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• Repair and update an urban tree database by integrating
two outdated surveys we corrected using current
orthoimagery.
• Provide an alternative to traditional survey methods by
developing an automatable process that fuses LiDAR
data with aerial orthoimagery and the potential to
provide similar metrics over larger areas, more rapidly,
and at lower cost.
• Use LiDAR to add new trees to the database that were
not included and remove those that no longer exist by
processing LiDAR to estimate location and heights of
new trees using a Simple Morphological Filter (SMRF) for
LiDAR point cloud segmentation
• Predict current and future diameter at breast height
(DBH)
• Use a mobile-terrestrial LiDAR scanner to obtain
enhanced tree information

In 2014 the City of DeKalb contacted Northern Illinois
University requesting a timely, affordable process that
would update their current tree database using modern
orthoimagery by integrating two outdated surveys from
1996 & 2010. After merging the two surveys, duplicates
were removed and GPS data points were spatially corrected
using QGIS (Fig. 2). This data allowed for calibration of two
LiDAR height extraction algorithms: simple and Simple
Morphological Filter (SMRF, Pingel et al. 2013). For simple,
maximum and minimum surface heights were interpolated
using either a morphological dilation operation (to find the
local maximum) or an erosion operation (to find the local
minimum). Dilation was performed on a DSM created by
computing the maximum value of the LiDAR return for each
grid cell; the erosion surface was based on the cell
minimum. Heights were linearly interpolated to the tree
location, and tree height was computed as the difference
between these two measures. Erosion and dilation search
radii were systematically varied between 1 and 10 meters.

Although both methods produced commensurate results,
the progressive morphological opening technique was less
sensitive to parameter inputs, but more costly in terms of
runtime (Fig. 4). Erosion radius varied significantly for the
SMRF ground-finding algorithm, though this is likely
because SMRF was designed to preserve ground surface
even with large window sizes. The lack of difference
between SMRF and the non-progressive method we
attribute to largely flat terrain in the area, making groundfinding a relatively trivial portion of the process. Dilation
radius – which corresponded to the search distance for the
maximum point of the crown – varied significantly between
solutions for the entire vs. recently resampled database.
The final estimation using non-progressive erosion and
dilation produced an estimate that was highly correlated
with the 2015 resampled measurements, r(172) = 0.74,
p<.001 (Table 2). Future work will compare these two
techniques to watershed-based segmentation methods
(Alonzo et al. 2014).

• Continue DBH and height sampling in DeKalb, IL the summer
of 2015.
• Reanalyze model RMSE using 2015 tree height and DBH
measurements.
• Select an allometric function that accurately predicts DBH
given LiDAR derived height values.
• Remove/add trees to the current DeKalb, IL tree database.
• Mobilize a Velodyne terrestrial LiDAR unit to aid in future
DBH predictions.

The SMRF method is a ground filtering algorithm that uses
a progressive morphological opening to locate the ground
surface by systematically varying the erosion radius as
above, but estimating ground surface height. SMRF has
shown superior ground filtering results to that of Axelsson’s
(2000) algorithm. The parameter space was iteratively
searched to provide optimum parameters based on a
minimization of the difference of the normalized measured
(1996) height and the LiDAR (2009) estimated height. The
optimization was also performed based on a more recent
(2015) resampling of 174 tree heights using a hypsometer in
DeKalb’s Ellwood Historic District, east of Northern Illinois
University (Fig. 1). To predict current DBH values from
LiDAR derived heights, six allometric, nonlinear functions
were tested in SPSS using 1996 tree data (Table 1). Starting
coefficients were selected from Huang & Titus (1992) for
functions 1, 2, 3, and 4; from Colbert et al. (2004) for
function 5; and estimated starting coefficients were used
for function 6. Norway maple (Acer platanoides), red maple
(Acer rubrum), silver maple (Acer saccharinum), and sugar
maple (Acer saccharum) were selected based on their
predominance in DeKalb.

Residuals using SPSS generated coefficients indicate all six
models poorly represent the maple population in DeKalb, IL
(Fig. 3). Each model over-predicts younger trees and underpredicts heights in older trees. The R2 relationship between
DBH-height for red maple is most significant, followed by
norway, silver, and sugar. RMSE for equation (4) produced
the lowest value of 6.845, 6.867 for equation (5), 6.916 for
equation (3), 6.936 for equation (1), 6.982 for equation (2) ,
and 7.0 for equation (6).

Figure 4. Sensitivity analysis for simple (left) and SMRF (right).

Figure 1. Manually trimmed DeKalb trees showing height detection difficulty.
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H=4.5+a(1-e(-b*D^c))

Yang et al. 1978

3 Logistic

H=4.5+(a/(1+b-1*D-c)

Ratkowsky & Reedy 1986
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H=4.5+ae(b/(D+c))

Ratkowsky 1990
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H=4.5+e(b0+b1*D^b2)

Larsen and Hann 1987; Colbert et al. 2002
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Mehtatalo 2004
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Table 2. R2 and RMSE values for height detection algorithms
Dataset
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Erosion Radius
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• How can LiDAR processing techniques be improved to better
predict urban forest metrics?
• How can mobile-terrestrial LiDAR be used to improve
measurement and classification of urban forests?
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*H, total tree height (ft); D, DBH(in); a,b,c, parameters to be estimated; e, base of
the natural logarithm (2.718); 4.5, constant used to measure DBH above the
ground.
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Figure 2. 2011 aerial photo showing points before (yellow) and after (red) correction

Figure 3. Function residuals and R2 for all 1996 DeKalb maples.

Table 1. Nonlinear height-diameter functions selected for comparison.
Function Name
Form
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