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ABSTRACT

Jusa Pietilä: Robot based camera positioning for image quality assessments
Master of Science Thesis
Tampere University
Mechanical engineering
March 2025

Objective image quality (IQ) measurements are done by capturing images of IQ charts. The
images have to be taken perpendicular to the chart, and the chart has to fill the whole field of
view of the camera. Traditional methods that use tripods are slow, inconsistent, and prone to
human error. To solve this problem an automatic camera positioning system was developed. The
positioning system utilizes a robotic arm with a keypoint detector, by identifying the four corners
of the IQ chart, the robot is able to position the camera perpendicular to the chart. Positioning
accuracy was evaluated with multiple tests, and the results show that the system position the
camera accurately and consistently.

Impact on IQ measurements was tested by deliberately displacing the camera from the ideal
perpendicular position along three degrees of freedom, and changing distance from the chart.
IQ measurements were captured from these positions, and the variations in resolution and color
values were analyzed. The results indicated that small changes in camera orientation and distance
had negligible effects on the measured IQ. The system is able to position the camera well below
these limits.

The automated positioning system provides a reliable solution for consistent camera alignment
in image quality testing, without introducing variation in resolution and color. The system was
designed to support Android phones, but future work will focus on expanding compatibility to
accommodate other devices. This research demonstrates the effectiveness of automated camera
positioning for controlled IQ testing environments.

Keywords: Image Quality, Computer vision, Robotics,
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TIIVISTELMÄ

Jusa Pietilä: Robotti ohjattu kameran asemointi kuvanlaadun arviointiin
Diplomityö
Tampereen yliopisto
Konetekniikka
Maaliskuu 2025

Kuvanlaadun (IQ - Image Quality) mittaukset tehdään ottamalla kuvia IQ-testikohteista. Kuvat
tulee ottaa kohtisuorassa kohdetta vasten ja kohteen on täytettävä kameran näkökenttä. Perin-
teiset menetelmät, kuten tripodin käyttö, ovat hitaita, epätarkkoja ja alttiita inhimillisille virheille.
Tämän ongelman ratkaisemiseksi tässä työssä kehitettiin automaattinen kameran kohdistusjär-
jestelmä. Kohdistusjärjestelmä hyödyntää robottikättä ja kiintopisteiden tunnistusta. Tunnistamalla
IQ-kohde neljä kulmaa robotti asettaa kameran kohtisuoraan kohdetta vasten. Kohdistustarkkuut-
ta arvioitiin useilla testeillä, ja tulokset osoittavat, että järjestelmä pystyy johdonmukaisesti asetta-
maan kameran kohtisuoraan IQ-tauluun nähden.

Kohtisuoruuden vaikutusta kuvanlaadun mittauksiin testattiin siirtämällä kamera tahallisesti
pois ideaalista kohtisuorasta asennosta kolmessa vapausasteessa, sekä muuttamalla kameran
etäisyyttä IQ-kohteen suhteen. Kuvanlaatumittaukset otettiin näistä paikoista, ja resoluution ja vä-
rin muutoksia analysoitiin. Tulokset osoittivat, että pienet muutokset kameran suuntauksessa ja
etäisyydessä eivät vaikuttaneet merkittävästi mitattuun kuvanlaatuun. Järjestelmä pystyy asetta-
maan kameran näiden rajoitusten sisäpuolelle.

Automaattinen kohdistusjärjestelmä tarjoaa luotettavan ratkaisun toistettavaan kameran koh-
distukseen kuvanlaadun mittauksessa ilman, että se luo muutoksia resoluution ja värin mittauk-
siin. Järjestelmä on suunniteltu tukemaan Android-puhelimia, mutta tulevaisuudessa pyritään laa-
jentamaan yhteensopivuutta muiden laitteiden tukemiseksi. Tämä tutkimus osoittaa automaattisen
kameran kohdistusjärjestelmän tehokkuuden kontrolloidussa IQ-mittausympäristöissä.

Avainsanat: Kuvanlaatu, Konenäkö, Robotiikka

Tämän julkaisun alkuperäisyys on tarkastettu Turnitin OriginalityCheck -ohjelmalla.



iii

PREFACE
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that same curiosity. But as with all journeys, even the most remarkable ones must even-
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enjoyed these years in the university and they will be fondly missed.

I wish to express my deepest gratitude to my thesis supervisor, Ariane, without whom this
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GLOSSARY

CV coef�cient of variation

DOF degrees of freedom

FOV �eld of view

HDR high dynamic range

IQ image quality

MTF modulation transfer function

ROS Robot Operating System

SFR spatial frequency response

SIFT scale-invariant feature transform

SNR signal to noise ratio

TCP tool center point
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1. INTRODUCTION

In image quality (IQ) assessment, accurate and consistent camera positioning is critical

for reliable measurements. To achieve objective IQ assessments, images are typically

captured from IQ charts, requiring the camera to be positioned perpendicularly to the

chart with the chart �lling the entire camera's �eld of view. A manual positioning of a cam-

era with a tripod is slow and can be inconsistent. This thesis presents the development of

an automated camera positioning system designed to address this challenge of camera

alignment in IQ testing. A camera is mounted to the end of a a robotic arm and from the

camera live stream the IQ chart is detected with a keypoint detector. The system moves

and orients the camera based on the chart's corners locations in the capture frame. In

Figure 1.1 the positioning system with IQ measurement test setup is shown.

Figure 1.1. IQ measurement setup with automated camera positioning system

The developed system removes human error from the camera positioning. The effective-

ness of the positioning system is evaluated through a series of tests to determine its ability

to consistently position the camera perpendicular to the IQ chart. Positioning impact on

IQ measurements is assessed by comparing resolution and color values from multiple

camera positions.
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2. IMAGE QUALITY

Smartphones have become an integral part of our lives, which has led to a dramatic in-

crease in the number of photos captured each year. In 2021 alone, it is estimated that

around 2 trillion photos were taken [2]. The majority of pictures are taken with a smart-

phone. This has increased the demand for high quality images. Standardized testing

methods have been developed to compare different cameras. The �eld of image quality

(IQ) is vast, and attempting to include or even mention every aspect would turn this thesis

into an entire book.

2.1 De�nition of Image Quality

Image quality (IQ) refers to how good an image looks or how well it serves its purpose.

These depend on both technical factors, like sharpness, color, and resolution, and per-

sonal preferences on whether the image is visually appealing or useful. It is hard to de�ne

image quality because it depends on both technical details and what people perceive as

appealing. The de�nition of image quality can vary signi�cantly depending on the context

of the person evaluating the image. A good image for one purpose or person might not

be good for another. Understanding image quality involves how images are perceived

and valued by the users. In this thesis only the objective aspects of image quality are

considered. [15] [12]

2.2 Objective Image Quality

Objective methods use test charts, controlled lighting conditions, and a software to mea-

sure various parameters of image quality. Commonly assessed metrics are resolution,

noise, dynamic range color shading and sharpness. The goal is to give a numerical value

for the quality of the image that corresponds to the subjective evaluation of an image.

2.2.1 Resolution

In the context of image quality, resolution refers to the camera's ability to capture details

from a scene. It is not just about the number of pixels a camera has, but how well the

camera can translate those pixels into sharp and clear images. The camera's pixel count
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is commonly used to describe resolution. This is not the only factor impacting the resolu-

tion. Other factors such as optic quality, focus and post processing of the image contribute

to the �nal resolution of the image. [7] [15]

(a) Original image (b) Low resolution image

Figure 2.1. Hitti the dog in different resolutions

Resolution is measured by photographing test charts to evaluate the camera's ability to

resolve details. There are different ways of measuring image resolution with IQ charts.

Resolution is measured with spatial frequency response (SFR) to get a single numerical

value. Results are usually expressed as modulation transfer function (MTF) values which

means the point in the SFR curve where a given percentage of the image information is

lost. MTF50 value represents the point where 50 % of the information is unobtainable. [7]

(a) Siemens star (b) Dead leaves (c) Slanted Edges

Figure 2.2. Cropped areas from a IQ chart picture where resolution is measured

Siemens star, seen in Figure 2.2a is a common target for measuring resolution. The target

consists of a series of concentric lines that radiate outward from a central point. The lines

become progressively thinner as they move inward. As the lines get �ner and move
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closer together, there will be a point where the camera is no longer able to distinguish

them clearly and lines start to blur together [4]. The algorithm for calculating the SFR

from siemens star targets is described in ISO 12233. [15]

Dead leaves target in Figure 2.2b is structured using geometric patterns. The dead leaves

test uses natural-looking pattern that mimics the types of �ne details and textures encoun-

tered in real-world images. The resolution is determined by looking at the smallest details

the camera can still clearly distinguish before they blur together. The �ner details the

system can resolve from the image the higher its resolution is. [1] [15]

Slanted edges targets are diagonal transitions between light and dark. The sharpness of

the transition between light and dark at the slanted edge describes how well the camera

can capture high-frequency details. The degree of oversharpening in the image can be

seen from the slanted edges. In Figure 2.2c two different contrast are shown. [15] [11]

Sharpness

Image sharpness depends on multiple factors. The signi�cant factors determining how

sharp the image is perceived as are focus, optic quality, and motion in the image. Lower

quality lenses often cause edges of the image to have more blur than the center of the

image. Blur can also be used to highlight the main subject of the image by defocusing the

background. Adding too much arti�cial sharpening can make the image look noisy. This

effect can be seen in Figure 2.3c. [15]

(a) Blurry image (b) Original image (c) Over sharpened image

Figure 2.3. Sharpness comparison of Hitti the dog
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2.2.2 Dynamic Range

Dynamic range refers to the contrast a camera can reproduce from a scene. It re�ects

the camera system's ability to capture details across different brightness levels. Limited

dynamic range often results in lower image quality, usually in the darker areas of the

image. In scenes involving signi�cant brightness variations, such as a bright sky and a

shaded foreground as seen in Figures 2.4 a camera with a high dynamic range (HDR) is

able to capture both the darker subject and bright sky with clouds. [5]

(a) Original image (b) Image with low dynamic range

Figure 2.4. Dynamic range comparison with Hitti

Dynamic range is measured by capturing high-contrast scenes and analyzing the cam-

era's ability to retain details in both bright and dark areas.

Figure 2.5. Image Engineering TE264 chart [9]



6

Figure 2.6. Dynamic range measurement regions highlighted with green

The TE264 chart seen in Figure 2.5 needs a back light behind the chart. The transparent

squares let a differed amount of light through resulting high and low contrast areas in

the image. Dynamic range can be measured also from IQ chart without backlight in the

cropped image of TE42 LL chart in Figure 2.6

2.2.3 Color Accuracy

Color perception is our eyes and brain interpreting different wave lengths of light. This

includes the basic hues and brightness which help us notice shades and lighting differ-

ences. Surrounding colors can affect how we see a hue, a phenomenon called simulta-

neous contrast [15]. Our visual system adapts to different lighting, like sunlight or indoor

light, so colors look consistent. However, this adaptation is not perfect. Under unusual

lighting conditions colors may appear vastly different. Our brains use chromatic adap-

tation automatically, but a camera sensor only captures incoming light. The captured

color has a signi�cant effect to how we perceive the image [3]. With this in mind many

camera manufacturers change the color saturation in the images to make them appear

more pleasing to the viewer. An example of this can be seen in Figure 2.7 where lower

saturation makes the image look duller.
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(a) Low color saturation (b) Original image (c) High color saturation

Figure 2.7. Color comparison of Hitti the dog

Color accuracy is evaluated by photographing color charts and comparing the captured

colors with known reference values. In this thesis the color accuracy is evaluated with

� E, which is the euclidean distance between the known color value in the chart and the

color value seen by the camera in CIELAB color space. [17]

A CIE color space is developed by the Commission Internationale de l'Éclairage (CIE) to

describe and measure colors based on human vision. CIELAB and CIELUV represent

color in three dimensions with lightness, color intensity, and hue. [10]

Figure 2.8. Image Engineering TE188 chart [8]

2.2.4 Noise

Image noise is unwanted artifacts in the image, that are not from the actual scene but

are caused for example by random variations during image capture, imperfections in the

sensor or optics. This often appears as a grainy effect in the image which can degrade

the quality of the image. Grainy effect can be seen in Figure 2.9b where a high amount

of noise is added to the original image. Noise occurs when random �uctuations interfere

with the main image signal. [6]
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