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INTRODUCTION Tc-
The objective of the work presented here is to perform fundamental research into design and use of intelligent sensors for meat cutting robots 

overwhelming need for robotics and automation research for the food industry make this extremely desirable. *
In preliminary studies carried out at l.N.R.A. Station de Recherches sur la Viande, we have established that sensors are required to provide 'n(orfi>!L 

about the process and the surrounding environment during the robot task [1], Global positioning and path driving of the robot can be perform^. 
modellisation from a conformation data base (carcass geometry and surface characteristics) adjusted with parameters derived mainly from aVIi 
system; local information has to be provided by sensors to adjust the movements of the tools along the previously defined path.
The first described sensor is a microwave multi-sensor included on a specific blade. , »
We used the sensors in two methods: a measurement on each side of the knife to obtain the lateral information, and from the both sides to obtain 

axial information. ,
The second described sensor has been developed in order to stop an electric saw during rib cage cutting when the desired number of cut ^  

reached. The method consists of acquiring and processing the feeding current of the asynchronous engine which drives the saw.
A microwave multi-sensor for interface tissue tracking and bone detection.
The main purposes of this study are:
* to know the nature of surrounding tissues in "real time".
* to carry out real time cutting operation, for a local movement control or to provide warning information to stop the machine. * to control a pr0̂

giving characteristics during the process. y
The sensor must provide information both in the cutting axis and on each side of the blade. The lateral information coming from tissues surround 

Made is necessary to follow meaVfat and meaVbone interfaces. The axial information is needed to avoid a collision with 
a bone during cutting movements. Furthermore, the sensor integrated in the tool must be sufficiently for a non - thickening of the blade.
A number of antenna have been investigated: open ended coaxial lines, microstrip patch antennas and microslot antennas.[2][3] , ^
The required radiation field, the surface evenness of the tool and the limited thickness of the sensor require a coplanar antenna with an ad 

geometry. The coplanar structure is chosen preferably to the coaxial structure because it integrates a more important scattered volume. Indeed,c" 
guides studied (UT47) take into account only a small volume (that can be assimilated to a 2mm radius half sphere) facing the heterogene°uS 
structure of biological tissues.
An original antenna geometry has been developed in order to respond to the double criterion axial and lateral detection. Such a microslot ante'

implanted on both sides of the blade. Each antenna detects the nature of tissues with which it is in contact. Furthermore, by coupling the two
situated back to back on the blade, the presence of a close bone in front of the blade during the tool displacement can be detected. A number0̂
configurations have been investigated and the basic probe configuration which has been used most, extensively is schematically illustrated in F& 
fields scattered needed for the detection impose constraints on: $
■ dimensions and geometry layout: electromagnetic waves in the microwave domain are linked to the geometry and to dimensions of scattering 

the nature of the metal-clad and substrates: the design of microwave circuits requires the kind of substrates and metal knowledge- D’s ¿0 
characteristics both of the substrate and feeder have an essential influence on theantenna performance.The thickness of metal must be constat ¡p 
thickness integrated in the antenna layout parameters. In order to obtain edges with perfectly definited tracks, we have undertaken a i°eC 
engraving of the slots.

Various attempts were made to match the sensors to a 50Q impedance while they were submerged in the phantom material. The first prot0^ , ,
dimensionsslightly too important for the envisaged application. In order to reach a more elaborate miniaturization the necessary solution is t0 
the frequency and to change the nature of the substrates. An increase of the frequency would decrease the depth of detection, the wave lc°Stn
linked to the depth of penetration. Calculations and line adaptation, splits and geometry layout of the antenna have been realised thanks to d

we"
softwares. SERENADE and SUPER COMPACT from Compact-Software were used to undertake the electrical drawing and the behaviour si11” 
of designed circuit facing impedance adaptation problem. All these softwares were designed to make calculations for free space antennas. At 
in lossy material with average relative permittivity near 50, the velocity of propagation and the wavelength is reduced by 750. The ante1111
designed to work in a frequency band from 2 to 4GHz, thus we applied all the calculations for a sensor reduced to the size of an antenna o p ^ f#  
free space from 14 to 28GHz. An electromagnetic simulation has been realised with EXPLORER in order to determine the radiation 
coupled probe antennae. Performances of our multisensor system have been measured on a laboratory stand with phantom materials. We use“ S y  
with different water content as a lossy host medium and a shaped part of bone as buried target. Measurements of the reflection coefficient W* ft 
performedusing one or two antennas, as illustrated in Fig.3, simply by measuring the power amplitude of the reflected and transmitted s'Snil 
incident power (P') is partly reflected (Pr) and partly dissipated so that Pr = 11 l2 P, where T is the reflection coefficient 
Measurements were compared with reflected signal (Sii) made by an HP 8753c network analyser over the frequency range centred 
around the antenna resonance. . ^
Results obtained from the experiments agree with the precision required in terms of depth detection and beaming. A bone can be detected at a * 

of 3mm in front of the blade, and at a distance of 5mm on both sides of the blade.
A sensor to control rib cutting
Within the European Eureka project EU 1032:"ABCD", INRA, Durand International and INTERBEV study industrial prototypes s <

automatically a beef side into forequarter and hindquarter. This project results from previous projects lead by INRA 111 with the cooperario0 0
and CEMAGREF, and aimed at proving the feasibility of robotized cutting of a beef forequarter. On this prototype,’ the cutting path ( F ^ /
achieved by a special tool designed around a rotating saw handled by a robot. The saw is used to cut the ribs and another part of the special 
to cut the meat. It is really complex to perfomm this action as the incidence of biological variahiliw I u.... ........1„ „„me tri

___________ .................... r 11°0'
; really complex to perfomm this action as the incidence of biological variability is | tremendous. We have made some trials 

home-made morphometric models linked to anatomic parameters, but the only way to solve this problem seems to require a feedback M 'c0°jL f^  
parameters coming from the tool Itself. During forequarter and hindquarter splitting it is necessary to stop the movement of the cutting saw wV  
desired number of ribs is reached. To achieve this, we tried to use video image analysis but all ribs cannot be detected on each carcass becaus6
presence of blood, fat, etc Therefore it is judicious to use a signal directly linked to the saw,
like sound frequency variations, vibrations or amplitude variations of the feeding current of the saw. The sc____ „ riui

seem to be a signal from which we easily extract the rib position but it is very dependent on the surrounding installations! especially in a very
11 Is r* o n  o  n o  H m  r  I Vir\ i  ’, k rv it , r, ^ T  tU .    . ~ 1   1 '1  *, '  , i .

, t r
saw. The sound frequency variations due pî

like an abattoir. The vibrations of the saw can also be used rib it is necessary to adapt specific sensors onthe equipment. As the current is V
obtam, even on an ̂ industrial equipment, we have chosen this signal. Moreover, it is not dependent on the surrounding equipment contrary
signal. This signal is directly proportional to the torque of the asynchronous saw engine. An increasing amplitude represents the cutting of3
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4e rneat.
SpaC6' BUt th!S SIS" al 'S Very noisy and must be significantly processed. Our first approach to check the feasibility of a rib 

l%"aladjustmi. L 11i:deSlg!tin^ ! na °8 prototype' This ®ave promising results but it quickly reached its limits, as it was necessary to perform some 
?S re  ¿ ain|v, S,° we dec,ded t0 investigate the possibilities of a digital signal processing. We evaluated a low cost DSP solution and developed a
llifjg ,namly based on the analog solution previously tested [4], p d
The fl °Ck ^notions were realised:

Fi

°ne was an A.M. demodulation
'The S nd one was a threshold which extracted the parts of the signal containing cut ribs 
'igure 6 . one was a rib detector using two sliding windows and comparators.
Hi..., lllustrates the results after each step of the process.

Iar<l designtem (hardwafe and software) Save such interesting results that we chose to design a stand alone single board.
The
^ s in o ^ - '°  build a S“ gle size board with classicaI tools for a small laboratory. 
dtsdesi 6 Slde board’ wdb two layers, has two main advantages:
> S , as" r S im,c; 0lutl0n ° fthc final system- Indeed- EPROM allows to change easily the software on the board. So, if another detection 

i. themnl h f° r,examp c a sound dctection). the hardware will remain functional because of its general purpose.Canantv CthtQinnrl xirifK D n1lA...n *1____ _C____  / * « . . «  r r
it[Qm -----« ^unu  uucuiuu;, me iicuuware win remain nmctional be

k“'e°Ver ti?'C3pacity obta'ned w*th the RAM allows the use of more powerful algorithms. 
*ePo\v ’ 'be system is easy t0 use and to connect to the cutting device

s-
er supply and the current sensor stand on a separate card to avoid EMC problems.

rieci^H deve,0Pe<d was based upon the analog system previously designed. 
k rsi t0 USe FIR (Finitc Impulse Response) filters instead of IIR mainly because they1016 [61 v unpuoc response; niters msteaa or UK mainly because they

s°ftwaj-e HCn °n a fixed'point device- The block diagram in Figure 7 presents the demodulator.
r,h°rouchiv eCtl thiS S',8nai ’ tak'n8 tbe abS0'Ute Va'Ue and rej6CtS the 100 Hz carrier ^ ’"8 * e  20 taps notch filter. We tested the 256 taps lowpass 

> * in d o w 7 , ♦  en0r Pr° CeSS 'n ° rder t0 ki” gHtches and noise>md t0 allow * e  rib wavefomt to go through the demodulator. A
b > e d  a I I T - ' T  provldf uexcuelIent results and fc=2- 1 Hz. The 121 taps FIR (fO=50 Hz) filters the incoming electric saw amplitude- 
■ N ated are ^  ° f '̂  ^  be6n developed under MatIab wd  thcn translated into TMS320C26 assembly language. The directions we have

baPe waveform-based detector
ah;'baSed method storing parameters of the previous rib»Dm. ■y'0i

\ P,!bability function for rib prediction .
. lnt0 RAM ^  shape of the last nb. The last function indicates if  a rib is likely to come away or not. We found that a

f  ̂  a« S c u .v i'!oI/Pr0dUCC aCCUrate reSUltS‘ ThiS iS the rCaSOn Why the final alg0rithm takes int0 account the three methods.

^"PPer w6 provided very 8°od results and a very accurate time localization of the ribs.

*  ta>“ of lhe *  * • « * < « *  ° ™ >  »»1results * — —  m.wU u uv 10 iuuuu. m e »unuiauuu figu re  5; ana tne u s f  implementations produce

eare already ways t0 imProve thls ^ te m . The algorithm will store all the samples of the intensity signal. Thus it will be able to 
'°»cein atwice:
'the s n real ’'me, as described above

™ SW" ‘ ' " 0W“ ^ " " ," U"S°f d C '“ ,i0n“'SOri“” ' m ,kinS“ °f 'hC“ mpl* !h,p' of
h V  I f f  f y a f  wi'velet processing of the incoming data [71. Some experiments conducted under MatIab proved that waveless 

% LUSI0N f° r the nb Slgnal than ClaSS'Cai di8ital filterins (thiS iS due t0 the time-frecluency description of the signal).

S i r eded f° r '0Cf ' 7 '  timedrivin8 of cutting devices by robots in automatic meat cutting processes. We have presented, in this paper, a 
V s' '001 n Z  P,r0Vldf informat,on both in the cutting axis and on each side of a blade. This multi sensor system is able to send parameters to 

tomati VementS 3 °ng the Prevl°usly defined path and avoid collisions.
cr ° ' the CUttiu8 0 , ribS during a bonin8 Process ofbovine carcasses discussed in this paper was developed in a five months 

oPer„.. g per'od' Tbis system1S based on the real time analysis of the feeding current of a rotative electric saw. Our choice of the DSP to carrys0per̂ H- V  T  , lime or tne Teeain8 current of a rotative electric saw. Our choice of the DSP to
d°f UK nn *S ocased on tbe TMS320C26. A versatile single size board has been designed. Discussion was done on the use of FIR filters 
'fl-poiDt devT ’ iUld °PeningS Wlth waveless Processing. Such improvements will be carried out using a stronger assembler and perhaps i
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