
Our team built a multi-layer multimodal neural network that takes in both picture and digital data from various tests 
taken by the doctors as inputs to determine the stage of Alzheimer’s Disease for each patient. We combined a convolutional 
neural network (CNN) with brain image inputs and a multi layer perceptron (MLP) with digital data inputs from those same 
patients using data from the Alzheimer’s Disease Neuroimaging Initiative (ADNI). FreeSurfer was used to calculate the 
volume of brain structures. The CNN consists of two hidden layers that contain 2D convolutions, rectified linear unit 
activation (relu), and 2D max pooling. The MLP contains one hidden layer. The output from the CNN and MLP were then 
concatenated to receive the final prediction. A dropout layer and L2 regularizers were added to reduce overtraining. This 
multi-layer multimodal neural network shows a potential to be integrated into early diagnosis as it can predict the stage of 
each patient accurately and quickly. It can easily be developed to include other types of inputs, which makes it a useful tool 
for future AD research.
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– Convolutional neural network (CNN)
• Normalized the image RGB values to between 0 and 1 and 

resized image to 128x128
• Synthetic Minority Oversampling Technique (SMOTE) to 

attenuate imbalance of classification towards the most 
dominating feature of the input data
• Two hidden layers
– 2D convolutions, rectified linear unit activation (relu), and 

2D max pooling
– Dropout layer with value of 0.35 to reduce overfitting

• Brain image inputs (PET scans) that contained 18-AV-45 
(florbetapir)

– Multi layer perceptron (MLP) 
• Numerical data inputs (AV-45 concentration)

● This multimodal structure can receive different kinds of 
inputs to predict the stage of each patient (i.e. image and 
numerical)

● Potential to be developed to include other types of 
inputs

● Comparable to traditional diagnosis accuracy (highest 
test accuracy: 80.1%) and faster than traditional 
diagnosis speed

● Discovered that some of the brain sections lowered the 
prediction accuracy when included in the dataset, 
signifying no correlation with Alzheimer’s

● Potential to be integrated as a useful tool in early 
diagnosis, empowering physicians to prescribe the 
appropriate measures to prevent or impede the 
progression of AD in patients.
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2.  FreeSurfer. https://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurferWiki
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RESULTS

The final train accuracy was 95.43%
The highest test accuracy was 81.2%

METHODS

● Multi-layer multimodal neural network to determine the stage of the patient, whether it be Cognitive Normal (CN), Mild 
Cognitive Impairment (MCI), or AD

● Convolutional Neural Network (CNN) and Multi Layer Perceptron (MLP) whose output layers had the same number 
of neurons

● Data obtained from Alzheimer's Disease Neuroimaging Initiative (ADNI) [1]
• 1560 patients (574 CN, 762 MCI, and 224 AD)
• Split into training and testing using the simple holdout method of cross validation techniques
• FreeSurfer [2] was used to calculate the volumes of brain structures (i.e. hippocampus, ventricle)
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