






DBGS: 70 CT  
Estimated total annotation time: 225 h 

(~ 20 min /CT ) 

N. 160 screetning CT from Pisa centre of ITALUNG-
CT trial 



Current = 20 mA, Voltage = 140 kVp,  
Mean number of slices/CT = 300,  
Slice collimation = 1.25 mm, Reconstructed slice thickness z = 1 mm, 
Matrix = 512 x 512 pixels, Pixels range = 0.53 – 0.74 mm,  
Number of gray levels: 4096 





The ANODE09 

International competition 
for Nodule Detection in 
chest CT 

http://anode09.isi.uu.nl/ 

Results presented at SPIE 
Medical Imaging 2009 



example02 188 412 259 2.17383 1 
example02 408 349 257 1.39746 2 
example02 402 360 253 2.32195 1 





(N. Camarlinghi, MAGIC-5 Collaboration Meeting, Pisa 2008) 



















The general CAD architecture: 
1.  Lung segmentation: defines 

the area where nodules are to 
be detected 

2.  Region of Interest (ROI) 
hunter: identifies a list of 
nodule candidates 

3.  ROI classification (False 
Positive findings reduction) 





Lung Segmenter in RG‐VP and V‐ANTS CADs 



Lung Segmenter in  
RG‐VP and V‐ANTS CADs 



Lung segmentation 

N
od

ul
e 

ca
nd

id
at

e 
id

en
tif

ic
at

io
n 

False Positive reduction 

    Internal force 
Fi 

Fi 
Ri =Fi+1+Fi+1+FA 

Adhesive 
force  

FA 

q=FA/Fi 

Rule-based 
filter 

Neural 
network 



•  Parenchyma detection: LungSegmenter  
•  Nodues detection: 

•  Iterative Region Growing in the 
parenchyma volume; 

• Voxel Inclusion Rule: AND of: 
• intensity greater than th1 
• intensity mediated with first 

neighbors greater than th2 

• Th2  not fixed but determined nodule by 
nodule identifying a plateau in the graph 
volume vs. threshold. 



• FP reduction:  

• Filter on Volum and Sfericity 

• Feed Forward Neural Network. 
Features:  

• Sfericity 
• Elliticity 
• Maximum Intensity 
• Maximum Distance from Intensity 

Center  
• Voxel Number 
• Standard Deviation of the Intensity 
• Shannon Entropy  







Lung Volume 
Segmentation 

Suitable 
Anthill Position? 

Ant Colony 
deployment 

Neural Network 
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them to a list) 

ROI : Region Of  Interest 
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The Channeler Ant Model 

•  The Queen 
–  Sets the anthill position 
–  Extinguishes the colony 

•  The Ants 
–  Move 
–  Sense and Release pheromones 
–  Change their energy (birth, life, death) 



The Channeler Ant Model 

 Moving rules 
 Only neighbouring free voxels are possible destinations 
 Voxels exceeding the maximum amount of  pheromone are 

forbidden 
 The probability for a voxel to be selected is a function of  the 

amount of  pheromones in that voxel 
 The actual choice is made by a roulette wheel extraction 

β = 3.5  
δ = 0.2 

Pheromone density 

Osmotropotaxis sensitivity 

Sensory capacity                   

Values from literature 



The Channeler Ant Model 

•  Pheromones release 
– Before moving to another voxel, ants 

release pheromones according to the 
following rule η = 0.07 

Hfac = 2.0 

is the minimum released amount of pheromone  
 (only to distinguish visited pixels from others) 
is an amplifying constant  
 (related to the required algorithm speed) 
is related to the local properties, i.e. the voxel intensity 

for Lung CTs 



The Channeler Ant Model 

• Birth, life, reproduction, death 
– At birth, the ant energy is set to a default 

value 
– At each step, the energy changes 

according to the environment properties 
– Below the minimum energy, ants die 

– Above the maximum energy, ants 
reproduce and their energy is reset 

α = 0.2 

Ed = 1.0 
E0 = 1.2 
Er = 1.3 

Er E0 Ed 

DEATH  REPRODUCTION 



The Channeler Ant Model 

• Birth, life, reproduction, death 
– The energy variation for ant k goes as 

follows 

Er E0 Ed 

DEATH  REPRODUCTION 

is the pheromone release in the current cycle 

is the average pheromone release, since the 
colony started to evolve (i.e., a normalisation 
factor) 

















CAD RG-ACM 
Score (mean sensitivity between 1/8 and 

8 FP/scan): 0.278 



CAD VA 
Score (mean sensitivity between 1/8 and 

8 FP/scan): 0.262 



CAD VBNA 
Score (mean sensitivity between 1/8 and 

8 FP/scan): 0.304 





Results “ALL nodules” for the other systems: 0.005. 0.195, 0.074   















   R2 technology  
ImageChecker® CT Lung system (the first clinically validated CAD system for chest CT) 

 73% Sensitivity @ 3 FP/scan - 250 CT (140kV, 60mA, 1.25 mm slice thickness) 

 [Roberts et al, CARS’05, pp 1137-1142] 

ImageChecker® v1.0,  

  56% Sensitivity @ 3.5 FP/scan - 30 MDCT (110 kV, 50-60 mA,1.25 mm slice thickness) 

 [Brochu B , et al., J Radiol 2007;88:573-578] 

ImageChecker® (LM-1000) 

 Sensitivity 73% @ 3.2 FP/scan - 150 MDCT  (120 kV, 80 mAs, 2.5 mm slice thickness) 

 [Yuan R , et al., Am J Roentgenol 2006;186:1280-1287] 

ImageChecker® (LM-1000) 

 Sensitivity 60% @ 1.6 FP/scan - 70 MDCT  (120 kVp, variable mAs, 2.5 mm slice thickness) 

 [Lee IJ, et al., Korean J Radiol. 2005:89-93] 

  Siemens 
Prototype of LungCAD CT 
 77.1% Sensitivity @ 2.7 FP/scan - 185 CT  
 (120 kV, 90mAs, 1 mm slice thickness)          
 [Wolf, CARS’05, pp 1143-1145]  
ICAD 
 Az=0.72 - 18 MDCT  (120 kV, 80 mAs, 0.75 mm slice thickness) 
 [Marten K, et al., Eur Radiol 2004;14:1930-1938] 

 Siemens vs R2 
ImageChecker® Sensitivity 73% @ 6 FP/scan  

NEV Sensitivity 75% @ 8 FP/scan 
 25 MDCT (120 kV, 10-20-80 mAs,  
 1-2 mm slice thickness) 
 [Das M , et al., Radiology 2006; 241:564-571] 







• A: hilus vessel closing (to get 
a smoother 
lu
n
g mask surface, preserving nodule concavities). 

• B: mesh building (triangulation of mask). 

• C: Calculation of the  
 Curvature Function Ψ  
 (high values mark nodules, but also FPs) 

• D: mapping of the lung (and so of the 
Cu





Lung uniformization for juxta-pleural nodule detection  

A lung visualized by 
paraview.  
The black arrows show the 
nodules 
as diagnosed by the 
radiologist.. 

(Left) The lung 
uniformized onto the unit 
sphere, with the Ψ 
function shown by 
colour; the same 
nodules as above are 
circled. (Right) A detail. 



 Lung closing with a double-size sphere 

artifact 

In several cases there is a really rough 
correspondence between the correct 
lung border and the segmentation 
output. 

This is due to the usage of a large 
sphere for closing: it is necessary for 
closing the vessel entrance, but it is too 
large for pleural nodule closing, and 
gives origin to the shown artifact. 

Closing with a double-size sphere: 

•   a large sphere in the hilar region 

•   a small sphere everywhere else 

followed by cavity filling, for internal vessels not completely 
filled by the small sphere:  

1.  RG in the mask from a border point (only cavities are 0’s) 

2.  invert the mask ie 0↔1 (only cavities are now made of 1’s) 

3.  logical “or” with the original mask (filling its cavities) 

The proposed solution 

We have accumulated statistics of 
the hilus position and size 
(with respect to the whole lung 
and to the bronchi entrance), 
so that we can infer where the 
“hilus box” is, and apply the two 
spheres accordingly. 

The code is almost ready; the question is: what kind of 
artifacts, if any, should we expect at the boundary 
between the small-sphere and the large-sphere regions? 

The problem 

WORK  
IN 

PROGRES
S 



3 CAD systems very competitive (+ DB) 

• Peculiarities 
• Detailed comparison 
• Optimizations 
• Evaluation of new releases 
• Implementation 
• Clinical validation 


