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3D RECONSTRUCTION OF PLANTS 
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Tllc reconstruction o r  plants wlricli is rctcvant lor 
cvnluat in~ ISIC growill oT planls according to the ~ i r l i c  is  
b ~ ~ ~ t l  on stcreovisian. Two rnctliods O F  ~~crcovis ion are 
prcscnterl. 

Tlv description of ~ccrrilctrica~ slructurc o f  vcpctation 
canapics in prncrnl. rnrl i r l  pnr~iculer, o r  crops has today 
scvcral npplicarinr~s : 

3 - Crop s i~ i i t ~ la t i~ ig  lilntlelc necrl to enter, ngrollornicnl 
vnriat~lcs. at a givcn (late. SIIC~ as lcnf arcas, op~icnl  
propcrlics. ... 

2 - Tlic clinrnc~cri~.atinn of crnp srnlclurc using non 
~Ic<truci ivc ~ncthorls sn!cllile rct~to!e scnsinp, field 
radin~~lciry ) r iccrl~ to krtnw str~ictr~rnl pnralnctcrs in orrlcr 
to rnorlclize the radisiivc ~ransrcr irtslrlc tllc canopy 
123.111. 

UitTcmnt attemprs were made until now: 
I/ tn measure in sit11 structure pararnettrs.using : 
- snlaic 3D digilizcr, lascr distance meter or 2D plnnt 

profilcs I I ) - rnanual pbolo~rammcrric mcacurcmcnls [4,5J 
21 rcconqtnr1 plant gtornclry from them [61 
T h e  cncounred limitations or these previous published 

meO~odolopics arc : 
- tirnc cnnsur~iing wlicn s liandl~cld probe i s  used (sonic 

30 dicilizcr) - ncctl 10 cut I11c plants (plant profilc) 
- liniitalions to canopies high enougli to allow man 

nrovcmcnt inside i t  (corn) 
Thc papcr dcals will1 i n  siru nieasurcments o f  

pcor~~clr ical slructtnrnl parnlnctcrs o l  planls. W t  here 
prcqcnl a slcrcov~sini~ approach ntlaptctl la plant Ecolnctry 
rvliicll i r  tlriirc dilrcrcnr frnrit rllc classical polyedric space. 
'I'liis nppronch 112s lxcn clloscn bccause i t  does not have 
tlic prcvious drawbacks. 

EXI'ERIM'ENTAL ENVIRONMENT 

We w i l l  present a lab cnvironntcnt nntl I real 
cnvironmcnt. In the 2 casts. wc use calihralion pids, The 
grid< arc dcsi~rierl En otrlcr to cover rlrc work volutne 
zvhcrc rut want In rind the 3D slnictllre of lllc pla~lvs. The 
rt~!lrc 1 slrows thc Irihoratory c~pc r i r i t c~~ t .  
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Figure 1 - Loborntory Eaperlrnental Device 

PAFSENTATION (IF TIIE TWO METIIOnS IN A 
1,AIIORATORY CONTEXT 

First, the contours of !eft rind r i ~ h t  irnmees sr t  detocled 
from C~nny-Dcriche's npcratar 17 1. Thrn, the contours 
Are ~ p p r o ~ i i r ~ n ! c t l  hy line scaments ~ n d  lllc rne~cl~inp 
phase txgins, nrit phare consids in finding hnmnlogr~oup 
teatures; the first ~ n d  the second tnellinrl~ reqpectivtly use 
l in t  segments and points as fearerts. Finally. segments or 
point? are rcconrtnrctcrl and rirawcd. 

'the steps of otlr procesrine nppar  on l ig l~re  2 : 



CONTOUR DETECTION 

P(ILYG1JMAL POLYGONAL 

FEATURE MATCIIIFIG METIFOU 

CALI AR ATION 

3D RECONSTRUCTIUN 01: SEGhlENTS 

F i p ~ r e  2 - Thc stcps trT 3U oliect recnnstruction 
(*I rtiis srcp is  not pcrlor~ricd in the sccond method. 

Vm calihriirian ~ t i c t l i d  is bnscd on pin hole model. the 
t~iathc~natical motlclling can be fount! i n  IR]. We 
t l ~ s ~ i n ~ u i s l i  intr i l~cic pain~~tclcrs wF~iclt cliaractcrirt tlic 
carlicra i1sc31 arid extrinsic paramcrcrs which cnrrcspclntl 
ro klrc rigid displacement bctwcen [he cnordina~c sys tc~ i~  
associa[ed witll the  rid and the inltrmediale 3D 
coordinate systcrn a~taclicd to zhe camera, At the end. we a 

prt lltc t q u n ~ i o ~ ~  : A = n x  (1)  
wllcrc A i s  rtlc colut i~n ltiairilr o l  grid corner points 
cnnrrlitiatcs ill tllc irnngc. ll i s  a nia~rix cornposed of itnape 
and 3D coonlinn~es rrf grit! comet points. The solution x is 
cqeal 10 : 

x=D"A ( 2 )  
13+ is tlic pscurlo-i~~vcrsc o t  nialrix ll, i t  t~ i in i t~ i izcs 
I lilhfrt's norm. GrcvilEc's nlgorill~m I Y J  ~ i v c s  fl*. 

T~EC precision o i  catilcra calibration ticpcnds on : - tlic c~ridi l ioning of 11, 
- 11ie tjlcaszlrc prcciqion o f  tilt rtspcctive coordinnres 
(X,Y,%) of  cnlihratinn pritl point< in the sccnc coorilinntec 
systcrii ntld ttrcir it111~c coordi~~ittcs in rlipitizcrl ilnnpe 
cnorriinatcq syslctn. - ~ h c  pcoinetncal distorrinn. 

ncrore examining the condilioning of I?. let us recnll 
!hat I! ntrlst hnvc n rank of  1 1 .  This implies that t l ~ t  
cnl~hratian ohjcc! ttirlr! not hz coplanar w l i ~ c l ~  ir thc cast 
rvitli a rl i l itrlral grill. 1151 giver i n f o r ~ ~ ~ n t i n n  nbour 
calihrn~ion canicra accuracy. 

1 - FIRST STEREI) MATCIIIN(; METFIOI) 

The stereo m~tch ing  processes can lx distinpuished 
accordinpl to 3 critcrir 1101 : - the choice or i m ~ p e  rcsrlircs (aepmtnl o f  !he leave's 
conloat), ' - the canstr~ints used for reducing the embi~triry 
matching nnd search space, 

-the rnatchinp mcthod~. 
The chosen feuturc i s  line segment . Ils attributes I re  ils 

lenellr nnd direction. Ench line sepmtnt is defined Rr R 
vcctnr nnrl IIAS hmlr n c i ~ l ~ h o a r l ~ m l c  which arc on 1l1e Icf!, 
on rht r ight nnd nt the ends of [his rector. Each 
ntiphbourhood is characterized by the line stgmenls 
which intersect it. 

Among the constraints. the constraint u s 4  are : 
- tlic cpipnlar conslnint, 
- the unirlr~eness conqlrnint, - the ordcr constraint. 
The malchinc method i s  bared ripon the prnhhflislfc 

relasrlFon a l~or i thm I E 11, Dcrorr perhrrning the malching 
rncthod , prepmccssin~s on 111c l i n t  segments such as 
concnlcnallnp sinall scgrncnts sre c~rried 0111. 

Tlie proposed ~rratchinp ~tietlin(l ColEows thc steps 
M o w  
I. An initial probability value is given to the prnhahility 
pia ( probability of matchine rhe line segment Si of the 

lert irnnge rind l l ~ e  l i n t  sepmcnl S a  of lhc right image) 
according lo their rtsernblance, 
2. tf~e h i l a t t r~ l  nomialieration is  performed and the value of 
piu i s  within the range [O.I]. 
3. p i ~  i s  st! to 1 iT p ia  is neRr I and it pis O if il i s  near 0. 
It cnablcs 11s lo accclcrat~ thc mntchin~ process, 
4. the entropy It i s  co~nputed from all p ia  ([I=- 

ZZpialoglpia) ), 
5 ,  ii H equals O or doesn't v ~ r y ,  we go to Iht  stcp n u m b  
7 othtrwisc we po to Ihe followinp: srcp. 
6. the crlculation of new vslaca of all the pia nrc cnnitd 
out accorrling lo tile r t l~xat ion  iormura (6), 
7. According to the value of p i u  the l isl  of matched 
scllrnents is aprlaltrl. 

A[ the srcp I, [he compulntion of pia nnkts into account 
the resemblance of tlte ltntph and direction of Si  nnd Sa 
rnd the distance to [Ire cpipolar l i n t  comespnndin~ to the 

middle o f  Si  will1 Ih t  middle o f  Sa 
Rilatcml nornlalizstion (step 2) consists in  cnlcnlatinp : 

lor ench scpment Si OF Ihc left imsge : 
1 pin m 

pia'- nannl irno"mO wilh narnnl- Z pia 

17 ilnnrrnl4 cr-1 

m i s  the number ot linc sepmcnbs in the right Ernape; 
lor each linc stptnenr of the r1ph1 imaee : 

in 
piam- i tnnmrm n 

nnnnr with n o m r  C pin 
O ifnormrdl 1-1 



h t  ~ h c  Ath rtcp, the evolufion o f  pia  follows r l l t  
relaxation irerativc cqualion : 

( n t l )  n n n  n n 
pln ?pin ( 1  t q i m  Y p i n  ( I  *qia ) (6) 

i - 1  

n is the c ~ ~ m r l t  iteralion !1111nIxr 

Al l  tllc d~ ta i l s  concerning cumpuling qia can be seen 
in 1I21. This proccss works qr~ickly kcausc i t  takes into 
acco~rri! ttrc fact 151ar wine line scpmcntc (lo not have 
cnrrcsprrntlirip s c ~ ~ i ~ c r i t s  i r l  tlrc other illinpe i r i  n propcr 
way. 

2 - SECIIND STEREO MhTCIiING METlIOD 

Inrtcad oC esinpr a hlinrl rneehod Tor [inding thc 
I~o~ i i n l oguo~~s  points in tlie two images. wc hereaFtcr lrse 
knawlcrlpc n h u t  rlie plants wc recoristrilcl. For cxaiiiple. 
wc know that the corn lcnvca hclorr~ing to one given plant 
havr tlicir oripin nn A vtrtical S~CITI. Fu~lherrnore. the 
stcnls arc alrgncd in rows. So, i t  i s  easy to lncalt the 
cxirciriity and oripirl or car11 Icar nnd lo r~tatcli lcavcs on 
tllc sicrcnvisinr~ itnnpc pair t l ~ i l l ~  n ~ i l y  ~licsc two pnints. 

bn oiir process. wc cAn extract tlic [tic cxlrcrnities or 
Icavcs c i t l~cr  by r~iatl~crnatical r~~orpl lolopy rntlttml or by 
using the curnilincar abscissa O(s) and ils derivative. Then, 
tvc locare r l ~ c  vcrtical scptmcnts w l~ ic l i  correspond lo Ihe 
srctii of planls. Aficr ~ltat, wc rd low t l ~ c  2 Iinllcontoclrs on 
cncli lcar arlrl rlacir l i o r i l o l o~ r~o r~s  half contours ant! 
cnrliparc tllcir nr~rlihcrs of pixclr. Usually, w c  (lo not pet 
tllc sarnc n l r l nk r  o l  p i ~ c l s  on llie iwn  Itnrnolngaoas halt 
contour<. So. wc rcsa~tiplc artcr s lnnol l r in~ rlle half 
contol9r wkiicll is tlcscribcrl hy !tic s~nallcr pirrcl ntimhcr. 
Fiilnlly, !lit srcp r i~ntc l i i i~p c o i i ~ i ~ t s  in nlnking a one ro niit 
rnrrcspontlcacc k twccr l  rlic 2 hal l  Iioti~ologuous contoers. 

Rctonslruclion step 
In IEIC first rnct!irwl. we reconstruct Ihe scent sepments 

f r o u ~  al l  tllc hn~nulogriotls scprncnts in the second 
rnctliorl wc rcconsfrllct SCFnC points fro111 I~ot~iologuous 
points by tlsing calibration parnmc~crr. 

PRESENTATION OF TlIE FIELD EXPERIMENT 

Tlic rne~hcxlolo~ics above dcscrikd are developped i n  
n~t lc r  to bc urcrl on rcnl phnts. A licArl txptrilnent WRS 
C R K ~ C ~ ~  out to tcsl tile accuracy and pcrrorrnancc of the 
srcrcovision rtchniquc in rcnl condilions. Stcrco photos 
wcrc nctluired usinr rwn I ln~sclblad elcctric cameras fitrcd 
with I110 nilti Icns and fixed to a vcrticnl loorn at 8 nielcr 
nhnvc the sniE (sfcrcnhasis: 0.75 111. vertical opiical nriq ), 
T w o  > T I  rnlilrrrntin~i tarpcrs wcrc locatcd in !tic rccover i~~g 
licld of Bie carncra ill nrrlcr ro calibrate ~ h c  slcrco system 
(photo6 ). Tliis systcm was first1 y r~stci tor estimating the 
Iiciplrt o f  corn Icnvcs. Photograpl~s wcrc tnlstped und 
rlicitiscd so as m nlcnsurc llie i m a ~ e  coorr!inatcs of ahor~t 
300 rliar~unlly SCICCIC~I poinls 011 tlic Icavcs. T t ~ t  stslistical 
nnalysis o l  resultg riinws lltat the conlirlcnce interval 
(95%) is 4.3 crn  tor 2.50 m heiglit which i s  p o d .  

I"intns 1 nnrl 2 sliow rhc Ich  ant1 riplit conlour i~iiagcs. 
Photos 3 ilkrisrrntes [lie polygon81 approximalion plak r r o ~ n  
the lefr contorlr image. Photo 4 shows the projtclion or 
I h e  reconstructed scpments. obtained by rhe first 
stcreovirion method onto y t  plane. We see  hat we have 
~irislakcs. Pl~oZo 5 presents n pcrspectivt imsge o f  conlour 
pnintr rccoiistn~clcrl by llic sccont! t ~ i c l t i ~ ~ l .  llie TCSIIIIS nre 
w r y  goal. Phote6 illustrates rhc field txpcrimcnt device. 

We ltavt experimenlcd camerR calibration. %fereovisinn 
and reconstmc~ion with stan(lard hardware ( camcras and 
image dipitit.er) on arrificial cnrn canopy. Resr~lls show 
that R new siinplc method for marching hnmnlnpunurs 
ohj~cts can hc proposctl. I t  uscs a liitlited knnwlcrlgc nf 
the plant structure ant! greatly imprnvcr ll le scpment 
stcreo matching a l ~ o r i f h m  hrscd on relaxafinn. I n  
addirion, first resalt% obtained in the field experiment on a 
rcal corn proves thnt sttrcovisinn is well srlircd lo  [he 
prnblern nT crtirliatinp strr~cturnl pntamtters. 

Onc i l npor tnn~ rhinp In he nnticed i p  lliat 111ir: 
methorlology can br, appli t t l  to nthcr types nf plant 
Irtnlctercs clranginp ucqr~isirion parameters (tcale factor) 
and moving to suited botanic knowledge associarcd with 
the crop. 

REFERENCES 

[ I ]  I F .  SINQQUET, R. MOUCIER and R. nONlIQMME, 
Estimating the 3D pcomctry of a maize crop as an input of 
radiation model? : comparison hetween 3 dirncnqional 
dipitisinp and p l ~ n t  profiles. Agricultural anti [orest 
mrtcnrology, 5.5 ( 199 1) p 233-249 
121 N.S. GOEL. I. RUZEI INAL,  R . L .  TfIOMPSON, 
Vtpeta~ion carlopies and ohjtcls of arbitrary shaycs : 
Cornputer gemration ant1 bidirectional rereclrnce 
calcrrla~ions, Proc. or the 5th Fnt. Collaq.on Pltyrical 
rncnsurcments nnd Sipnatlltes in Rtmnle Sensing, 
Courchcvcl, France, jn r l r l~ ry  14- I R. I Y Y  t , p l O V - 4  1.1 
(ESA-SP-3 19. niny 199 1 )  
[.I] J.  IlhUZAT, 0, f lhUfECOEUR, SimeFalion dcs 
transfers radiatils srrr maquelks inronnatiqacs dc cnuvens 
vfgttaux, Proc. o f  the 5th Inl. Colloq. nn Phys i c~ l  
n~casuren~ents nnd Sipnnrr~res i n  Rerilntt S t n s i n ~ ,  
Co~~cclievcl. Prniict, janriary 14- I R. 199 1, p 4 1.5-4 111 
(ESA-SP-319, ltlny 1991) 
[ l f ]  P. DOrSSARD, Description de la g6ornttrie d'une 
culture avec restriction Rex panies vucs, knc. of Ihe 3rd 
Int. Colloq. on Spectral Signnnlres of Objects in Remote 
Sensing, Ccs Arcs, France. 16-20 Deccmhre, 19R5 (ESA 
SP-217) 
[ 5 ]  P LEWIS. Botanicml plnnt modelling Tor remote 
sensing s i r n t ~ l ~ f i o n  studies, Phd Thesis, University 
Collegc, London. 1990 
161 L.PREVOT, F. ARIES er P. MONESTIEZ. 
Modtlisrrtion rle la strucrtire pCom6triqrle du male, 
Agrnnomie 1: 1 .  p 491 -503. (199 1) 
I?] R. DERICI IE, P ~ s i  ftlgorilh~ns for low-level vision, 
IEEE PAM1 12, p78-87, 1990 
(RE 0 . D  FAUGERAS, G. TOSCANI, Cnmcrs calihralinn 
for 3D colnprittr vir ion . In!. Workshop on Machine 
Vision and M ~ c h i n e  Inlelliptnpe, Japan . Feb. 1987 
191 T.N. GREVILI,E. Some applications of the pseudo- 
invtrscolma~rin,SlAM(2),p 12,15, 1960 
[ IO] 0.D FAUGERAS, Quclques pas vers la vision 
srtificietle en 3 dimensions. Techniques ct sciences 
infomsriquts, vol 7. no6. t 9RR 
[ I  1 1  A. ROSENFELD, R . h  IIUMB1, and S.W ZUCKER, 
Sccnc lnbcllinpl by re lan~t ion opcrmtions, IEEE Trans. 
5MC vol 6. junt  1976 
1 1 2 1 N.LIU, Vision sttrcoscopique : calibmtinn t t  mise en 
corrtspondancc d t  pr imi t ives duns sn mnivers 
plyEdrirlucs. fllCse 'Univ. Orsay, 1991 
1131 M. CIIAPRON. J.P. COCQUERBZ, N. L1U. 
Precision n t  camera calibration and stereoviaion 
pcrforrned hy standard cameras and i m a ~ e  di~i l ixer ,  I l th 
ICPR, august 30- Scptembtr 3, 1992 



Photo l Photo 2 

Photo 3 Photo 4 

Photo 5 Photo 6 

646 




