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Point-based methods undertaken by experienced human operators are very effective 

for traditional photogrammetric activities but they are not appropriate in the autonomous 

environment of digital photogrammetry. To develop more reliable and accurate 

techniques, higher level objects with linear features accommodating elements other than 

points are alternatively adopted for aerial triangulation. Even though recent advanced 

algorithms provide accurate and reliable linear feature extraction, the use of such 

features that can consist of complex curve forms is more difficult than extracting a 

discrete set of points. Control points that are the initial input data, and break points that 

are end points of segmented curves, are readily obtained. Employment of high level 

features increases the feasibility of using geometric information and provides access to 

appropriate analytical solutions for advanced computer technology.

One of the major tasks in digital photogrammetry is to determine the orientation 

parameters of aerial images quickly and accurately, which involves the two primary 

steps of interior and exterior orientation. While the original aerial photography provides 

the interior orientation parameters, the problem remains to determine the exterior 

orientation with respect to the object coordinate system. Exterior orientation establishes 

the position of the camera projection center in the ground coordinate system and the 

three rotation angles of the camera axis represent the transformation between the image 

and the object coordinate system. Exterior orientation parameters (EOPs) for a stereo 

model consisting of two aerial images can be obtained using relative and absolute 

orientation. This is a fundamental task in many applications such as surface 

reconstruction, orthophoto generation, image registration, and object recognition. The 

EOPs of multiple overlapping aerial images can be computed using a bundle block 

adjustment. The position and orientation of each exposure station are obtained by bundle 

block adjustments using collinearity equations that are linearized as having an unknown 

position and orientation with the object space coordinate system.

The program for bundle block adjustment in most softcopy workstations employs 

point features as the control information. Photogrammetric triangulation using digital 

photogrammetric workstations is more automated than aerial triangulation using analog 

instruments because the stereo model can be directly set using analytical triangulation 

outputs. Bundle block adjustment reduces the cost of field surveying in difficult areas 

and verifies the accuracy of field observations during the adjustment process. Even 
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though each stereo model requires at least two horizontal and three vertical control 

points, this method can reduce the number of control points with accurate orientation 

parameters. EOPs of all the photographs in the target area are determined by the 

adjustment, which improves the accuracy and reliability of photogrammetric tasks. 

Because object reconstruction is processed by an intersection employing more than two 

images, bundle block adjustment provides the redundancy for the intersection geometry 

and contributes to the elimination of the gross error in the recovery of EOPs.

A stereo model consisting of two images with 12 EOPs is a common orientation 

unit. The mechanism of object reconstruction from a stereo model is comparable with 

that of an animal or human visual system. A point-based procedure relationship between 

point primitives is widely developed in traditional photogrammetry, such that one 

measured point on an image is identified in another image. Even for linear features, data 

for a stereo model in a softcopy workstation is collected as points so that further 

application and analysis relies on points as primary input data units. The coefficients of 

interior, relative, and absolute orientation are computed from the point relationship. 

Interior orientation compensates for lens distortion, film shrinkage, scanner error, and 

atmosphere refraction. Relative orientation makes the stereoscopic view possible, and the 

relationship between a model coordinate system and an object space coordinate system 

is reconstructed by absolute orientation. Ground control points (GCPs) are widely 

employed to compute orientation parameters. Although the use of many GCPs is a 

time-consuming procedure and inhibits the robust and accurate automation that research 

into digital photogrammetry aims to achieve, the deployment of a computer, storage 

capacity, photogrammetric software, and a digital camera can reduce the computational 

and time complexity.

Employing high level features increases the feasibility of gaining geometric 

information and provides a suitable analytical situation for advanced computer 

technology. With advancing development in the extraction, segmentation, classification, 

and recognition of features, the input data for feature-based photogrammetry has been 

expanded at the expense of a redundancy in the application of aerial triangulation. 

Because the identification, formulation, and application of reasonable linear features is a 

crucial procedure for autonomous photogrammetry, higher order geometric feature-based 

modeling plays an important role in modern digital photogrammetry. The digital image 

format is suited to this purpose, especially in feature extraction and measurement, and it 

is useful for precise and rigorous modeling of features from images.

In this paper, traditional least squares of a bundle block adjustment process have 

been augmented by support splines instead of conventional point features. Estimation of 

EOPs and spline parameters including location parameters is established by the 

relationship between splines in the object space and their projection into the image space 

without any knowledge of the point-to-point correspondence. Because bundle block 

adjustment using splines does not require conjugate points generated by the 

point-to-point correspondence knowledge, a more reliable and flexible matching 

algorithm can be adopted. Point-based aerial triangulation with experienced human 

operators is effective for traditional photogrammetric activities but is not appropriate 

within the autonomous environment of digital photogrammetry. Feature-based aerial 
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triangulation is suitable for the development of reliable and accurate automation 

techniques. If linear features are employed as control features, they provide advantages 

over point features in aerial triangulation automation. Point-based aerial triangulation 

based on manual measurement and the identification of conjugate points is less reliable 

than feature-based aerial triangulation because it has the limitations of visibility 

(occlusion), ambiguity (repetitive patterns), and semantic information in the light of 

robust and appropriate automation. Automation of aerial triangulation and pose estimation 

is obstructed by the correspondence problem, but the employment of splines is one way 

to overcome occlusion and ambiguity issues. The manual identification of corresponding 

entities in two images is crucial in the automation of photogrammetric tasks. A further 

problem of point-based approaches is their weak geometric constraints as compared with 

feature-based methods, so accurate initial values for the unknown parameters are 

required. Feature-based aerial triangulation can be implemented without conjugate points 

because the measured points in each image are not the conjugate points in this proposed 

adjustment model. Thus, tie splines that do not appear in all the overlapped images 

together can be employed in feature-based aerial triangulation. Another advantage of 

employing splines is that the adoption of high level features increases the feasibility of 

geometric information and provides an appropriate analytical solution that emphasizes the 

redundancy of aerial triangulation.

3D linear features expressed by 3D natural cubic splines are employed as the 

mathematical model of linear features in the object space and its counterpart in the 

projected image space for bundle block adjustment. To solve overparameterization of 3D 

natural cubic splines, arc-length parameterization using Simpson’s rule is developed, and 

in the case of straight lines and conic sections, spline tangents can be additional 

equations to the overparameterized system. Photogrammetric triangulation by the 

proposed model, including the extended collinearity and arc-length parameterization 

equations, is developed to show the feasibility of tie and control splines for the 

estimation of the exterior orientation of multiple images, splines, and spline location 

parameters. A useful stochastic constraint for a spline segment is examined for its 

utility to become a full or partial control spline such as known EOPs with a tie, partial 

control, and full control spline, and unknown EOPs with a partial and full control spline. 

In addition, the information content of an image spline is calculated and the feasibility of 

a tie spline and a control spline for a block adjustment is described. A simulation 

bundle block adjustment is implemented prior to the actual experiment with real data in 

order to evaluate the performance of the proposed algorithms. A simulation can control 

the measurement errors so that random noises minimally affect the overall geometry of 

a block. The individual observations are generated based on the general situation of 

bundle block adjustment to estimate the properties of the proposed algorithms. A 

simulation allows adjustment for geometric problems or varying conditions within 

individual experiments.




