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1 Urine sediment analysis

Urinalysis 1s a set of screening tests that
can be used to detect and manage a wide
range of diseases.

Urinalysis Consist of the following

Urinary tract infections measurements:

Kidney disorders

Liver problems Macroscopic or physical examination
Diabetes or other metabolic conditions Chemical examination

Microscopic examination of the
sediment




(] Manual sample analysis have different limitations

Time consuming (Specifically, in the tests

with object counting)
Estimation error
Depend on experience of clinicians

Difficult to get results in a reproducible

manner

Artificial Intelligenéé

The Future of Healthcare

Interlaboratory variability

Human limitations (fatigue, etc.)



U Laboratory automation advantages

Fast and accurate results

Whole sample analysis

Most reproducible and consistent results
Easy to use

Report sharing

Cloud based services




U Artificial intelligence systems

Artificial Intelligence
A science devoted to

making machines think Artificial Intelligence
and act like humans.

Machine Learning

Focuses on enabling

computers to perform
tasks without explicit
programming.

Machine Learning

Deep Learning

A subset of machine
learning based on
artificial neural networks.
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1 Al-based system design workflow
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d Comparison of classification, object detection and segmentation methods

Classification | Object detection o Segmentation

Input: Image Input: Image Input: Image
Output: Classes of existing Output: Bonding box of existing Output: Pixel masks of existing
objects in image objects in image objects in image
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d Common Models for classification, object detection and segmentation

* Classification

Common models:

v" Convolutional
Neural Networks
(CNN)

v" Recurrent Neural
Network (RNN)

v' Artificial Neural
Network (ANN)

¢ Object detection

Common models:

v Region-based
Convolutional
Neural Networks
(RCNN)

v" You Only Look
Once (YOLO)

v Feature Pyramid
Network (FPN)

¢ Segmentation
Common models:
v' U-Net
v SegNet

v" Fully Convolutional
Network (FCN)

v Feature Pyramid
Network (FPN)
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Urine Sediment Analysis
Module
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1 Project definition

Develop an intelligent computerized system for automatic and accurate assessments of

the Urine sediments using microscopic images

s Project goals
v Cell count : RBC, WBC, epithelial, WBC clamp

v Casts identification: RBCs cast, WBCs cast, epithelial cells cast, fatty cast ,

waxy cast, ...

v CI'yStal identification: calcium oxalate, uric acid, cysteine, ...
v Microorganisms /Artifacts : yeast, sperm, artifact, ...

v" Clinical report generation




(J Particles in Urine Sediment

Urine Sediment

Analysis Module
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(J Morphological features of urine sediment particles
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: small size
: medium size
: large size
: congressional
: have nuclei
: wide
: cubic
: transparent
: cylindrical

: uniform

: irregular shapes
: colorless

: have cytoplasm
: two sides roundec
: short

: long

: prism shape

: thin

: circular

: grain form

: broken end

: octagonal

: dumbbell shape
: diamond shape
: elliptical

: rectangular

: hexagonal

: ffragile needles
: flat

: glass & shiney
: oval

: chainal

: germinated shape
: strip shape

: wave form



J Dataset preparation: Image acquisition

Digital Camera ~—

C-Mount Adapter ——

Cases 475
Captured Images | 1882
Labeled Images | 1820
Object Classes 34




(] Dataset preparation: Developed user interface for images labeling
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(] Dataset preparation: Images labeling

Step 1



d Our model architecture

v" Faster RCNN is a type of region-based CNNs that aims to identify different objects in
different classes within an image.

v" Faster R-CNN has two networks: Region Proposal Network (RPN) for generating region
proposals and a network using these proposals to detect objects.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Proposal Generator

Objectness .
Classification '

o —
-

Box
Regression

_____________________________________________

resnet

>

Box Classifier

Multiway
Classification
Box
Refinement

Feature Extractor

Faster R-CNN

(Faster Region-based Convolutional Networks)
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Urinalysis System:

Clinical Validation




1 Urine sediment analysis module
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1 Urine sediment analysis module results

Manual
Total Particles 152
RBC 34
WEC 3
Epithelial 29
Calcium Oxalate 83
Uric Acid
Amorphous Urats 1

Manual result

Test images

Radinpaque Dye

Proposed Al-based
system result 21




d

180
160
140
120

100

number

80

60

40

20

B Manual
@ Our System

Urine sediment analysis module results
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Test 1 - Urine Sediment Analysis Results
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1 Urine sediment analysis module results

Test 5 - Urine Sediment Analysis Results
50
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Total Particles RBC WBC Epithelial Yeast Granular Cast
OManual 29 4 2 20 1 2
® Our System 29 4 3 20 0 2

OManual ®Our System
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1 Urine sediment analysis module results

Sample Image

Challenges:

* Low contrast

* Overlapped particles
* High similarity

Result
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1 Sample report

Laboratory Name :
Tel :

N
-,
—

Fax : Iranian Modern Health
Address: Strategies
Name : Physician : Sampling Time :
Age: Collection : Case NO :
Microscopic Urinalysis Sample Objects
Total object count 352 #
WBC 20-25
RBC 6-8 WBC
Epitelial Cells 3-5
Bacteria Moderate
Crystals:Ca.Oxalate Few
Crystals: Amorphous urates Few RBC
Casts:Granular 1-2
Microscopic Urinalysis chart
Epitelial
=, Cells
Bacteria
= WBC = RBC = Epitelial Cells
Bacteria = Ca.Oxalate = Amorphous urates
= Cast Granular
Ca.Oxalate
Microscopic Urinalysis Histogram
Amorphous
urates
Granular
Cast

Sample Image




J Trends

Deliver standardized results using artificial intelligence
Easy access through the cloud

Learning procedures standardization

Disease analysis and screening

Smart laboratories

26



Thank you




