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3 - Depth of field
4- Microsoft lifecam studio webcam
5- Baseline
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1- Gator™ utility vehicle (John Deere, Moline, IL)
2- Visual odometry
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Fig.2. The designed structure for the Stereo camera  Fig.1. LifeCam Studio webcam used in the research
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4- Semi-global matching
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2- Stereo Camera Calibrator Toolbox
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Table 1- Estimation of camerasintrinsic and extrinsic parameters by calibration process
B sla el
Intrinsic parameters
Jol omp92 £9% (259
Camera 1l Camera 2
(JuSs) S9 alold [718.6295 + 5.5522, 718.4542 + 5.3815]  [719.5996 * 5.5553, 719.7625 + 5.3905]
Focal length (pixels)
(JuS) (ool el [476.9688 + 0.7241, 287.3186 + 0.6804] [473.3463 £ 0.7391, 288.0447 + 0.7024]
Principal point (pixels)

L yg5e Byl [-1.7592 +/- 0.0538] [-1.4992 £ 0.0532]
Skew
Sled zlogel [0.0090 *+ 0.0013, -0.0103 % 0.0025] [0.0168 + 0.0013, -0.0329 * 0.0023]
Radial distortion
wlos glogel [0.0021 * 0.0002, -0.0006 % 0.0002] [0.0014 % 0.0002, -0.0006 * 0.0002]
Tangentia distortion
DSl g glas il 0.1219 0.1250

Mean reprojection error

B sl
Extrinsic parameters
(Y 0m393) G Ceomr (2593 &1 Canunsd (1 (30 593) Canwly S 012393 (3190 9 2ol 1oy
Position And Orientation of Camera 2 in relation to Camera 1

(soske) lrarls 5l [-99.7794 + 0.0465  0.8802+ 0.0400  -0.6277 + 0.1605]
Translation vector (mm)
obgd by [1.0000 + 0.0003  -0.0010+ 0.0006  -0.0018 + 0.0000]
Rotation vector
(42)3)cshy9 g5 0.1203 +/- 0.0034

Rotation angle (Degree)




YFY gyl (ol i oS (sl gSaw aud b (5150 oS 4 ALl Lo dlidls dugy

2 sl S b sload 51y 1) il o sl (e
e e cod ol b eolatw] GBS e el ddids
sladd jlodlaiwl Ko Cojo bl ials sldad pl Jue blas
SIS laxo )3 Jpame (hgp ©yge 3 &5 Cunl ol > b
s 5l anl L (sloed oS oed ol (1 ety Jlais)
syy oS bawgi il claad | placiond by o5 )90
2 &Sl 0yl de5 0ud )l 13,6 51 eoldiwl el pa 5L 244
les 4 I oS 4 I placasnd gl el (Sl s @50
o bse 3ol by (lise ST 3929 cnl b il dalg55 392
Bl gy e gadi > bbdd et el oS W5l laisS
23930 3 45 oS gy gaw | Glgie ©ype cnl > Wil
3,5 odlatnl LgSw Cuxdge pusi (glp W) )18 e 5l et
S5 3 a8 5 blen 5 gyl (e €83 b celite (¥ JSU5)
P aS bla qgladads pl Jas gilojl ;o wud s lis (>-F)
Slods odlaiwl (i )ly 418 1090 (gyi0 ¥ alold

sbegnly 5l (S gamas Jio ised plgisa ¥ JSS )
Bl oo CutS SlagSw (ol g (VL slrad Jold o clds
Sl @SS (gg,0l) (gamdn Jdo 4 jolaieds sl o 1)
sl pl Joo (myed slazyd 098 (332 b plrals yio 93
i et jo celasd 2 )3 (9> Cupmdge S8 4 g gl Sl
Y SCs 5ol sl Sl clatke , gl 4 glalais
5 4 gl U155 o &) oS & 9o 08,8
D 1y Collae cd> by adias ags

03> s XZ amd o )0 dldS baeo mols adids A S5 5o
5 bl yio Vo515 S elbgsSas 4 Job £sazeo sl o0
Laa S Job 5l ampd QYA i 2o V2V FY cggomo
Elbcaand 8,8 8 Lolis 590 s &) 4258 Lausss
Wloss Lasede 1 5y LA USG5 50 sk 4 5 onts bl
g rl 93 A3 dgly 3 (58,5 5158 s 4 s
Sloais  olwlis

2 i SlogS aisS il 5 lolis ] Sl gl
gooome 1 JSS & dogi b sl ond 1A JSB 5 Y o Y gl
g r] 9> S > e p3 AlgS VY S glagSis 4l TY
S LSl S bay o (o Codgaze o 4 il )3
=3 e 95 wald ol g (alil sbagyaly 53 ()90
PYY o ¥ YAXE N DX ) sy oo L 4 coiin
OeS LSl dmeiis 53 9 48,55 )15 g ptasl (g S8 p> yrne
Ve s VF ol it onl b 02 S g o Candye
L cecisS sbagSw atigS lao )y AYIYY [, S0 ledy oS
55Ue 5 yio +[-¥AF Jlxo Gl 0l cyze /- VYR ellas 5 Silio

' S8y (gL (Sls s ) Jgi gls @ a3y b
L ol csan 5 JuSy SOl S sl 5 ompgd Gl
BLS By snmd s a8 el Candty JuSy /YD 4 +/AYIQ
ol Logyiyd (81 slm o)l 25110 )3 (gl oS 42,1,8
B edl 5 ol 151, (Bradski and Kaehler, 2008)
g i o Loy )gd 45 39 aals Collan (Sloj g2 sl ()93
sloo s 8b sl bl caudy pb g (slgs poal Olriw
Ol el oo pto oo Vov gyl (e (sl o Sl
e gl X js e gliwly 3 plaals oy a5 39y 00 lasl
5 ohsd ali 9 yo Z 5 Y laygme sbiwly )3 5 yia o Ve
09> 4gl) g bl )y ) oo 4 dagi b Bl Hho S35
(FRAUYA g /A g = [8Y) ol Fd o> Cpy9d 4 S Canly
Ao e e cplply dul sdalcwssds asyd /YT g yio Lo
ploul (BLS Bd b 5 g0yl (pyed OB cilo anly a8 s )3
Lol o
9 ypo—al Coo> YFY U8 e )I o 4...9; )J9L¢.v Sl
5l abses S (=) JSs bl oo i SYITA 0id (b cdline
s e o lis 1) bl b 5l ol 48,5 gund Cai
S g i 1 5w o gl il oS sl Juols
() U el 005 81 (5-5) I (wmF) IS5 55 (cill=5)
o Ui (3-5) S g pled s 4y 4 jl Sl Jlas j1 Jols
3o 5 |, gyl yygead s 5 g 4 |y Blize (glelas
g b adl e ol | bl LSy a5y a3 4
g aSalagl il gy sl & jsbplen (F) US54,
2 e Sluns WABlb e Bas jd (Siwew b S Jgpm
s S cload & ol o 15 ol )5 ssm I LSy 50
pled 4l Siawanl opl a5 WSl o Goe )0 (Siwge pis
Amd o ol 1y 053 Lo S @ad )3 4 pxe yudd Cygody
A 392y slins 4 g & oo )3 b JuSy @ o gine i
o ) Sl oSy lnad ol a8 sl plod dtids (cdm 93 pguad
Oles e (z=F) Ui jl (g JSs) el oads gl el (S
slead o cos g oghe cd L ol slaa) &5 cél
4 ‘_;’\jl_: slaad u9,Ua.a C‘)wa;l pis cde Llodis )ng)i ‘_;’\jb
Jd s olie o il o Lo lh 8 & e cpl Soop Jds
L sload ol o)l 32y (o) gdaw 9 (b 4 o &5 (slalols
b g YL claad oS ol ol 5l slons gl el ¢y culS
oS b il sload (5,551 5 15,15 15 slazel Sy 3 oS

1- Mean reprojection error



Y45 030 Jhumon ¥ o3los ¥ alor «(63y3LiS slocymiblo 4 pis  WFY

Wit il ey

y =J3i;=..mi aaglj =Y : | LR TR L

a . Al i)
.
[ b - e,
- s . -
d B Y-axis (m) &
A 02 2
o
1 0.4
~ A
- (,, 1
Rosy 7 oa
P . ,,:/\ 0.6
o g < 04
~ y 5
;‘g\_\;.{___ = " 02
e Rt - o s 2
~ha R A0 Xaxis)
Z-axis (m) "ot AN e
PRGNy e 04
e T
e L6
1877 o3

2yl claad (7 wdll JS gl Cuin pplod 4l (0 cgr yiml pwy9d bawgs SIS I oad 48,5 s s 5l claiges ()l 1 JSKS
Gl IS5 a4 basyo (sldais pl Jae (5lujl (5 5 led aiis 3l ons
Fig.6. a) Paired images of greenhouse taken by stereo camera, b) Disparity map of fig. a, ¢) Extracted edges of disparity
map and d) Reconstructed point cloud model of fig. a

¥ axis (i) ;i

05 \ p"

Xemmiz m) 0%
SIS slagyal) 5l (S (dlabais pl Jae (silojl —Y JSw0

Fig.7. Reconstruction point cloud model of a greenhouse corridor



YYD gyl (ol (o oS (sl gSw ad b (5150 oS 4 ALl Lo dlidls dugy

25 ST
ms L Indetermined edge of platfiorm
20 WM, o Pne
I | I
| | $ |
e | : |
E | | I |
| | e |
210 | %, . |
= | | |
g | | |
| | |
S I I I
| | |
| | | d
u | H{ el I 04 L.
-5 ' ' ' ' ' '
-2 0 2 4 6 8
X-axis (m)

XZ aio 5> &S Lo aiis - JSWS
Fig. 8. Greenhouse environment map on xz plan

lagSw 4895 Cubga (1059 | Juol> @l -V Jgoa
Table 2- Results of corner position estimation

oS auigS slaxd b (o lwlid (glradisS dluss &S s Cum 3 0 Lo i sbS Cun y1 8 ) loud
Num of plarform’s corner Num of extracted corner Lable num of min error Lable num of max error
24 20 (83.33%) 24 8

by oS digS Cambgo (yoss pd las o3l Y Jgaa
Table 3- Error valuesin position estimation of platforms corner

(M) ageS glas (M) wgmi glas (M) Lad ke (M) 3,ltiw! jlre Iyl (M) bad &9 0 (iluo
Min error (m) Max error (m) Mean error (m) Standard deviation(m) MSE (m)
0.0001 0.169 0.07309 0.0484 0.00757
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Introduction

Stereo vision means the capability of extracting the depth based on analysis of two images taken from
different angles of one scene. The result of stereo vision is a collection of three-dimensional points which
describes the details of scene proportional to the resolution of the obtained images.

Vehicle automatic steering and crop growth monitoring are two important operations in agricultural
precision. The essential aspects of an automated steering are position and orientation of the agricultural
equipment in relation to crop row, detection of obstacles and design of path planning between the crop rows. The
developed map can provide thisinformation in the real time. Machine vision has the capabilities to perform these
tasks in order to execute some operations such as cultivation, spraying and harvesting.

In greenhouse environment, it is possible to develop a map and perform an automatic control by detecting
and localizing the cultivation platforms as the main moving obstacle. The current work was performed to meet a
method based on the stereo vision for detecting and localizing platforms, and then, providing a two-dimensional
map for cultivation platformsin the greenhouse environment.

Materials and Methods

In this research, two webcams, made by Microsoft Corporation with the resolution of 960x544, are
connected to the computer via USB2 in order to produce a stereo parallel camera.

Due to the structure of cultivation platforms, the number of points in the point cloud will be decreased by
extracting the only upper and lower edges of the platform. The proposed method in this work aims at extracting
the edges based on depth discontinuous features in the region of platform edge.

By getting the disparity image of the platform edges from the rectified stereo images and trandating its data
to 3D-space, the point cloud model of the environments is constructed. Then by projecting the points to XZ
plane and putting loca maps together based on the visua odometry, global map of the environment is
constructed.

To evaluate the accuracy of the obtained algorithm in estimation of the position of the corners, Euclidian
distances of coordinates of the corners achieved by Leica Total Station and coordinates and resulted from local
maps, were computed.

Results and Discussion

Results showed that the lower edges have been detected with better accuracy than the upper ones. Upper
edges were not desirably extracted because of being close to the pots. In contrast, due to the distance between
lower edge and the ground surface, lower edges were extracted with a higher quality. Since the upper and lower
edges of the platform are in the same direction, the lower edges of the platform have been only used for
producing an integrated map of the greenhouse environment. The total length of the edge of the cultivation
platforms was 106.6 meter, that 94.79% of which, was detected by the proposed algorithm. Some regions of the
edge of the platforms were not detected, since they were not located in the view angle of the stereo camera.

1- Ph.D Graduated, Mechanics of Agricultural Machinery Dept., Faculty of Agricultural Engineering and Technology,
University of Tehran, Kargj, Iran

2 and 4- Professor, Mechanics of Agricultural Machinery Dept., Faculty of Agricultural Engineering and Technology,
University of Tehran, Kargj, Iran

3- Assistant professor in Mechanics of Agricultural Machinery Dept., Faculty of Agricultural Engineering and
Technology, University of Tehran, Kargj, Iran

(*- Corresponding Author Email: hmaobli @ut.ac.ir)



YF g il (ol (o ol (sl gSaw aud b (5150 oS 4 AL Lo dldls Aty

By the proposed algorithm, 83.33% of cultivation platforms’ corners, were detected with the average error of
0.07309 meter and mean squared error of 0.0076. Non- detected corners are due the fact that they were not
located in the camera view angle. The maximum and minimum errors in the localization, according to the
Euclidian distance, were 0.169 and 0.0001 meters, respectively.

Conclusions

Stereo vision is the perception of the depth of 3D with the disparity of the two images. In navigation, stereo
vision is used for localizing the obstacles of movement. Cultivation platforms are the main obstacle of movement
in greenhouses. Therefore, it is possible to design an integrated map of greenhouse environment and perform
automatic control by localization of the cultivation platforms. In this research, the depth discontinuity feature in
the locations of the edges, was used for the localization of the cultivation platforms’ edges. Using this feature,
the size of the points required for establishing the point cloud model and also the associated processing time
decreased, resulting improvement in the accuracy of determining coordination of the platforms’ corners.

Keywords: Cultivation platform, Depth discontinuity, Edge, Obstacle, Stereo vision



