aaleal) duis Jlasind .2
Alase dmage sy Lo oAy i) lilee (3 gl peall e
cdalanl) il 8 AR (gia (e ) mag Ao
J\,ﬁi\ Laal) (o odae Q\LL;AJMBM(NA) U%LEAGA:_ Z\M\J_\l\ JbSE 3
A(1:2000 ¢1:1000) ST Lanlie Ao cilibial) 32,k dlled
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