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(57) ABSTRACT 
A bundled object variability detection system includes an 
array of sensors at least partially surrounding a bundle of 
objects, wherein the sensors comprise lasers adapted to obtain 
physical dimensional data about the bundle. The system also 
includes a processor for executing computer-executable 
instructions and a memory for storing computer executable 
instructions. When the instructions are executed, the proces 
sor implements a first module that receives the physical 
dimensional data from the sensors, a second module that 
locates a distinct cross-section of a singular object within the 
bundle based on the physical dimensional data, a third mod 
ule that determines a model of the singular object based on the 
located cross-section of the singular object, and a fourth 

Int. C. module that analyzes the model to determine if the individual 
G06F 17/50 (2006.01) object embodies one or more distinguishing characteristics. 
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SYSTEMAND METHOD FORVARIABLE 
DETECTION IN OBJECTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. provisional 
patent application Ser. Nos. 61/529,549 and 61/529,603, both 
filed on Aug. 31, 2011, each of which is hereby incorporated 
by reference in its entirety. 

TECHNICAL FIELD 

0002 This invention relates to systems and methods for 
detecting distinguishing characteristics in abundle of objects, 
and more specifically, to automatic log scaling and the detec 
tion of defects in a bundle of logs. This invention also relates 
to systems and methods for selecting images of a bundle of 
objects, and more specifically, to identifying limits of a 
bundle and associating images therewith. 

BACKGROUND INFORMATION 

0003 Wood processing mills all over the world convert 
Some form of forest raw material (e.g., wood logs, chips, 
sawdust, biomass) into a finished product (e.g., wood pulp. 
paper, timber, fiber boards, energy). In most cases, these raw 
materials arrive at the mill on some form of vehicle—typi 
cally trucks, but also trains and water vessels. Most of the time 
it is important to measure the quantity (and perhaps other 
parameters) of these raw materials as they arrive at the mill, 
including for payment, inventory, accounting and/or other 
purposes. 
0004 To determine the quantity of raw material in a given 
delivery, various methods can be used, primarily relating to 
either weight or volume. Weight measurement is typically 
used for its convenience and simplicity, but has a significant 
limitation when the density of the measured material is uncer 
tain. For example, forest raw materials can have greatly vari 
able densities not only due to their biological composition, 
but also due to the varying degree of moisture they hold. A 
freshly cut log can have twice the moisture content of one that 
has been drying for six weeks. Volumetric measurement 
removes the problem of variable density from the equation, 
but it can be very difficult to measure the volume of highly 
heterogeneous materials that arrive at wood processing mills 
in an automatic and repeatable manner. 
0005. In the lumber industry, large diameter logs (typi 
cally about 7-30 inches) often arrive at a saw mill loaded on 
trucks (or other vehicles) and are then sawn and processed 
into finished lumber. In the Southeast United States, which 
has a significant amount of the country's lumber industry, 
logs are usually delivered by logging trucks and are weight 
scaled at the mill gate. Some mills include additional con 
trols. Such as counting logs and looking for "defects. that are 
usually done visually by an on-site operator. Visual inspection 
typically requires the operator to walk around the truck look 
ing for different defects, sometimes having to climb onto the 
truck to gain better visual access to some logs. This represents 
a safety hazard and can consume quite a bit of time, during 
which the truck remains stationary. Some mills choose (or are 
required by law) to hire large teams of human scalers that 
select random trucks to be hand-scaled, log-by-log, in a 
meticulous and time-consuming process that involves 
unloading every log to the ground. All these processes are 
constrained by time and cost. Furthermore, the additional 

Jun. 6, 2013 

movement of logs (from truck to ground and ground to log 
yard) adds machinery cost, requires large amounts of space in 
the mill, and increases log breakage due to additional log 
handling. 
0006 Sawmills are usually most interested in the total 
useful volume of a given log (often measured in “cubic board 
feet), since this indicates how much finished lumber can be 
produced from that log. Weight alone is often an incomplete 
variable, since weight for a given Volume can vary signifi 
cantly depending on density and moisture content. Further 
more, sawmills tend to assign higher value to larger diameter 
logs as higher value-added products can be made from these 
(e.g., a high diameter log allows for the production of many 
combinations of different products, whereas small diameter 
logs can only be used to produce Small products). Sawmills 
may also penalize for defects in logs that take away from the 
useful Volume, such as crookedness, cracks, splits, rot, knots 
and others. 

0007 Accordingly, there is a need for a system that auto 
matically and precisely estimates desired variables of loads 
delivered to a mill to improve the efficiency of the mill by a 
significant margin in terms of time and cost. There is also a 
need for a system that aids a human operatorin rapidly detect 
ing and registering specific log defects in a much more time 
and cost efficient manner, thus increasing the mill's capability 
of searching for defects and/or reducing the need for addi 
tional people. It is also desirable that this system provides the 
capability of storing images of each load that is scanned, as 
well as the inputs of the human operator. 

SUMMARY OF THE INVENTION 

0008. In general and in one aspect, a bundled object vari 
ability detection system is provided. The system includes an 
array of sensors at least partially surrounding a bundle of 
objects, wherein the sensors are lasers for obtaining physical 
dimensional data about the bundle. The system also includes 
a processor for executing computer-executable instructions 
and a memory for storing computer executable instructions. 
When the instructions are executed, the processor imple 
ments a first module that receives the physical dimensional 
data from the sensors, a second module that locates a distinct 
cross-section of a singular object within the bundle based on 
the physical dimensional data, a third module that determines 
a model of the singular object based on the located cross 
section of the singular object, and a fourth module that ana 
lyzes the model to determine if the individual object embod 
ies one or more distinguishing characteristics. 
0009. In some embodiments, the sensors are disposed on 
three sides of the bundle. In some embodiments, the objects 
are logs. In some embodiments, the physical dimensional 
data comprises peripheral data. In some embodiments, the 
second module is adapted to apply a curve fitting technique to 
determine a shape (which may be a circle) that fits the cross 
section, and the curve fitting technique may be a local circle 
fitting. In some embodiments, the second module further 
determines an estimated detectable portion of the singular 
object, compares the estimated detectable portion to the 
physical dimensional data associated with the object, and 
determines an occlusion factor based on the comparison. In 
Some embodiments, the second module further determines an 
intersection of the singular object with another object in the 
bundle. In some embodiments, the model is a three-dimen 
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sional model. In some embodiments, the distinguishing char 
acteristics are a large end diameter, a small end diameter, a 
length, and/or a curvature. 
0010. In general, in another aspect, a method for detecting 
variability in individual objects in abundle of objects includes 
obtaining physical dimensional data related to a bundle of 
objects using laser sensors and processing the physical 
dimensional data with a processor for executing computer 
executable instructions. Processing includes locating a cross 
section of an individual object, creating a model of the indi 
vidual object based on the located cross-section, and 
analyzing the model to determine if the individual object 
embodies one or more distinguishing characteristics. 
0011. In some embodiments, the obtaining step occurs 
when the objects are in relative motion to the laser sensors. In 
Some embodiments, the laser sensors are located on three 
sides of the bundle. In some embodiments, the objects are 
logs. In some embodiments, the physical dimensional data is 
peripheral data. In some embodiments, the locating step 
includes applying a curve fitting technique to determine a 
shape (which may be a circle) that fits the cross-section, and 
the curve fitting technique may be a local circle fitting. In 
Some embodiments, the locating step includes determining an 
estimated detectable portion of the singular object, compar 
ing the estimated detectable portion to the physical dimen 
sional data associated with the object, and determining an 
occlusion factor based on the comparison. In some embodi 
ments, the locating step includes determining an intersection 
of the singular object with another object in the bundle. In 
Some embodiments, the model is a three-dimensional model. 
In some embodiments, the distinguishing characteristics area 
large end diameter, a small end diameter, a length, and/or a 
Curvature. 

0012. In general, in another aspect, abundled object image 
selection system includes an array of sensors configured to at 
least partially surround abundle of objects, wherein the sen 
sors are lasers adapted to obtain physical dimensional data 
about the bundle. The system also includes at least one cam 
era configured to obtain a plurality of images of the bundle, a 
processor for executing computer-executable instructions, 
and a memory for storing computer executable instructions. 
When the instructions are executed, the processor imple 
ments a limit module that processes the physical dimensional 
data to determine a limit of the bundle and a selection module 
that selects at least one image from the plurality of images 
corresponding to the limit. 
0013. In some embodiments, the sensors are laser sensors. 
In some embodiments, the sensors are located on at least three 
sides of the bundle. In some embodiments, the objects are 
logs. In some embodiments, the physical dimensional data 
includes distance and angle data between a plurality of set 
points. In some embodiments the camera is configured to take 
at least one of photographs and video. In some embodiments, 
the limit module processes histogram vectors starting at a 
center of the bundle and working outwards. In some embodi 
ments, the selected image depicts an end of the bundle. In 
Some embodiments, the method includes a cross-section 
module that organizes the physical dimensional data into a 
plurality of cross-sections of the bundle. In some embodi 
ments, the system includes a timing module that associates 
the physical dimensional data with at least one image. In 
Some embodiments, the system includes a synchronization 
mechanism, and the synchronization mechanism may be con 
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figured to use electrical signals to trigger the start of the 
sensors and the at least one camera. 
0014. In general, in another aspect, a method for selecting 
an image of bundled objects includes obtaining physical 
dimensional data about the bundled objects using laser sen 
sors, recording a plurality of images of the bundled objects 
with at least one camera, processing the physical dimensional 
data with a processor to determine a limit of the bundle, and 
selecting at least one image from the plurality of images 
corresponding to the limit. 
0015. In some embodiments, the obtaining step occurs 
when the objects are in relative motion to the laser sensors. In 
Some embodiments, the sensors are laser sensors. In some 
embodiments, the sensors are located on at least three sides of 
the bundle. In some embodiments, the objects are logs. In 
Some embodiments, the physical dimensional data is distance 
and angle data between a plurality of set points. In some 
embodiments, the recording step includes taking one of pho 
tographs and video. In some embodiments, the processing 
step includes processing histogram vectors startingata center 
of the bundle and working outwards. In some embodiments, 
the selected image depicts an end of the bundle. In some 
embodiments, the method includes the step of organizing the 
physical dimensional data into a plurality of cross-sections of 
the bundle. In some embodiments, the method includes the 
step of associating the physical dimensional data and the at 
least one image with a common time indicator. In some 
embodiments, the method includes synchronizing the start of 
the sensors and the at least one camera with an electrical 
signal. 
0016 Other aspects and advantages of the invention will 
become apparent from the following drawings, detailed 
description, and claims, all of which illustrate the principles 
of the invention, by way of example only. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. In the drawings, like reference characters generally 
refer to the same parts throughout the different views. Also, 
the drawings are not necessarily to scale, emphasis instead 
generally being placed upon illustrating the principles of the 
invention. 
0018 FIGS. 1A to 1E are depictions of various distin 
guishing characteristics of logs according to an embodiment 
of the invention. 
0019 FIG. 2 is a block diagram illustrating by example a 
process for detecting variability in bundled objects according 
to an embodiment of the invention. 
0020 FIG. 3 is a block diagram illustrating by example a 
system for detecting variability in bundled objects according 
to an embodiment of the invention. 
0021 FIGS. 4A and 4B depict an array of sensors accord 
ing to an embodiment of the invention. 
0022 FIG. 5 depicts a cross-section of a bundle detected 
by sensors according to an embodiment of the invention. 
0023 FIGS. 6 and 7 depict images of bundle data as 
obtained by the sensors according to an embodiment of the 
invention. 
0024 FIG. 8 is a block diagram illustrating by example a 
local circle fitting module according to an embodiment of the 
invention. 
0025 FIG. 9 depicts minutiae on a cross-section accord 
ing to an embodiment of the invention. 
0026 FIG. 10 depicts a method for determining minutia 
candidates according to an embodiment of the invention. 
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0027 FIG. 11 depicts minutia clusters according to an 
embodiment of the invention. 
0028 FIG. 12 depicts fitted circles according to an 
embodiment of the invention. 
0029 FIG. 13 is a block diagram illustrating by example a 
model creation module according to an embodiment of the 
invention. 
0030 FIGS. 14A to 14C depict progression of model 
development according to an embodiment of the invention. 
0031 FIG. 15 is a block diagram illustrating by example a 
process for selecting images of abundle of objects according 
to an embodiment of the invention. 
0032 FIG. 16 is a block diagram illustrating by example a 
system for selecting images of abundle of objects according 
to an embodiment of the invention. 
0033 FIGS. 17A and 17B depict images of limits of a 
bundle according to an embodiment of the invention. 
0034 FIGS. 18A and 18B depict an image of a limit of a 
bundle and an associated Scan according to an embodiment of 
the invention. 
0035 FIGS. 19A and 19B depict histograms of bundles 
according to an embodiment of the invention. 
0036 FIG. 20 depicts an interface for observing and mark 
ing images of bundles according to an embodiment of the 
invention. 
0037 FIG. 21 depicts a report on abundle according to an 
embodiment of the invention. 

DETAILED DESCRIPTION 

0038. In the forestry industry, logs can be used for a variety 
of purposes (e.g., lumber, pulp and paper, fiberboard, etc.). 
Depending on the intended use of the logs, different distin 
guishing characteristics of the logs may be of interest, par 
ticularly those distinguishing characteristics considered to be 
defects in the logs. Examples of distinguishing characteristics 
are depicted in FIGS. 1A to 1E. FIG. 1A depicts a log 100 
with a length (“L”), a small end diameter (“SED), and a large 
end diameter (LED). The log 100 may be considered to 
have a defect if the length, the small end diameter, and/or the 
large end diameter fall outside of an acceptable range. The 
acceptable range may be defined by any interested party, Such 
as mill operators. FIG. 1B depicts the log 100 with a curvature 
(also known as “crook” or “sweep'), as defined by a distance 
(or curvature index) “S” between the log center 102 at a point 
along the length of the log 100 and an axis 104 defined 
between the centers of the ends of the log 100. The log 100 
may be deemed to have a defect of being too crooked if the 
curvature index is outside of a specified range. 
0039 While the above described distinguishing character 

istics may be detected automatically, other distinguishing 
characteristics may be better suited for visual detection. FIG. 
1C depicts butt swell in the log 100, which may be defined as 
expansion in the lower end of the tree trunk above and beyond 
the usual stump flare found in all species. This is often con 
sidered undesirable as the wood in the swollen part of the log 
100 is usually too soft to be useful formany applications, such 
as construction or veneer logs. FIG. 1D depicts the log 100 
with a split 106, which is a crack that extends longitudinally 
into the log 100, thereby decreasing the total useful volume of 
the log 100. FIG. 1E depicts the log 100 with an uneven butt, 
which occurs when a cross section of the lower end of the log 
100 is highly uneven (i.e., not circular), again decreasing the 
total useful volume of the log 100. A comprehensive descrip 
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tion of log defects and the treatment they are given can be 
found in the U.S. Forest Service and USDA “National Forest 
Log Scaling Handbook.” 
0040 FIG.2 depicts a process 200 for detecting variability 
in individual objects in a bundle of objects, where the vari 
ability to be detected may be defined by a user as one or more 
distinguishing characteristics, as set forth above. The process 
200 includes acquiring/obtaining physical dimensional data 
related to the bundle of objects (e.g., by using laser sensors) 
(Step 202) and processing the physical dimensional data with 
a processor for executing computer-executable instructions. 
Processing may include locating a cross-section of an indi 
vidual object (Step 204), creating a model of the individual 
object based on the located cross-section (Step 206), option 
ally estimating confidence in the model (Step 208), and ana 
lyzing the model to determine if the individual object embod 
ies one or more distinguishing characteristics (Step 210). 
0041 FIG. 3 is a physical depiction of a bundled object 
variability detection system 300, including an array of sen 
sors 302 (e.g., laser sensors) that at least partially Surround the 
bundle of objects. The sensors 302 are adapted to obtain 
physical dimensional data about the bundle and communicate 
the data through a communication module 303 to a sub 
system/memory 306 for storing the computer-executable 
instructions. The system 300 also includes a processor 304 for 
executing the computer-executable instructions. The memory 
306 includes a first module 308 that receives the physical 
dimensional data from the sensors 302, a second module 310 
that locates a distinct cross-section of a singular object within 
the bundle based on the physical dimensional data, a third 
module 312 that determines a model of the singular object 
based on the located cross-section of the singular object, and 
a fourth module 314 that analyzes the model to determine if 
the individual object embodies one or more distinguishing 
characteristics. The memory 306 may also include a fifth 
module to determine a confidence value in the model. 

0042. One embodiment of the sensor array 302 is shown in 
FIG. 4A. The depicted array 302 is a Logmeter R 4000 system 
available from Woodtech Measurement Solutions (Santiago, 
Chile) having individual laser-scanning sensors 302 on a rigid 
structure 422 (e.g., a metallic structure) for acquiring at least 
physical dimensional data about the objects (e.g., logs). The 
structure 422 is sized for a logging truck to be able to drive 
through it with sufficient clearance on all sides. The sensors 
302 may be disposed on multiple sides of the structure 422, 
such that when a truck drives through with a bundle 600 (or 
multiple bundles 600) of logs 100, as depicted in FIG. 6, the 
sensors 302 are recording data about the bundle 600 from 
multiple sides (e.g., from three sides). In some embodiments, 
the sensors 302 may acquire data on the bundle 600 from 
fewer than three sides, and the sensors 302 may be disposed 
on the ground to acquire data from beneath the bundle 600. 
Additional equipment may be added to the structure 422. Such 
aS Ole OO CaaS. 

0043. The sensors 302 may precisely measure the distance 
and angle of a set number of points in its field of vision. The 
number of points depends on the laser resolution and the laser 
capture angles. By placing an array of lasers 302 to cover the 
same plane (perpendicular to the trajectory of the objects) 
from different positions, a complete cross-section 500 or scan 
of the bundle 600 may be obtained, as shown in FIG. 5. FIG. 
4B depicts additional sensors 302 that may be disposed at 
angles relative to the trajectory of the objects at the measured 
data point to obtain additional data, including data on a face at 
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a limit of the bundle 600 to acquire data about all (or substan 
tially all) of the logs 100. The laser array 302 may be config 
ured to acquire the data while a truck moves the bundle 600 
through the perpendicular laser capture plane. The bundle 
600 movement allows for the generation of cross-sections of 
the full length of the bundle 600. The amount of data acquired 
depends on the speed of the truck and the Scanning frequency. 
The data may be organized in a Cartesian coordinate system 
CS=(X,Y,Z), following the convention shown in FIG. 5. 
0044. By combining the data acquired with a real-time 
measurement of the speed of the bundle 600, it is possible to 
reconstruct a three-dimensional image of the bundle 600 as 
shown in FIG. 6 (displayed in the Cartesian coordinate sys 
tem in FIG. 7). The use of data from the diagonal lasers 
contributes to the generation of three-dimensional (3D) mod 
els with information on the back and/or front faces of the 
bundle 600 where all (or substantially all) of the logs 100 are 
exposed. The speed of the truck carrying the bundle 600 may 
be acquired through many means. One such method includes 
using an additional laser-scanner placed on the structure, 
either in a scanning plane parallel to the ground Such that it 
scans the wheels of the vehicle or on top of the structure in a 
scanning plane parallel to the road and perpendicular to the 
ground Such that it scans in a longitudinal way through the 
upper part of the truck, to measure the displacement and 
Velocity of the truck by comparing and matching the shapes 
observed in Subsequent scans. By identifying corresponding 
shapes in pairs of scans, and by determining the displacement 
vector between these corresponding shapes, the system is 
able to determine the truck's displacement between the time 
in which those scan were acquired. Another method includes 
using a radar speed measurement system placed in front of the 
truck, e.g., at a distance of at least one truck-length, to mea 
sure the change in position of the front of the truck over time. 
Other known methods for detecting the speed of moving 
objects may also be used. The acquired data may be provided 
to and stored in the first module 308 for further processing. 
0045. Following (or in some embodiments concurrent 
with) data acquisition (Step 202), the processor 304 executes 
the instructions in the second module 310 in the memory 306 
to apply a curve fitting to find the best fitting shapes for the 
cross-section 500 of the logs 100 in the bundle 600, such as 
that depicted in FIG. 5 based on the perimeter of the logs 100, 
so that each shape represents a cross-section of an individual 
log 100. In some embodiments, the curve fitting technique is 
a local circle fitting technique. FIG. 8 depicts the module 310 
adapted for fitting shapes (e.g., circles) to the cross-section 
500. The module 310 includes modules for pre-processing the 
laser data (802) to sort and filter the acquired data, detecting 
minutiae (804) to locate special features, fitting circles (806) 
to fit groups of data to a circle model, and post-processing the 
circle models (808) by merging and filtering the generated 
circles and minimizing overlap between them. The module 
310 may be executed for each laser scan independently. 
0046. The pre-process module 802 includes sorting the 
data points of each laser measurement (802a) to allow the 
system to make some assumptions about the order of angles. 
Often this is done in a clockwise manner. The pre-process 
module 802 also may include filtering out unreliable points of 
the laser measurements (802b) to eliminate poor quality data 
and to discard non-wood objects, such as load Supports, 
wheels, load platform, driver cockpit, etc. Data filtering 
(802b) helps the entire local circle fitting module 310 proceed 
easier and faster, as well as produce better overall results. 
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Data filtering (802b) may include applying one or more of the 
following filters: an amplitude filter to eliminate all the points 
that have lower amplitude than a given threshold; a Euclidean 
filter to eliminate isolated points of each scan by evaluating 
how many neighbors each point has within a determined 
maximum distance (all points that do not have the minimum 
required number of neighbors are filtered out of the data); an 
external window filter to eliminate all points outside of a 
determined rectangular window for each scan; and an internal 
window filter to eliminate all the points inside of a determined 
rectangular window for each scan. 
0047. The minutiae detection module 804 detects special 
features, called minutiae, in each scan. A minutia may be the 
point where laser data of two contiguous logs intersect, as 
depicted by the points 930 in FIG.9. Minutiae detection 804 
includes generating candidates (804a), analyzing the candi 
dates (804b), and clustering the minutiae (804c). During gra 
dient calculation (804a), a set of minutiae candidates is gen 
erated by calculating gradients between consecutive points 
and forming a first minutiae group of points where the gradi 
ent exceeds a threshold. Other groups of points may be 
selected using a different rule, in some embodiments simul 
taneous with the other selections. For example, let P-CX,Y) 
be the ith point 1040 measured by the laser sensor 420. To 
evaluate if the point P, 1040 belongs to a second set of minu 
tiae candidates, the minutiae detection module 804 deter 
mines the line 1042 between the points P, and P. called 
L., where n is a parameter of the system, as depicted in 
FIG. 10. If the distance 1044 between P, and L, is higher 
than a fixed threshold, the point P, 1040 may be included in 
the second set of minutiae candidates. This module 804 may 
be executed as necessary for different threshold values. 
0048 Candidate analysis (804b), completed following 
determination of the candidates, involves determining a final 
set of minutiae that include the intersection between groups 
of candidates. During minutiae clustering (804c), the selected 
minutiae candidates 1130 depicted in FIG. 11 may appear to 
be grouped around the real minutiae. In one embodiment, a 
distance based clustering process may be executed over the 
set of minutia candidates 1130 to determine a unique minutia 
candidate for each real minutia. Those minutia candidates 
1130 below a threshold value may be grouped, with the mean 
of each group serving as the final minutia. 
0049. The circle fitting module (806) may be executed to 
find circles that best fit the log data in each scan. Circular 
outlines may be generated from the data points of the previous 
steps through point clustering (806a) and circle model fitting 
(806b). Point clustering (806a) includes selecting groups of 
data points that are part of each log section by using an 
algorithm to select data points between two consecutive 
minutiae that indicate the selected data points pertain to a 
particular log 100. Circle model fitting (806b) follows selec 
tion of the points of each log section by executing an iterative 
circle-fitting algorithm to generate a circle mode. This proce 
dure may be executed independently for each scan of each 
laser. The circle-fitting algorithm may have two stages: a first 
stage to create an initial circle approximation using standard 
least square circle fitting over the mentioned points; and a 
second stage to optimize the parameters of the circle obtained 
in the first stage by reducing the real distance of the points to 
the circle model. The iterative stage may provide a near 
optimal result, however the post-processing module 808 may 
still be used. 
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0050. The post-process module 808 includes merging 
circles (808a), optimizing circles (808b), and filtering circles 
(808c). The circles merge (808a) accounts for the overlapping 
circles generated by contiguous lasers that may be created as 
a result of the system detecting the same log section from 
independent laser scans. Each circle detection may be evalu 
ated between the different lasers to determine if two circles 
are Sufficiently overlapping, and if so, whether to merge them. 
In one exemplary embodiment, to evaluate if two circles are 
Sufficiently overlapping, the post-processing module 808 cal 
culates the common area of both circles. If this common area 
is above a certain threshold, the circles may be considered to 
be part of the same section and the points of both circles to be 
merged may be used to generate a new circle model using the 
circle-fitting algorithm of the circle model fitting (806b). This 
new estimation may improve both independent estimations 
because it uses more information to estimate the same circle. 
0051. After circles are merged, the post-processing mod 
ule 808 optimizes the merged circles by considering the over 
lap (calculated as the common area between each pair of 
circles) that can exist between circles of nearby model log 
sections. The circles should not overlap as the logs 100 do not 
overlap each other in the bundle 600. The optimization pro 
cess (808b) seeks to minimize the total overlapped area 
between all circles in each scan, as well as the distance to the 
points of the laser to the circles models by adjusting the radius 
of each detected circle to create a final set of optimized circle 
detections. A gradient method that defines the optimal direc 
tion to move each radius to obtain a better fitness evaluation 
may be used. Finally, the post-processing module 808 filters 
out circles with diameters under or over set thresholds during 
circle filtering (808c), resulting in the circles 1250 depicted in 
FIG. 12. These thresholds may be based on real log diameter 
limits. In some embodiments, if the logs 100 are expected to 
have diameters of between approximately 10 and 50 inches, 
then the thresholds may be 9 and 55 inches. Different sizes of 
logs, both Smaller and larger, may be used, and different 
threshold values may be used. 
0052. The second module 310 may also include additional 
instructions for processing the data from the diagonal lasers 
302. One method may be based on peripheral trunk face (e.g., 
limits of the logs 100) detection. This method uses the 
detected circles 1250 given by the previous steps of the mod 
ule 310 to generate several seeds near the respective trunk 
faces. Based on these seeds, an expectation maximization 
algorithm (EM) with a circular model dependent objective 
function may be developed to approximate the best circle near 
to the seeds which contains all the points of the data from the 
diagonal lasers 302 that describes a circular shape. This 
approximated circle may correspond to the face of a unique 
log 100, similar to how the circles 1250 relate to the other logs 
1OO. 

0053 Other instructions may include bundling internal 
logs 100 by deleting data from the diagonal lasers 302 relating 
to peripheral logs 100. Using the remaining data from the 
diagonal lasers, the module 310 may detect faces of internal 
logs 100 using differences between laser scans. For example, 
ifa difference with a high spatial density between information 
in consecutive scans is detected, a new seed may be gener 
ated, and the EM algorithm step may be developed based on 
the new seeds in the same way as in the peripheral case. 
0054 These instructions may supplement an existing 
model of the periphery loss to verify or correct the existing 
model. When there is not an existing model (e.g., for interior 
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logs 100), a new model may be created based on the newly 
generated circles derived from the data from the diagonal 
lasers 302 (e.g., diameter information). In some embodi 
ments, the data from the diagonal lasers 302 may help make 
the pre-existing circles more accurate. 
0055. The processor 304 may then execute the instructions 
in the third module 312 to estimate a model for each log 100 
that is related to the fitted circles 1250, identifying groups of 
circles of the same log 100, and filtering the information to 
create a relatively smooth estimation of each log 100. FIG. 13 
depicts the trunk detector/model creation module 312, which 
includes a direct Kalman filter 1302 and an inverse Kalman 
filter 1303 followed by modules for merging the direct mod 
els (1304) and merging the inverse models (1305), respec 
tively, ending with a module for the merger of the direct and 
inverse models (1306). 
0056. The direct and inverse Kalman filters 1302/1303 are 
arranged in parallel, with one filter starting from the first scan 
of the bundle 600 and moving toward the last scan, and the 
other starting from the last scan working forward. This pro 
cess aims to reduce the bias produced by the directionality of 
the Kalman filters 1302/1303 as direct and inverse filters 
often have different results due to the direction of the process. 
Each Kalman filter 1302/1303 has three stages, an observa 
tion selector 1302a/1303a, a new model generator 1302b/ 
1303b, and a models estimator 1302c/1303c. 
0057 The observation selector 1302a/1303a evaluates if 
the circles 1250 of the current scan belong to any of the log 
models. Each circle 1250 may be compared with the existing 
models using the Mahalanobis distance. Additionally, a circle 
1250 may be required to meet a confidence threshold given by 
the local circle fitting process 800 to be accepted as an obser 
vation. The circles 1250 that are near enough to a model and 
exceed the confidence threshold may be selected as observa 
tions of this model. The new model generators 1302b/1303b 
may consider whether the circles 1250 not associated with a 
model exceed a second confidence threshold to starta new log 
model. If not, the circles 1250 may be discarded. The models 
estimators 1302c/1303c include a standard Kalman filter that 
uses the position of the center of the log 100 and its radius in 
the current scan as the state of the model. Additionally, a 
velocity vector, which represents the direction in which the 
log diameter grows, may be estimated using the difference 
between observations of the log 100 in consecutive scans. 
This velocity value may be considered as the perturbation 
variable of the filtering process, and may be used to estimate 
the predictive state of the filtering. A corrective stage may be 
used to Verify or modify the results, such as through a com 
parison with the circles 1250. 
0058. Once log models are generated by the Kalman filters 
1302/1303, each log 100 may be represented by several sepa 
rate models that need to be combined. During merge models 
(1304/1305), each model section may be compared to others 
to determine if they are part of the same log 100. Each merge 
model module 1304/1305 includes a volume overlapping 
estimator 1304a/1305a and a merge overlapped trunks mod 
ule 1304b/1305b. The overlapping estimators 1304a/1305a 
compare pairs of log models to determine the overlapped 
volume between them in regions where the physical logs 100 
are expected to be in contact. The overlapping estimators 
1304a/1305a use an algorithm to make a cylindrical projec 
tion of the log to the scans where they could be overlapped. If 
the calculated overlapped volume exceeds a threshold vol 
ume ratio, the models may be merged by the merger modules 
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1304b/1305b. This process may be executed recursively, 
allowing more than two parts of a model log to be merged into 
the same model, and may be the same for both the direct and 
inverse Kalman Filter estimators 1302/1303. 

0059. The merge direct/inverse models module 1306 is 
used to merge the models generated by the estimators 1302/ 
1303 to account for the directional bias using a volume over 
lapping estimator 1306a and a merge overlapped trunks mod 
ule 1306b. The overlapping estimator 1306a may be similar 
to those described above (estimators 1304a/1305a) for use in 
calculating the Volume overlap between log models. Those 
models exceeding the threshold may be designated for 
merger. The merge overlapped trunks module 1306b may 
consider those models designated to be merged and calculate 
a mean center and radius between the multiple models of the 
log 100. When the log 100 has only a single model associated 
with it, the merge module 1306b may simply select this 
model. In this manner, the merge module 1306b creates a final 
set of log models. 
0060 A progression of the model generation for a single 
log 100 is depicted in FIGS. 14A to 14C, FIG. 14A depicts a 
right side of the bundle 600 of logs 100 as scanned by the laser 
array 302. FIG. 14B depicts the associated observations (a 
series of circles) 1402 of a singular log 100 as estimated by 
one of the observation selector modules 1302a/1303a. FIG. 
14C depicts the final model 1404 of the log 100 following 
filtering and completion of the last merge overlapped trunks 
module 1306b. The impact of the Kalman filters 1302/1303 
can be seen in the differences between FIGS. 14B and 14C, 
including: i) generation of a filtered output, reducing the high 
frequencies of the changes between observations observed in 
FIG. 14B and ii) generation of a complete log model 1404 
even where the log has no laser observations (e.g., near the 
vertical support bars that hold the load in place which produce 
a “shadow' in FIG. 14B as the laser scanners cannot see 
through them). 
0061. In certain embodiments, the process 200 optionally 
includes estimating confidence in the models 1404 (Step 208) 
for reliably detecting the distinguishing characteristics (e.g., 
length, Small end diameter, large end diameter, curvature, 
etc.) to avoid false positive detections of defects. The estimat 
ing step (Step 208) also includes evaluating the data quality to 
dynamically define the best thresholds over the confidence 
values to discard or accept a measurement. The second mod 
ule 310 may include instructions for determining an esti 
mated detectable portion of a singular log 100, comparing the 
estimated detectable portion to the physical dimensional data 
associated with the log 100, and determining an occlusion 
factor based on the comparison. These instructions may be 
executed in conjunction with, or separate from, other instruc 
tions in the second module 310 for determining an intersec 
tion of a log 100 with another log 100 in the bundle 600. The 
second module 310 may be used estimate the visual region of 
each log from each laser sensor 302 by multiple methods. One 
method includes using real data to count the data points given 
by the lasers 420 for each log 100 and comparing this count 
with a section of the bundle perimeter the laser 420 was 
expected to have viewed (may be done for each log). Another 
method involves using a theoretical model that models all 
logs as cylinders and estimates the portion of the cylinder that 
should have been viewed by the laser 420 considering the 
occlusions generated by all the cylindrical logs. Both meth 
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ods generate a measurement of the viewed and occluded 
regions of each log section for each complete log 100 over the 
entire bundle. 
0062 Data quality may be determined as a proportional 
factor of the difference between measurements obtained by 
these methods. If the difference in both measurements 
increases, it is likely more points that should be visible are not 
being seen, therefore lowering the data quality. This occlu 
sion factor may be used to dynamically adjust some thresh 
olds to filter out defects in undetected logs. 
0063 For each log 100, it may be desirable to know how 
much occlusion occurs where the system believes the large 
and small ends of the log 100 are located. If there is a high 
level of occlusion, the system may be less confident in deter 
mining the measurements of the distinguishing characteris 
tics. To determine the level of occlusion, five occlusion fac 
tors may be calculated, with the first four relating to the level 
of occlusion in the scans just before and just after each end of 
the log 100, and the last one looking at occlusion for the entire 
log. With these occlusion factors, and using the dynamically 
estimated thresholds of data quality, the system may decide if 
each distinguishing characteristic can be calculated with the 
required confidence. 
0064 Analyzing the model (Step 210) is the final stage for 
estimating the distinguishing characteristics of each log 100. 
The relevant distinguishing characteristics of each log 100 
may be measured from its associated model 1404, and the 
occlusion factors and data quality may be used to determine 
the confidence of these measurements. This confidence may 
be used to determine whether each measurement is indicative 
of the log 100 having a defect. The process 200 may help 
minimize the number of false positive defects calculated by 
the system while at the same time maximizing the number of 
true positives. The sensitivity of the system to calculating 
false positives can be adjusted according to the requirements 
of each mill, even for individual bundles 600. 
0065 FIG. 15 depicts another embodiment including a 
process 1500 directed to selecting an image of bundled 
objects. The process 1500 includes obtaining physical dimen 
sional data about the bundle 600 (Step 1502), recording a 
plurality of images of the bundle 600 with at least one camera 
(Step 1504), processing the physical dimensional data with a 
processor to determine a limit of the bundle 600 (Step 1506), 
and selecting at least one image from the plurality of images 
corresponding to the limit (Step 1508). The process 1500 
optionally includes organizing the data into a plurality of 
cross-sections of the bundle 600 (Step 1510), associating the 
data and at least one image with a common time indicator 
(Step 1512), and/or synchronizing the start of the sensors 302 
and the camera with an electrical signal (Step 1514). 
0.066 FIG. 16 depicts a related system 1600 for selecting 
images of bundled objects. The system 1600 includes the 
sensors 302 to obtain physical dimensional data about the 
bundle 600 as described above. Cameras 1602 are included in 
the system 1600 to obtain a plurality of images of the bundle 
600. The cameras 1602 may be positioned on the structure 
422, or may be located remote from the structure 422. The 
cameras 1602 may record video from which single images 
may be taken, or the camera 1602 may take photographs, at a 
high resolution while the bundle 600 moves through the struc 
ture 422. The cameras 1602 may be positioned and angled 
(e.g., similar to the lasers 302 in FIG.4B) so that images of the 
front and back of the bundle 600, as well as the right and 
left-hand sides can be obtained. This setup may be extended 
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to include cameras 1602 that capture the top and/or bottom 
side of the bundle 600. Using cameras 1602 with a high 
enough frame rate, detailed information of each part of the 
bundle 600 may be captured as can be seen in FIGS. 17A and 
17B. The cumulative data 308 may be stored in memory/ 
subsystem 1604, along with other modules. 
0067. To synchronize the physical dimensional data from 
the sensors 302 with the image data from the cameras 1602, 
the scan rate of the sensors 302 and the frame rate of the 
cameras 1602 may be kept constant to ensure both sources of 
data remain synchronized. A synchronization mechanism 
1606 may be used to help ensure the sensors 302 and the 
cameras 1602 begin operation at the same time. The synchro 
nization mechanism 1606 may provide an electrical signal at 
a designated time (e.g., when the bundle 600 passes a certain 
point) to start the sensors 302 and the cameras 1602. When the 
rates are synchronized, each scan may be associated with a 
particular image. A timing module 1608 may be used to 
associate the physical dimensional data with at least one 
image, e.g., by associating a unique image (FIG. 18A) with a 
particular scan line 1860 (FIG. 18B). Additionally, a cross 
section module 1610 may be used to organize the data into a 
plurality of cross-sections of the bundle 600. As each cross 
section may have an associated image, it is possible to look at 
an image of the bundle 600 anywhere there is a detected 
cross-section. 

0068. The images of greatest interest may be those of the 
limits or ends of the bundle. These limit images may enable a 
human user to perform a visual analysis to determine if a 
distinguishing characteristic is present (e.g., a swollen butt, a 
split, an uneven butt, etc.). To detect a limit of the bundle, the 
physical dimensional data may be processed according to the 
limit selection module 1612 by using a y-axis histogram 
calculation process, a bundle center calculation process, a 
bundlelimits calculation, and a validation process. The y-axis 
histogram calculation process includes counting those data 
points located above a y-axis threshold. Exemplary histogram 
analyses are depicted in FIGS. 19A (single bundle 600) and 
19B (multiple bundles 600). Multiple thresholds may be 
used, including one to find the initial scan of the bundle 600 
and another to determine the final scan of the bundle 600. The 
bundle center calculation process may include processing 
y-axis histogram vectors to determine each bundle's central 
or middle Scan. The bundle limits calculation process may 
include processing the y-axis histogram vectors starting at the 
determined center and working outwards. This process tends 
to result in limit detection with greater accuracy than existing 
methods. To validate the limit results, a number of rules may 
be applied, including the following: limits of different 
bundles 600 cannot overlap; the scan that marks the beginning 
of the load cannot come after the one that marks the end; and 
the limits of the load cannot be less than a certain distance or 
more than a certain distance apart (the distance used may vary 
based on application). Through this process, the limit module 
1612 determines the limits of the bundle 600. 

0069. As the images are correlated with the laser scan data 
through the synchronization process described above, a selec 
tion module 1614 can automatically select at least one image 
from a plurality of images corresponding approximately to 
the limit. The selection module 1614 may select multiple 
images as others around the limit may provide a better view. 
For each bundle 600, several different images that show the 
front or back of the bundle 600 may be appropriate (the 
number can depend on factors such astruck speed, the camera 
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frame rate, and the spacing between bundles). Images taken 
closer to the limit of the bundle 600 may allow an operator to 
view some logs 100 in greater detail (due to greater magnifi 
cation), but can provide a more tangential angle of view to the 
log faces, thus making some logs 100 more difficult to view. 
Images taken from further away may provide a better angle of 
view, but can compromise the visible detail in each log 100. 
Often the optimum image may be considered to be the one 
where the operator has the best overall perspective of the front 
or end of the bundle 600 so as to visually determine defects 
(particularly those typically detected with a visual inspection, 
including Swollen butts, splits, and uneven butts). The selec 
tion module 1614 may also be used to select images on either 
side of the optimum, accounting for other factors such as the 
speed of the bundle 600 through the structure 422, thus allow 
ing the operator to scroll through different images in order to 
determine the best for visual inspection according to his/her 
subjective evaluation. Further, the selection module may 
select images from both limits so that the front and back ends 
of each bundle are displayed. 
0070 The various images may be displayed in a user 
friendly interface to help operators identify and mark log 
defects. This software may enable a user to easily scroll 
between different images if one automatically selected by the 
system is not ideal or if the operator desires a different view 
ing angle. Other features include the ability to adjust the 
color, contrast, white balance and other settings to compen 
sate for problems with an image, such as poor lighting, the 
ability to Zoom in and out of the image to focus on different 
details, and tools to digitally mark and color-code defects. An 
exemplary interface is depicted in FIG. 20. 
0071. The system allows an operator to conduct the visual 
inspection remote from the bundle 600 on a computer screen. 
This can help save time by eliminating the need for the opera 
tor to walk around, and in Some cases even onto, the bundle 
600. The operator may be located in an entirely different 
geographical location from the bundle 600, and multiple 
operators from various geographically distributed sites may 
analyze the images concurrently or at different times. Further, 
the bundle 600 may remain in motion while the data is 
acquired and the operator performs a visual analysis, or the 
images may be archived for later analysis. The system pro 
vides a location and time independent means for inspecting 
bundles 600 of logs 100, creating many efficiencies over the 
common current protocol. 
0072 Often, it is desirable to generate a report of the 
measurements and observations. The response format may be 
adjusted for different applications, but generally includes a 
Summary of the defects detected and a set of images illustrat 
ing the defects. FIG. 21 depicts one such report 2100, though 
the report 2100 may take many different forms. In many 
instances it is also desirable to inform the location’s admin 
istrative or enterprise resource planning system so that the 
necessary actions can be taken, e.g., applying a discount to a 
dollar value of the bundle or adjusting a mills inventory. 
0073. The information generated throughout the process, 
including the selected images and digital markings made by 
the human operator, may be stored for later review in an 
auditing system. Interested parties may later review the digi 
tal markings for a variety of reasons, including to determine 
the effectiveness of operators in detecting defects and to settle 
disputes with suppliers. The information may be referenced 
as long as the data is stored and accessible. 
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0074 Although the exemplary operations described above 
recite steps performed in a particular order, the present inven 
tion does not necessarily need to operate in the recited order. 
One of ordinary skill in the art would recognize many varia 
tions, including performing steps in a different order. 
0075 Various embodiments and features of the present 
invention have been described in detail with particularity. The 
utilities thereof can be appreciated by those skilled in the art. 
It should be emphasized that the above-described embodi 
ments of the present invention merely describe certain 
examples implementing the invention, including the best 
mode, in order to set forth a clear understanding of the prin 
ciples of the invention. Numerous changes, variations, and 
modifications can be made to the embodiments described 
herein and the underlying concepts, without departing from 
the spirit and scope of the principles of the invention. All such 
variations and modifications are intended to be included 
within the scope of the present invention, as set forth herein. 
The scope of the present invention is to be defined by the 
claims, rather than limited by the forgoing description of 
various preferred and alternative embodiments. Accordingly, 
what is desired to be secured by Letters Patent is the invention 
as defined and differentiated in the claims, and all equivalents. 
0076 Computer Implementation 
0077. The algorithms and processing techniques 
described above may be implemented in software modules or 
hardware components that perform certain tasks. The algo 
rithms and processing techniques may advantageously be 
configured to reside on an addressable storage medium and be 
configured to execute on one or more processors. The algo 
rithms and processing techniques may be fully or partially 
implemented with a general purpose integrated circuit (IC), 
co-processor, FPGA, or ASIC. Thus, algorithms and process 
ing technique may include, by way of example, components, 
Such as Software components, object-oriented Software com 
ponents, class libraries, class components and task compo 
nents, processes, functions, attributes, procedures, Subrou 
tines, segments of program code, drivers, firmware, 
microcode, circuitry, data, databases, data structures, tables, 
arrays, and variables. The functionality provided for in the 
components and algorithms and processing techniques may 
be combined into fewer components and algorithms and pro 
cessing techniques or further separated into additional com 
ponents and algorithms and processing techniques. Addition 
ally, the components and algorithms and processing 
techniques may advantageously be implemented on many 
different platforms, including computers, computer servers, 
data communications infrastructure equipment such as appli 
cation-enabled Switches or routers, or telecommunications 
infrastructure equipment, such as public or private telephone 
switches or private branch exchanges (PBX). In any of these 
cases, implementation may be achieved either by writing 
applications that are native to the chosen platform, or by 
interfacing the platform to one or more external application 
engines, for example, locally or over a network. 
What is claimed is: 

1. A bundled object variability detection system, the sys 
tem comprising: 

an array of sensors at least partially surrounding abundle of 
objects, wherein the sensors comprise lasers adapted to 
obtain physical dimensional data about the bundle; 

a processor for executing computer-executable instruc 
tions; and 
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a memory for storing computer executable instructions, 
that when executed by the processor implements (i) a 
first module that receives the physical dimensional data 
from the sensors; (ii) a second module that locates a 
distinct cross-section of a singular object within the 
bundle based on the physical dimensional data; (iii) a 
third module that determines a model of the singular 
object based on the located cross-section of the singular 
object; and (iv) a fourth module that analyzes the model 
to determine if the individual object embodies one or 
more distinguishing characteristics. 

2. The system of claim 1, wherein the array of sensors are 
disposed on three sides of the bundle. 

3. The system of claim 1, wherein the objects comprise 
logs. 

4. The system of claim 1, wherein the physical dimensional 
data comprises peripheral data. 

5. The system of claim 1, wherein the second module is 
adapted to apply a curve fitting technique to determine a 
shape that fits the cross-section. 

6. The system of claim 5, wherein the curve fitting tech 
nique comprises local circle fitting. 

7. The system of claim 5, wherein the shape is a circle. 
8. The system of claim 1, wherein the second module 

further determines an estimated detectable portion of the 
singular object, compares the estimated detectable portion to 
the physical dimensional data associated with the object, and 
determines an occlusion factor based on the comparison. 

9. The system of claim 1, wherein the second module 
further determines an intersection of the singular object with 
another object in the bundle. 

10. The system of claim 1, wherein the model is a three 
dimensional model. 

11. The system of claim 1, wherein the distinguishing 
characteristics are selected from the group consisting of a 
large end diameter, a Small end diameter, a length, and a 
Curvature. 

12. A method for detecting variability in individual objects 
in a bundle of objects, the method comprising: 

obtaining physical dimensional data related to abundle of 
objects using laser sensors; and 

processing the physical dimensional data with a processor 
for executing computer-executable instructions, 
wherein processing comprises the steps of 
locating a cross-section of an individual object; 
creating a model of the individual object based on the 

located cross-section; and 
analyzing the model to determine if the individual object 

embodies one or more distinguishing characteristics. 
13. The method of claim 12, wherein the obtaining step 

occurs when the objects are in relative motion to the laser 
SSOS. 

14. The method of claim 12, wherein the laser sensors are 
disposed on three sides of the bundle. 

15. The method of claim 12, wherein the objects comprise 
logs. 

16. The method of claim 12, wherein the physical dimen 
sional data comprises peripheral data. 

17. The method of claim 12, wherein the locating step 
comprises applying a curve fitting technique to determine a 
shape that fits the cross-section. 

18. The method of claim 17, wherein the curve fitting 
technique comprises local circle fitting. 

19. The method of claim 17, wherein the shape is a circle. 
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20. The method of claim 12, wherein the locating step 
comprises determining an estimated detectable portion of the 
singular object, comparing the estimated detectable portion 
to the physical dimensional data associated with the object, 
and determining an occlusion factor based on the comparison. 

21. The method of claim 12, wherein the locating step 
comprises determining an intersection of the singular object 
with another object in the bundle. 

22. The method of claim 12, wherein the model is a three 
dimensional model. 

23. The method of claim 12, wherein the distinguishing 
characteristics are selected from the group consisting of a 
large end diameter, a Small end diameter, a length, and a 
Curvature. 
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