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Summary 

The means to achieve aerial photography changed with the emergence of a new 

revolutionary type of vehicle: Remotely Piloted Aerial Systems. The developments of 

those vehicles in the past few years, brought a large number of companies offering 

services related to aerial imagery, from surveys, media, precision agriculture, among 

others. Even in the scientific community, this new technology opened up new ways and 

processes to investigate in a huge range of different fields.  

Several studies already testified the usefulness, advantages and precisions 

achieved using those vehicles, against traditional methods. The low operational cost and 

versatility were important conditions that pushed these vehicles forward in businesses 

and Universities all over the world. Nowadays digital photogrammetry thrives with the 

recent years development of software, accessible to broader public, even to non-experts 

in that scientific field. New software were built with the latest evolution of computer vision 

algorithms, bringing photogrammetric solutions in conjunction with Unmanned Aerial 

Vehicles, available to more and more people, from hobby to professional purposes. 

For this study is intended to analyze several regions of interest, processing with 

3 chosen photogrammetric software: PhotoScan, Pix4Dmapper and MicMac. Two of 

them represent the 2 best seller commercial solutions, along with an open source 

version, in order to compare several features between them, to evaluate their 

performance in distinct scenery.  

Errors in geolocation are examined, confirming other recent scientific studies that 

MicMac is able to achieve the best results in photogrammetric reconstruction. Other 

more subjective features, such as radiometric equalization and building edges, are not 

always explored in studies, but are also key aspects to analyze. Even more when the 

final objective is to use this data in business environment, and normally those features 

varies between each software. In fact, the open source solution has the worst results in 

radiometric equalization and mosaicking, already with solutions being developed by the 

software team, but on the other hand presents some of the best results with sharp build 

edges, something that Pix4Dmapper fails most of the times. PhotoScan reveals to be 

the most consistent in the overall performance in georeference, reconstruction and visual 

portrayal.  

 

Key Words: RPAS, PhotoScan, Pix4Dmapper, MicMac, Photogrammetry, Open 

Source, commercial, Orthomosaic, DEM, precision, performance, comparison, RGB, 

NIR 
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Resumo 

Os meios para obter fotografia aérea mudaram com um novo tipo revolucionário 

de veículo: Veículos Aéreos Não Tripulados. A evolução desses veículos nos últimos 

anos trouxe um grande número de empresas que oferecem serviços relacionados a 

imagens aéreas, desde levantamentos aéreos, comunicação social, agricultura de 

precisão, entre outros. Mesmo na comunidade científica essa tecnologia abriu novos 

caminhos e processos para investigar numa enorme variedade de campos. 

Vários estudos já comprovaram a utilidade, vantagens e precisões usando esses 

veículos contra os métodos tradicionais. O baixo custo operacional e versatilidade foram 

condições importantes que impulsionaram esses equipamentos a serem usados em 

empresas e universidades em todo o mundo. Atualmente a fotogrametria digital 

prospera com o desenvolvimento de software acessível ao público em geral, mesmo 

para quem não é especialista nesse campo científico. Novos software foram construídos 

com a mais recente evolução de algoritmos de visão computacional, trazendo soluções 

fotogramétricas, em conjunto com veículos aéreos não tripulados, disponíveis para mais 

pessoas, desde o hobby até aos fins profissionais. 

Para este estudo pretendem-se analisar diversas regiões de interesse, 

processando com 3 software: PhotoScan, Pix4Dmapper e MicMac. São 2 dos mais 

vendidos em termos comerciais e um de código aberto para comparar recursos entre 

eles, a fim de avaliar o seu desempenho em cenários distintos. 

Erros em geolocalização são examinados, confirmando estudos científicos 

recentes, que o MicMac é capaz de alcançar os melhores resultados na reconstrução 

fotogramétrica. Outras características mais subjetivas, como equalização radiométrica 

e limites de edifícios, nem sempre são exploradas, mas também são aspetos 

fundamentais para analisar, ainda mais quando o objetivo final é usar esses dados em 

ambiente empresarial, e normalmente esses resultados variam entre cada software. Na 

verdade, a solução de código aberto tem os piores resultados na equalização 

radiométrica e construção de mosaico. No entanto está a ser desenvolvida solução pela 

equipa do software, mas por outro lado apresenta alguns dos melhores resultados com 

limites de edifícios, algo que Pix4Dmapper falha na maioria das vezes. PhotoScan 

revela ser o mais consistente no desempenho global em georreferenciação, 

reconstrução e representação visual. 

Palavras-chave: RPAS, PhotoScan, Pix4Dmapper, MicMac, Fotogrametria, 

Open Source, comercial, Orthomosaic, DEM, precisão, desempenho, comparação, 

RGB, NIR 
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1. Introduction 

 

1.1. Current Technology Setting 

 

Nowadays is obvious an exponential growth in this new kind of airborne vehicles 

into the most diverse applications imaginable. Several names have been suggested to 

describe those vehicles, from Unmanned Aerial Vehicle (UAV), one of the most known 

forms, to Drones, which have been known to the public for several years now, due to the 

military applications. 

The evolution of civil Remotely Piloted Aerial Systems (RPAS) [1] was also 

powered by the hobby activity of aero modeling. For years, people associated with this 

hobby, built miniaturized plane models and helicopters with little electronic components, 

being the most import the radio transmitter and receiver for controlling the aircraft. With 

the popularization of Global Navigation Satellite Systems (GNSS) receivers and 

development of low cost and even Open Source automatic piloting electronic boards, the 

small sized RPAS thrived and rapidly entered our lives. 

The affordable components of the RPAS contributed to the rising of several 

businesses in various fields of action that saw an opportunity to innovate, be cheaper 

than the usual solution and be ahead of the others. 

In Surveying Engineering, the most sought out purpose for the RPAS is aerial 

photography in order to produce orthomosaics and Digital Elevation Models (DEM). 

Through the process of photogrammetry is possible to get accurate measurements and 

3D modeling of the relief and buildings, by calibrating and stitching aerial imagery with a 

certain overlap between them [2]. 

To the media it is a powerful tool of work, giving access to new angles of filming 

and a new perspective over locations for news reports with a much lower cost than 

traditional helicopters and filming cranes. The same can be applied to the authoritiesô 

forces such as police, Special Forces and army. These vehicles give them the possibility 

to monitor for example coastal areas for traffic and drug smuggling, counting the number 

of people in public events like football games, concerts, or even in more extreme cases 

such as riots [3]. 

Another field of application is the agriculture and forests. As RPAS can be 

equipped with a huge variety of sensors, from near infrared to calculate vegetation 
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indices, to thermal cameras to pinpoint the location of hot spots in forest, allowing a faster 

response from the governmental forces to prevent forest fires [4] [5]. 

Whilst there are a vast number of business dedicated exclusively to RPAS, 

countries like Portugal still lack legislation to accommodate such technology in the skies 

in conjunction with civil aviation. Reports about incidents involving those vehicles with 

people and even manned aircrafts are getting more and more visibility to the public 

opinion. Currently the European Commission is preparing some form of rules to be 

applied throughout the European Community, including Portugal [6]. Although several 

countries already adopted some kind of legislation, Portugal still maintains a void in this 

matter, allowing drones to fly unsupervised and without certification. The best hope for 

some kind of ruling is in 2016 when the European Commission releases the first laws. 

 

1.2. Objectives 

 

With this study it is intended to better understand and evaluate the performance 

between photogrammetric solutions, commercial and open source, in order to use them 

in professional applications in a small project born from Faculty of Sciences in University 

of Porto (FCUP) students, including the author. This project has the objective to use own 

developed Open Source RPAS that can be used to various applications, from aerial to 

terrestrial, like precision agriculture, heritage conservation, monitoring and 3D modeling, 

surveying, cadaster, among others. The Eye2Map project is evolving into a Startup 

business, already in incubation process in Science and Technology Park of University of 

Porto (UPTEC), an outcome from winning the European Satellite Navigation 

Competition, regional prize from Portugal, in October 2014. 

Photogrammetric software is the most used tool for those kind of processing and, 

due to the preference for Open Source solutions, this study demonstrates the 

performance between software, analyzing and comparing important features like time 

spent, number of orientated images, data size, planimetric and altimetric precision and 

some qualitative comparison.   

The learning and comprehension of the Open Source alternative in one of the 

major objectives during this study to better understand the workflow, pros and cons, and 

the possibility to use it in a professional environment. 

Another objective was getting work experience with RPAS handling, both open 

source and commercial in different scenery. 
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The compared software were chosen from various options, and ultimately were 

PhotoScan [7], Pix4Dmapper [8] and MicMac [9], whose details are defined later in the 

photogrammetric software section and in practical work. The data were acquired in 

several study areas, surveyed by RPAS, with support from Real Time Kinematics (RTK) 

GNSS for ground control points and check points. Software features and similarities were 

compared and analyzed, including some hardware parallel between commercial and 

own developed. 

Finally, Red Green and Blue (RGB) vs Near InfraRed Green and Blue (NGB) 

imagery is key to evaluate photogrammetric reconstruction variations, especially for 

precision agriculture applications. 

 

1.3. Dissertation Structure 

 

This dissertation is essentially divided in in five chapters, starting with chapter 1, 

composed by an introduction to the current situation and framework of RPAS 

development, applications and legislation, followed by the objectives for this study. 

In chapter 2 extends the insight about the history of photogrammetry and focus 

even more over the RPAS technology, differentiating vehicles, the various sensors 

possible to be bundled with them and finally a description of some known 

photogrammetric software, followed by their respective comparison. 

Chapter 3 represents the methodology adopted in each solution used and the 

portrayal of the study areas, including the first processing results, orthomosaics and 

DEM, for each area and software. Some experiments over hardware development are 

also available in this section. 

In chapter 4, the in-depth analysis is presented, with statistics computed for each 

region of interest, checking output products by their positional error to ground truth, when 

possible. DEM are also compared to better understand the differences in model 

reconstruction by each solution, followed by another overall quality check, examining 

mosaic radiometric failures and building edges. 

Finally, in chapter 5 there are the conclusion to this study, together with some 

critical review over the work, ending with some thoughts and proposition for future work 

and bibliographic references. 
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2. State of the Art 

 

2.1. History of Photogrammetry 

 

Photogrammetry, as we know it, dates back since the invention of photographic 

cameras in the nineteenth century, specifically when Nadar made aerial photography 

from a balloon in 1858, but earlier, Leonardo da Vinci contributed to understanding 

projective geometry from a graphical perspective. Another important development was 

introduced later with Johan Heinrich Lambert, in 1759, a name very well known in map 

projections. He introduced the mathematical principles of a perspective image using 

space resection to find a point in space from which a picture is made. 

Over the years several improvements were made, pushing photogrammetry 

technology forward. The use of terrestrial photographs for topographic maps by 

Laussedat, removing lens distortion by Porro in 1865, introduction of airplanes and aerial 

photography by plane with Wilbur Wright, stereoscopy plotting instruments, just to name 

a few [10]. With computers, analytical processes began with solutions for camera 

calibration, orientations, bundle adjustment and other developments used in today 

modern photogrammetry. 

Since 2000ôs, digital cameras were introduced to the market and changed 

completely the typical photogrammetry workflow. With digital photographs, computers 

are used to process all the data and produce geographical information without the need 

for expensive photo scanners used in analytical processes. Photogrammetry specialized 

companies use very expensive cameras, typically 1 million euros, with hundreds of 

megapixels, which ensures a very high precision, coupled with directed georeferencing 

using dual frequency GNSS receivers and Inertial Measurement Units (IMU) on board 

the survey plane. 

Computer vision also contributed greatly to the advancements of this new digital 

photogrammetry, typically restricted to very few and used only with aerial data. In recent 

years, several algorithms were developed that were the foundation for newly broader 

photogrammetric software. Scale-Invariant Feature Transform (SIFT) was introduced by 

David Lowe in 1999 [11] principally to recognize objects between images with different 

image scale and lighting. The algorithm searches for key points in objects, usually the 

edges being the strongest, and then compare to the features of other images to select 

common points and identify the object. Other algorithms are also used in conjunction, 
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and for different applications, such as Random Sample Consensus (RANSAC) [12]. Itôs 

used to estimate parameters in mathematical models which contains outliers, useful to 

improve results from SIFT algorithm in object identification and tie point selection, 

upgrading upon the simple least squares method. 

Officially named by the International Civil Aviation Organization as RPAS, these 

devices began to enter the photogrammetric business with great advantages and 

reduced operational costs. Compact cameras and other small sensors are used in those 

vehicles, achieving good precisions in the final products. Although they are not usually 

coupled with dual frequency GNSS receivers, with Ground Control Points (GCP) one can 

accomplish centimeter level precision in orthomosaics and Digital Elevation Models. 

This new development brought the democratization of photogrammetry that was 

only available for professionals and very expensive. With drones, applications are also 

wider in offer such as surveying, precision agriculture with Near InfraRed (NIR) cameras, 

building three-dimensional (3D) modelling through terrestrial photogrammetry and 

structure movementôs analysis. 

The operation of RPAS in different kinds of surveying, using photogrammetry, 

has been studied and evaluated in the last few years with very positive results [13] [14]. 

These new data acquiring tools allow new methods and fields to be explored, from 

topographical coastal monitoring [15], to precision agriculture [16], heritage, city 

modelling and others. 

 

2.2. Aerial Platforms 

 

The earlier approaches to photogrammetry included hot air balloons, but with the 

first flight by the Wright brothers, manned aircraft established as the preferential platform 

for aerial. Even with digital technology, professional grade photogrammetry cameras are 

very expensive and can only be used with manned aircrafts, normally coupled with other 

sensors, such as differential GNSS and inertial sensors, in order to achieve direct 

georeferencing. 

In the last few years there was a great new development in aerial platforms, the 

Unmanned Aerial Vehicles. Easy to use, fast and versatile, they quickly gained some 

market and are in rapid expansion in various kinds of applications. Knowing their pros 

and cons is fundamental to choose the correct vehicle to use, depending on the demand 

and location conditions. 
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Indeed, the Remotely Pilot Aircraft Systems were always developed with a 

military purpose in mind until very recently. Since the early 1900, there was an 

exploration and evolution of ballistic remotely piloted weapons like torpedoes and 

rockets, which removed the danger of being close to the enemy and without risking 

human lives from their side [17]. That same idea is what drives the current generation 

military drones like the famous Predator from the United States of America. 

Although this kind of technology was developed in the 70ôs and 80ôs, in the sense 

of telemetry readings in ground stations and image streaming, only in recent years in the 

2000ôs with the price of this technology brought down, people began to realize that RPAS 

could be used in numerous civil applications. 

A huge number of new businesses started to appear and develop, pushing even 

further the RPAS technology and bringing them to the public use. One of the most 

profitable segments is the Land Surveying where companies like Sensefly, who leads 

the market with professional vehicles, easy and ready to operate and with excellent end 

results. Other companies that provide equipment to Land Surveying, like Trimble and 

Topcon, are also chasing this new business opportunity and more recently they 

introduced RTK into the equation, allowing to build and georeference models with 

centimeter precision, avoiding ground control points within the study area. For media 

applications companies like DJI is one of the most recognized due to the DJI Phantom 

model, so easy to use that they are even available for purchase in common electronics 

stores. 

Equipped with this commercial surveying drones, several small businesses 

emerged in order to provide a great array of services in surveying, like monitoring 

agriculture and media. Particularly in agriculture, there is a vast number of possible 

applications with great interest and with the power to revolutionize agriculture. Given 

access to tools of precise agriculture at a small cost, producers and farmers in general 

could increase their production and decrease waste in resources. 

In alternative to the commercial versions, several years ago, in 2007 an open 

source project was started, aiming to raise a community of developers and users of low 

cost RPAS. The ArduPilot Mega (APM) is the most used low cost flight controller and 

has an extensive documentation to guide everyone to understand and build homemade 

RPAS [18]. Currently progresses are being made every day with constant upgrades and 

debugging, helping this platform to grow even more stable and trustworthy, delivering 

solutions very close to commercial drones. A huge advantage in comparison to the 

former, is the ability to incorporate a wide range of sensors and even custom 
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modifications, giving some liberty of experimentation and creativity, easy to replace parts 

and the complete openness to everything. 

In hardware there are two different platforms: APM and Pixhawk. The first is the 

most popular and since the beginning suffered some changes in design and 

specifications until it stabilized in the 2.6 version. Right now itôs very limited in processing 

power, flash memory and dated sensors, and thatôs why is been dropped in support by 

the developing team when applied on multirotors.  The complexity kept rising and flash 

memory was not enough, so Pixhawk came to replace the dated APM with powerful 

processing unit, new and upgraded sensors and more memory [19]. In firmware there 

are 3 different kinds, Plane, Copter and Rover, depending on which vehicle one wants 

to build and use. To control such vehicles, the supported software is Mission Planner 

[20] where waypoint navigation can be programmed, achieving autonomous missions, 

download mission log files and analyze them and the most important feature, configure 

all the electronic components of those vehicles. 

 

2.2.1. Types of RPAS 

 

2.2.1.1. Multirotor 

 

Probably the best well known model is the multirotor, notorious for its multiple 

arms and motors. Quadcopters are the most common ones and they are even sold in 

electronic stores as toys. In fact, they are the most complex drone, as the multiple motors 

require some processing and level of synchronization in order to provide small 

adjustments to each motor individually depending on the drone action. This is definitely 

the most versatile vehicle, mainly because of its hovering capability and vertical takeoff. 

The vertical takeoff is extremely useful in tight spaces, where could be difficult to 

land a bigger vehicle. With vertical movement and hovering, itôs easy to apply terrestrial 

photogrammetry, especially in 3D modelling of buildings, like the one in Figure 1.Giving 

exact measurement with ease, even for hard to reach spots, could have major 

implications in Civil Engineering with building and structure monitoring [21]. 
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Figure 1 ïThree-dimensional representation of Leça do Balio Monastery 

 

The major drawback is the flight time, because so many motors and other 

controlling electronics consume more energy. The weight/power balance is also a critical 

factor for the flight duration. Although there could be a very powerful and lightweight 

drone, the weight of the batteries can be a key issue for autonomy. Center of gravity, 

electronic interferences and wiring are also important factors to be supervised.  

 

2.2.1.2. Fixed Wings 

 

In the aero modeling universe, planes were always used as a hobby and without 

complicated electronics: either electric or combustion motors, speed controllers and 

radio receivers and transmitters. With the development of the open source flight 

controller, new horizons opened of what could be done with those same models, but with 

new and superior stabilization and navigation. And so, the fixed wings in RPAS were 

born, with the adaptation of the typical components in conjunction with an Arduino based 

flight controller and a GNSS receiver for automatic navigation. This is a big difference 

between the aero models and the fixed wings RPAS, the later can be controlled through 

radio or autonomously, guided by GNSS signals, while the models can only be controlled 

with a radio transmitter. 



FCUP 

Evaluation of Photogrammetric Solutions for RPAS: Commercial vs Open 
Source 

22 

 
In this category there can also be considered another two, planes and wings. 

Wings are smaller in size and easier to travel with but due to the lack of a supporting tail, 

are more prone to destabilize in case of stronger winds and require more speed to hold 

itself in the air, being harder to wind sail. 

The plane models are bigger in size, typically with detaching wings and even tail. 

Can hold longer flight times because of the wind sailing and requires less motor input to 

correct its path. Wings can have 30/40-minute flight time while planes can have a flight 

time of 1 hour and above. They are easier to launch in the air while the wings, usually 

the heavier ones, need a launching catapult or a strong elastic band to give them some 

kinetic energy in order to hold a steady flight. 

These flight times are optimal for larger surveys, like entire cities, and very useful 

in precision agriculture for crop fields. 

 

2.3. Sensors 

 

Everyday thereôs new developments for sensors to be coupled with RPAS, as the 

list keeps growing and the applications are vast. Derived from remote sensing, several 

passive sensors were adapted and miniaturized to be flown by those vehicles. 

Multispectral and Thermal cameras are available in the market specifically for RPAS, 

while optical cameras are usually compact Point&Shoot or full frame Digital Single-Lens 

Reflex cameras (DSLR), depending on the vehicle payload and technical aspects such 

as pixel size and focal length. Hyperspectral cameras are also beginning to be 

commercialized with drones. 

In the range of active sensors there are lasers, Synthetic Aperture Radars (SAR) 

and sonars. Laser can be used in two different kinds of application, the first is to measure 

the distance between the drone and the ground or an obstacle, the second is the laser 

scanning for creating dense point clouds. Short range sonars are also used in 

multicopters to provide distance to ground, in order the guide the landing. 

SAR is also available for RPAS but requires larger payloads since they can 

weight from 2 up to 200kg [22]. 

IMU are an essential component in every vehicle because they provide yaw, pitch 

and roll corrections in their movement, achieving a stabilized flight. 

The GNSS receivers provide location and navigation, a mandatory asset with this 

kind of technology. The most used receivers are single frequency code GNSS receivers 

from uBlox, available in mass to various electronics. Recently some RPAS manufactures 
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introduced to the market RTK solutions with dual frequency receivers on board. The 

environment of RPAS operation is the best for GNSS operation, without obstacles, 

allowing a constant stream of high quality information. This gives a huge advantage for 

ground level surveying and RTK removes the need for GCP while still achieving 

centimeter precision. Those receivers usually cost thousands of euros and are not 

available to hobbyist and small companies.  

The alternative was introduced some years ago when Japanese researchers 

developed the RTKLIB software, an Open Source program package for GNSS 

processing [23]. At the same time, they started a study with low cost single frequency 

uBlox receivers that have access to raw carrierôs phase data. Despite their limitation in 

frequency, with some initialization time, centimeter position can be achieved. The 

specifications of the antenna used were also import to achieve better results. That was 

the premise for startup companies to introduce low cost RTK solutions with possible 

integration with drones. 

The first was Swift Navigationôs Piksi receiver with raw carrier phase data access, 

which enabled RTK solution with a base and rover, connected to computers running 

RTKLIB, connected to whichever antenna desirable and broadcasting corrections from 

base to rover. From early stage, the company promised ArduPilot Mega integration but 

with little advances until know. At a price of 995$ for 2 receivers, 2 antennas and radio 

telemetry it was a cheaper alternative to survey grade RTK receivers. 

Reach RTK from Emlid is a crowdfunded project in order to deliver the same 

proposition as Swift Navigation but now including survey grade antennas, which 

Japanese proved essential for better accuracy in positioning processing [24]. A pack with 

2 receivers, 2 antennas and all the cables necessary costs 545$. Each receiver is built 

in a miniaturized computer, running a Linux distribution and processing carrier phase 

directly in each module using RTKLIB. A great advantage for immediate position 

calculation without the need to send the data over to an external computer. Those 

modules were also tested with ArduPilot Mega boards which ensures their compatibility 

and integration, accelerating the introduction of RTK solutions to the Open Source drone 

market. 

 

2.4. Software 

 

In this section it will be exposed and discussed some of the photogrammetry 

software available in the market, commercial and open source, comparing some of their 
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specifications, giving some insight of what was the reason for choosing certain 

applications instead of other. As nowadays precision and costs are extremely important, 

for professionals and academics, itôs a great advantage to know exactly what are the 

strengths and limitations of each software in order to choose the best for different 

demands and applications. 

 

2.4.1. Commercial Software 

 

2.4.1.1. PhotoScan 

 

Agisoft LLC is a Russian company based in Saint Petersburg that developed the 

photogrammetric software named PhotoScan. It is a multipurpose software for various 

kinds of photogrammetric processing of digital images, in order to deliver spatial data 

like orthomosaics, DEM or 3D modeling and visual effects. According to the company, 

the software was not based on existing open source photogrammetric libraries, and was 

developed from scratch [7]. 

The main workflow for this specific software is based in mainly 3 processing 

steps. The first is the alignment of photos where the software runs algorithms in order to 

select between images, matching points or tie points that gives relative orientation to the 

images in an arbitrary 3D coordinate system. This generates a sparse point cloud that 

allows a very early control check over the set of images. Camera calibration is also 

computed through this step, given the focal length, width and height of pictures, pixel 

size, projection center and distortions are calculated for each one. 

The second phase is about building a dense point cloud, where based on the 

camera relative position, the software will calculate depth information and complete the 

previous sparse point cloud. Usually this generates millions of points, close to Light 

Detection and Ranging (LIDAR) data, and can be classified and edited in order to 

produce Digital Terrain Models (DTM), eliminating buildings and grove. 

The final step is the construction of the 3D model where points from the dense 

point cloud are connected, building a mesh of polygons through triangulation algorithms. 

This is the general approach to the PhotoScan workflow, whether the purpose is 

3D modeling of objects or traditional aerial photography. For spatial data there are some 

tools like GCP placement and the export of orthomosaics and DEM, which are essential 

for this type of professional use. While in the case of 3D modeling other tools like creating 

masks and textured models, help the process. 
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2.4.1.2. Pix4Dmapper 

 

Pix4Dmapper is the software developed by Pix4D company, based in Lausanne, 

Switzerland. It is sold as a specific RPAS mapping software, defining their target market 

as RPAS owners to produce spatial data and 3D modeling of buildings. Since this 

company has a key partnership with commercial RPAS Sensefly, each vehicle is bundled 

with their photogrammetric software. The modified software version, Postflight Terra 3D, 

is specific to work with that company. 

The user has little control over the process, as the main goal is to reduce user 

input in the processing chain. After the RPAS flight, images are loaded to the software 

with the flight log, in order to georeference the photos by cross-referring the camera 

trigger position written in the log files. Then, one can choose to proceed into full 

processing and wait for the final results, orthomosaic and DEM. There are some editing 

tools for more advanced users, such as cloud editing, mosaic area and tie point and GCP 

marking. 

 

2.4.2. Open Source Software 

 

Several open source software are available for exploration and very recently new 

ones have emerged specially with RPAS projects like Ardupilot Mega that gives the 

general public tools and knowledge to build their own drones. Despite several 

commercial software available, they are very expensive to the common RPAS user and 

so, within the community, some software began to have some highlight in the 

photogrammetric processing. 

The first ones to appear were VisualSFM, Bundler and later the Python 

Photogrammetry Toolbox, software for 3D modeling using structure from motion image 

technique [25]. In fact, this computer vision process, alongside other algorithms such as 

SIFT and RANSAC, are the basis for various other software, including commercial ones. 

Those are then used in conjunction with Multi-View Stereo codes to reconstruct 3D 

objects or scenes. Although they are very proficient in computer vision, is possible to 

achieve orthomosaics and DEM combining several software such as VisualSFM with 

CMVS, but they lack in georeferencing tools and spatial data creation. 

Open Drone Map is another promising solution, but for now is only available in 

Linux operation systems and is based on Bundler. This last open source software was 
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already proved to be one of the photogrammetric solutions with more deviation in the 3D 

reconstruction, comparing to the ground truth [26]. 

Since 2005, the software MicMac was developed by Pierrot-Deseilligny while 

working in IGN, Institut National de LôInformation G®ographique et Foresti¯re, integrating 

various scientific developments at the time, in order to produce DEM, image matching, 

3D modeling, and others [27]. Over the years several others joined the team and worked 

to create a multipurpose software, able to process various kinds of information, from 

satellite images, RPAS photography, small objects modelling, multispectral imaging, just 

to name a few. This establishes MicMac as the most complete and reliable open source 

photogrammetry software available, with several occasional updates introducing new 

tools and developments to the toolchain. Some that are not even considered in 

commercial software like vignetting corrections, specific satellite toolbox and converters 

to other open source programs [28]. 

The main workflow in MicMac for aerial photogrammetry follows several steps, 

beginning with the tie pointôs calculation between each image. Next there is a camera 

calibration and bundle adjustment where cameras are placed in a relative position and 

corrected for distortions. If the images are geotagged, the relative model can be 

georeferenced using a local system, and then into the appropriate coordinate system. At 

that point, images are orthorectified and stitched together creating a final orthomosaic. 

The main drawback from MicMac is the lack of a Graphical User Interface (GUI) 

that could help visualize the model while processing. The user can only export some 

results to other software between steps, in order to check upon the photogrammetry 

process. Opposing this difficulty, this is very trustful software with useful and diverse 

tools, developed by a public organization and now with help from CNES, Centre National 

dôEtudes Spatiales. 

 

2.4.3. Software Comparison 

 

Starting with MicMac, itôs not friendly to new users, and some computer 

knowledge is required as everything is mainly processed from command line. There are 

some graphical interfaces, but sometimes generate errors and are not available for every 

tool. A complete photogrammetry workflow can be achieved with batch files, allowing a 

fully automatic processing. 

Computer vision software is always very demanding in hardware resources and 

all these software are not exception. Especially with large data sets, above 200 photos, 
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they consume large amounts of memory and processing power. Another drawback for 

MicMac is the kind of processing. Instead of allocating data in memory, it writes 

everything into the hard drive, generating huge quantities of data. With commercial 

software, everything is placed in memory until the final results. 

Both PhotoScan and Pix4Dmapper offer a friendly user interface, easy to use 

even for people without photogrammetry experience. On the other hand, MicMac 

requires some deep knowledge about the processes, and each step has many 

customization options for a very personalized result and depending on the type of work.  

In the past, Pix4Dmapper offered a cloud based solution for everyone that would 

like to produce spatial data but couldnôt do it, either for lack of computer resources or 

simply because a one-time license is too expensive. Nowadays, that option is no longer 

available, but the pricing is divided in 3 options: two rentals, monthly for ú260 or yearly 

for ú2600, and a one-time purchase license is also available for ú6500. In PhotoScan 

the pricing has two options: a standard edition with limited functions for $179 and a 

professional version with all features, including the geographical information module, for 

$3499, both as a single lifetime license. 

Obviously MicMac as a free and open source software, cost is not taken into 

account. 

Table 1 ï Features of each photogrammetric software 

 PhotoScan Pix4Dmapper MicMac 

Feature Professional Standard   

Photogrammetric 
triangulation 

V V V V 

Dense Point Cloud V V V V 

3D Model V V V V 

Fisheye and 
spherical correction 

V U V V 

Dense Point Cloud 
Classification 

V U V U 

DSM/DTM Export V U V V 

Orthomosaic Export V U V V 

Measurements V U V V 

GCP support V U V V 

Multispectral 
imagery processing 

V U V V 

Real Time 
Visualization 

V V V U 

 

In Table 1, MicMac only fails on the obvious lack of GUI and in point cloud 

classification. Although MicMac can measure distances through a specific GUI for GCP 
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input, areas and volumes cannot be measured, as opposed to the commercial 

alternatives. In this open source solution, the user need to export some products to other 

solutions in order to proceed those actions with areas and volumes. 

Usually these software are compared by their technical precision in geolocation. 

From a business/client perspective, other features must be investigated, such as quality 

of the orthomosaic or DEM generated, evaluating building edges, noises introduced and 

overall mosaicking including radiometric equalization. 
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3. Methodology 

3.1. Processing 

 

This study will focus on the performance of the chosen photogrammetric software 

in different case studies. Different areas were chosen based on their location, difficulty, 

and heterogeneous nature. The final products, orthomosaics and digital elevation 

models are georeferenced in European Terrestrial Reference System 1989 (ETRS89) 

Portugal Transverse Mercator 2006 (PTTM06), European Petroleum Survey Group 

(EPSG) code number 3763, the official coordinate system in Portugal. 

In every study area, those final products were compressed and cut into the same 

region of interest in order to have equal measurements in all solutions, using open source 

software QGIS and Geospatial Data Abstraction Library (GDAL). The time consumed 

and quantity of data are important measures to take into account to better understand 

what could be the best solution, combining time spent, data created and processing 

power required. The number of aligned photos was also recorded for each study area in 

order to identify changes in processing. 

 

The flights were made by eBee from Sensefly company, a professional mapping 

drone property of University of Trás-os-Montes e Alto Douro (UTAD). The drone has a 

package, including travel case, the drone itself, onboard sensors and 2 software: a 

mission planning called eMotion, and another for photogrammetric use, Postflight Terra 

3D, a variation of Pix4mapper, adapted to only process photos taken by Sensefly drones. 

Some of the specifications drone and the onboard cameras are detailed in Table 2. As it 

is a closed and proprietary system, the specific wavelengths covered by each band. Only 

that a typical RGB camera was modified with a NIR filter, removing the Red Band. The 

software is internally calibrated to operate with this specific filter, in order to build 

vegetation indices. 

Table 2 ï Specifications of the eBee RPAS and onboard sensor 

Specifications eBee Specifications Onboard Sensor 

Weight 0,69kg Company Canon 

Wingspan 96 cm Model IXUS 127 HS 

Material EPP Weight 135g 

Flight Time 50 min Sensor type RGB/NGB 

Wind Resistance 12 m/s Resolution 16.1 MP 

Cruise Speed 11-25 m/s Focal length 4mm 

GSD up to 1,5 cm Trigger Type USB 
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The photos taken by eBee are all georeferenced, with information about position 

in World Geodetic System 1984 (WGS84) and attitude in the Exif. These data allow 

meter precision georeferencing without GCP. All the data was processed in a custom 

built computer, located in FCUP with the specifications from Table 3. 

 

Table 3 ï Technical specifications of the computer used for processing 

Processing Computer 

Hardware Specifications 

Processor Intel i7 4820K 3,7GHz Quad Core 

Motherboard Asus P9X79 

Memory 8x Kingston CL9 8Gb DDR3 1600 MHz 

Graphics board Asus GeForce GTX980 4Gb GDDR5 

Hard Drive SSD 500 Gb + HHD 4Tb 

 

For each solution, two different workflows were followed, for processing with and 

without GCP. And so, in PhotoScan without GCP, the steps to follow are quite simple 

and the experience with the software was always easy to understand. Some useful data 

can even be exported, like camera calibrations, camera positions and others. First, the 

user only has to upload the photos to be processed and then take three steps: Align 

Photos, where camera calibration and tie points will be calculated based on image and 

location if the images are georeferenced; Build Dense Cloud, from which will be built a 

dense point cloud based on a sparse point cloud from the alignment step; and finally 

Build Mesh, joining the dense point cloud into a mesh of polygons. Then the user only 

has to export the Orthophoto and DEM into the desired coordinate system. 

The workflow with GCP is quite similar, with control points being imported from a 

text file into PhotoScan and placed into their associated position in each photo. After 

that, the tool Optimize, calculates and adjusts camera external and internal parameters 

as well as other distortions. Then, dense point cloud and mesh are again built to generate 

the final results. 

In Postflight Terra 3D the experience was even easier as little user input has to 

be done. Without GCP, the output coordinate system is chosen and, after uploading the 

photos, there is only local processing where orthomosaic and DEM are calculated. To 

input GCP, only initial processing is needed, where tie points and camera calibration are 

calculated. Then, control points are positioned into their respective place for each image 

and optimized for every point. The remainder of processing is followed, achieving the 

final results. The user experience of this software, is that it was design to be operated by 

everyone without prior knowledge about photogrammetry. Technical names are changed 
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simply into processing, and little options are given about exporting products, other than 

dense point cloud, in contrast with PhotoScan were even the chain of commands 

identifies what will be done at each step. Pix4Dmapper also generates a final report, with 

lots of technical information, very well design, simple and professional. But in the end is 

the most limited and constrained photogrammetric software. 

For MicMac the processing takes a lot more steps, requires deeper knowledge, 

but also gives much more control over the end result. Even with the manual, some tools 

are not well explained, while others are not documented at all. The process of 

understanding how it works was very hard with lots of experimentation, testing and 

reading throughout the software forum. The user community is also very small, which 

means that help is not always easy to access. The first experimentations were done by 

sample data provided by IGN and user community, located in a File Transfer Protocol 

(FTP) server, and were key in understanding the basic steps, as example commands 

were included with the samples. Talking with some users, Maria João Henriques from 

LNEC (Laboratório Nacional de Engenharia Civil) and Luc Girod (one of MicMacôs 

developers) also helped clearing out some doubts and allowed a deeper understanding.  

 

  

Figure 2 ï Radiometric equalization difficulties in a) and building reconstruction issues in b) 

 

Thus was possible to almost achieve the final results, but were still lacking in 

quality, with very bad radiometric equalization and not well defined building limits like the 

results in Figure 2. More testing was needed and at this point it meant tweaking minor 

parameters within each different function to generate huge variations in results, mainly 

in the final two steps, in DEM and orthomosaic creation. Scene structure complexity, 

number of images per feature, correlation between points, degree of equalization and 

sample size, were some of the parameters that required more attention and dedication 

a) b) 
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in order to achieve the best results possible. This kind of customization is very useful, 

but in this initial experimental phase, meant a lot of time wasted as some parameters 

could take the program to run during several days, extending up to a full week, delaying 

the understanding of MicMac. 

Other kind of information like camera calibration, orientations, error analysis, etc., 

is present within MicMac and it is possible to export but many time the tools required 

failed or were too complex to operate and understand. 

Towards the end of processing all the data, another setback occurred. The final 

altimetric output from MicMac was displayed in number of pixels instead of elevation per 

pixel. It was not clear at first that an auxiliary file was generated with the altimetry GSD 

and origin. Multiplying the output with the GSD and adding the altimetric origin produced 

the expected DEM. This procedure was not obvious and held back some of the work. 

 

 

Figure 3 ï Simplified Workflow with MicMacôs functions and results of each step. 

 

The chain of command starts with the geotagged photos, their position must be 

translated into MicMac language, typically Extensible Markup Files Language (XML) 

files. Exiftool, also a powerful open source software, is used to export GNSS information 

from every image into a text file. Later, that text file is read by OriConvert in order to 

calculate an initial orientation in a local coordinate system and choose which images, 

based on their location, could be coupled. It creates a XML file, with possible image 

couples that are used in Tapioca, a script that calculates Tie Points between images. 

The next step is the camera calibration and relative orientation, achieved with Tapas with 

different distortion models available. The model used in this workflow is Fraser model as 

it is the Photogrammetric Standard Model, containing a radial model with affine and 

decentric parameters, with 12 degrees of freedom. Successive calls from Tapas also 

work to achieve smaller errors, especially in larger data sets where it could not converge 

to a good solution. It is advised to compute orientation in a small set of images and later 

apply another calibration, with the later as an input.  
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This orientation can be visualized using AperiCloud, which creates a sparse point 

cloud from the oriented images with their respective position in a 3D space with arbitrary 

coordinates. With CenterBascule that orientation is then georeferenced in the local 

system calculated previously in OriConvert. It is also changed into the desired final 

coordinate system with ChgSysCo, a program only for coordinate transformation that 

allows for proj.4 syntax in XML files. The images are then transformed into epipolar 

imagens with Tarama and then Malt creates the Digital Surface Model (DSM) and dense 

point cloud. The final step is done with Tawny which basically merges all orthorectified 

images for each photo into a single orthomosaic with some radiometric correction 

options. 

 

3.2. Data Sets and Results 

 

3.2.1. First Area: UTAD 

 

As the drone used for data acquisition is property of UTAD, the first obvious case 

study is the University campus. Itôs located in Vila Real, in the outskirts of the city, and 

has an approximate area of 300 hectares with several 3 floor department buildings, 

agriculture occupation and botanical gardens, as the main study fields of the University 

are Agriculture, Forestry and Veterinarian applications. Therefore, this is the ideal start 

due to the proximity and nature of the area, allowing for a classification of mixed urban 

and rural. 

The flight was done on the 3rd of June 2015 with a targeted ground sampling 

distance of 10 cm for the orthomosaic, translating in a 300 meter above starting point 

altitude flight, with corresponding flight plan on Figure 4. The pixel size was chosen by 

combining the total area coverage in a single flight with operational time from the battery. 

In total, 114 photographs were taken in RGB and 113 in NIR imagery with the same 

planning, with around 20-minute flight. Near Infrared Imagery was also acquired because 

it is intended to pursue studies with vegetation indices within the campus. It is also 

important to notice changes in processing between RGB and NIR imagery. The 7 GCP, 

represented by green in Figure 5, were collected by differential GNSS and post 

processed by the University prior to this study, while 5 check points for planimetric and 

altimetric analysis were collected the day after the flight, in red, and finally 10 points were 

later measured in the orthomosaic for further relative analysis, in yellow. Most of those 

points were collected in sewers covers that are easy to identify.  Figure 6, Figure 7, 
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Figure 8, Figure 9, Figure 10 and Figure 11 represent both orthomosaics with 

corresponding histogram and DSM, produced by each software in RGB. Figure 12, 

Figure 13, Figure 14, Figure 15, Figure 16 and Figure 17 represent the same data, but 

with NIR imagery. 

 

 

Figure 4 ï eBeeôs flight plan over UTAD 

 

 

Figure 5 ï Representation of the all the points used for analysis in UTAD 

Ground Control Point Check Point Comparison Point 
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Figure 6 ï Histogram and orthomosaic of UTAD, processed by PhotoScan, with GCP 

 

Figure 7 ï DEM of UTAD, processed by PhotoScan, with GCP 
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Figure 9 ï DEM of UTAD, processed by Pix4Dmapper with GCP 

 

Figure 8 ï Histogram and orthomosaic of UTAD, processed by Pix4Dmapper with GCP 
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Figure 10 ï Histogram and orthomosaic of UTAD, processed by MicMac with GCP 

 

Figure 11 ï DEM of UTAD, processed by MicMac with GCP 
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Visually the orthomosaics seem to be very similar, especially from the commercial 

solutions where the results are almost identical, confirmed by the histogram of each 

image having the same signature. Although in MicMac the histogram appears to be 

different, in fact, the values are almost the same but with some irregularity resulting from 

internal image algorithms. In the orthomosaic is also noticeable a few cuts in color, 

mainly in field areas where the homogenization was not done properly. 

The modelôs shaded relief from commercial software show visually almost 

identical results. The main difference comes from MicMac where grove was largely 

eliminated, while small sized vegetation (vineyards and other agricultural fields) and 

sparse trees maintained its structure. This output can be controlled with parameters in 

MicMac, resulting in a good solution to be applied in remote detection for agriculture, 

whereas in the other solutions these vegetal formations are eliminated. For this study 

only the typical (basic) workflow was used.  

When the main interest of the processing is to obtain Digital Terrain Models, 

MicMac offers a variety of parameters that can be used to specifically eliminate tall 

vegetation. Since the other solutions workflow are linear, only the final product can be 

edit to produce a DTM, but MicMacôs toolchain can be altered and personalized, 

presenting a great advantage compared to others. Tweaking parameters such as image 

correlation to force the matching, and regularization parameter due to the high irregularity 

in canopy structures. 
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Figure 12 ï Orthomosaic of UTADôs NIR imagery, processed by Photoscan, with GCP 

 

Figure 13 ï DEM of UTADôs NIR imagery, processed by Photoscan, with GCP 
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Figure 14 ï Orthomosaic of UTADôs NIR imagery, processed by Pix4Dmapper, with GCP 

 

Figure 15 ï DEM of UTADôs NIR imagery, processed by Pix4Dmapper, with GCP 
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Figure 16 ï Orthomosaic of UTADôs NIR imagery, processed by MicMac, with GCP 

 

Figure 17 ï DEM of UTADôs NIR imagery, processed by MicMac, with GCP 
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The results obtained from Near Infrared imagery are identical to the RGB ones, 

with both commercial solutions outputting visually the same result and similar 

histograms. Again MicMac has irregular values, already explained previously, and some 

rough cuts are still noticeable, despite being fewer than in RGB results. 

The models produced seem to be influenced by the wavelength used, as short 

vegetation started to appear in Pix4Dmapper and even introduced some errors in flat 

fields, like in the university sports fields. PhotoScan is the least affected by this different 

imagery, being the most noticeable difference the prominence of vineyards. As seen with 

the RGB model, the NIR model in MicMac maintains the vineyard structures all over the 

area, and also presents more grove. 

 

3.2.2. Second: Douro River Sandspit 

 

Portugal as a country with a huge extension of coastal zones, it is of great 

importance to monitor and map certain areas, susceptible of morphological changes due 

to the rivers and sea cycles over the years, zones where millions of euros are spent 

every year helping to protect the population from sea advancement. One of those high 

importance areas is the Douro River Sandspit in Lavadores, as it has been studied in the 

last years with investigators from FCUP. The presence of water in photographs can also 

lead to errors in image matching algorithms due to the lack of common points and 

homogeneity between followed images. 

The flight was done on the 6th of May 2015 with a target ground sampling distance 

of 5 cm, the best resolution possible considering the area and flight time, corresponding 

to a 160-meter height. The area flown was approximately 95 hectares in a 23-minute 

flight, acquiring 242 images. Wind conditions are usually critical in this location but that 

day were optimal, with less than 5 m/s winds, but still noticeable in some strips 

represented in Figure 18. Six GCP (green dots) and another six check points (red dots) 

were collected at the time of flight using GNSS RTK with some artificial markers built for 

this surveying, because no natural markers exist in the study area. Their locations are 

represented in Figure 19, and the following Figure 20, Figure 21, Figure 22, Figure 23, 

Figure 24 and Figure 25 represent the orthomosaic with corresponding histogram and 

DSM. 
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Figure 18 ï eBeeôs flight plan over Douro River Sandspit 

 

 
Figure 19 ï Representation of the all the points used for analysis at Douro River Sandspit 

Ground Control Point Check Point 
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Figure 20 ï Orthomosaic of Douro River Sandspit, processed by Photoscan with GCP 

 
Figure 21 ï DEM of Douro River Sandspit, processed by PhotoScan with GCP 
























































































































































