
Bioimage Analysis
Introduction: What makes an image?



What is an image

Image is an array of numbers, nothing more. 

Question is, how should we show portray 
information?

Let’s have a look at Fabio. He’ll be with us for 
for a while as our ’example’ image. 



Fabio is just numbers

Image is an intuitive way to show 2D data.  

This data could be for example, intensity of fluorophore at given part of 
the cell, or it could be Leonardo’s Mona Lisa.  

Or it could  be Fabio.



50 Shades of Gray (and more)

We saw that Fabio’s peck was made from numbers between 80 and 
200~ish. 

This numbers are actually arbitrary and have to do with the bit depth 
of the image. Bit depth explains how many values we have between 
black and white.

The values between black and white are greys, forming a greyscale. 



50 Shades of Gray

Black and white image (also known as greyscale image) has some 
white, some black and many kinds of gray in it. 

When people began creating first computer screens and printers, there 
were to things to be considered.  

1) How many different greys we can show?
2) How many different greys humans can see?



50 Shades of Gray

Let’s take black and add white until we 
get pure white.  Now, let’s do these 
additions in x steps.  

Let x be 20, 50, 100 and 256.

As you can see, the transitions become 
smooth between 50 and 100. 



Should we worry about the shades of gray?

Sometimes there is little need to worry. Human eye can only see so 
much, and if all you want to show is Fabio (or his biological equivalent 
to him) you can go with whatever the machine does. 

On the other hand, if you plan to quantify your data, say compare 
intensities or do colocalization there is all the reason to worry. Because 
now, the different values are measurements and not just an image. 



Whiter shade of pale

An image on a microscope can be aqcuired with 
various bit depths.  This is to say, we get to decide 
how many numbers there are between black and 
white. 

Bit depth represents the accuracy of division 
between white and black. The more bits we have, 
the more shades of grey we have and the more 
miniscule differences we can show.

8 bit ->  82 = 256 grayscales

12 bits ->  122 = 4096 grayscales

16 bits ->  162 = 65536  grayscales

You might recall that already 8 bits will give you 

a ‘smooth’ image. The additional bits only 
matter if we want to know how much signal we 
are getting out. 



Color images! 
RGB stands for red/green/blue and RGB images are basically three 
colorscale images layered on each other, so that each pixel has three 
values. This is why we tend to talk about ’green’ or ’blue’ channel.   Let 
Fabio demonstrate.

You’ll notice that it is hard to 
see any detail on the blue 
image.  There are reasons for 
this.



Microscopy images are not color images

You might think they are, but they really are not.

Each channel is greyscale image, tinted to a chosen colour and overlaid.

Red                                      Green                                 Blue     



The signal

So, now that we have some understanding on what an image actually 
is, we can start thinking about how images come to be.

To put precisely, we can discuss what the signal is and how we measure 
it. Remember, most of the time we are not taking pictures, we are 
doing measurements. 

The signal of course depends on what we want to measure, but as we 
are discussing light microscopy our raw signal will inevitably be 
composed of photons.



Fluoresence

Works roughly like this.                                   But that is simplified.  
This is more realistic.



And that is just the excitation point

Additionally, few other things may happen to the photon before it reaches 
the fluorophore or the detector.

Refraction
Light can be refracted, i.e. scatter because of collision with something 
substantial such as electrons. Scattered light might end up where want, or it 
might not.

Absorption
Light can be absorbed by the sample. So the photons are lost on the way to 
the sample, or on the way from the sample.

Both these effects happen more often the longer the photon has to travel 
through the sample. This has implications. 



Modalities
Introduction: How do we take pictures



Capturing the light

We’ll focus on the two modalities biologists are most likely to 
encounter in the laboratory, though let it be noted that this is not the 
Full Story ™.  

First we’ll walk through how widefield microscopes work and then we’ll 
walk through how confocal microscopes work.

You should know how they work, but practice has shown that it’s good 
to give you people a reminder before sit down and start recording data.



Widefield Microscopes



Widefield microscopes

Widefield microscope acquires an image of the entire field at once. 
This is often simple and robust*.

Image aqcuisition time is often called
’exposure time’ during which sample is 
exposed to the light and the emission signal
is collected. 

The longer the exposure time, the more

signal we get.

*Terms and conditions apply.



Widefield microscopes

Widefield microscope bathes the sample in light. Everything in the field 
of view will be excited. Everything in focus, everything out of focus.*

You really don’t want to imagine more than a single layer of cells. 

* Of course we get bit less signal from the out of focus areas, but still if you sample is thick, your image 
is going to be messy.   



Widefield microscopes

Can be pretty darn fast. With good dye/stain, exposure times of 100-
300 ms are often enough, allowing you to get 3-10 images per second.

Relatively easy to use – just point at what you want to see, set 
exposure time´, chose filters and you are ready to go. 

Depth resolution is poor / nonexistent. 



Imaging parameters (WF)

Exposure time
The more time you use to expose the image, the better signal you will 
get. The more time you use, the more you will burn your sample.

Optical magnification
Objective as well as various lenses in the light path determines the 
pixel size, effectively determining the resolution. 

Binning
Can be used to gain more signal at the cost of resolution.



Binning

Binning means combining pixels so that intensity values become higher, 
but we get fewer pixels.   

This has fringe uses when the sample is dim and/or we want to acquire 
images quickly.

2x2 binning

0 10 20 20

0 10 20 40 

20 30 40 60

20 40 60 80

20 100

110 240



Binning

Let’s have a look how it works. So let’s bin poor Fabio and some cells.

With Fabio, there was no need for this operation. This image is shown 
to explain how binning affects the resolution. 

However with the cells, the signal is greatly magnified. 



Binning

That being said, you only really need binning if 
your signal is really poor, or if you are working 
with a stain that disappears when you look at it.

If you find yourself in such a situation, the first 
thing you should do is optimize your protocols 
and get a better label. 

In cases where you need as many pictures as 
possible fastly as possible (short exposure 
times), binning might actually help.



Confocal Microscopes



Scanning confocal microscopes

Magic word here is ’scanning’.  Laser is used to excite the fluorophores 
at each pixel individually.  Normal scanning speeds being around 400 
Hz, or 400 lines / second, this means that laser spends less than 5 
microseconds in one pixel.

Yes, the sample is literally scanned.



Imaging parameters (confocal)

Scanning speed
The faster you scan, the faster you get an image and the less you 
bleach your sample. However, the faster you scan, the worse 
signal you get.

Zoom/format (or pixel size)
Boils down to the question, how large part of the sample lays 
under one pixel. Larger the pixel size, the better the signal. 
Smaller the pixel, the better the resolution… to a limit. 

Gain/Offset
Increased gain increases the signal and also the noise. Offset can 
be used to reduce noise and signal. 



Imaging parameters (confocal)

Scanning speed combined with the image format give a parameter 
called ‘pixel dwell time’. 

As you might guess this tells you how long the laser stays on a single 
pixel before moving onward. Pixel dwell times are usually in the range 
of 1-5 µs.

The longer the laser stays in one place, the less noise we get.  On the 
other hand, the longer the laser stays in one place, the slower the 
whole thing is. 



Gain and offset 

Offset tells us how low signal we regard as zero. This can be used to 
remove the background noise when it is homogenous.

Gain tells us how much the signal is amplified. This parameter is not 
linear even if Leica tells you it is. 

Gain, scanning speed, laser power and resolution should be adjusted 
to avoid overexposure and optimized according to you needs.



Offset

Offset is user to correct for the background. Poorly adjusted offset 
introduces additional signal to the image. 

If you wish to quantify 
structures, you can set 
offset pretty haphazardly. 
‘Good enough’ will do.

If you want to quantify 
intensity with a confocal, 
you need to evaluate 
your life choices. 



Gain

I took a picture of the same location using same laser power but 
different gains.  The fraction is stable only really in narrow band of gain. 

600                                        700                                         800                                   900                                  

700 800 900 1000

ROI1 20,39 51,4 111,01 182,44

ROI2 9,73 23,26 50,36 85,25

Fraction 2,095581 2,209802 2,204329 2,140059

This has several implications on measuring 
intensity. You must use the same settings for 
all samples, but not all samples are visible 
with the same settings.



Noise

Noise, or unwanted signal, is present in every image. This is mostly 
‘physics happens’ kind of a problem.

You can reduce the noise almost always, but this improvement comes 
at a price. The price you pay is time, either to prepare a better sample 
or spend more time measuring your data. 

Post-processing only ever alleviates the problem. The problem can be 
only solved by preparing a better sample or recording better images.



Getting rid of the noise
We can either increase the exposure time or slow down the scanning 
speed. This equal to more or less the same thing.  

This is an easy solution, but unfortunately it increases the time needed 
and sometimes you don’t have the time, or your sample cannot take it.

1                               4                                8                               16
Same data recorded with 
average of 1,4,8 and 16. 

As we increase the averaging, 
the data becomes less noisy.

Noise is reduced by

the factor 
1

𝑁

where N = average!



Getting rid of the noise

You can optimize your sample.  Ideally this allows you to keep your nice 
and fast recording parameters.  Problem is that sometimes this might 
take months. 

Widefield systems have better signal to noise ration that confocals. 
Problem is that you get a lot of off focus signal if your sample is thick, 
making this point moot. 



Mind your tools

Care must be taken when viewing 
images.  Many of the tools meant 
for photography and general image 
manipulation automatically smooth 
the images for the user. 

This is less of a problem when you 
are looking at cat pictures, but 
when dealing with data caution 
must be taken.



Resizing

If and if you need to resize your 
images, that is the last thin you do to 
them before attaching the to a 
document. 

Image on the right has been shrank by 
factor of four and then expanded 
again to the same size as before.



Averaging

Averaging images is a commonly used procedure with noisy images 
used to reduce the noise and so increase the signal to noise ration. 

Let’s say there is some ’truth’, a cell where we have stained vesicles of 
some sort. Then let’s say we acquire three pictures of it. All of them are 
bit grainy because of measurement errors and thermal noise.

Truth                                     Measurement 1                  Measurement 2                 Measurement 3



Averaging

Basically works basically like this.



Quick note on post-processing

You often hear claims that image quality can be improved after 
acquisition.  This depends a lot on what you mean by quality. 

Any and all attempts to reduce noice will also reduce resolution. 

Any and all attempts to increase resolution will also increase noise. 

Noise and signal are both defined as ‘sudden change of intensity’, 
which means that coming up with mathematical tools that affect one 
without affecting the other are hard to come by.



Resolution



Resolution

We discussed briefly that the physical size of a pixel 
affects the quality of your signal. 

Basically the bigger the pixels, the better the image 
quality. However, bigger pixels mean worse 
resolution. 

This brings us to the matter of sampling. 



Sampling

Sampling or in layman’s terms 
’how big pixels you take’.

Optimal sampling = using the 
optimal pixel size.

Oversampling = using smaller 
pixels than physically possible.

Undersampling = using larger 
pixels than the optimal. Undersampling might sound bad, but there 

are a lot of cases where it is a valid strategy!



Sampling

In simplest terms it means ’how many pixels we are using to portray 
information’. Higher the sampling, higher the resolution.

High resolution Fabio                       Low resolution Fabio

As you can see, here the low resolution Fabio is just as fabulous as his high 
resolution counterpart. 



Resolution

Image size (e.g. 512x512) ≠ resolution

Zoom ≠ resolution

Pixel size and resolution are married to each other. 
You cannot achieve best possible resolution 
without best possible pixel size (sampling).
However smaller than optimal pixel size does not
improve resolution.

Ability to differentiate objects from others, that 
is ability to resolve structures = resolution

Mrs. Pixelsize & Mrs.Resolution



Resolution = ability to 
resolve structures



Resolution

• Your pixel size might be for example70 nm. But that doesn’t mean your 
ability to resolve things is 70 nm. The rough equation* for resolution 
reads:

𝑟 =
λ

𝑁𝐴
where

r = shortest distance between two points on a specimen that can still 
be distinguished by the observer

λ = wavelength of exciting light

NA = numerical aperature of your objective

= multiplication factor that depends on the simplifications made

* This is the rough equation.  The exact equation we leave for the physicists.  



Resolution

The equation on the previous page has few immediate consequences.

Firstly, bigger the NA, the better the resolution.

Secondly, smaller the hat, the better 
the resolution. 

Usually given values for the      are 0.4, 0.5 and 0.61 depending on the 
modality.



To wrap things up



On optimization

When you start a new imaging project where you need to 
measure something from the pictures, it is often good to spend 
one session taking pictures with various settings.

This allows you to figure out how quickly you can record usable 
data. This is especially crucial when you are working with 3D 
data (so confocals) as shortening imaging time even few minutes 
per stack could mean hours of saved time.



Concept of worst usable image

Ideally you do not want to spend any more time at the 
microscope than absolutely necessary.  

If you take better images than you need, you are wasting time 
and money. If you need lots of data, this cost might be 
considerable.

You should establish ‘worst usable image’ that gives you the 
information you need while using as little time as possible. This 
might require some optimization. 


