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Tridimensional Measuring Method for Tree-Length

Introduction

More and more, the Canadian sawmilling industry must transform logs of smaller 
dimensions and decreasing quality. In order to recover the maximum of such stems or 
logs, new tools such as simulation softwares help sawmillers better understand and 
manage the conversion process. Results are generally an increase in profits. To use these 
softwares, it is necessary to gather a large number of a variety of data on the sawmill 
configuration, the target products, their acceptable qualities, their market, as well as data 
on the resource itself: the logs or tree-lengths. Log and tree-length data can be collected 
with scanners or manually using different techniques.

In the following pages, a method named Tridimensional Measuring Method for Tree- 
Length to manually collect geometrical data needed for simulations on stems or logs is 
described. The data collection will be used for simulations with Optitek, a software 
program developed by Forintek Canada Corp.
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Tridimensional Measuring Method for Tree-Length

Field data collection

The following provides a list of equipment required for a three-person crew to collate 
stem measurements:

1. Logger’s tapes (imperial/metric).

2. Two log calipers.

3. One electronic digital caliper to measure bark thickness.

4. One pipe-laying laser transit.
Figure 1 : Axle stand

5. A target-board graduated vertically and horizontally (in 
inches and 1/10 of an inch, or in centimetres and millimetres).

6. A circular spirit level to be installed at the top of the target board.

7. A few cans of spray paint.

8. One camera (35 mm).

9. Tally sheets to record measurements, two writing pads and pencils. (A portable 
computer could replace these items).

10. Two pulp hooks.

11. Two small cant hooks (36 in.).

12. Two large cant hooks (48 in.). Figure 2 : Wood wedge

13. Stems of 15-18 inches in diameter to support the tree-length to be measured 
(minimum 3 with no knots on top once laid out on site).

14. Two axle stands (Figure 1) and pieces of 2” x 4” x 24” to put under the stands for 
height adjustment.

15. A few ( 10) wood wedges (Figure 2) to stabilize the sample stems to measure.

16. One axe and one machete.

17. One adjustable support (Figure 3) for resting the small end of the stem.

18. Measuring procedures.
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Tridimensional Measuring Method for Tree-Length

Material, Maple lumber 3/< in x 2 in 
x 24 in with holes for bolts and 
wing nuts (3/8 in)

Material, Maple lumber V* in x 3 in 
x 30 in with grooves 20 in, fit to 
slide the 3/8 in bolts and wing nuts

4  in

__ ___

Material, Maple lumber 1 in x 3 in 
x 24 in with recess of Z2 in thick by 
the width of the boards with 
grooves (glued and screwed)

Figure 3 : Adjustable support fo r the small end o f the stem
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Methodology

3.1 Selection of the sample

The selected trees should be representative of the mill resource processed in terms of 
dimensional characteristics (length, taper, diameters, sweep, etc.), species and/or other 
criterias (logging site, etc.). The distribution will be function of the number of stems in 
the population. For example, it may turn out useless to measure a type of stems which 
represents 0.5% of the population. You may still take it into account but the sample size 
will be larger. The number should probably take into account the size of the stems. A 
large stem may be less frequent but may on the other hand represent a substantial volume 
of products and by-products.

It is advisable to determine the size of the sample and the type of stems to measure before 
going in the field. If the stems are picked in the mill yard, the same weighted frequency 
distribution by diameter and species should be used. The number of stems will depend on 
the population but also on time, money and effort that you will invest as well as on the 
desired precision.

3.2 Positioning of the stem for data collection.

1. Lay down the support stems about 10 feet apart and place on fairly level ground. 
After this, place the stems to be measured with a 2 or 3 feet spacing on the three cross 
pieces, for handling and positioning. It is necessary that the stem to be measured rests 
on at least three contact points. The stem should be supported in such a way so there 
is no sweep added by gravity.

2. The sweep of the stem is preferably set 
horizontal when positioning. Such a 
position lessens the risk of error when 
evaluating the sweep. Use the axle stands 
at the maximum of sweep to support the 
stem in an appropriate position and the 
adjustable support at the small end to 
obtain the natural position of the tree.

3. This method is used to measure defects 
such as sweep, crook and forks. When 
another type of defect is noted on a section 
(for example mechanical damage when 
handling with a loader), it must not be 
measured and should not influence the 
measurement. When such a defect is 
present on the stem, it is important to 
position the stem in such a way to minimize the influence of this defect. It should not 
be forgotten that the measurements taken are summary. If the defect noted is short,

Figure 4 : Stem section with a defect
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Tridimensional Measuring Method for Tree-Length

no measurement is taken at this location. In the situation of a major defect at one end, 
for example a piece broken out larger than 50% of the diameter or a large felling 
notch, you should not take any measurement. If the defect is located at the butt end, 
start measuring the closer to the defect as possible. The zero position corresponds to 
the first measurement taken. If the defect is located at the small end, complete the 
measuring as far as possible in the defect. Take note of this type of defects, they 
should help weighting the results during simulations.

A picture of the defect and of the stem number together with a note should be kept on 
the data input sheet. It could be used to balance the results if necessary.

4. The laser level must be set at about 4 to 6 feet in front of the butt end of the stem and 
should be aimed so it always points on the target-board no matter the position along 
the stem. To do so, place the target-board at the small end of the stem and adjust the 
laser to hit the board. Move the target-board along the stem to check that the laser 
beam is continuously aiming on the board.

5. It is important to always make sure the stem is correctly maintained during the 
gathering of the data. When the laser is fixed, make sure it doesn’t move for the 
entire data collection of a sample stem. It can happen that a stem or the laser not 
efficiently secured is accidentally moved while the measurements are taken. In such 
happening, you must readjust and start over all the data collection for this stem. The 
use here of the wood wedges at the contact points of the stem with the support cross 
pieces is recommended to avoid any movement of the stem while taking data.

6. Rather than moving the transit, it is preferable to move the stem if possible for 
measurement because the laser stand must be leveled when the laser is moved. At this 
point, spray a line of paint on the support at the points of contact of the measured 
stem. These points will become reference points to set the next stems.

3.3 Determination of sections along the stem

As a rule, diameters and sections should be at every metre along the stem and every half-
metre at the large end (for about two metres) to take into account the butt flare of the 
stump. It is necessary to measure diameters and positions at the very end of the small end 
of the stem in addition to the sections measured every metre.

Intermediate measurements may be necessary in order to define precisely the shape of the 
stem. This way, the presence of an irregular curve, a crook, a swell, a heavy taper, or any 
pronounced elliptic form will have the effect to increase the number of sections to 
precisely define the defect. For example, if a stem has an elbow, this elbow will be 
defined if a measurement is taken before, at the high point and after the elbow.

It is very important to pay special attention to the vertical sweep of the stem. Usually, it is 
difficult to detect such defect when being right over the stem. One should step back from 
the stem to get a general picture of the shape before determining the position of the 
sections. The choice of sections along the stem is made avoiding mechanical defects and 
knots. It is a matter of not measuring the sections right on such defects, a little before or 
after. Once the sections are chosen, mark their positions along the stem with a paint line.

Forintek
Canada
Corp.
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Tridimensional Measuring Method for Tree-Length

3.4 Sample tree measurement.

The following instructions are the step for the measurements of the sample trees. The
data collection sheet is shown in Annex III.

1. At first, fill in the data sheet information {Project, Mill, Felling site, Date, Species 
and Observer(s)). This information should be written on each form. It is important 
not to mix the data sheets, which could complicate their further processing. One stem 
may need more than one data sheet. If so, be sure that all sheets are well identified. 
As one of these items varies, note down all the information once again.

2. Before even beginning the measurements, write down on the form the units of 
measurements (inches, centimetres, millimetres,...). If your measuring units don’t 
change, it is not necessary to repeat these informations on every form. Write them 
down on the fis t form and every time you change an item in the heading (see above).

3. Identify the stem at the butt end with a sequential identification number and write it 
on the form. The identification number must of course be unique. Also indicate 
species, diameter at breast height (DBH) and the diameter of the butt (BD).

4. Normally, the stems used as samples are not debarked. In this case, note the bark 
thickness at the large end (D) and at the small (d) end of the stem with a precision 
electronic caliper. Select an area representing the average bark thickness avoiding 
bark issued from cracks. It is highly recommended to always indicate the unit of 
measure of the bark thickness. If measured stems or logs are debarked, indicate 0.

5. Using the logger’s tape, identify with the 
spray paint the measurement locations, 
including the defect areas to be measures 
if such is the case. With a log caliper, 
measure the diameters according to the 
vertical and horizontal diameters at each 
of the previously chosen sections. For 
efficiency and reliability, measure first all 
horizontal diameters and then the vertical 
diameters of the stem. In order to correctly 
evaluate the real diameters of wood and 
the centre position of the section, it is 
compulsory to note the absence of bark at 
locations where the measurements are 
taken. The way to indicate the absence of 
bark depends on how the target-board is 
positioned. For subsequent explanations, 
we suppose that the target-board and the 
log caliper are set as indicated in Figure 5.
If there is no bark on the side of the mobile arm of the caliper, write it down on the 
form with a check ( * ) or an “X” (X ) in the Lack o f bark - Brel column. If there is 
not bark of the fixed arm of the caliper, write it down on the form with a check ( * ) 
or an ”X” ( X ) in the Lack o f bark - Ext.

Figure 5 : Position o f the log caliper in 
relation to the target-board
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If the target-board is set differently, be sure to know which arm of the log caliper 
corresponds to the side of the target-board (in the horizontal position or X axis). In 
the vertical direction (Y axis), the top of the section will always correspond to the 
side of the board. If you have to measure debarked stems or logs, it is useless to deal 
with Lack o f bark parameters.

6. At each of the determined sections, set the 
target-board level and record the vertical 
and horizontal coordinates (X,Y) of the 
laser projection on the board. Make sure 
the contact points of the target-board on 
the stem are both touching it, not on knots 
or a minor defect or off the stem. Use the 
circular spirit level fixed on top of the 
target-board for levelling at each section.
This is very important, it increases the 
precision of the measurements.

At each position on the target-board on the 
stem, note face-to-ellipse in X and Y with 
the rulers located at the contact points of 
the board. These parameters will serve to 
set the ellipse. At the present time, Optitek does not use these parameters.

7. The positions of the target-board along the stem must be as close as possible to a 
right angle (90°) with the laser beam (Figure 7). The measurements of the diameters 
must be taken at the same places along the stem where the target-board was used. It is 
preferable to place the log caliper as close as possible to a right angle with the laser 
beam. If the diameters were not measured perpendicular to the laser beam, the real 
stem volume would decrease but the error would be acceptable.

8. Take a picture of each stem while looking from the butt at an upward 30° angle. To 
do this, one of the crew member stands aside, holding the stem number written on a 
piece of cardboard perfectly visible for the camera. All other accountable defects 
should be photographed with the stem number.

Indicate on the form the identification number of the film as well as the number of 
the picture. A small number tag written with an indelible pen and stapled to the butt 
end of the stem is a good point of reference in case of error or a mix-up in the stems. 
With a magnifying glass, the tags can easily be read on the pictures.

9. Repeat the preceding steps for all stems.

Figure 6 : Measurements on the target- 
board and X -Y  axes
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Recommanded Inadvisable 
Figure 7 : Position o f the target board and the log caliper according to 
the position o f the laser beam

Comments and conclusion
This process of measuring logs or tree-lengths to determine their real shape in space is 
obviously a tedious task. In addition, it is clear that certain steps may be hard to achieve, 
for example, the positioning of the stems on the supports. It doesn’t only mean here to lay 
down the stems. Every stem must be positioned in the way to represent as close as 
possible the natural vertical growth of the tree, including defects like crook, sweep and 
forks. Every tree must be analysed and reproduced horizontally. This operation can be 
very labour intensive with large diameter stems or long stems. However, it is very 
important to follow the instructions on the data collection to validate the results.

Once the data is collected in the field, they must be entered in a computer database 
program. The data can be entered as in the format shown in Appendix II but must all be 
in the same measure unit (metric or imperial). If they are not, you have the task of 
putting them in one and the same unit (centimetres or inches). One forgotten 
conversion leads to errors when handling the data.

Once all data is compiled, you can use the Log Display Device provided by Forintek 
Canada Corp. to convert the stems in the Optitek format.

In conclusion, this technique may seem tedious considering the number of data and the 
way to collect it. From experience, it seems that a crew of three persons is necessary to 
efficiently collect the data. When taking the diameters measurements, one person 
measures the horizontal diameters, one person measures the vertical diameters and the 
third person writes down the information on the tally sheet. For the target-board data, one 
person holds the board level, one person reads the coordinates of the laser beam and the 
third fills in the tally sheet. With time, you may develop your own tricks to speed-up the 
data collection but it is important to stay close to the herewith technique.
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Appendix I

Material and equipment checklist



Tridimensional Measuring Method for Tree-Length

The following provides a list of equipment required by a three-person crew to collate 
stem measurements.

□  Logger’s tapes (imperial/metric).

□  Two log calipers.

□  One electronic digital caliper to measure bark thickness.

□  One pipe-laying laser transit.

□  A target-board graduated vertically and horizontally (in inches and 1/10 of an inch, or 
in centimetres and millimetres).

□  A circular spirit level to be installed at the top of the target board.

□  A few cans of spray paint.

□  One camera (35 mm).

□  Tally sheets to record measurements, two writing pads and pencils. (A portable 
computer could replace these items).

Q  Two pulp hooks.

□  Two small cant hooks (36 in.).

□  Two large cant hooks (48 in.).

□  Stems of 15-18 inches in diameter to support the tree-length to be measured 
(minimum 3 with no knots on top once laid out on site).

□  Two axle stands and pieces of 2” x 4” x 24” to put under the stands for height 
adjustment.

□  A few (10) wood wedges to stabilize the sample stems to measure.

□  One axe and one machete.

□  One adjustable support for resting the small end of the stem.

□  Measuring procedures.

B Forintek
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Appendix II

Data format description
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Tridimensional Measuring Method for Tree-Length

The following data format is particularly designed for people using the target-board with 
squared graduations and the laser projection beam to measure logs or tree-lengths. In the 
Log Display Device, this format is called panel measurements. When you install the Log 
Display Device, you will notice on the diskette the Example.txt file. This fde allows you 
to input the measurements of one or several stems data from the target-board method. 
Figure 8 shows the format defined in Example.txt:

Unit 20

NbStems 3

Name Steml

NbSect 4

ThBarkLE 0.56

ThBarkSE 0.55

CoordZ DiamX BrkXBrd BrkXExt DiamY BrkYBrd BrkYExt CoordX CoordY F2EX F2EY

0 25.4 1 1 28.8 1 1 10.3 21.4 13.1 12.9

100 23.3 1 1 24 0 1 11.2 19.2 12.2 13.2

200 22.2 1 1 22.7 1 1 10.9 12.3 10.9 13

300 21.7 0 1 21.5 1 0 9.2 13.7 11.2 12.3

Name
NbSect

Stem2
5

Figure 8 : Data table format readout from the target-board measurements

Here is an explanation of the input values:

Unit
If measurements are in the metric system, write down 10. If measurements are in the 
imperial system, indicate 20. This notation is the same used by Optitek. It is 
essential that all measurements are in the same unit of measurement (in 
centimetres or in inches) whatever the quantity (from the bark thickness to the length 
of the stem).

NbStems
The number of measured stems that are included in this file.

Name
The name that you give to the stem. This name may contain up to 8 characters from 
the keyboard. You may use any special characters from the keyboard, punctuation 
marks, etc. but you must not use spaces. You can name the stem with the number 
used when measuring data.

NbSect
This number indicates the number of measured sections.

Forintek
Canada
Corp.
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ThBarkLE
The bark thickness at the large end of the stem. This value corresponds to 
thickness (D) on the data input sheet.

ThBarkSE
The bark thickness at the small end of the stem. This value corresponds to 
thickness (d) on the data input sheet. Between the top and the butt end of the 
the bark thickness is interpolated linearly.

Here is now the description of all the columns of the data sheet:

CoordZ
The distance between the measurements location and the butt end of the stem. The 
values to record in this column correspond to the column Distance from butt (Z) on 
the data input form.

DiamX
The diameter reading with the log caliper according to the X axis. The values to 
record in this column correspond to the column Horizontal Diameter (X) on the data 
input form.

DiamY
The diameter reading with the log caliper according to the Y axis. The values to 
record in this column correspond to the column Horizontal Diameter (Y) on the data 
input form.

CoordX
The X coordinate of the laser light beam on the target-board. These values 
correspond to the column Laser beam coordinate (X) on the data input form.

CoordY
The Y coordinate of the laser light beam on the target-board. These values 
correspond to the column Laser beam coordinate (Y) on the data input form.

F2EX
The value of face-to-ellipse in X, i.e. the horizontal distance between the inside 
corner of the target-board and the contact point on the stem. This parameter is used to 
rotate the ellipse and is not being used by Optitek at the present time. On the data 
input form, the corresponding values of F2EX are found in column Face-to-ellipse 
(X).

F2EY
The value of face-to-ellipse in Y, i.e. the vertical distance between the inside corner 
of the target-board and the contact point on the stem. This parameter is used to rotate 
the ellipse and is not being used by Optitek at the present time. On the data input 
form, the corresponding values of F2EXare found in column Face-to-ellipse (Y).

BrkXBrd
If there is bark on the X axis where the target-board rests on the stem, indicate 1 
otherwise 0. On the data input form, a check in the Horizontal lack of bark (Brd) 
column is equivalent to a zero (0) value for the BrkXPan value.

Bark

Bark
stem,
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BrkXExt
If there is bark on the X axis where the target-board doesn’t rest on the stem, indicate 
1 otherwise 0. On the data input form, a check in the Horizontal lack of bark (Ext.) 
column is equivalent to a zero (0) value for the BrkXExt value.

BrkYBrd
If there is bark on the Y axis where the target-board rests on the stem, indicate 1 
otherwise 0. On the data input form, a check in the Vertical lack of bark (Brd) 
column is equivalent to a zero (0) value for the BrkYPan value.

BrkYExt
If there is bark on the Y axis where the target-board doesn’t rest on the stem, indicate 
1 otherwise 0. On the data input form, a check in the Vertical lack of bark (Ext.) 
column is equivalent to a zero (0) value for the BrkYExt value.

Once all data is entered in the electronic data sheet, they must be saved in a text format 
(with tabulations). The file Example.txt is a text file itself that can be read or modified 
with any electronic data sheet or text editor. Before changing anything in the file 
Example.txt, it is strongly recommended to make a backup copy of the file.
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Appendix III

Data collection sheet
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The following page is a sample of the data collection sheet that is used in field 
measurements of stems with the target-board. For every measured stem or log, record 
each of the required information.

When measuring bark thickness at both ends, write down clearly the unit of measure 
used. In the table, an area under each title is provided to indicate the unit of measure 
used. When transferring the data over to the electronic data sheet, do not forget to 
convert all the data in the same unit of measure (in centimetres or in inches).

If there is no bark where the measurements are taken, take note of it with a check ( * ) or 
an “X” (X) in the corresponding box {«Lack o f bark», «Board» or «Ext.» columns). 
Otherwise, leave the box open. In the last column, an area is provided for comments on 
any particular information noticed at this location measurement. At the bottom of the 
tally sheet, an area is also provided for notes but this one is for particular comments on 
the measured stem (fork, crook, rot, mechanical damage, etc.).
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