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Laboratory test of alive human blood research 

with a means of digital high definition microscopy:

• Research in real time;

• Demands visual magnification up to 2000-5000x;

• Does NOT need any dyes or preservatives;

• Takes 10-15 minutes (while a blood drop still alive).

The purposes of the method of Alive Blood Cell Analysis:

• Express assessment of the general condition of man health;

• Determination the level of satiation of the body with oxygen, water and nutrients;

• Analysis of the morphological characteristics of erythrocytes (shape, size, color deepness);

• Estimation of a condition of leucocytes, their functional activity (immune system);

• Assessment of the state of the thrombocyte system, propensity to thrombosis and so on;

• Determination of blood plasma for the presence of biological objects (bacteria, fungi, other 

microorganisms without their specific identification);

• Definition of indirect signs of inflammatory processes, markers of cardiovascular diseases;

• Searching for the signs of intoxication syndrome;

• Control over the dynamics to restore the health of the body;

• Evaluation of the functional reserves of the body and the possibilities for self-recovery;

• The patient's motivation for self-healing and a healthy lifestyle.



Pioneers in the field of native blood analysis

with a means of digital high definition microscopy:

Dr. Kurt Grange (USA), 

Ph.D., N.D, a nutritional 

biophysiologist, author and 

educator

Dr. Leonid V. Vorobyov (Kremenchug, 

Ukraine), highest category doctor in 

specialty functional diagnostics, 

researcher, author

Dr. Olga O. Anisimova (Moscow, 

Russia) , Candidate of Medical 

Sciences, doctor of reconstructive 

medicine, author and educator



Requirements for digital high-definition microscopy

in native blood researching:

• High enough resolution for real time video streaming according to resolution of monitor: FullHD (1920x1080);

• Fast frame rate on the screen: 25-30 frames per second;

• Small delay time not more than 0.3 sec (fast response);

• Flexible image adjustment system (contrast, brightness, saturation, white balance, hue);

• Software ability to make full screen observation;

• Ability for making snapshots and video capturing to HDD-drive in parallel to real time observation on the screen;

• Acceptable price.



TRADITIONAL LIGHT MICROSCOPE
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RAY TRACING IN TRADITIONAL LIGHT AND DIGITAL MICROSCOPE

Object plane

Focusing plane

Retina

In a TRADITIONAL LIGHT microscope, objective lens
projects the object into the focusing plane. Then the
eyepiece forms a parallel beam, which is focusing on
the retina by the optical system of the eye.

In a DIGITAL high-definition microscope, the object is
focusing with a means of optical conjugation of adapter
onto the surface of the CMOS chip.
Then the camera processes the video signal and

transfers it to the visualization system (computer,
projector or monitor).



The total magnification of the TRADITIONAL LIGHT
microscope is calculating by a well-known expression. It
is equal to the product of a linear magnification of the
objective lens and a visual magnification of the eyepiece.

TRADITIONAL LIGHT MICROSCOPE

Objective lens

Object

Human eye

Eyepiece

Image on the eye

Eyepiece visual 

magnification:

𝑮𝒆𝒑

Objective linear 

magnification:

𝑽𝒐𝒃

Total magnification 

of the light 

microscope:

𝑮 = 𝑽𝒐𝒃 ∗ 𝑮𝒆𝒑

MAGNIFICATION OF TRADITIONAL LIGHT AND DIGITAL MICROSCOPE

Camera plays 

a part of the 

coupling: 

eye + eyepiece

The total VISUAL magnification of the DIGITAL microscope is
determining by analogy with a light microscope. The only difference is
that the camera takes the part of the eyepiece in conjunction with the
optical system of the eye.
Therefor the total VISUAL magnification of a DIGITAL microscope is

defined as a product of a linear magnification of the objective lens and
the EFFECTIVE magnification of the camera itself.

From another side:

From another side, VISUAL magnification on the
screen equals the ratio of image size on screen
view to the object size in real life.

Total VISUAL 

magnification of 

digital microscope:

𝑮𝒗 = 𝑽𝒐𝒃 ∗ 𝑽𝒄𝒂𝒎
VISUAL 

magnification of 

digital microscope:

𝑮𝒗 =
𝑳𝒐𝒏 𝒔𝒄𝒓𝒆𝒆𝒏

𝑳𝒓𝒆𝒂𝒍 𝒔𝒊𝒛𝒆



𝑫𝑏𝑖𝑔

𝒅𝒄𝒎𝒐𝒔

Every tiny pixel 

of CMOS chip 

projects into 

much bigger 

pixel of monitor

Image of small 

CMOS chip 

projects into the 

BIG monitor or 

laptop screen

IMAGE FORMING. EFFECTIVE MAGNIFICATION OF THE CAMERA

Thus EFFECTIVE magnification 

of the camera is:

Τ𝑽𝒄𝒂𝒎 = 𝑫𝒃𝒊𝒈 𝒅𝒄𝒎𝒐𝒔

For 15” laptop screen:

𝑽𝒄𝒂𝒎 ≈ 𝟓𝟎

CMOS chip

HARDWARE MAGNIFICATION

Thus, there is a HARDWARE magnification of
the camera in a coupling with the monitor.
Hence, the EFFECTIVE magnification of the

camera can be expressed as the ratio of the
monitor size to the size of the CMOS chip.



OPTICAL MAGNIFICATION OF THE LIGHT MICROSCOPE.

ADDITIONAL OR GEOMETRICAL MAGNIFICATION OF DIGITAL MICROSCOPE

Numerical Aperture of the objective 

lens of microscope:

𝑵𝑨 = 𝒏 ∗ sin Τ𝛼 2 = 𝒏 ∗ sin 𝛿

n Maximum OPTICAL magnification

of light microscope:

𝑮𝒐𝒑𝒕_𝒎𝒂𝒙 ≈ 𝟏𝟎𝟎𝟎 ∗ 𝑵𝑨

Minimum object size to be resolved:

𝒅𝒎𝒊𝒏 = Τ𝟎. 𝟔𝟏 ∗ λ 𝑵𝑨

Objective lens

A numerical aperture of objective lens is determined
by the refractive index of environment where the object
is located and the maximum angle of an incidence ray. Well known the maximum OPTICAL magnification that

can be provided with microscope objective lens is equal
to a numerical aperture multiplied by a factor that is
approximately equal to 1000…



OPTICAL MAGNIFICATION OF THE LIGHT MICROSCOPE.

ADDITIONAL OR GEOMETRICAL MAGNIFICATION OF DIGITAL MICROSCOPE

Objective lens, 
magnification

Numerica
l aperture

Diffraction-limited 
MAXIMUM possible 
magnification of the 

objective lens

TRADITIONAL light 
microscope TOTAL

magnification
(16x eyepiece + 
objective lens)

DIGITAL 
microscope VISUAL

magnification 
(camera + objective 

lens)

ADDITIONAL 
magnification of high

definition DIGITAL 
microscope (scaling)

40x 0.65 ≈ 650x 640x 2000x ≈ 3.0x

60x 0.85 ≈ 850x 960x 3000x ≈ 3.5x

100x, oil imm. 1.25 ≈ 1250x 1600x 5000x ≈ 4.0x

Maximum OPTICAL magnification

of light microscope:

𝑮𝒐𝒑𝒕_𝒎𝒂𝒙 ≈ 𝟏𝟎𝟎𝟎 ∗ 𝑵𝑨

For example for 100-times objective lens the maximum possible
OPTICAL magnification is about 1250 times. However, a VISUAL
magnification on the screen of 15-inch monitor is about 5000 times…

It means that a digital high-definition microscope has an ADDITIONAL magnification, which depends on the numerical
aperture of the lens, the size of CMOS chip and screen size. For current lenses ADDITIONAL magnification is in the range of
3 and 4 times… It can be also named as GEOMETRICAL MAGNIFICATION or SCALING.
Nevertheless, it is not the same as a commonly used DIGITAL magnification.



COMFORTABLE DISTANCE FOR OBSERVATION

Eye strain:

up to 1 m.

up to 1 m.

Oh, nice view!
Oh, great picture!

Oh, my eyes tired!!

An ADDITIONAL or GEOMETRICAL magnification
makes possibility for comfortable observation the
very small objects on the screen from a distance of
about 1 meter, without straining the view. This is
especially useful for observing small objects, the
size of which is less than a half of a micrometer, for
example, bacteria and others…



VISUAL MAGNIFICATION AND FIELD OF VIEW

Focusing plane view Screen 1.

Screen 2.CMOS chip

As mentioned above, the visual magnification of a digital microscope
depends on the size of the CMOS chip. It cuts out a part of the image on
focusing plane of the objective lens.



VISUAL MAGNIFICATION AND FIELD OF VIEW

Screen 1.

Screen 2.

# Field of view Visual magnification Optical magnification

Screen 1. More ↑ Less ↓ The same 

Screen 2. Less ↓ More ↑ The same

The larger the chip size, the greater the field of view, but the
less the visual magnification.
And vice versa, the small size of the CMOS chip provides the

greater visual magnification, but a smaller field of view.

Nevertheless, the OPTICAL magnification in both cases remains
THE SAME, since it is determined by the objective lens of the
microscope. Obviously, the golden mean is needed – the optimal
size of the chip with good sensitivity and low noise level.



THE PROBLEMS OF DIGITAL HIGH DEFINITION MICROSCOPY

1. There are not so many models of cameras with appropriate

interface and small delay time to provide FullHD (1920x1080)

online video translation on 25 frames per second;

Objective 

Lens

Object

RAY TRACING

INSIDE MICROSCOPE

Diffraction spot

~ 200 mm 

Very dusty chip

2. Due to very small aperture and large distance from object

to focusing plane, there is almost direct light incidence on

the CMOS chip. Thus even smallest particle of dust projects

into the immovable diffraction spot on the screen:

Focusing plane

CMOS chip

Aperture ~ 1 mm



Very dusty chip

CAMERA 

VIEW

The situation with immovable spots of dust on the screen takes
place mainly for the objective lenses with a magnification of 40
times and more.
This all significantly worsens the overall quality of the imaging.

Therefore, in practice, the camera has to be selected manually
even among the cameras of the same model. Obviously, the
manufacture of the cameras should be absolutely clean.



IMPLEMENTATION OF EQUIPMENT FOR DIGITAL 

HIGH DEFINITION MICROSCOPY IN BLOOD CELL 

ANALYSIS – MONOCULAR MICROSCOPES



IMPLEMENTATION OF EQUIPMENT FOR DIGITAL HIGH DEFINITION MICROSCOPY

DIFFERENT KINDS OF TRINOCULAR MICROSCOPES



A great number of video materials illustrating this technique, you can find on our website by the link: 

http://www.microscope.org.ua/video/

Pictures of alive human blood and other objects one can find here:

http://www.microscope.org.ua/photo/

Or on our YOUTUBE channel directly:

youtube.com

http://www.microscope.org.ua/video/
http://www.microscope.org.ua/photo/
https://www.youtube.com/watch?v=AQMjXkPgHp4&list=PL2EBF8D0F1F41727B
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