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 Biomedical Engineering -> BMEI, CMU

 Computational Intelligence / Artificial Intelligence

 In-house Work (Biomedical Applications) @CMU



 “Biomedical engineering integrates physical, 
chemical, mathematical and computational sciences 
and engineering principles to study biology, medicine, 
behavior and health. It advances fundamental 
concepts, creates knowledge from the molecular to 
the organ systems levels and develops innovative 
biologics, materials, processes, implants, devices and 
informatics approaches for the prevention, diagnosis 
and treatment of disease; for patient rehabilitation; 
and for improving health.”

National Institute of Health (NIH), U.S.A.



 “A Biomedical Engineer uses traditional engineering 
expertise to analyze and solve problems in biology 
and medicine, providing an overall enhancement of 
health care. The biomedical engineer works with 
other health care professionals including physicians, 
nurses, therapists and technicians. Biomedical 
engineers may be called upon in a wide range of 
capacities: to design instruments, devices, and 
software, to bring together knowledge from many 
technical sources to develop new procedures, or to 
conduct research needed to solve clinical problems.”

Biomedical Engineering Society (BMES), U.S.A.





 Bioinstrumentation
 Biomaterials
 Biomechanics
 Cellular, tissue and genetic engineering
 Clinical engineering
 Medical imaging
 Bioinformatics
 Biophotonics
 Orthopaedic bioengineering
 Rehabilitation engineering
 Systems physiology
 Etc.



Biomedical Engineering Institute
Chiang Mai University (since 2006)



Biomedical Engineering Institute
Chiang Mai University

Collaboration partners:
•Faculty of Engineering
•Faculty of Medicine
•Faculty of Science
•Faculty of Associated Medical

Sciences
•Faculty of Pharmacy
•Faculty of Public Health

•Faculty of Dentistry
•Faculty of Agriculture
•Faculty of Agro-Industries
•Faculty of Veterinary Medicine
•Faculty of Nursing
•Laboratory Animal Center



BMEI

Community 
Service

Academic 
Service Research

Training, knowledge 
transfer, and innovating 
economical international-
standardized medical 
devices

Offer Ph.D. and Master’s 
degrees in BME 
emphasizing in
Biomechanics, Cell and 
Tissue Engineering, Medical 
Imaging, Bioinformatics, 
Biomaterial and Drug 
Delivery, Instrument and 
Rehabilitation

Innovate practical 
research works that 
meet international 
standards

Requirements 
from doctors 
or community

Community

Biomedical Engineering Institute
Chiang Mai University



A.I. Is it worth considering?



Is it worth considering?



 Super fast development of digital devices



 Have been there for quite some time

https://statista.com

IoT connected devices installed base worldwide (2015-2025) (in Billions)



https://douglasbeaumont.com
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CI Lab @ CMU (since 2001)

Computational Intelligence Research Lab 
(CI Lab)



Scope of IEEE CIS

“The Field of Interest of the Society shall be the 
theory, design, application, and development of 
biologically and linguistically motivated 
computational paradigms emphasizing neural 
networks, connectionist systems, genetic 
algorithms, evolutionary programming, fuzzy 
systems, and hybrid intelligent systems in which 
these paradigms are contained.”



Neural Networks (MLP, SVM, Deep learning, etc.)
Fuzzy Sets and Systems (Fuzzy logic, Fuzzy systems, etc.)
Evolutionary Computation (GA, PSO, Cuckoo search, etc.)

From Past (AI) to Present (CI)



https://slideshare.net



Research Interests:
• Signal Processing / Image Processing
• Pattern Recognition
• Artificial Intelligence
• Robotics (Hardware & Software, i.e., robots’ body 

and brain)
• Neural Networks (including Deep learning)
• Fuzzy Systems



Research Interests:
• Evolutionary Computation (Genetic algorithm, 

Swarm intelligence, Cuckoo search optimization, 
etc.)

• Data Mining / Knowledge Discovery
• Data Analysis of Any Sizes (including BIG Data)
• Internet of Things (IoT)
• Etc.



 Portable ECG via USB / Mobile network / Wi-Fi

CMUgency
Internet

USB

Monitoring System
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 ECG Reconstruction Using Linear Prediction 

Signal Reconstruction
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 12-Lead ECG using only 6 electrodes
 Reconstruct V2, V3, V4, V5 using Lead I, Lead II, V1, V6

Signal Reconstruction



V2 V3

V4 V5

Actual

Reconstructed

Signal Reconstruction



• Automatic Fetal ECG Extraction

Signal Extraction/Recovery



• Imagery Hand Movement Classification Using EEG

C3, Left fist movement

C4, Left fist movement

C3, Right fist movement

C4, Right fist movement

Emotiv EPOC

Signal (Binary) Classification



Head Positioning System for Retinal 
Detachment Patients

Monitoring/Warning System



 Fall Detection Systems
 Accelerometer-based

Monitoring/Warning System



Monitoring/Warning System



• CMU UbiqSOS

Warning System



 Fall Detection Systems: Image-based
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Monitoring/Warning System



 Fall Detection Systems: Image-based (Microsoft Kinect)

http://biomed.eng.cmu.ac.th/

Monitoring/Warning System



 Automatic 3D Gait Evaluation System in Geriatric Rehabilitation

Assessment System



• Neuro-Fuzzy Methods (Feature Selection and Inference 
Classification): Colon Cancer, Diffuse Large B-Cell Lymphoma 
(DLBCL), Ovarian Cancer, Glioma Tumor, Lung Cancer

• Diffuse Large B-cell Lymphomas (DLBCL) Dataset : 

• 100.00 %, 97.40%, 90.91%, & 92.21% when the numbers of 
selected linguistic features are set to 14, 10, 5, & 3, respectively.
Classification rate (10-fold cross validation)

• MDM4, STX16, NR1D2, DCLRE1A, PARK7, ATIC, HG4263-
HT4533_at, CSRP1, NASP, PGK1, HLA-DPB1_2, HLA-A_2, 
ITK_2, and PLGLB2

Bioinformatics



 CMU !-Warn : 

Intelligent Warning System for Elderly

Monitoring/Warning System



• Automatic Lip Reading Using Hidden Markov Models

Human-Machine Interface

Cold

Training
 Forward-Backward

Algorithm
 Baum-Welch Method

Testing
Viterbi Algorithm

Patient’s Lip Capture Lip’s 
movement

Features 
Extraction

The best model

( ), ,A Bλ π=

HMMs



• Automatic Eye-Gaze Tracking System
• Using single camera
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 Hand Sign Translation

Human-Machine Interface
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Microcalcification Detection in Mammograms Using 
Interval Type-2 Fuzzy Systems 

Original 
Mammogram

Expert’s 
Opinion

Output

Assistive Tool (Detection)



Cervical Cell Classification in Pap Smears

AbnormalNormal 

Assistive Tool (Detection)



• Fully Automatic Brain Segmentation for Alzheimer’s Disease 
Detection from MRI’s

• Alzheimer’s Disease Neuroimaging Initiative (ADNI)

Assistive Tool (Estimation)



• Fully Automatic T2* Relaxation Time Estimation from MRI

Assistive Tool (Estimation)
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Age Estimation from Maxillary 
Sutures Closure

30 years old

82 years old

Assistive Tool (Estimation)



 Fuzzy C-Means-Based Segmentation for Burn Color 
Images

Original Image Expert’s Opinion Proposed

Assistive Tool (Estimation)



Dental Fluorosis Assessment (Web-based /Smart phone)
In collaboration with the Intercountry Centre for Oral Health

Assistive Tool (Detection/Estimation)



 Exudate / Micro-aneurysm / Hemorrhage Detection in 
Fundus Image

Assistive Tool (Detection)



Harris mat  Foot pressure map 
without pressure sensors

Assistive Tool (Transform)

Input Image
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Harris mat  Foot pressure map Shoe insoles

Assistive Tool (Transform)



Differential White Blood Cell Counting in Bone 
Marrow

Myeloblast Promyelocyte Myelocyte

Metamyelocyte Band PMN

Assistive Tool (Classification)



 Grayscale image Expert’s manually- 
segmented image 

Algorithm’s  
segmented image 

Myeloblast 
   

Promylocyte 
   

Myelocyte 
   

Metamyelocyte 
   

Band 
   

PMN 
   

 

Assistive Tool (Classification)


		

		Grayscale image

		Expert’s manually-

segmented image

		Algorithm’s 

segmented image



		Myeloblast
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		Promylocyte
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		Myelocyte
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		Metamyelocyte
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		Band
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		PMN
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• Quantitative estimation of hyphal growth of Malassezia furfur

Assistive Tool (Detection/Estimation)
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• CD4+ Lymphocyte Counting in Low Resolution Fluorescence and 
Bright Field Images

Assistive Tool (Detection)



Space Independent Curve-based Deformable Image Registration

Assistive Tool (Image Registration)

Reference Image

Source (Distorted) Image

Registered Image



Curve-based deformable image registration : single modality

CT : 1st Fraction CT : 2nd – 3rd week later

DVF

Curve-based DIR

Moving 
pixel CT : deformed image

Assistive Tool (Image Registration)



Curve-based deformable image registration : multiple modality

CT : reference image MRI : source image

DVF

Curve-based DIR

Moving 
pixel MRI : deformed image

Assistive Tool (Image Registration)



Curve-based deformable image registration : multiple modality

CT : reference image MRI : source image

DVF

Curve-based DIR

Moving 
pixel MRI : deformed image

Assistive Tool (Image Registration)



• Novel Edge Following Technique for Ill-defined Edges

Assistive Tool (Boundary Detection)



Sobel                Canny          Zerocrossing

Prostate ultrasound image

• Novel Edge Following Technique for Ill-defined Edges

Assistive Tool (Boundary Detection)



Edge Map
Laws’ texture feature and 

Canny edge detection

Vector Image Model
-Edge vector field
-Average edge vector field

Edge 
Following

Initial 
Position

• Novel Edge Following Technique for Ill-defined Edges

Assistive Tool (Boundary Detection)



Ground thruth ACM

GAC GVF CMU

Prostate Ultrasound Images

Original Image

Assistive Tool (Boundary Detection)



Ground thruth ACM

GAC GVF CMU

Left Ventricle in cardiac MRI

Original Image

Assistive Tool (Boundary Detection)



Aorta in cardiovascular MRI

Ground thruth ACM

GAC GVF CMU

Original Image

Assistive Tool (Boundary Detection)



Knee Joint in CT Images

Ground thruth ACM

GAC GVF CMU

Original Image

Assistive Tool (Boundary Detection)



Carpal Bone Images

Assistive Tool (Boundary Detection)



Carpal Bone Images

Expert Doctor CMU

Assistive Tool (Boundary Detection)



Carpal Bone Images

Expert Doctor CMU

Assistive Tool (Boundary Detection)



Application to Bone Age Assessment in Young Children

Region of 
carpal bone

Edge 
Detection

Feature 
Extraction

Bone Age 
AssessmentResult

Assistive Tool (Estimation)



Race
Neural network 

regression
Support vector 

regression

Mean Abs Error Mean Abs Error

Asian
(AS) Male (22) 5.41 month 3.18 month

Female (20) 4.59 month 2.87 month

Caucasian
(CA) Male (20) 4.86 month 2.87 month

Female (18) 5.06 month 1.89 month

African-
American
(AA)

Male (29) 8.68 month 5.26 month

Female (21) 7.15 month 3.98 month

Hispanic
(HI) Male (28) 8.44 month 4.57 month

Female (22) 6.29 month 3.70 month



• Just some examples of our work

• http://ci.cpe.eng.cmu.ac.th/

• Google / Scopus / WOS:
• Theera-Umpon or Auephanwiriyakul



 Colleagues & Students

Special Thanks
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