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Experimental Evaluation on the Application of Ground Penetrating Radar
in Detecting Tree Root Systems
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Aetistal s aetet driletadoa Wastglon, 27 1.5 cm, 2.2 em®] ¥F¥} Zo] 3.0 em
] ‘ii-_‘%‘iﬂl% wof AlQlel & GPRE o] &3] #|5Re }.l\}o}‘ﬁﬁ} 250 MHz2} 700 MHz GPR F3af=
217} 14.8%, 86.4%9] 2] 2152 Bk GPR 7]7]9] 250 MHz Ft4 Agol A U3 270 mape]ut 4 ¥s)
Qo1 700 MHzE 0|43t A7 oAl 3 cm R} 2R 98 vhd mdl¥all= 79.6%, 3 cm EE¥E]= 100% EA)513
Akel Zolol wp2 mElue) TAEL 700 MHz Fuk: AdolA] 0.2 m Zol 92.6%, 0.5 m Aol 88.9%, 0.8 m Zolo|
SR Belt 77.7%2 FASGOn, el 937k Zoldo] ueh welo) mAHFo] Faslgch. GPRE AA A nrh
0.02~0.04 m ZA FsHoiek. H12]e] 21742 Hilbert |l HhAF A& A Zof| tfs) 40%, 50%, 60% HUAS 21-83t0]
FASIT WL AL 40% AL 0.77 cme] F@AthoAel 095 emo] BIATIAS HEoH, 60% AEE
22k 0.49 cm, 0.59 em®] £ KGO, A Wt 48 W 4739 Y} WS o ATAAE 22
el 2719k 94 4ol GPRE &-837] 913t 7= ArE Algstal ok

Abstract: Tree root systems are essential for tree physiology and structural stability. Direct survey methods are
time-consuming, costly, and can damage trees. Thus, nondestructive methods, such as ground penetrating radar (GPR),
are now being used for field surveys of tree root systems. This study evaluates the effectiveness of GPR technology
in detecting tree roots. Wood sticks, serving as a model roots, were used in GPR-based field surveys. Results showed
that root capture rates were 14.8% and 86.4% at 250 and 700 MHz GPR frequency, respectively. At 250 MHz, model
roots were only partially detected, whereas at 700 MHz, the capture rates for model roots <3 and >3 cm were 79.6%
and 100%, respectively. In the 700 MHz survey, capture rates were 92.6%, 88.9%, and 77.7% at 0.2-, 0.5-, and 0.8-m
soil depths, respectively, indicating that GPR effectiveness decreases with increasing soil depth. Different threshold
values (40%, 50%, and 60%) were applied to reflection signals from the Hilbert transform. The 40% threshold had
a mean absolute error (MAE) of 0.77 cm and a root mean squared error (RMSE) of 0.95 cm, whereas the 60%
threshold yielded a MAE of 0.49 cm and a RMSE of 0.59 cm. This study provides valuable insights into applying
GPR technology for field surveys of tree root systems.
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(Genet et al., 2008; Buza and Divoés, 2016; Cohen and
Schwarz, 2017; Alani and Lantini, 2020). &3], A-3]-&38}

Hol A Hel= B A2 S Folil vpAAYE &
7}/\1?4 APA] HEH O] 2] QEo| 4| 7] ofgtthBuza
and Divés, 2016; Cohen and Schwarz, 2017; Yamase et al.,
2018). o7k Heof o3t Eof B Avk= Hle|o] &
2 EAT 5314 E3xof o8l ke W=THCohen and
Schwarz, 2017; Yamase et al., 2018). whafA] =& Bg] 9]
2719} YRI5 AEHA stk RS i Bl ot
HIEH oFY 9 AbAbe] o A0S JFA o s 45k
o] w9 Faste)

% wmeo) ged B4R g Bxe uE
(excavation)o| L} 23|(digging) 5-& £ @ol A 2
ZAPSFA Y(Krainyukov and Lyaksa, 2016; Alani and
Lantini, 2020) ZA7|7|S& ARE3Slo] v|uiy]z whHo g
ZAFSFHLantini et al., 2018; Tosti et al., 2018). 2|5 A}
W A Aola Fedt JHE FHET 5 YA A
of B AlZt vl-go] Q%A ARRAL A P
Bel7l AemAY SAEZE wthe @xel gt
(Hruska et al., 1999; Yamase et al., 2018; Alani and
Lantini, 2020). o]&|3F o] -2 ZToll= s5of gk 2js)
7F A o7 Ao v|uty] ZAFH(non-destructive test)©]
o] &=L Qlt. mjuby] FAMHS A9 MR £ ©f
S5t =l AR &S oA g E49]
IA Bx EALS A= HHo|th(Hruska et al.,
1999; Jol, 2009; Buza and Goncz, 2015; Buza and Divds,
2016; Tosti et al., 2018).

oleist Hlmb] ZAMS o] &g Wa] XA 2PAR
(thizotron), #7|H]*3}&FAKelectrical resistivity tomog-
raphy), A| 57} 0| (ground penetrating radar, GPR) &
o] dg] Alg-Etr}(Alani and Lantini, 2020). ©] % GPR-2
o damls Waetn ojdo] o) ukAE Haba
2 s8] AalujalEe] Bie) 128 wotel uy
0]1:]—(G00dman, 1994; Butnor et al., 2001; Zenone et al.,
2008). AAske] Wb 9 819 SAL moped, AthgA
£, e Fel W P& GPR A F4 Sol wet v
3}5t=d|(Butnor et al., 2001; Barton and Montagu, 2004;
Steinbeck et al., 2022; Almeida Rocha et al., 2024), GPR-2
o} 2wl ®ope] WAL Aol olgalo] Malo]
B2 - 314 54 9AE 4 ook AR Hruska et

A1147 A135 (2025)

al.(1999)= GPR& 0]9—6‘]-04 Quercus petraea ¥2] 9] 37t
4 BEe 2ABIGoH, o Foln Welo| 9jxsh W,

Aok Blo] e w2 —T—;ﬁ soll o-&% H} UtkStover et
al.,, 2007; Alani and Lantini, 2020).

Z|oll= GPRE o]&-5te] #e|o] 9129 FEE Kt
qestA Aldsta FAlsh] 91t W AF s
1THMolon et al., 2017; Aguiar et al., 2021; Almeida Rocha
et al, 2024). ®a] 27 GPRE 53 vkAF A13.9] 2]
He 2R AT 4= JriButnor et al., 2001; Stover et
al., 2007; Yamase et al., 2018). o] ®¥J'H-& AAFYH 0] 7kt
St Ao of=to] gt F3ke AA ARt A7 vl
FA5t= Ao 2 dFH K Yamase et al., 2018; Almelda
Rocha et al., 2024). o|& 3|Z3}7] {J8le] Aguiar et
al.(2021)+= Hilbert H¥to] 285 QkA} 415 & o3|
54 dARES 285t el A7) 249 Ag=E =7
o} ohek GPR Al 9] AGES B ]3] 540
L 2 zzio] whel 247 wiZel sid Aol s ¢
AZr dAo] HQsich

o] A= GPRE o] §dto] =55 Hie|o] $Ha] R s
efstal 2715 45k em, GPR AhR7F B W
7y ane] A EA0) &8 5= A=A Felskinh
ol & 93] BEAZ ARt AP (artifitial tree root)E

o|-&3lf AMgTIol whE Hie|o] £2HES E}IskaL, GPR
2 S B o] x| o] 2 dols A5t v
st AES JFshdny 3, ©He] A4
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olF EE At tigh A dAGE =

i

o

2

= Z
_'__
T

]_

o

VS|
~

]_
]_

1ol o

B

=]
hiy
|

\l
O

[e]

=
e

T
Ol

Mz H U

1, Maish
o] AT AY|E U AAT WRZ14Ue] 917

o Aeistal FEAl Shad ) HEHEGTC 15 5745"
N, 126° 56' 20.40" E)of|l Al == I th(Figure 1). £ 5
oA, A, el g2 AJshildE2 dAfuke] Als
TEOIU AT A E doA 24 E9AY /5 72
o w2hA o] AtollA= ol2fRt i Ee] YA T A
o =AY AAA Aol Alelaialnt. dExe] B
Ae Table 1] AAIE) v}8} 70| ke (loamy sand)Sh A}
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Figure 1. The research site in the Chilbosan University Forest (CUF).

Table 1. The soil characteristic of Chilbosan University Forests.

126°56°25.80"

. . . . . Moisture
0, 0, 0,
Sampling point Soil depth (m) Sand (%) Silt (%) Clay (%) Soil Texture content (%)
02 -05 78.92 14.28 6.80 Loamy sand
Chilbosan University _
Forest (CUF) 05 - 1038 88.68 5.28 6.04 Sand 9.5
0.8 - 79.36 9.44 11.2 Sandy loam
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2. &7 # dioly =
Hels FH R AR S 2 FREA o
A, o Aoy 3|7 dASEA] rolBarton and
Montagu, 2004; Yamase et al., 2018; Alani and Lantini,
2020) AAS] S o]gste] HHS WHst= Aoll=
A7 Qlek. whebA] o] Aol d FASHE U RS

HA B (artificial tree root)S ©|-&3}o] GPRE] He|ekx]
o yALYS Prlslgith muMall 220 1.5 cm
(C-1.5)9} 2.2 em (C-2.2)9] U7 T}, 3 WOl Ho|7t
3 em9l AAFFE SHR-3)O.2 A|2stch 2 B
¥y Zdol= C-1.59F C-2.2+= 40 ¢cm, R-32 30 cmo|H, Z+
wumalEE 9y % 274E AZrekgic

o] Lol A AFEE mell¥a] = Moore and Ryder(2015)

M

A E(relative permittivity)S =]+ F Q92lo]7| Wj&
o] ti(Razafindratsima et al., 2017; Aguiar et al., 2021). AF
e 20l A7|UAE AFste YL, &
A WRE st A7)l dup oFsiAl=A1E e
U= F2 eh¢jo]ch(Daniels, 2004; Jol, 2009; Aguiar et al.,
2021). 5719 Aei-RAeE=Dol Bls) =2 A4

80)0] 7| wfizell o] Sk AiRdEs 3 %
7}t (Daniels, 2004; Stover et al., 2007; Razafindratsima
et al., 2017; Aguiar et al., 2021). A& of] AREE HE B
9] <4 & $FaH(gravimetric moisture content)1} &%~

E3tek(volumetric moisture content)-2 Z}2F H4t 56.1%2}
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Figure 2. The model-root used in the experiment. The
model-root on the left has a diameter of 2.3 cm and is
cylindrical. The model-root in the middle has a diameter
of 1.5 em. The model-root on the right is a stake, having
a rectangular shape with 3 by 3 cm.

25.9%= LR, GPRO| A8 d = Q= e)o] 24 %

FHEH(15%)2 5231 th(Aboudourib et al., 2019; Aguiar

A1147 A135 (2025)

ks
iAol =475 ©]8
12 mo] =t Tl 7,
m, 05 m, 0.8 m ZJo]o]H Bume)S
oh A2 QHT 2A0A PASH WAERE 2D oful%)
oAl S = ol =H FEE YERE 4= UthBarton and
Montagu, 2004). w}ehx] <143 melima]o) o5k A3 =
Ae A4sstn 7 Rels Bk AEsb) 918 50
om 77102 B ARlelsit & 1879 el
= =7 9E #iof 50 em 7HA o= ARQIElaL, YA
97) melfie]= viide] FYet HA o2 AFsaith
GPR BA]= He] AkQ)of ofslf WIS A Hee BES
gk FEFS H2sH7] Y8l A T 241K Foll AR
Z1egsk3ict.

GPR 7]7]%& IDS Georadarjit 2] OperaduoS AR5}t
Operaduo= =4}t & 9] 250 MHzS} == thal o & 9]
700 MHz Z314-5 AFgals R Fais: doje] A2
ol, HkALE A A}Ful= 80 nsQ] AJ7F ZE(time window)x}
512701¢9] =21 # & (vertical sample)2 7FAITh AR RAES
23] GPR 7]7]9] Au}EE= 0.10 m/nsE AR5 ch &
HEAE RS RIS A o] 24S 474
3, SAS wet A% £ 2 GPR 7)7|E o5sHHA
=319t GPRE 0|83 AAZAL= 335 vt
o, GPR WAl 2 X e A= 2D EoF

shof GPR®] walme] e et

2 ches sl ARAYS AR,
83l Z0] 9.5 m, = 0.9 m,
w3o] Zulo] Ao RRe 02

= So= Haste
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et al., 2021). Balo] AsstY
GPRo] &J3t #e] G2 582 Hrlslr] 9ls mda] o oJmAE o]&
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Figure 3. Schematic diagram of experiment layout.
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Figure 4. The GPR used in the experiment (IDS
Georadar-Hexagon, Operaduo).

3. Hlojg| ®z2

GPR 7]7]0]4 W&H Fuees B W dia=, A4,
EdE 5 o AR Rhabal gffo] gttt
(Stover et al., 2007; Jol, 2009; Aguiar et al., 2021). o] 2|3t
gjmo = QI8 mofo] ZASh thE BA} Bel2 ool
sho] HAE 4= e m(Aguiar et al, 2021), A2 g2
Fofl He] "o PR vE 4 Qe A Y (e0lx)
2 A|A3foF stti(Stover et al., 2007; Hirano et al., 2009;
Jol, 2009).

o] Ao A= IDS Georadari}e] H-E AZE0]Ql
GRED HD<2} Geophysical Archaeometry LaboratoryAl2]
GPR-slice software (Version 7)& ©o]-&3l T3 oA FE3t
GPR tlo|Ee] HAE FFstqct A A
Figure 63} Zro] background removal, time zero correction,
migration, Hilbert ¥&HKtransform) <=0 2 AP35}k A
WA A& 2] 7442l background removal2 ZEX 1} 31|
ke HRAF B2 2 A F0; o] Z(low-frequency noise)

Figure 5. Photo of GPR experiment.

= A A= M2 5y olthAguiar et al., 2021). o] 14
& Belo] Uil ok AES AAsle] B Wk} A5l
s wolaAt sl F WA 2] 17gQl time zero
correction: GPRO A 2|2 ZAxpu} W& Alof| WAYsh= Al
T AdS HAS= 71522, GPR 7]7|9A WEd A&
7t 37152 T o PAskE AR A 22 AlA
3laLZ} 3FtH(Jol, 2009; Steinbeck et al., 2022). A HA)]
7} ¢l migration2 GPR S o WAME WhAluto] A1 ¢
A& AR SARAJol, 2009) F1 v W3} A=
Aol eJa) Hpges Akt e B B4 AT wAste]
Azkst 2] HHE AEstcKZhang et al., 2019; Aguiar
et al,, 2021; Steinbeck et al., 2022). o] & F3ll &
wolof 9128 WAl A RS 1Ay 1A} 51
CHLantini et al., 2020). upA|2F A x]2] ¥} <1 Hilbert W&}
< Aub A (trace) o] WIS ALE B sj4 5] =A1E ol
A3 geshA FEste I o|th(Hirano et al., 2009;
Aguiar et al., 2021; Almeida Rocha et al., 2024). o] Z}7 o]

Background removal

Raw data

Time zero correction

Migration Hilbert transform

Figure 6. Result of GPR data processing.
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A= migration T2} Tl %o} nj o] ol wha} 9 54
At LB, o} Faf £ Wk o 3
Zajo] 1ol zole] FRE 47 5o A5 sfile] A

< ¥olaAt skt

4, 2Yea) M| Zo| W 27| FEUY

GPRE ©| 88 B2k st gl B e 8l

o o3 Wbl A1 A4S o 83ke] 2D ofn| S A
#Jgtch(Daniels, 2004). A= F5E 2D o|u] A8 &
8 A5k BAO BHA gHet 2718 ope 4 Qrk
(Butnor et al., 2001; Daniels et al., 2004; Ni et al., 2010).
o] ot EdEe]of tfgt GPR Al&H|# 9] o ZZH
8 A7) ASHA D) AASEE Tt
welo] 49 7018 Fstsich GPR2RE F4% vy
ma)o] A}e] zloji= AA A}Q] zlole} w|wslAth

A A7) vhAbe] Hof EZX oA 20 AFst
b AZRSEES o]-&sto] 4 4= QlrkButnor et al.,
2001; Yamase et al., 2018; Aguiar et al., 2021; Almeida
Rocha et al., 2024) o= ¢Jslo] mul¥y] A} AT H A
ApRe} sl 7he] AlzbBlERS 6}, of7]o] GPR %}
o) sl oo] mamelel 448 Aot
o] A WAL 2D ofu|X| 2R E thEA B
A A& 4= Q1 mjd Zojof T3l gJako] vl F F 7|
tlimoll GPRE o]-&3t tii=A 271 F3of de 0|8+

3L Ith(Yamase et al., 2018; Aguiar et al., 2021; Almeida
Rocha et al., 2024).

Figure 7. Method of estimating root size. Red line represents
max amplitude of object, black dashed line represents the 40%
threshold of max amplitude and the blue dashed line represents
the 60% threshold of max amplitude.

A1147 A135 (2025)

chuk, olelet e whamhe] AlZhslS Tvjeld)
FATE 4= Qo= hdo] QltAguiar et al, 2021). AJ7HH
skl A S-S maite] A4y Folek A7lof IS
27] wlgol] T 2HOR Qg 248 Folof At of
Ao AIE Aguiar et al2021)9] AL WAL Hea1%
o 2, bl gEe) Hof W] sl 22k 40%, 50%
60%= YAIZIeE dAsta, YAS de AR ARt
Halgo g By wdlial o] 37|58 2A3}It) Figure 7
& YAkl T AHEkE WekE UElls 7R,
s He mume) AuHe] Hoj A= goln, P&
AR F& A4S ZH2F 40%2 60% AAIZE] g o=
Zre ojujsit. HEHow o) AnyEel AARel 1
of Bty JfAd 27)1E5 FAskelen, Rdite]o] A
Al =719} )kt

Lo

5. A 24

GPR A& 373 Ha e o] 41} Zlolet 715 A
Skt vlastal, 1 23S 7] 918 B (Mean), E
2K Standard Deviation), 2 o] 2 x{Mean Absolute
Error), A 322 *HRoot Mean Squared Error), 52
ZKStandard Error, SE)& AM&-3FTH H-S A A
Sk 7te] ANbAQl B Brksh] flsl ARkl
o, Bt A 2= AAIg =45k 2ke] doigh @A) 3
= Fo 8%k AEde UERr] $18k /\FQ‘EP“E}
B AEL A= Bt A QAo 4] H}@‘C’Vl 0131
oxte] g ehy7] S8 olgalolc. % Ex
ko] $4t HEE Ueho] GPRE 243 zguro o3t
e selsh] gle) Bestgon], EEe AL 24
Srgte) A= BAS) Sl ARBEISIch olelet A
WS 9 GPRE 743 2h7 ] Feyt Agde
olglgch HE 4 BEAL8 R AZEY 4R Foundation
for Statistical Computiong, Version 3.6.1; http//www.r-
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Figure 83} Figure 9i= GPR ¢g+¢7} 77} 250 MHz<}
700 MHzd wf S7g39t ApR 25 HEek Eafe] 2D |
ojujxjojt}. GPR Fuf=of whg KPR o] Zasds
gelstr] ffsll, 2+ Fuba=o] 2D oju|A| oA mE ]9
ZAES BAsHqITE 1 A3, 250 MHz Fab=E T} 700
MHz Zu}4=9] Eokuly o|u|x|ofx] melia]o] xa-8
o] =lth 250 MHz a5 AHE3F GPR 2AR= W
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Figure 8. 2D cross-section of the soil measured by 250 MHz
frequency.

AR Qe 12.3%2] mude] x2ES K, 700
MHz Za}42 AFSF ZAM 86.4%2] Za-E2 el
o} tlEo] 9F THE 7H B el YAy TS
7k magie]o] Fef zloli= GPRE] 2D ofn|X[ofA|
BESHA FEE A kot
Table 22} Table 3-& 7} GPR Fu}4=2] 2D ¢H-&
3] Fubro] w2 meiie|o] 22 kgl 7&?40
t} o] Aol wEH, P o] XAE2 49 710
Tty o] =21 Zdolo et delgoer, 250 MHze} 700
MHz F3}4= 2t B5E R ie]o] oy =2 7ol wjhe}
szzHgo| gebh 250 MHz Fuk AtR o)A C-1.5 d
a9, C-22% 11.1%, R-3E= 25.9%°2] ZAES HY
ounf, MRty o g xzHgo] wofrh §HH, 700 MHz S21t
2 2dyeE g3 43t =2 22E0] e

[*]

o) W) A gl T A9 Bt 49

Figure 9. 2D cross-section of the soil measured by 700 MHz
frequency.

C-15 BmElMa] L 667%0° TES B, (22 =
92.6%, R3= 100%2] melMe] X5 Bt} = 2o}

G R RARele] Bile] AUST TRl wobt
2312 89)] UEo] GPRO] AR HA 20| 7]
o Welstel S7kshe Ao= et

de, =)o) B 57 9707} 20942 GPR
of ot Z2hEo| Fadhs A Eh o] A=
FHE o|&dl 5T BEYTHH oju R oA dtEA
e TE GPRE| 250 MHz S35 F{SAtRA = 0.8
m 49 ZlofollA] 7.4%9] mdlfe] ZAEE Helow,
0.5 moJA = 11.1%, 0.2 moAE= 18.5%2] &S H G
th 700 MHz o= X 59] Bl 2252 0.8 mojA
77.7%, 0.5 mollA] 88.9%, 0.2 moj A 92.6%= LFERITE.

ujebs], GPRO) 4| 225 2 o] A Ho =R

Table 2. Detection changes with buried depth and root size by GPR 250 MHz.

Model-root size(cm)

Depth(m) s 22 3 Total capture rate(%)

0.2 0(0/9) 22.2(2/9) 33.3(3/9) 18.5

0.5 0(0/9) 11.1(1/9) 22.2(2/9) 11.1

0.8 0(0/9) 0(0/9) 22.2(2/9) 7.4

Total capture rate(%) 0(0/27) 11.1(3/27) 25.9(7/27) 12.3

Table 3. Detection changes with buried depth and root size by GPR 700 MHz.
Depth(m) Model-toot size(cm) Total capture rate(%)
1.5 2.2 3

0.2 77.8(7/9) 100(9/9) 100(9/9) 92.6

0.5 77.8(7/9) 88.9(8/9) 100(9/9) 88.9

0.8 44.4(4/9) 88.9(8/9) 100(9/9) 77.7

Total capture rate(%) 66.7(18/27) 92.6(25/27) 100(27/27) 86.4
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El9] zlojof| whet dEfxls Ao Uetylth

mege] xabee B4 A3k GPRE| 250 MHz Fufb4=
S o] 43%t AR W2 nYWe] 225 2k et
A}, 250 MHz Fufpe WA s22o] 23}siA] fom,
700 MHz o]4}e] k=5 o]g3t= Zlo] o A sict.
E3F 250 MHz Fuke ARE W =S HY7] &
ofl, 2729l o= 700 MHz Fuls2 2E3F A=yt
< o]gsterh

2. Doligea) Atol Zig| =X Zim}

GPRE] 700 MHz %314 A28 o] §5to] malwelel
419l ZolS FA3E ATHE Table 49} k. AEAOZE
§ 02 m Zlojo] gl Mo 274 Zolt B 0225
moﬂolﬂ 0.5 m Zlo|9] ¥zl (0,534 m, 0.8 m= 0.822

ZgEleh. mame|e] A1eI9IHo] utE B
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Figure 10. Violin plot of estimated soil depths.

Table 4. Result of statistical analysis for estimated root location.
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Actual soil depth(m) 0.2 0.5 0.8
Estimated soil depth mean(m) 0.225+0.038 0.534+0.037 0.822£0.041
Mean Absolute Error(m) 0.035 0.042 0.037
Root mean squared Error(m) 0.044 0.050 0.045

Standard Deviation(m) 0.038 0.037 0.041
Standard Error 0.007 0.008 0.008
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Figure 11. Violin plot of model-root size estimated by GPR data (A = Threshold 40%, B = Threshold 50%, C = Threshold 60%).

Table 5. Statistical result of model-root size estimation extracted using threshold.

Size of model-root(cm) 1.5 2.2 3
Threshold 40%
Mean Estimated Size(cm) 2.27 2.87 3.72
Mean Absolute Error(cm) 0.82 0.74 0.77
Root mean squared Error(cm) 0.95 0.93 0.96
Standard Deviation(cm) 0.49 0.64 0.65
Standard Error 0.11 0.13 0.12
Threshold 50%
Mean Estimated Size(cm) 2.11 2.63 3.40
Mean Absolute Error(cm) 0.62 0.61 0.59
Root mean squared Error(cm) 0.77 0.75 0.71
Standard Deviation(cm) 0.48 0.63 0.61
Standard Error 0.11 0.12 0.11
Threshold 60%
Mean Estimated Size(cm) 1.90 2.30 3.06
Mean Absolute Error(cm) 0.51 0.44 0.52
Root mean squared Error(cm) 0.59 0.58 0.61
Standard Deviation(cm) 0.45 0.58 0.62

Standard Error 0.10 0.11 0.12
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