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Summary 
We study the problem of segmenting tubular structures in the pancreas from live imaging via 
confocal microscopy. The segmentation is difficult due to noise, making it challenging even for a 
human expert to distinguish structure from background. We present the results of the 
state-of-the-art U-Net and inspect its successes and failures. We discuss challenges in the 
manual segmentation of the structure, the impact of these challenges on our choice of 
experimental design, and future directions for improving the segmentation. 

Introduction 
 
During embryonic development, the pancreatic tubes (Figure 1) grow from a web-like network 
with loops to a tree-like structure without loops. A thorough understanding of the mechanisms 
governing this morphology has yet defied developmental biologists (Shih et al. 2013), but 
observations indicate that the topological events happening during development of the tubular 
structure may be related to differentiation of beta cells nearby. However, confirming this 
quantitatively requires a binary segmentation of the tubes. 



 
   
While segmentation of other tubular structures such as airways or vessels is well studied, the 
pancreatic tubes are different in the sense that we have no prior anatomical knowledge about 
their structure. Moreover, the images are recorded with low signal to noise ratio, creating a 
challenging segmentation task. We present results of the state-of-the-art U-net (Ronneberger et 
al, 2015) and discuss its successes and failures. In particular, we discuss challenges in the 
manual labeling of training data, as well as potential strategies for "optimally" labeling data. 

Methods/Materials 
We implement the U-net (Figure 2) in Keras, using 3 sets of down- and up-sampling layers and 
binary cross entropy loss, and train it using the Adam Optimizer (beta_1 = 0.9, beta_2 = 0.999, 
lr = 10^{-5}) for 50 epochs. 
 



 
 
Our dataset consists of 2D image slices extracted from 3D image stacks obtained from live 
imaging using confocal microscopy of the developing pancreas of mouse embryos imaged for 
40-48 hours  in vitro (see abstract submission from P Nyeng). 
 
The 2D slices are aggregated as follows: A total of 6 3D movies with approximately 220 
time-points each are split randomly into two sets with 3 movies each, to be used for training and 
testing, respectively. As parts of the movies have very high noise levels with no discernible 
structure, a smaller set of images is manually subselected by first randomly sampling, from each 
movie, two 3D images at random. These images have a resolution of 1024 x 1024 x D, where D 
varies between 27 and 40. Each of these images is divided into a 4 x 4 grid of patches in the x-y 
plane, each of size 256 x 256 x D. From this set of patches, a trained laboratory assistant 
manually removes all patches which are too dark and noisy to be reliably annotated. The 
remaining patches typically form connected parts of the x-y plane, leading to 1024 x 1024 x D 
images with ``forbidden regions" consisting of the removed patches. 
   
Manual annotation: The training split consists of 6 3D images from 3 different movies with in 
total 174 2D image slices, where the tubular structure is fully annotated in a semi-manial fashion 
as follows: The 3D images were first processed in Imaris image processing software using 
Z-normalization, smoothing, volume rendering and filtering of the Muc1-mcherry signal. The 
resulting segmentations are manually edited by the laboratory assistant using the software 
Slicer.  To validate on as diverse a dataset as possible, we select from the test split 10 3D 
patches at random, in which the tubular structure is annotated by the laboratory assistant, giving 
annotations for around 13\% of the test split. 
 



Image preprocessing: While the mean intensity per movie is close to zero, the variance differs 
noticeably. Thus, every time-point is stadardized by its own mean and standard deviation, and 
intensities are clipped to be at most 3 standard deviations away from the mean (which is zero). 
   
Training on patches: The U-net is trained on image patches from the fully annotated slices in 
the training set, avoiding the forbidden regions. 

Results and Discussion 
On the test set, the U-net segmentation produces: 

● a sensitivity, giving the proportion of true foreground segmented pixels out of ground 
truth foreground pixels, of 0.648;  

● a specificity/true negative rate giving the proportion of true background segmented pixels 
out of ground truth background pixels, of 0.987 

● An accuracy, giving the proportion of correctly segmented pixels over all pixels, of 0.970 
● A dice score, giving a similarity between the predicted segmentation and the ground 

truth segmentation, of 0.687 (optimal score is 1). 
 
Note that the accuracy, which is often used to assess quality of segmentation, is high due to the 
large imbalance between foreground and background, where much of the dominant background 
class is easy to predict. As shown by the sensitivity and specificity, however, the U-net is 
undersegmenting the foreground. 
 
This is problematic for two reasons. First, the expert annotation is already likely an 
undersegmentation, due to the fact that the expert annotator is unlikely to annotate foreground 
unless she is fairly confident. Second, undersegmentation easily leads to disruptions in the 
topology of the segmented tubular network, as a few missing pixels can be enough to cut a 
connected tube into two or more pieces. 
 



 

Conclusion 
We have demonstrated how a U-net trained on patches from a limited set of 2D slices from a 
limited set of 4D microscopy live images obtains a qualitatively reasonable performance. In light 
of the limited amount of training data, with limited amount of variation, the results are positive, 
although they also present challenges: The U-net is shown quantitatively to undersegment the 
tubular structure, which raises some concern regarding the correctness of segmented network 
topology. 
 
In theory, we expect that this could be handled by increasing the amount of hand-annotated 
training data. In practice, however, manual labeling is expensive, difficult and time consuming. 
This thus leads to multiple future research directions, including semisupervised learning to take 
advantage of our large amounts of unlabeled data, and including spatial and time information 
into the segmentation pipeline. Finally, we note that the segmentation problem is callenging, 
also for a human, who is able (more so than a neural network) to take contextual information 
into account. A final potential research problem is thus to specialize the network to search for 
tubular structures. 
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