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Abstract 

The process of automation towards gathering of tree inventory and the creation of a 3D model for 

forestry applications are highly demanded. In the present study, a MDL LaserAce®300 was the main 

equipment used in acquiring three dimensional (3D) surface data of points and tree feature in a 

forested environment. The results from the field observations conducted, was assessed based on the 

accuracy attained of the horizontal positions and the constructed 3D model of the forest floor. The 

planimetric assessment will be based on the standard traversing and tacheometric surveying data 

sets respectively. In the tree inventory exercise, tree positions are gathered from a known coordinated 

point. The points are part of a traverse survey station. In this study, the accuracy of the traverse 

points is evaluated based on the coordinates of eight survey stations forming a closed traverse. The 

survey stations coordinates are established using MDL LaserAce®300 and a total station (Topcon 

GTS 235N) respectively. The coordinate for the first survey station was assumed to be N1000, E1000 

and the respective coordinates forming the traverse were then computed. The linear misclosure 

(accuracy) for the traverses are 1: 107 and 1:55017 for MDL LaserAce®300 and total station 

respectively. On the other hand, the RMSE (Root Mean Square Error) for the computed coordinates 

established using MDL LaserAce®300 and total station is found to be 1.131 m. With this accuracy, 

traversing using MDL LaserAce®300 is obviously adequate for forestry application. For the vertical 

accuracy assessment, an area of approximately 200 x 200 meter within a forest reserve compartment 

with varying topography of 95 to 102 m above MSL (Mean Sea Level) was chosen. Two sets of DEMs 

(Digital Elevation Models) were constructed using 235 and 250 points gathered using MDL 

LaserAce®300 and total station respectively.  The targeted 235 points using MDL LaserAce®300 was 

directed at the middle of a tree trunk at approximately 1.5 m above ground level, which represent the 

position of observation during the tree inventory exercise. For the observed 250 points using total 

station, the points are represented by the position of the prism pole, randomly placed to capture the 

surrounding topography of the study area. In this study, it was found that the accuracy of the 

constructed MDL LaserAce®300 DEM is ±1.95 m. With these accuracies (planimetric and constructed 

DEM) obtained, the usage of the MDL LaserAce®300 to support various forest mapping activities 

such as gathering of tree inventory data, and the construction of the 3D model is justifiable. 
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INTRODUCTION  

The rainforest is the world's greatest natural resource and needs to be preserved and managed 

sustainably. Malaysia, being a tropical rainforest the conservation programme is understood as being 

part of the activities under the jurisdiction of the Forestry Department, and one of their challenging 

tasks is to obtain a tree inventory data on selected trees, such as the trees’ geo-location with respect 

to a local reference coordinate system, tree height, diameter breast height (dbh), species type and 

other associated tree attributes for the development of the Geographic Information System (GIS) 

database. The process is tedious, time consuming, costly and labour intensive. The identification of 

individual trees plus tree count is one of the important agendas for inputs to the GIS database.    

No doubt, with the advent of GPS (Global Positioning System), positioning of Earth’s surface features 

could be carried out with ease; however, in a forested environment, the effect of tree canopy cover 

will usually result in blockage of the satellite signal and certainly, would give some restrictions for a 

good observational record, which ultimately could degrade the accuracy of the position obtained. 

Furthermore, the height component obtained from handheld GPS is of low accuracy to support the 

creation of a reliable 3D model. The normal surveying method of gathering tree inventory variables, 

which involved sophisticated surveying equipments such as the total station and other surveying 

accessories need trained personnel to execute the task. With the advent of handheld laser 

equipments such as the MDL LaserAce®300, acquisition of tree position using this equipment seems 

appealing. MDL LaserAce®300 is equipped with a fluxgate compass that could determine the 

direction of a sight with respect to the magnetic North. Horizontal and slope distance between the 

observer and target could also be measured with ease using the MDL LaserAce®300. With this 

information, spatial information such as, positions of respective points and difference in height 

between observed and targeted points can be computed using the direction and height information 

obtained from the MDL LaserAce®300.   

Tree counting using laser scanning technology and remotely sensed data sets is an active research 

agenda. However, inside a forested area, especially in a tropical forest setting consisting of trees of 

different tree species, the task is quite daunting and cumbersome. Although utilizing techniques that 

involved the integration of airborne remotely sensed datasets, such as the utilization of hyperspectral 

and LiDAR (Light Detection and Ranging) data sets could be giving reliable information of the tree 

attributes that could aid towards creating accurate GIS database of the tree inventory, for instance [1], 

they may not be so successful in the determination of tree species, dbh and height. This is due to the 

diversity of tree species in a heterogeneous environment which complicate the reflectance response 

and ultimately do not facilitate the tree identification process via image-based processing analysis 

techniques [2]. Hence, the success of identifying tree species using remotely sensed data sets is 

debatable. On the other hand, the construction of a Digital Surface Model (DSM), which depicts the 

surface and above-surface features for various forest applications, is highly demanded. By having 

surface models, the tree height component may be estimated accordingly. Laser scanning technology 

or commonly known as LiDAR seems to be the-state-of-the-art approached in the creation of the 

digital model, for instance [3]. The construction of Digital Elevation Model (DEM) of the forest floor in a 

rainforest environment using LiDAR is not an easy or straightforward task since one needs adequate 

and reliable samples of point-cloud LiDAR data that actually hit the ground or the forest floor. This 

was made difficult by the obstruction of the canopy cover against the travelling laser pulse signals, the 

acquisition of these data sets by no means, is cheap and easy. Thus, the development of tree 

inventory via field-based survey measurement of the tree parameters remains to be ever important for 

foresters in their daily routine activities.   

The acquisition of tree inventory parameters by field-based survey methods is the common practice in 

Malaysia. The practice, however has some drawbacks, which include the need of more manpower 

and trained personnel. However, lack of control points, difficulties in determining line of sight coupled 

with rugged terrain conditions are among the obstacles often faced by foresters and land surveyors. 
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Among other, drawbacks include, acquisition of the information using conventional surveying 

techniques needs trained personnel, incurred high cost and time consuming. Field's automation in a 

tree inventory process seems to be the solution in need to speed up the process of tree inventory 

survey and data management. The advent of surveying technology such as, hand held laser, namely 

the MDL LaserAce®300 [4] that could measure distances, the difference in height and bearing 

automatically with reasonable accuracy. Integrating this equipment with computing technology 

towards automation in acquiring tree inventory seems feasible.  In this study, the capability of the 

MDL LaserAce®300 towards acquiring tree inventory and Reduced Level (height) in an automated 

system is investigated. The accuracy of the horizontal and vertical position of points gathered will then 

be critically assessed with respect to forest application. 

METHODOLOGY 

In this study, an in-house software known as Automated Spatial Survey Information System (ASSIST) 

that automates the process of acquiring tree inventory is developed using Visual Basic and C++ high 

level programming language [5]. This system utilized MDL LaserAce®300 as main hardware. Figure 

1.0 shows main menu for ASSIST.  Among the main modules incorporated within ASSIST software 

are shown in Figure. 1.  

 

 

Fig 1. ASSIST Main Menu 

Table 1 gives brief explanation on the associated modules within the software. There are eight (8) 

main modules with dedicated functions to ensure the process of acquiring tree information will be 

carried out with ease. 

Figure 2, shows an example of the acquired survey stations coordinates from a tree inventory 

exercise using ASSIST.  The information that will be reported includes, the traverse station number 

and the three-dimensional rectangular coordinates of a survey station (X,Y and Z). It should be 

pointed out that, in a tree inventory exercise using ASSIST, the first coordinate (X,Y,Z) for the starting 

Survey Station (Station 1) of the traverse loop should be known. 

By knowing the coordinate of Survey Station 1, the coordinate of the next Survey Station (i.e. Station 

2) of the traverse can be computed based on the recorded bearing and distance measured by the 

MDL LaserAce®300.  After establishing Survey Station 2, the tree inventory parameter is collected at 

Survey Station 1. 
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Table 1.  System (modules) within ASSIST 

 
No Module Purpose/Capability 

1 New Project Creation of a new project, initialisation for the project is carried out 
in this module. 

2 Open Project Open an existing project from the database. 

 
3 

 
Capture data 

Integration with the MDL LaserAce® 300. Tree inventory database 
will be created in this module.  

 
4 

 
GUAI 

Graphic User Advanced Interface (GUAI) for online viewing, help 
user to navigate in the rainforest and viewing of the tree inventory 
coverage.  

   5 Computation Standard surveying adjustments on surveyed points and tree 
positions. 

6 Report Generation of survey report and tree inventory. 

7 Export Export to GIS ready format (shape file). 

8 EXIT Exit the software. 

 

 

 
Fig 2. Information for the traverse 

 

This is done by measuring distances (horizontal, slope and difference in height) to the surrounding 

trees at a known height (Figure 3) using the MDL LaserAce®300 equipment. The diameter-at-breast 

height (dbh) is computed based on relaskop reading couple with the distance measured by MDL 

LaserAce®300 to the tree. The tree species are identified manually and chosen from the database, 

which is embedded within the ASSIST.  

The procedure is then repeated on the next survey station until the survey process is completed. The 

process of traversing that forms a closed loop (start and end at the same survey station) is 

recommended.  
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Fig 3. Acquisition of tree inventory from an established survey station 

Figure 4, depicts the attribute data for the tree inventory acquired using ASSIST and they include, the 

Survey Station (from which the coordinates of the tree is acquired), the computed coordinates for the 

tree position (X-Coordinate, Y-Coordinate), the Reduced Level of the tree position (Z-Value), the tree 

species, height, dbh and Volume (computed).   

Referring to Figure 4, based on the computed reduced level (Z Value) of points collected during the 

tree inventory exercise, Digital Elevation Model for the area could be easily constructed. Fig 5 shows 

an example of a DEM constructed using the reduced level (Z Value) with the aid of ArcGIS software 

[6]. 

 

 
Fig 4. Tree Inventory 

 

 

Fig 5. Constructed DEM using Reduced Level information  
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Instrument and Data  

Table 2, shows the equipments used in this study, among the equipments used are Total Station 

(Topcon GTS 235N) and its accessories, which include tripod and reflector. The Total Station is used 

to acquire survey points with high accuracy and the points collected will act as the control during the 

assessment process. Apart from Total Station, the MDL LaserAce®300 (with pole and prism) was 

also used. MDL LaserAce®300 is the main equipment used in the tree inventory exercise where the 

points gathered using this equipment will be critically assessed compared to the point’s collected 

using Total Station.  

As mentioned, the coordinates of related points can be acquired via measurement made by MDL 

LaserAce®300. The accuracy of the observed coordinates (X,Y,Z) in supporting forest application 

need to be checked and determined. In this study, the datasets derived are evaluated based on two 

components, namely; 

i) Horizontal Accuracy, and 

ii) Vertical Accuracy 

The datasets used to evaluate the horizontal accuracy is based on a closed traverse consisting of 

eight (8) survey station. The first set (control) survey is carried out using accurate surveying 

equipment consisting of a Total Station.  

Table 2.Major Equipments used in the study 

 

The second dataset for the closed traverse was measured using the MDL LaserAce®300. Table 3, 

shows the dataset gathered using Total Station and MDL LaserAce®300. 
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Table 3. Bearing and distance between total survey station and MDL LaserAce®300 

 
 

For the vertical accuracy assessment, an undulating area of approximately 200 x 200 meters with 

elevation varying from 95 to 102 meters above Mean Sea Level (MSL) inside a forest reserve 

compartment is chosen. The selected area represents a natural condition where tree inventory 

tasking was undertaken. Altogether 250 points were taken as samples and their coordinates (X,Y,Z) 

were measured and recorded using a Total Station instrument utilizing the Tacheometric Survey 

technique (act as control) [7].  Whilst another 235 points were gathered using the MDL LaserAce®30, 

by observing the tree trunk (middle) at approximately 1.5 meters above ground level. Fig 6 shows the 

distribution of those points across the study area with the point samples representing the 

Tacheometric and MDL LaserAce@300 respectively. Based on these 3-D point samples, the digital 

elevation models (DEMs) were generated for both acquired survey techniques using TIN Interpolation 

method. The digital elevation models are constructed based on the 3D coordinates gathered.  

 

 

Fig 6. Points distribution acquired using total station and and MDL LaserAce@300 

RESULTS AND DISCUSSION 

The horizontal and vertical accuracy for the datasets gathered is analyzed quantitatively under the 

following headings; 

Horizontal Accuracy 

The accuracy (Linear Misclosed) [7] for both traverse, namely using the Total Station and MDL 

LaserAce@300 are first determined. Referring to Table 4, the accuracy (Linear Misclosed) for the 

traverse are 1: 55017 and 1:107 representing standard traversing using Total Station and MDL 

LaserAce®300 respectively.  Since the accuracy for the standard traverse using Total Station exceed 
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1:8000 for the first class survey [7], the standard traverse will then act as a control in the assessment 

process.  

Table 4. Linear Misclosed  

 

 

Referring to Table 4, the Latit and Depart [7,8] component are computed based on Equation 1 and 2. 

Figure 7 shows an example for the position of Latit and Depart on a surveyed line. 

         [1] 

        [2] 

Referring to Fig 7, the Latit and Depart component for the surveyed line is in the North (+ve) and East 

(+ve) direction. Bearing is referred to the horizontal angle measured from reference North to the line 

of sight. In Fig 7, the line of sight is from Station 1 to Station 2.   

 

Fig 7. Latit and Depart for a survey line 

 

Adjustment on the Latit and Depart obtained (Table 5) was then carried out using the Bowditch 

Method [7,8] The coordinates for the traverse are then computed by assuming the first point 

coordinate as N1000, E1000 (Northing, Easting).The different in coordinates between  established 

using Total Station and MDL LaserAce®300 in Northing and Easting are computed (Table 5). The 

Root Mean Square Error for the different in coordinate is then computed based on Equation 3.  

          [3] 

 = Root Mean Square Error 

 is the total number of points and i is the point number 

 is the different in Northing (dN) or Easting (dE) 
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Table 5. Difference in established coordinates  

 

Referring to Table 5, it is shown that using MDL LaserAce®300   for forest mapping seems feasible, 

the accuracy of the laser  in establishing horizontal points is ±1.131m (RMSEdNdE). For tree inventory 

purposes, where the position of the tree should be established with less than ±5 meter [9] of accuracy, 

MDL LaserAce®300 could play an important role towards forest inventory mapping.  

Vertical Accuracy 

The vertical accuracy is based on the different in height between the constructed DEMs (Grid size 

2m) as shown on the Residual Surface (Figure 8) [10]. In this study, the error seems to occur in step 

slopes areas, and this might due to the uncertainty in the creation of the model due to the position and 

number of points gathered to represent the surface. However, further studies on the effect will be an 

ongoing research agenda. 

 
Fig 8. Residual surface 

Table 6, shows the computed mean error for the residual surface. The mean is computed based on 

the total summation of the error with respect to grid count (occurrence) for the surveyed area.    

Table 6. Error Count of the Residual surface 

Number of 

Grid Count 

Error (Different) in 

meter 

Total Error 

(Meter) 

38 0.5 19 

68 1.7 115.6 

43 2.2 94.6 

18 3.3 59.4 

8 4.3 34.4 

5 5.5 27.5 

 

Total = 180  

 (350.5/180) 

Mean Error = 1.95 m 
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It was known that, Digital Elevation Model (DEM) depicting the forest environment is of high value to a 

variety of forestry applications, such as designing of logging routes, biomass study and the simulation 

of flood plain studies.  In this study, it was shown that, using MDL LaserAce®300, heights of points 

can be gathered with reasonable accuracy of less than ±2 meter [9]. In forestry applications, DEM 

constructed with less than ±5 meter accuracy is sufficient to support a diversity of forestry applications 

[9].  

CONCLUSION 

Tree inventory is of high importance in managing forest activities. This study has depicted the 

capability of MDL LaserAce®300 for tree inventory exercise. It should be pointed out that, during a 

tree inventory exercise, the position of the tree needs to be determined, therefore, the accuracy of the 

instrument in used need to be assessed. It was found that the accuracy of the horizontal points 

(survey station) and the constructed DEM is less than ±2 meters by utilizing the MDL LaserAce®300. 

The findings from this study are adequate to support data collection for tree inventory and other 

forestry applications.  
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