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Surface roughness measurements of agricultural soils play a critical role in assessing various factors,
including tillage performance, surface water retention, soil resistance to rainfall-induced failure, seedbed
preparation, and surface runoff management. Random roughness serves as a reliable vertical index due to
its ease of calculation and a margin of uncertainty of approximately +3 mm, making it suitable for
distinguishing roughness classes. Roughness measurement methods can be categorized into contact and
non-contact techniques. Traditional methods often employ a stop-and-go approach, which is both tedious
and time-consuming. In contrast, optical range finder sensors, when mounted on a moving system, can
measure soil surface roughness in real-time, significantly reducing measurement time and increasing
efficiency. The purpose of this study is to measure soil surface roughness in real time using optical sensors
in greenhouse conditions and compare the accuracy and precision of the two measurement methods in order
to choose the appropriate method in precision tillage operations.

Materials and Methods

Surface roughness measurements of agricultural soils play a critical role in assessing various factors,
including tillage performance, surface water retention, soil resistance to rainfall-induced failure, seedbed
preparation, and surface runoff management. Random roughness serves as a reliable vertical index due to
its ease of calculation and a margin of uncertainty of approximately £3 mm, making it suitable for
distinguishing roughness classes. Roughness measurement methods can be categorized into contact and
non-contact techniques. Traditional methods often employ a stop-and-go approach, which is both tedious
and time-consuming. In contrast, optical range finder sensors, when mounted on a moving system, can
measure soil surface roughness in real-time, significantly reducing measurement time and increasing
efficiency. The purpose of this study is to measure soil surface roughness in real time using optical sensors
in greenhouse conditions and compare the accuracy and precision of the two measurement methods in order
to choose the appropriate method in precision tillage operations.

Results and Discussion

Following sensor calibration, the relationship between the distances measured by the sensors and the
reference pin meter method demonstrated a linear correlation under stationary conditions, with coefficients
of determination (R2), root mean squared error (RMSE), and mean absolute percentage error (MAPE) of
0.98, 2.3, and 2.7 for the infrared (IR) sensor, and 1, 0.2, and 0.36 for the laser sensor, respectively. Both
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range-finder sensors effectively measured distances under stationary conditions (R?2 > 0.98). The
performance of the IR and laser optical sensors was further evaluated on a moving system, revealing a
significant effect of measurement methods and surface class (p < 0.01) on the standard deviation (SD)
roughness index. The interaction between measurement method and surface class was also significant (p <
0.01). The laser sensor was able to accurately detect roughness classes akin to the pin meter method at
speeds below 2.6 kmh-1. However, at speeds exceeding 3.5 kmh-1, the laser sensor could only identify
softer roughness classes, failing to measure roughness indices greater than 1.11 cm due to a decrease in
data collection rates and the presence of larger clods in rougher classes. The results of variance analysis
show that, speed did not have a significant effect on the roughness index. A strong correlation (R2 > 0.9)
was noted between roughness measurements from the pin meter and laser sensor at forward speeds below
3.5 kmh-1, while this correlation decreased to 0.79 at 4.8 kmh-1. Although the predictive power of the fitted
model decreased at forward speeds of 4.8 kmh-1, it was largely successful in predicting the roughness class
of the soil. The study suggests that utilizing laser sensors with higher data collection rates could facilitate
the detection of roughness classes and enable soil profile mapping akin to the pin meter method, regardless
of forward speed. Conversely, the IR method performed well only on wide and regular surfaces and
struggled with irregular roughness levels, with R2 values of 0.74, 0.69, 0.69, and 0.7 at forward speeds of
1, 2.6, 3.5, and 4.8 kmh-1, respectively. Consequently, at higher speeds, both the laser and IR sensors
exhibited reduced compatibility with the pin meter method. The findings emphasize the potential of optical
sensors for rapid SSR measurement, paving the way for more efficient practices in precision agriculture.

Conclusion

Selecting the appropriate range-finder sensor is essential for online SSR measurement. The findings of
this research suggest that the rapid measurement of soil surface roughness can replace traditional, labor-
intensive methods, streamlining the process and enhancing accuracy in precision tillage operations.

Acknowledgement

The authors would like to express their gratitude to Bu-Ali Sina University for their support of the
present research




&
00}

$339LaS (gl sl

'\

2717-8107 : ;Sesig sl L
https:/jam.tabrizu.ac.ir :a; yis o8 ys B 1] w8

g (525 S9N g pSejluil 5o (5598 PLalol sl S o Sl (L)
S

Yb.'i.lja\.\,t.?u‘ %:'\oob.;lc ] u;?b()’.f"“" \‘_g).:.al.glg L’;’Jl‘af""“‘"’
VYA gy b VLYY Sk b VYN NP wedlyys b

L)‘)"l au‘m GLo.o.uA ‘;&y oKiils 56))5L~.5 ouSisls sw.w}u ] os)f -\
U‘)“‘ ‘ulm sL».»...u u>J.C5A oliw)‘é ‘ul.f).wy ‘5'&.‘.]0 @L..c 9 L.':'J o.\ima‘é ‘Gb.c é’L“'é ‘5.‘4;\...@6 9 fsl.c OB; —Y

E-mail: h-alizade@basu.ac.ir 1 e 0 g
ol

ui Lo ‘6j)3JB 0|3¢| é)SJ.o.c talos> }‘ alizo ‘SLQJALC g;gl.g.)’)l 39 (4o - 65)3“ ‘_gl.m.flé ("_da_w 3] ‘5);0)'“5‘
CS o g iBgi 3,89 3l cdél (5315 (5 pS0 Il g po GLaSgy 0,18 (Arbas Ollgy o ko g 5y s (g 5lavoslel ¢ xdas
FB w0 s g S 03106l oy (S (6935 S50 (6 S 0316l i yguo 30 .Cawl iylo) o 9 ouicS ds b A5 WSS o0 oo il
‘5Las)§_...p S ySlos axfllao oyl o -0 gt 0 Poleed 380 53,9LS o )J.x.ni)lf Spladl plxil ofy g Cdl wales gals Y
G0yl olKid ca puw A 315 (gL gy Lis .48 51,8 551 9590 O e s S (593 6250 3 70,8 (y30ke (5595
S35 o 695 bl S 099 510 Sxe w0 )5 S b 53 (5315 WIS g 503l gy il T el dilolaw o ySos
30 45wl 3959 b i sudlio (R2>+/2) Y/A KM 1 3508 (5950 A yaw 30 535 s> § ooy 3 ool vy
S S, Iy @éls Gy e 3990 ol v U Lol sl owals + /YA @ uﬁ))‘b.g Joo (i cu guo ylado /A Km ht vy
ot 1 (5 25 SN Lansids wilgd oo 5V ool 59T ansr &5 b 653 6Lo Kawns 31 ooliiwl a5 815 (4L anlllao oy
el (guily g (S b Zoban 50 3058 (y90lo gy e 1.8y el oy () A duis |y S Jidg iy Al o i 9 0SS
Sl o o P9y b 610 (Smo IS uo j0 S s jo il Z ol jO (Jg Slilws o (995 b (6510 So M|

3905 aST S (6 315 @1 w0 6 503100 Sl (699 L ySous Jumniliy g« pdlo iz glaasidly

BoLaS (635 3485 (65,95 (559 Clalold sl K (S (6 5 S50 (6 S eIl 1 guals lals

This is an open-access article under the CC BY NC license
(https://creativecommons.org/licenses/by-nc/2.0/) o OPEN. <
BY NC


https://portal.issn.org/resource/ISSN/2717-4107
https://jam.tabrizu.ac.ir/
https://orcid.org/0009-0009-6067-8669
https://orcid.org/0000-0001-6929-2409
https://orcid.org/0000-0001-7312-5291

C 0 6ye 2l Aol b Kus o Slee L)

fY

9 e G2 £ 90 4 395 5 995 (oo i S phw 55
S0 5 b Sl locez 6 n) S9der el (B3l 525
Sy 9wl s9ze pd e Slgol (655, 4 bg e
Sy S Dot S gy, 5 S a8 Sl Sola
Govers et al., 2000; Allmaras., ) 55,5 oo obml Blo alaw
b 1t elge 5 o S o (655 1 SlS sl (2024
WSB il 5 gl s oglis ikt Jgad 53 il s b
W aslioe 63,01 lide slroged i 5 SYgame (b
osliiul (65,951 Slgol (LS (2Ll sln bl ool Sl Ol
(Lin &Richards, 2007; Marzahn et al., 2012; Garcia sgs

Moreno et al., 2010; Dalla Rosa et al., 2012; Jensen et al.,
(2017; Rémkens & Wang, 1986

gl ) GpSeill @l goae slaazly 5 oyl

Sy dmliio 5 gla )l Ol ks g a5 (g (e 9 oS et

B oolazuw! Sy94 G}‘) S Lgl.s'bua:-Lw )‘ (_;‘5-).} Awd S C.]a...u
5wl e alizes slodis)

M) o (81 Jsb 5 (M) S Jubs s Lame J5b i Lo
Sl 5 Sz 58 4 atLs al osoe ol (1) alad ) oo
(Mohammadi et al., 2023) sas o ojlai |,

L, —1L
Ts=(1 0) Q)

Ly
GBS 5o L eSls ol Telis)| Slarye (Sila 4ty Y
ool 5 eFo sl o Ldgn JS o cawgte glis,l 5l bl ool
Spdsr Ole (V) dkly, b 5 vas e &l T, g5
:(Mohammadi et al., 2023)

1w (1 e )
RMS = — {—Z Z; — Zh]z}
Ny bmdy=1 \N Ledjcp

axly o ol abais elas | Zi cglas )| blas S sloss Ny oS
>l sy bl plad jo gla )| (12 Kle oaias Hlas zn 9 €M)
S st sy B b oSl asle T
Ol e Ll .l 0ol Lo (V) alal; Bollas cdas (g5lwo 053

& po bl oo (Zi -Z(i4n)) g5, S ol (K855 s

3 _Mean upslope depression (MUD)

dodio -

4 ool deyie Copae 0 5 gy S N385 y5laS
fJJ u‘)""@z’“ 9 L{bé)jl.ﬁ )‘ oolaw! 9 SleMb| Lg)STQ)f l; as 6‘4‘;
o3lg o b enlite 5 4 )50 Ll 4 az g L o381 v 5 658
Slbos b 335 65)5LaS )0 nlple waS oo Jlesl ) L o slo
O Sead 01 sla Fiag b Gillas as 50 5l o 12 50 (65 p5leS
A 3y5e e b cenliie (g e ;50 (ke b 035 Jlesl
T wlgige Wil (5 5L8 55 cnl 4 seome a5 Glgol 0 pdy ©j50
anles Jlosl de 3o cilizs (glaciond o 1, Slilee 3 Sslite
(Crummett, 2019)

Maleki et al., ) 055 Jlade s lp SB Lolie il
Carrara ) yuce ¢, b colbow sy 5,0 slacale 3 BT (2008
Kitchenetal., ) ,sue &5 (2935 (5l oL 54> (et al., 2004
I Fn e 5 el gl S cusb, (e 5 (2010
5 54 Brae (hals aiias 385 (65)5liS o (bl slas S,
Sbly o Wlgioo &5 Cel (oo o Jdlaz p (Bras slooslys
(Vellidis et al., 2008) ol s e 385 (55,5LaS sl

3,0 1) (65, Bran o yiies «55,55 5 Slleas aSpl 0gzg b
ol auilsn 356 Js (Al-Suhaibani & Ghaly, 2010)
oals plosil Clalllas wiil ails 385 (55,0laS )y o LIS
Sl 3235 (65,5 ale) yo Dlidsg slasy A wes e ol
Anthonis et al., 2004; Gohari et al., 2010; ) ¢l sgaza
Fallahi et al., 2015; Alam et al., 2024; Abbaszadeh et al.,
5 SB Clogas a5 ol Gl el ol BYs 5l Sy (2019
Lg L.ML».»A 6))5Jl> uL».Lo.C ;‘ el o~.\...‘>u.n UT LS‘)JA_V,».».'J
s )bl g oo 098 12l as ) jo o (6 s i 3 S Ll
Gl halS s, Libs .l ond 1zl 530 (55,515 aS
S b i i st oS CBlis 5 iglp LS By
sleopile voy Huile, Jlhe 4 S 5,050 Ol
oS Sl (6950 aboz 51k (55,5LS 4 b Cales 5o 5 55 )slaS
2S5 )18 )Ll 090 585 (65,051 Shaal Glyie 4 s oo

AW EPRRNI AT I RCH PO TPS JNE { ESPPA JO ERSINL U
ooty ols )18 Las g (65,955 ads g cuisS ST s gl
595 Sl by 4 w5 £ Sl e slate 4 ol I el
.(Sharda et al., 2018) <!

ool SB (S8 slaSis 5l (S S gl il 5

65,85 Db g CeiS e Sl AL G i Wlsi oo &
Olgre s asls ol (Mohammadi et al., 2023) 54 eolawl

1. Precision agriculture

L.Root Mean Square (RMS)



Y \F.F JLA/Y O)W\‘o)so/s))jwuw‘ﬂ&nmrw

OHKer g (5l LU (Lo

ol glo gime job 4 (65,5 ad ol L ond Al
b oo

I, SB g9 5 3,955 il Garcia Moreno et al (2010)
St dasd 2lg g o Ll 0 Sl @) a3ls s,
ez o S2le Jolis 555 ST I3l 95 s b baialejl o S oo
Joe 59 5l (o) o8 sogd S g5 w0 IS sl yeilads; s
Alas ol lis @bt 28,5 O )90 e S 5l (5 (o9l 9 Blise
SB gl 659 Slyeal Glme 2 SB g9 5 5551
S 9 625 Sl 3gh o onaline &5 Hsblen ul jlo Jxe
95 o Slr oszse sl asli jleslaiul b (S maw gaily
Ol 3l 5 ol 28,5 18 Guios 5 anlllas 3,90 5,551 sl (L5 )
el 0 ool pSud e 9 F 5 pets L g S lgie 4
Oyge & 9S50 Gl ) SB w5 Sl 4 azgi b
Ailg g0 pamle (pl I o 57 6, 505lail &S > b 0 5 (glakax
8 eoliiul 550 yiite 75 D90 4 (55,9515 Slhiles pla o
SN Julis 00,35 et S grhans (5505 45l & 425 b 10,5
bl g 2lS5 ol olyee oS 2l iush) Gozed Sl (g
Olgee 1 sl 55951 il by S (3500 Gl 9 2L
Seho ilgi o0 5,55 e 5l an S e (605 S eIl S
<5, (Mohammadi et al., 2022; Sharda et al., 2018 ) .asb
LoSL mhw guili 5 (i 5 65 G5l GRS S
bl e g (omled (b9 90 L 6 S 0jlil sl g ol 95 4 495
by cowles g, ;o dester & KIlik, 2005) sos o plo!
slagby, Wi (oo JlEn puled S L peins j5b 4 (Sl
Sty 9 (Saleh, 1993) (Shle o g, 99 4 093 oule
Kuipers, 1957; Podmor & ) jecym b (s ,5050l slagy;gm
Ol g Sgame Zgog 4 dzgi b i o et (HUQQINS, 1981
5 ol s olas o & s 525 9555 5
Jilog ol e By 50 05 o0 Sldn (oules )
I led ST pela b g 4l alols S5 mxbans 3l (5 5050l
ol 28l 0 5 S gl 4 glsel Jlol o ouled it slogstg, sl
e w2 L el e GaSeilul slaghy, il
9ok 5 i) ol aboll ooyl 5558 o5 Sl o Sigel sl
(Koval et al., 2016; Lee & Ehsani, .aigs oo (goidiws jo,8

2008; Zribi et al., 2000; Romkens et al.,1986; Jester &
Klik., 2005; Marinello et al., (2015; Gilliot et al., 2017;

5o laig, ool 5l o, colre g Llje . Aguilar et al., 2009

Sl 0als oals las (V) Jguz

oo e aslad o )3 098 oo Olo @ e aball B)b Sl el goud
Mgy oo B g e abl plyiedr iz gabi &5 L
(1) alal) Gebo 5 998 (o0 S5 oog 55 5l ol (sl armloee

(Mohammadi et al., 2023) 5,5 - ;Lo

MUD

m ¥, A2
= Z =l n {AZ =Zi = Zign 5 Zi > Zitn )
=1 m Az=0 3 Zi S Zigp

it bz gla psu ;g bl slass i s 4aM g N (M)

Sty oy Slp Jyere Glogazll 5l (S Bolas 65 F
o oyl Loglis )l e OBl oul lgie 4 Bolas (65 ol mlaw
Ol gl 5l a5 (S Dl peis (g5l (05 gl a5 ]
Mohammadi et )o,T oo s 4 (F) alasl, Gubo g 09 o ooliiwl
.al., 2023

N (22 - 7?) ®

SD =
N-1

ol | adaiis 4 bogs o elas | Zi gl | slmosls slass N ‘_ﬂ o as

5 S mhaw slaglis )| lae 5l Bl il a8 ol (g0g0e a3l SO
S50 sl b placen (gaxly a5 5 .5 o ol 1) (g0g0e il s
dloes SD 51 .ol (€M) s bl y5 a5 3,08 (5 503l
ol 63 s 23l 1555 5500 whaw SD gl o (sl e
alols b o Lokt aluly ol 5o ol poe ol yiin o
oo lis a5 ((Bauer et al., 2015 coul ooy 20 Hlawb!

ol 8D [asls Lawgs (s 5 olink gjlulas Ul

)l 128D s a5l eVlie 5 Slahos 5l golass

Sl odls oolaiwl (65,905 sasin Dlgol pied CodlS e g
Jolis calises 5,955 alwy awGarcia Moreno et al (2010)
5 230,5 adllas Sglase S L a0 aw o) L5 g e (Sle
oS 6yl Fae b & Sl (65 45 W, 4 (ol &
S g i SIS g5 5 28 5 (55,9 il Syl 3G
=2 4 Martinez-Agirre et al (2016) Ko iolesl ,o
oolatul b (53,5515 alisen byl 15 b S5 45 s () sl el b

Sy e &S 28 S Azl g WSy (6,5 e by n S



co 6 peS oplal o b alold sle S o S b)) ff
S C.‘a.w 33 Ls);ojb.i' I solasw! dy90 ‘f»al.o.’v' ).o.c 6“;;‘5) )‘ gfd).b 0).\3 9 b bl - J,.\.’g
Table 1. Weaknesses and strengths of each of the non-contact methods used in soil surface roughness measurement
loxie lao < 95
References Weakness Strength Method
gll\/lozhoazn;;nadi et Jobiier o g 40 e Cughy 5 Lo (613,56 s &0 pesls (YU ey Syl
! 2 Cusb g Lo slo K 5l oolitul wdel Cunsy slrosls zumeas Ultrasonic
o ‘5)5}.5 s;:yal)s ‘sl.b)i..a JL'.S
(Haubrock et al., Sl B3 o g ey S o 1) (SoS blis toiinn pu> . Vb (6,13 p00ls Eat pos 5 gy i) Sl
2009; Draelos et . . - T e
al. 2012: Slals,l g )le 58,5 4 ules sl ooz o (minly 5 oS Laser Scaner
Romkens et S99 slacrile 10 S oie & g oolitul il a5 SlKe
al.,1986) N
adylas |,
(Aquilar etal., 8o el 5 4 Gl e Bl 5 emass Gl alejls b cilie Slex o sam aw Jae 4 b6 S5l S
2009; Jester and . . . N . ez Eoilns 5 Photogramet
Klik., 2005; 3 83 piliae ipolal Jolow g 4525 )lpds 5 o 2SSy ey iy 38 05 15 pSojlul b S Lo grametry
Glargi)aloM)oreno et (S @ aln [0 w4 Cad ()1 S Sy g Cuslge YU 5,08 pe0ls
al., e . . L. . 5144
Pl @ GBI 8 oo Soge o glrssl gl Gl
cslin (gadnlad ‘51):?1 6‘)‘. @L.Jl alslow 4 .\...a)l...u Es)o,:...-&c
s SB (605 503l sl (amslin g, 1 g
(Nayerifard, 2015) ol 05 3155 s 3 6,55 BB ol syee 0 1) soly Sledlbl o alsS by By o8 oygole S
bk S ool S glayal)ly 5l golass IR Sensor
YO+ -Y0+ oogaoe ;0 Jgors yob 4y Y g9
3,591 Cawdy yragil
(Nayerifard, 2015) el oais )5 wlio 5 6,53 BB oLl L abesls lgiee 550 K 5l ol L Gopd ST

355] Gy 1) e e 5 1S B Laser Sensor

s Al (g S ol 5 i £ it 3 ool slace
slajlae g ool Joaxs wlols izpa g 508 93l 5 5)5)
Sl ey asliy s asle s (b alslar o5y 55 g xSl
S5 sosls & o] Lo g o S ool il 3 I, LabView
035 2995 chlides (g lol (glaaslt ululy SIS oo

-

SL mbw 615 G50 lail ailol - JSCo
Fig 1. The soil surface roughness measurement system

Sl yosls g (6 pSoslal ¢ By Sl slvaxly 5l aleles

Sl (i3 gonns JoSis izl sl oad LSAS B3l

A5 53lyd 033 £33 5 5 9eg SN S o ol Jal (B m
2lon S8 > s by ggeg AU 90

Jelss 4 (5 s Sesll (sl ool 5550 39, (IS 5k @
vy gl $9) 2 &5 Sl ey (ds an e wile il
St Sl Judow G go ccamliol (g, SOl eslaial ol (S
Wlss (o 50 6y B8 padid pas Jdw |y ol lus 5 0al
9 blasgame 4 axgi b 5 (owlei e oy, om yo Bl
SrelS 5558 5 65 Sl gal 8 igla s 5l eslittul DML
dog (55 S, s pSejlul o lagl SUly pac izes
wslazel BB 5 Gdo 5 gloySe &5 Lrp] I wisd ol
Saia b 1 eS e b o 65,50 el 4 (Bagheri, 2023)
Sap adlge S g5 S5, xSl Gl Ll b,
shoslainl b S maw (5505 5,00 (6,u505lul pols axlas
S5 o3lal gy 50 (pl dlie g SIS Lyl il 0 (5598 slo K
Lol 380 (65,555 Sldos jo b g, Sl jglaie 4

gy 9 Slgo -Y

oSy Jb 0 alboln -V
3l lace pw jo b K ol S > jglate 4 ozl
Sl pilesl 65,051 laylil b osas sbxl zakaw g9,
S S o b o alabus cnl s solizd (1) U5 3o aslals
L Ggy0im Sy S Sl b S mhe 65 el



O VF-fF JL&/Y O)L.o..:)\‘ °)3°/L5))5L“5u}“‘"‘)‘"’&‘°4")‘“"

OHKer g (5l LU (Lo

‘S)FJM —Y—‘“

QLA)’ )‘l solawl b JA)B QjoLa )f....o- ke %Y Ls)}:,] )iw
A Cad g8 Sy 3Oy et § i) axdl cdb,e U L)
(V) IS8 05 o ol S by 5| K alold alne

G ob alold Kus -V JSCs
Fig 3. Laser range finder sensor

olbalold b K wlasiw -Y-¥
Ji o adlels (55, 2 a5 55 5 708 gole Lo S
090 ) SE zohw (Vb £gdg b allg oo g oo ud &5 5>
Sy Slaets S5 2l Bl a5 w18 bl g Ghons
b Sliasie S ald o ;0 oS > s 0 1, TS mlaw
Sl 0als ools Lis (V) Jgaz jo Lmo—l

‘. F =

}0)5 QSOLA))M—Y—Y
S bl a8 0l e 05,5 g oaizin B Juls R g45 o)
aw)ﬁ ] U" uﬁlajd 9 S c]a.u L C‘}A‘ JLM:)‘)J GM Ui
05,5 5 00usS ablu (6550 a5 sl o5 aie leie 4 LED S
b K (298 JWew S (o0 23y g Ll ) e
JL&M,J od.))ld)J ;S) d.\).‘o )l aS ol 6)U9 u)ﬁw L Js.o.:.n
ETIER S50l Caws a1y 55 0,50 sloosle b Sediso ilo

S S | . W
708 030l Db abold K> ¥ IS
Fig 2. IR range finder sensor

S w5505 SN (6 S0l gl oolaiwl 3590 s s Wlasie -Y Jous
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Type

lases
Specifications

(GP2YOA02YKOF) 343 ¢,0ls
IR (GP2YOA02YKOF)

(L1-40) ;0
Laser (L1-40)

45t05.5/331t050 3.7t05.2/86 to 122
20 to 150 5 to 4000
39 30
44 33
Reflective Reflective
5.03 15.8
21.6 x 18.9 x 44.2 14.3x36.61x54.33
Analogue Analogue
-10 to 60 -10 to 50

(V) Glkos 5Ldg [ (MA) oL =
Operational voltage (V) / current (mA)
(€M) 5 5o ;3lnil alold

Measuring distance (cm)

(ms) gly o
Response time (ms)

(ms) S50 3lul obe)
Measuring time (ms)

PSR (59

Sensing method

(@ 038

Weight (g)

(mm) Jeb X (MM) 6, X(MmM) glas |
Height (mm)x Width (mm) x Length (mm)
T EP

Output type

°C) Fldos slos

Operating temperature (°C)

Z Soil Surface roughness (SSR)

1 INFRARED (IR)
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Table 3. Variance analysis effect of roughness classes on
SD roughness index
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Fig 13. Fitness between roughness measured by pin meter and IR sensor at of forward speed (a=1 kmh-?, b=2.6 kmh, ¢c=3.5
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