
ASABE meeting, July 2006

Theoretical Aspects of Orienting 
Fruit Using Stability Properties 

During Rotation 

Research team:

Priya Narayanan 1, Alan M. Lefcourt 2, Uri Tasch 1, 
Rouben Rostamian 1, Abraham Grinblat 1, Moon S. Kim 2

1:  University of Maryland Baltimore County (UMBC)
2:  US Department of Agriculture, Agricultural Rese arch Service (USDA-ARS)



ASABE meeting, July 2006

On-Line Inspection

Quality

Possible Solutions:

Orient apples prior to imaging

Problems:

Camera

Safety
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As the apple rolls down a track, it initially has n o 
specific orientation . But towards the end the apple 
orients itself such that the stem/calyx axis is 
perpendicular to the direction of travel.
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Movie of the Orientation Process
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Develop a practical orientation system based on 
inertial properties of fruits .

Objective of this Study
Acquire a better understanding of the causality of
the observed orientation phenomenon by examining 
the theoretical stability properties of rotating fr uit.

Ultimate Objective
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Approaches:
Test rotational stability of a freely rotating axia lly-
symmetric body.

Use action integral to measure preference for rotati on of 
an apple modeled as an ellipsoid.

Apples can be modeled as objects that are axially 
symmetric about one axis(the stem/calyx axis).

Assumption:
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Rotational Stability

If I1 is the inertia around a unique axially-symmetric ax is, 
then I 2 = I3
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If I2 is the inertia around a unique axially-symmetric 
axis, then I1 = I3

0=l ��

Rotational Stability
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Action Integral
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Lagrangian ( L):

Action Integral

L = Kinetic Energy– Potential Energy
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Action values are calculated for an object moving i n a 
straight-line on a level plane with constant 
acceleration , without slippage , and with different 
initial orientations . It is assumed that conditions that 
produce the lowest action values represent preferred 
motions.

Action differences 

Action Value Calculations :

Action Difference :

Action value for rotation about the axis perpendicu lar 
to the axially- symmetric axis 

Action value for rotation about the symmetric axis
-

=
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0.852Fuji 

0.942Braeburn

0.912Granny Smith

0.812Rome

0.79-0.941Jonathan

0.75-0.911McIntosh

0.68-1.011 , 1.082Red Delicious

LE/D RatioApple Variety

1 : Stout et. al, Michigan Agric. Exp. Station Rese arch Bull. No. 32. 2-36, 1971.
2 : Whitelock et. al., Applied Engineering in Agric ulture.87-94,2006.

Average Length to Diameter ratio (LE/D) for 
select varieties of apples
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Apple Modeled as Ellipsoid.

Rotation about the axially 
symmetric z-axis

Rotation about an axis 
perpendicular to z-axis

LE/D  =>  a/b
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Action differences as a function of distance travel ed for ellipsoids 
with constant volume (mass).



ASABE meeting, July 2006

Action differences as a function of distance travel ed with different 
levels of acceleration due to the angle of a theore tical test track.
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Summary

Results of stability analysis for a freely rotating  
object demonstrate that rotation around an axially -
symmetric axis is stable, while rotation around an 
axis perpendicular to the symmetric axis is not.

Analysis using the action integral elucidates 
conditions where rotation around the axially-
symmetric axis is preferred to rotation around a 
perpendicular axis.

Results from the analysis using the action integral  
provide insight for design of future experiments . 
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Conclusion

Analysis using action integral looks promising as
an effective and simple tool for the preliminary 
analysis of dynamic systems.

Inertia and angular velocity can be used to orient apples.
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Mathematical Model of an 
Apple

Products of Inertia are 0.

The moments of inertia about the x and y axes are
identical Ixx= Iyy

x

y

z
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Thank You.

Questions ?
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Rotational Stability
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