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10 BACKGROUND 

1. Field 

[0001] One or more exemplary embodiments relate to an automatic cell culture device 

and an operating method thereof, and more particularly, to an automatic cell culture 
device including at least one of an incubator, a microscope, a robot arm, a repository, a 

15 liquid handler, a centrifugal separator, and a control device and an operating method 

thereof. 

2. Description of the Related Art 
[0002] In general, cell culture is the process by which cells separated from an organism 

20 are grown. A primary culture is performed by aseptically selecting a biometric tissue 

and treating the biometric tissue using a digestive enzyme such as trypsin or pronase to 

separate single cells from the biometric tissue. In addition, a next subculture is 

performed by transplanting and inoculating single cells, which is obtained by 

distributively processing cell lines that are being subcultured using the same enzyme, 

25 into a growth medium. A method of distributively growing single cells using proteolytic 

enzymes refers to the cell culture. 

[0003] After the 1950s, the cell culture has been started by developing a cell dispersion 

method by trypsin treatment. Development of the cell culture method enables cells 

constituting a living thing to be regarded as unicellular organisms. Using a research 

30 result acquired in such a method, the basal metabolism, proliferation, differentiation, 

aging, and tumor virus inspection of a cell may be regarded quantitatively in a cellular 
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level. The cell culture is classified into monolayer culture in which a cell is proliferated 

while having been attached to a culture device and suspension culture in which a cell is 

proliferated while having been suspended, instead of having been attached to the 

culture device. In addition, the cell culture is further classified into single-cell culture in 

5 which a single cell is cultured to form a colony and mass culture in which a large 

number of cells are cultured. 

[0004] Recently, various researches and developments are being conducted at an 

accelerated pace in order to precisely and stably perform the cell culture. 

10 SUMMARY 

[0005] One or more exemplary embodiments include an automatic cell culture device 

including at least one of an incubator, a microscope, a robot arm, a repository, a liquid 

handler, a centrifugal separator, and a control device and an operating method thereof. 
[0006] Additional aspects will be set forth in part in the description which follows and, in 

15 part, will be apparent from the description, or may be learned by practice of the 

presented exemplary embodiments. 

[0007] According to one or more exemplary embodiments, an automatic cell culture 

device is provided. According to one or more exemplary embodiments, an operating 

method of an automatic cell culture device is also provided. 

20 [0008] The automatic cell culture device according to one or more exemplary 

embodiments may include an incubator configured to contain at least one container for 

culturing cells, a microscope configured to observe a state of the cell in the container, a 

robot arm configured to move the container, a liquid handler configured to introduce 

liquid into or discharge liquid from the container, and a control device configured to 

25 control an operation of at least one of the incubator, the microscope, the robot arm, and 

the liquid handler. 

[0009] The automatic cell culture device may further include a repository configured to 

store the container to be moved by the robot arm and a centrifugal separator configured 

to separate a particle of a material included in the container using centrifugal force. 

30 [0010] The operating method of the automatic cell culture device according to one or 

more exemplary embodiments may include extracting at least one container that 
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contains a cell cultured in an Incubator for a predetermined time from the incubator 

using a robot arm, observing a state of the cell in the extracted container using a 

microscope, selecting an operation protocol for the container based on a result of the 

observation, and driving the robot arm according to the selected operation protocol. 

5 [0011] The operation protocol for the container may be at least one of a protocol for an 

operation of reinserting the container into the incubator, a protocol for an operation of 

injecting a culture medium into the container, and a protocol for an operation of 

performing sub-culturing using the container. 
[0012] When the protocol for an operation of injecting the cultural medium into the 

10 container is selected, the driving of the robot arm may include enabling the robot arm to 

move the container extracted from the incubator or the repository to a loader, and the 

operating method may further include moving the container moved to the loader to a 

first work part using a grip part included in the liquid handler; suctioning a culture 

medium provided in a culture medium storage using the liquid handler and dividing the 

15 suctioned culture medium into the container positioned in the first work part; moving the 
container into which the culture medium is divided to the loader using the grip part; and 

reinserting the container moved to the loader into the incubator. 
[0013] When the protocol for an operation of performing sub-culturing using the 

container is selected, the driving of the robot arm may include enabling the robot arm to 

20 move the container extracted from the incubator or the repository to a loader, and the 

operating method may further includes moving the container moved to the loader to the 

first work part using the grip part included in the liquid handler, transferring a material 

included in the container moved to the first work part to a container having a 

predetermined shape positioned in a second work part, moving the container having a 

25 predetermined shape to the centrifugal separator to perform centrifugation on the 

container, processing a particle separated through the centrifugation, observing the 

processed particle using the microscope; transferring the processed particle to a new 

container; and reinserting the new container into the incubator. 

[0014] The container having a predetermined shape may be a tubular container having 

30 a stopper, for example, an eppendorf tube (E-tube) or a centrifuge tube (C-tube). The 

transferring of a material included in the container moved to the first work part to a 
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container having a predetermined shape positioned in the second work part may further 

include transferring a mixed liquid acquired by dividing a predetermined solution into the 

container moved to the first work part and shaking the container to the container having 

a predetermined shape. 

5 [0015] The processing of a particle separated through the centrifugation may include 

removing a supernatant liquid generated in the container through the centrifugation, 

injecting a predetermined material into the container having a predetermined shape to 
perform mixing and suspension, performing centrifugation on the container that contains 
the suspended material, removing the supernatant liquid generated in the container 

10 through the centrifugation, injecting the culture medium into the container to perform 

. mixing, and mixing the predetermined material and a cell suspension using another 

container having a predetermined shape. 
[0016] The predetermined material may be an enzyme or phosphate-buffered saline 

(PBS). 
15 [0017] The observing of the processed particle using the microscope may further 

include transferring the material included in the container having a predetermined shape 

to an auxiliary observation device before observing the processed particle through the 
microscope. The auxiliary observation device includes a microscopic chip (e.g., C-chip) 

for measuring a cell count. 
20 [0018] The transferring of the processed particle to a new container may further include 

dividing the culture medium into the new container before the transfer of the particle, 

and the material including the processed particle may be transferred to the new 

container into which the culture medium is divided. 
[0019] According to one or more exemplary embodiments, a non-transitory computer-

25 readable recording medium having recorded thereon a program for executing the 

method is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These and/or other aspects will become apparent and more readily appreciated 

30 from the following description of the exemplary embodiments, taken in conjunction with 

the accompanying drawings in which: 
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[0021] FIG. 1A is a block diagram of an automatic cell culture device according to an 

embodiment of the present disclosure; 

[0022] FIG. 1B is a block diagram of an automatic cell culture device according to 

another embodiment of the present disclosure; 

5 [0023] FIG. 1C is a cross-sectional view of a centrifugal separator according to an 

embodiment of the present disclosure; 

[0024] FIG. 2 shows an example of an automatic cell culture device according to an 

embodiment of the present disclosure; 

[0025] FIG. 3 is a plan view showing a work space of an automatic cell culture device 

10 according to an embodiment of the present disclosure; 
[0026] FIG. 4 is a flowchart showing an operating method of an automatic cell culture 

device according to an embodiment of the present disclosure; 

[0027] FIG. 5 is a flowchart showing an operating method of an automatic cell culture 

device based on a selected protocol according to an embodiment of the present 

15 disclosure; 
[0028] FIGS. 6A to 6C are flowcharts showing an operating method of an automatic cell 

culture device according to a selected protocol; 
[0029] FIG. 7 is a plan view of an automatic cell culture device from which a robot arm 

has been removed according to another embodiment of the present disclosure; 

20 [0030] FiG. 8 shows an example of a cooler according to an embodiment of the present 

disclosure; 

[0031] FIG. 9 shows an example of a heater according to an embodiment of the present 

disclosure; 

[0032] FIG. 10 shows an example of a work part according to an embodiment of the 

25 present disclosure; 

[0033] FIG. 11 shows an example of a grip part according to an embodiment of the 

present disclosure; 

[0034] FIG. 12 shows an example of a decapper according to an embodiment of-the 

present disclosure; 

30 [0035] FIG. 13 shows an example of a microscope according to an embodiment of the 

present disclosure; 
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[0036] FIG. 14 shows an example of an incubator and an incubator loader according to 

an embodiment of the present disclosure; and 

[0037] FIG. 15 shows (a) an example of an image acquisition unit and (b) an example of 

an acquired image screen according to an embodiment of the present disclosure. 

5 

DETAILED DESCRIPTION 

[0038] Hereinafter, embodiments of the present disclosure will be described in detail to 

be easily embodied by those of ordinary skill in the art with reference to the 

accompanying drawings. The exemplary embodiments may, however, be embodied in 

10 many different forms and should not be construed as being limited to the embodiments 

set forth herein. In the accompanying drawings, portions irrelevant to a description of 

the exemplary embodiments will be omitted for clarity. Moreover, like reference 

numerals refer to like elements throughout. 
[0039] As used herein, the term "and/or" includes any and all combinations of one or 

15 more of the associated listed items. Expressions such as "at least one of," when 
preceding a list of elements, modify the entire list of elements and do not modify the 

individual elements of the list. 
[0040] Terms used herein will be briefly described, and the exemplary embodiments will 

be described in detail below. 

20 [0041] As the terms used herein, so far as possible, widely-used general terms are 

selected in consideration of functions in the present disclosure; however, these terms 

may vary depending on the intentions of those skilled in the art, the precedents, or the 

appearance of new technology. Also, if there is a term which is arbitrarily selected by 

the applicant in a specific case, in this case, a meaning of the term will be described in 

25 detail in a corresponding description portion of the exemplary embodiments. Therefore, 

the terms should be defined on the basis of the entire content of this specification 

instead of a simple name of each of the terms. 

[0042] Furthermore, when one part is referred to as "comprising (or including or having)" 

other elements, it should be understood that it can comprise (or include or have) only 

30 those elements, or other elements as well as those elements unless specifically 

described otherwise. Moreover, each of terms such as "unit" and "module" described in 
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the specification denotes an element for performing at least one function or operation, 

and may be implemented in hardware, software or the combination of hardware and 

software. In this disclosure below, when one part (or element, device, etc.) is referred 

to as being "connected" to another part (or element, device, etc.), it should be 

5 understood that the former can be "directly connected" to the latter, or "electrically 

connected" to the latter via an intervening part (or element, device, etc.). 

[0043] Hereinafter, embodiments of the present disclosure will be described in detail 

with reference to the accompanying drawings. 
[0044] FIG. 1A is a block diagram of an automatic cell culture device according to an 

10 embodiment of the present disclosure. 
[0045] An automatic cell culture device 1000 according to an embodiment of the present 

disclosure may include an incubator 100 configured to contain at least one container for 

culturing cells, a microscope 200 configured to observe a state of the cell in the 

container, a robot arm 300 configured to move the container, a liquid handler 400 

15 configured to introduce liquid into or discharge liquid from the container, and a control 

device 500 configured to control an operation of at least one of the incubator 100, the 

microscope 200, the robot arm 300, and the liquid handler 400. 
[0046] For example, there may be at least one container that contains a cell in the 

incubator 100 of the automatic ceil culture device 1000 according to an embodiment of 

20 the present disclosure. In other words, a ceil may be cultured in the incubator 100 for a 

predetermined time. For example, the predetermined time may be one day or one week, 

and a time for which the cell should be present in the incubator 100 according culture 

conditions of the eel! may be extended or shortened to two or three days. The container 

that contains a cell may be, for example, a 6-well plate, but is not limited thereto. The 

25 term "container" used herein may refer to a container that may contain at least one of a 

cell and a ceil suspension. 

[0047] According to an embodiment of the present disclosure, the microscope 200 may 

be an inverted microscope, and a lens may be automatically replaced with a new one. 

For example, the lens may be replaced with a lens having magnitude of x1.25, x4, x10, 

30 or x20 on the basis of a lens replacement signal applied from the control device 500. 
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The color, area, or size of a culture medium may be precisely and accurately observed 

using the microscope 200. In addition, a culture state of the cell may also be observed. 

[0048] The robot arm 300 according to an embodiment of the present disclosure may 

include a load unit disposed at one end and configured to grip various kinds of 

5 containers, and may be implemented in a multi-joint form that may be manipulated by at 

least one motor. Accordingly, the robot arm 300 may move forward, backward, left, and 

right or rotate while maintaining a horizontal or vertical state of the load unit. The 

above-described operation of the robot arm 300 may be controlled by the control device 

500. In addition, the robot arm 300 may be disposed at the center of the automatic cell 

10 culture device 1000 and used to move various kinds of containers or may be 

additionally disposed at one side and utilized to process a cell. 
[0049] The liquid handler 400 according to an embodiment of the present disclosure 

may transfer a container or a solution. The liquid may be introduced into or discharged 

from the container using a pipette that may be included in the liquid handler 400. In 

15 addition, the container may be held and moved using a grip part included in the liquid 

handler 400. 
[0050] The control device 500 according to an embodiment of the present disclosure 
may be a personal computer, a laptop, a tablet PC, a smartphone, a PDA, or a 

wearable device such as a smart watch. In other words, the control device 500 may 

20 denote a device that may transmit or receive data to or from another device in a wired 

or wireless manner. In addition, the control device 500 may include a display function 

and may provide a user with operation state information, cell information, etc. of the 

automatic cell culture device 1000 in real time. 
[0051] FIG. 1B is a block diagram of an automatic cell culture device according to 

25 another embodiment of the present disclosure. 
[0052] In addition, the automatic cell culture device 1000 according to another 

embodiment may further include a repository 600 configured to store a container to be 

moved by the robot arm 300 and a centrifugal separator 700 configured to separate a 

particle of a material included in the container using centrifugal force. 

30 [0053] The repository 600 according to an embodiment of the present disclosure may 

include at least one stand bracket that may temporarily or shortly store various kinds of 
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containers. In addition, the repository 600 may rotate on the basis of a signal applied 

from the control device 500. As described above, the robot arm 300 may transfer the 

various kinds of containers to the repository 600 and also extract the various kinds of 

containers from the repository 600 and reinsert the extracted containers into the 

5 incubator 100. That is, the robot arm 300 may freely change positions of the various 

kinds of containers. 

[0054] The centrifugal separator 700 according to an embodiment of the present 

disclosure is configured to separate a cell containd in the container (e.g., a C-tube), that 

is, separate a cell layer using centrifugal force. 

10 [0055] FIG. 1C is a cross-sectional view of a centrifugal separator according to an 

embodiment of the present disclosure. 

[0056] The centrifugal separator 700 according to an embodiment of the present 

disclosure may include a bucket 710 configured to contain a container, a high speed 

motor 720 configured to rotate the bucket 710 at high speed, a high speed rotator 730 

15 configured to receive rotational force from the high speed motor 720 and rotate the 

container, the high speed rotator 730 being a high speed rotation space in which at 

least one loads are included, an electromagnet clutch 740 configured to sense a 

rotational speed of the high speed motor 720 and stop the rotation of the bucket 710 

using an electromagnet when the rotational speed sufficiently decreases (e.g., 1 r/min, 

20 etc.), and a position control motor 750 configured to rotate the high speed motor 720 

and the electromagnet clutch 740 at low speed in an original rotation direction or an 

opposite direction to move the bucket 710 to a destination position of a user. The 

destination position of the user may be a position (e.g., a start position) at a time when 

the container is inserted into the bucket 710 before the centrifugation. The centrifugal 

25 separator 700 according to an embodiment of the present disclosure may measure the 

amount of solution to be centrifuged in the container using a camera and then 

automatically fill a container contained in a bucket, which is positioned opposite to the 

bucket accommodating the container that contains the solution to be centrifuged, with 

the same amount of water. Thus, a principle may be applied to stably maintain the 

30 center of gravity, which may be required upon the centrifugation. 
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[0057] FIG. 2 shows an example of an automatic cell culture device according to an 

embodiment of the present disclosure. 

[0058] FIG. 2 is merely a schematic diagram for description, and the automatic cell 

culture device 1000 according to an embodiment of the present disclosure may be 

5 implemented in various structures and forms. For example, the automatic cell culture 

device 1000 according to an embodiment of the present disclosure may include an 

incubator 100, a microscope 200, a robot arm 300, a liquid handler 400, and a control 

device 500. At least one of the incubator 100, the microscope 200, the robot arm 300, 

and the liquid handler 400 may be connected with and manipulated by the control 

10 device 500. in addition, the automatic cell culture device 1000 may further include a 

repository 600 and a centrifugal separator 700. The automatic cell culture device 1000 
has a work space (e.g., a dotted circle area in FIG. 2) for observing, measuring, or 

processing a cell, such as a first work part, a second work part, etc. This will be 

described below with reference to FIG. 3. 

15 [0059] FIG. 3 is a plan view showing a work space of an automatic cell culture device 

according to an embodiment of the present disclosure. 

[0060] A process of observing, measuring, or processing a cell may be performed in a 

work space of an automatic cell culture device 1000 according to an embodiment of the 

present disclosure. As shown in FIG. 3, at least one pipette storage 1 or 2, a C-tube 

20 storage 3, a buffer zone 4 or 14, and a loader 5 may be included in the work space. 

The loader 5 may move in a predetermined direction and at a predetermined angle. In 

addition, the automatic cell culture device 1000 may further include a waste storage 6, a 

first work part 7, a second work part 8, an image acquisition unit 9, and a culture 

medium container 10. For example, the image acquisition unit 9 may include at least 

25 one camera and at least one illuminator. The camera may acquire an image of a 

container including a cell and may determine a ceil layer or the like on the basis of a 

brightness level, a saturation level, a pixel value, etc. In other words, the camera may 

apply a general image processing technique to the acquired image to determine a 

boundary of the image, and may relatively accurately estimate the cell layer or the like 

30 according to the determined boundary. 
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[0061] In addition, the automatic eel! culture device 1000 may further include a first 

culture medium (material) storage 11, a second culture medium (material) storage 12, a 

T-flask work part 13, a decapper 16 or 17, a liquid handler 400, and a centrifugal 

separator 700. The T-flask work part 13 may more up or down a T-flask once or more 

5 times on the basis of a signal applied from the control device 500. in addition, the 
decapper may be a T-flask decapper 16 or a C-tuber decapper 17. The liquid handler 

400 may move forward or backward along a longitudinal axis road. In addition, the 

liquid handler 400 may move left or right along a transverse axis road. An operation of 

the automatic cell culture device 1000 according to an embodiment of the present 

10 disclosure will be described below with reference to FIGS. 4 to 6C. 
[0062] FIG. 4 is a flowchart showing an operating method of an automatic cell culture 

device according to an embodiment of the present disclosure. 

[0063] An operating method of an automatic cell culture device 1000 according to an 
embodiment of the present disclosure may include extracting at least one container that 

15 contains a cell cultured in an incubator 100 for a predetermined time from the incubator 

100 using a robot arm 300 (S100), observing a state of the cell in the extracted 

container using a microscope 200 (S200), selecting an operation protocol for the 

container on the basis of a result of the observation (S300), and driving the robot arm 

300 according to the selected operation protocol (S400). 

20 [0064] The cell may be cultured in the incubator 100 of the automatic cell culture device 

1000, for example, for three or four days according to an embodiment of the present 

disclosure. The container that contains the cultured cell may be moved from the 

incubator 100 to a work space in order to observe, measure, or process the cultured cell. 

The container that contains the cell cultured in the incubator 100 for a predetermined 

25 time (e.g., three to four days) may be extracted from the incubator 100 by the robot arm 

300 (S100). A state of the cell in the extracted container may be observed using the 

microscope 200 (S200). In other words, the state of the cell may be photographed 

through the microscope 200. The microscopic image of the cell acquired through the 

photographing may be transferred to the control device 500 and then displayed. A user 

30 may observe or analyze the microscopic image of the cell to select an operation 

protocol for the container that contains the cell (S300). In other words, an operation of 
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the automatic cell culture device 1000 may be controlled by the control device 500 

according to the operation protocol selected by the user (S400). According to the 

selected operation protocol, the robot arm 300 is driven to change the position of the 

container. While the position is being changed, various works (e.g., observation, 

5 measurement, or processing of the cultured cell) may be performed on the container. 

[0065] The operation protocol for the container according to an embodiment of the 

present disclosure may be at least one of a protocol for an operation of reinserting the 

container into the incubator 100, a protocol for an operation of injecting a culture 

medium into the container, and a protocol for an operation of performing sub-culturing 

10 using the container. 

[0066] FIG. 5 is a flowchart showing an operating method of an automatic cell culture 

device based on a selected protocol according to an embodiment of the present 

disclosure. 
[0067] As described above with reference to FIG. 4, an operating method of an 

15 automatic cell culture device 1000 according to an embodiment of the present 
disclosure may include extracting at least one container that contains a cell cultured in 

an incubator 100 for a predetermined time from the incubator 100 using a robot arm 300 

(S100), observing a state of the cell in the extracted container using a microscope 200 

(S200), selecting an operation protocol for the container on the basis of a result of the 

20 observation (S300), and driving the robot arm 300 according to the selected operation 

protocol (S400). In other words, when the first protocol is selected as shown in FIG. 5, 

the method may proceed to step A in association with the driving of the robot arm 300. 

In addition, the method may proceed to step B in association with the driving of the 

robot arm 300 when the second protocol is selected, and may proceed to step C in 

25 association with the driving of the robot arm 300 when the third protocol is selected. For 

example, the first protocol may be a protocol for an operation of reinserting the 

container into the incubator 100. In addition, the second protocol may be a protocol for 

an operation of injecting a culture medium into the container, and the third protocol may 

be a protocol for an operation of performing sub-culturing using the container. The 

30 above-described proceeding to steps A, B, and C will be described below with reference 

to FIGS. 6Ato6C. 
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[0068] FIGS. 6A to 6C are flowcharts showing an operating method of an automatic cell 

culture device according to a selected protocol. 

[0069] As shown in FIG. 6A, when the first protocol, which may be the protocol for the 

operation of reinserting the container into the incubator 100, is selected according to an 

5 embodiment of the present disclosure, the container may be reinserted into the 

incubator 100 by the robot arm 300 (S410). In other words, according to the selected 

operation protocol (e.g., the first protocol), the driving of the robot arm 300 (S400) may 

include reinserting the container into the incubator 100 (S410). 

[0070] As shown in FIG. 6B, when the second protocol, which may be the protocol for 

10 the operation of injecting the culture medium into the container, is selected according to 

an embodiment of the present disclosure, the driving of the robot arm 300 (S400) may 

include enabling the robot arm 300 to move the container extracted from the incubator 

100 or the repository 600 to a loader 5 (S420). In addition, the operating method of the 
automatic cell culture device 1000 may further include moving the container moved to 

15 the loader 5, to a first work part 7 using a grip part included in the liquid handler 400 

(S510), suctioning a culture medium provided in a culture medium storage using the 

liquid handler 400 and dividing the culture medium into the container positioned in the 

first work part 7 (S520), moving the container into which the culture medium is divided 

to the loader 5 using the grip part (S530), and reinserting the container moved to the 

20 loader 5 into the incubator 100 (S540). 
[0071] The robot arm 300 may move the container extracted from the incubator 100 or 

the repository 600 to the loader 5 on the basis of a signal applied from the control 

device 500. As described above, the container may be a cell container such as a 6-well 

plate. The container moved to the loader 5 may be moved to the first work part 7 by the 

25 grip part included in the liquid handler 400. When the 6-well plate moved to the loader 5 

has a cap, the cap of the 6-well plate may be opened. The culture medium provided in 

a second culture medium (material) storage 12 may be suctioned using the liquid 

handler 400 and then be divided into the container positioned in the first work part 7. 

After the culture medium is divided, the cap of the 6-well plate may be closed. The 

30 container into which the culture medium is divided may be moved to the loader 5 by the 

grip part. The container moved to the loader 5 may be reinserted into the incubator 100. 
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[0072] In addition, as shown in FIG. 6C, when the third protocol, which may be the 

protocol for the sub-culturing operation using the container, is selected according to an 

embodiment of the present disclosure, the driving of the robot arm 300 (S400) may 

include enabling the robot arm 300 to move the container extracted from the incubator 

5 100 or the repository 600 to the loader 5 (S430). In addition, the operating method of 

the automatic cell culture device 1000 may further include moving the container moved 

to the loader 5, to the first work part 7 using the grip part included in the liquid handler 

400 (S610), transferring a material included in the container moved to the first work part 

7, to a container having a predetermined shape positioned in a second work part 8 

10 (S620), moving the container having a predetermined shape to the centrifugal separator 

700 to perform centrifugation on the container having a predetermined shape (S630), 

processing a particle separated through the centrifugation (S640), observing the 

processed particle using the microscope 200 (S650), transferring the processed particle 
to a new container (S660), and reinserting the new container into the incubator 100. 

15 [0073] FIG. 7 is a plan view of an automatic cell culture device from which a robot arm 
has been removed according to another embodiment of the present disclosure. FIG. 8 

shows an example of a cooler according to an embodiment of the present disclosure. 
FIG. 9 shows an example of a heater according to an embodiment of the present 

disclosure. !n addition, FIG. 10 shows an example of a work part according to an 

20 embodiment of the present disclosure. FIG. 11 shows an example of a grip part 

according to an embodiment of the present disclosure. FIG. 12 shows an example of a 

decapper according to an embodiment of the present disclosure. FIG. 13 shows an 

example of a microscope according to an embodiment of the present disclosure. FIG. 

14 shows an example of an incubator and a loader of the incubator according to an 

25 embodiment of the present disclosure. For reference, FIGS. 8 to 10A and 10B are 

views having different viewpoints. 

[0074] Referring to FIG. 7, the robot arm 300 may have been removed from an 

automatic cell culture device 2000 according to another embodiment of the present 

disclosure. Since the robot arm 300 has been removed, the automatic cell culture 

30 device 2000 may be further reduced in size, compared to the above-described 

automatic cell culture device 1000. However, a grip part 410 may replace a role of the 
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robot arm 300 that is removable. Accordingly, although the robot arm 300 is removed, a 

function similar to that of the automatic cell culture device 1000 may be reliably 

performed by the grip part 410, etc. 

[0075] As shown in FIG. 7, the automatic cell culture device 2000 may include a waste 

5 storage 6, an image acquisition unit 9, a decapper 16, a 6-well container cover deck 32, 

a work part 30, an enzyme tube deck 40, a heater 50, a microscope 60, a cooler 70, an 

incubator 100, an incubator loader 110, a grip part 410, a repository 600, a centrifugal 

separator 700, etc. The automatic cell culture device 2000 may be connected with a 

control device 500 by wire or wirelessly. 

10 [0076] Referring to FIG. 8, the cooler 70 according to an embodiment of the present 

disclosure includes a Peltier device, a heat sink, and a cooling fan. The temperature in 

the cooler 70 may be maintained at a certain level through a sliding door. In other 
words, the cooler 70 may provide a cooling function for maintaining the temperature of a 

culture medium or PBS solution in the container 10 at approximately 4°C. The 

15 temperature may be adjusted, for example, by supplying an electric current to the 

Peltier device. In addition, referring to FIG. 9, the culture medium or PBS solution 
cooled by the cooler 70 may also be heated by the heater 50 including an electric 

heater and a temperature sensor. For example, the culture medium or PBS solution 

may be heated up to approximately 37°C by the heater 50. 

20 [0077] Referring to FIG. 10, at least one of rotating, shaking, and tilting of the 

transferred container 10 may be performed in the work part 30. In other words, various 

movements may be performed on the 6-well container, 75 T-Flask, etc. In order to 

reliably fix the container 10, at least one vacuum pad may be mounted on a portion in 

which the work part 30 and the container 10 are in contact with each other. As shown in 

25 FIG. 10, there may be a rotating shaft for rotating the container 10 at the top of the work 

part 30, and there may also be a tilting shaft for tilting the container 10 at the middle 

thereof. 
[0078] Referring to FIG. 11, the grip part 410 may be a motor grip part that may grip and 

transfer the container 10 such as 6-well plate, T-Flask, C-tube, etc. In addition, the grip 

30 part 410 may be a vacuum grip part equipped with a vacuum pad at one end, as shown 

15 



in FIG. 11. The vacuum grip part may transfer a cap of the 6-well plate using the 

vacuum pad, etc. 

[0079] Referring to FIG. 12, the decapper 16 may function to open or close caps of the 

C-Tube and the T-Flask a cover. For example, after the container 10 is fixed to a 

5 container fixing part, the decapper 16 moves a position for opening the cap. After a cap 
fixing part moves down, the decapper 16 rotates in a direction in which the cap is 

opened in order to open the cap of the container 10. In addition, similarly, after the 

container 10 is fixed to the container fixing part, the decapper 16 moves a position for 

closing the cap. After the cap fixing part moves down, the decapper 16 rotates in a 

10 direction in which the cap is closed in order to close the cap of the container 10. A state 

in which the cap is opened or closed may be checked in real time using a cap detection 

sensor included in the decapper 16. 

[0080] As shown in FIG. 13, the automatic cell culture device 2000 may include the 
microscope 60 for observing a cell culture state. The microscope 60 may acquire 

15 images while moving the container up, down, left, or right using a container loader 

provided inside the microscope 60. In addition, the microscope 60 may change a lens 

magnification of the microscope 60 using a motor turret. 

[0081] Referring to FIG. 14, the automatic cell culture device 2000 may include an 

incubator 100 and an incubator loader 110 for carrying the container 10 to or out of the 

20 incubator 100. The incubator loader 110 may be used to carry the container 10 that 

may be introduced or discharged through a door of the incubator 100. In other words, 

when the door of the incubator 100 is opened, and the container 10 positioned over the 

incubator loader 110 enters the incubator 100, the container loader may receive the 

container 100 and then position the container 10 in a plate hotel. The plate hotel may 

25 be rotated using a motor mounted at the center of the bottom. 

[0082] FIG. 15 shows (a) an example of an image acquisition unit and (b) an example of 

an acquired image screen according to an embodiment of the present disclosure. 

[0083] According to an embodiment of the present disclosure, a liquid level detection 

(vLLD) function may be performed using the image acquisition unit 9 including a vision 

30 camera. According to an embodiment of the present disclosure, after centrifugation, a 

position of a cell pellet may be detected on the basis of an acquired image, and the 
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remaining solution other than the cell pellet may be suctioned and then discharged. In 

other words, the centrifuged solution or the like may be photographed using the image 

acquisition unit 9, and the position of the cell pellet may be identified from the 

photographed image. Accordingly, a user may accurately extract an extraction target. 

5 [0084] According to an embodiment of the present disclosure, the container having a 

predetermined shape may be a tubular container having a stopper, for example, an 

eppendorf tube (E-tube) or a centrifuge tube (C-tube). in S620, the material (e.g., a cell, 

a cell suspension, etc.) included in the 6-well plate cell container may be transferred to 

the container having a predetermined shape (e.g., a C-tube) positioned in the second 

10 work part 8. 
[0085] When the robot arm 300 moves the 6-well plate cell container to the loader 5, the 

liquid handler 400 may move the cell container of the loader 5 to the first work part 7. In 

addition, the liquid handler 400 may move the C-tube of the C-tube storage 3 to the 
decapper 17 and may allow the decapper 17 to open the cap of the C-tube. The C-tube 

15 having the opened cap may be moved to the second work part 8 by the liquid handler 
400. The cap of the 6-well plate cell container moved to the first work part 7 may be 

opened by the liquid handler 400. The first work part may be tilted, and the cell 

suspension in the tilted 6-well plate cell container may be transferred to the C-tube of 

the second work part 8 by the liquid handler 400. After the cell suspension is 

20 transferred, the cap of the 6-well plate cell container may be closed by the liquid handler 

400. 
[0086] The transferring of the material that is included in the container moved to the first 

work part 7 to the container having a predetermined shape positioned in the second 

work part 8 (S620) may further include dividing a certain solution into the container 

25 moved to the first work part 7, shaking the container to transfer a mixed liquid, and then 

transferring a mixed liquid to the container of a predetermined shape (e.g., the C-tube). 

And then, a supernatant liquid that is generated in the container through the 

centrifugation may be removed. After a predetermined material is injected into the C-

tube and mixed, a user may wait for a predetermined time. The predetermined material 

30 may be an enzyme, etc., and the predetermined time is three minutes. However, the 

present disclosure is not limited thereto. 
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[0087] In addition, the liquid handler 400 may suction a phosphate-buffered saline (PBS) 

solution from the second culture medium (material) storage 12 and may divid the PBS 

solution into the 6-well plate cell container of the first work part 7. Since the first work 

part 7 may be tilted as described above, a shaking process may be performed by the 

5 first work part 7 moving while being repeatedly tilted. The liquid handler 400 may 

suction the PBS solution from the 6-well plate cell container of the first work part 7 and 

may divid the PBS solution into the C-tube provided in the second work part 8. 

[0088] The processing of the particle separated through the centrifugation according to 

an embodiment of the present disclosure (S640) may include removing a supernatant 

10 liquid that is generated in the container through the centrifugation, injecting a 

predetermined material into the container having a predetermined shape to perform 

mixing and suspension, performing the centrifugation on the container that contains the 

suspended material, removing the supernatant liquid that is generated in the container 
through the centrifugation, injecting the culture medium into the container to perform 

15 mixing, and mixing the predetermined material with the cell suspension using another 
container having a predetermined shape. 

[0089] In addition, the predetermined material may be an enzyme or phosphate-buffered 

saline (PBS). 
[0090] According to an embodiment of the present disclosure, the suspension may be 

20 performed after a predetermined material (e.g., PBS) is added to the C-tube. In addition, 

the C-tube that contains the suspended material may be moved to the centrifugal 

separator 700, and the centrifugation may be performed on the C-tube. The mixing may 

be performed by removing the supernatant liquid that is generated in the container (e.g., 

C-tube) through the centrifugation and injecting the culture medium to the container. 

25 [0091] As described above, the liquid handler 400 may move the C-tube having the 

supernatant liquid removed therefrom to the second work part 8. In addition, the liquid 

handler 400 may suction an enzyme from the second culture medium (material) storage 

12, divid the enzyme into the C-tube of the second work part 8, and repeatedly perform 

suctioning and discharging from the C-tube to perform mixing. After the mixing, a user 

30 may wait for a predetermined time. 
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[0092] In addition, the liquid handler 400 may suction a PBS solution of the second 

culture medium (material) storage 12 and discharge the PBS solution into the C-tube 

provided in the second work part 8. The liquid handler 400 may repeatedly perform 

suction from and discharge to the C-tube provided in the second work part 8 to perform 

5 suspension. The C-tube accommodating the suspended material may be moved from 

the second work part 8 to the decapper 17 by the liquid handler 400, and the cap of the 

C-tube may be closed by the decapper 17. 
[0093] The C-tube having the closed cap may be moved to the centrifugal separator 700 

and then centrifuged. The supernatant liquid that is generated in the container (e.g., C-

10 tube) through the centrifugation may be removed by the liquid handler 400. 

[0094] The container (e.g., C-tube) that is centrifuged to have the supernatant liquid 

removed therefrom may be moved to the second work part 8 by the liquid handler 400. 

The liquid handler 400 may suction a culture medium from the second culture medium 
(material) storage 12 and divid the culture medium into the C-tube moved to the second 

15 work part 8. In addition, the liquid handler 400 may perform suction and discharging 

from the C-tube to perform mixing. 
[0095] The liquid handler 400 may divid the PBS to the E-tube provided in the second 

work part 8. In addition, the liquid handler 400 may suction a cell suspension from the 

C-tube provided in the second work part 8 and divid the cell suspension into the E-tube. 

20 The mixing may be performed by repeating suction and discharging from the C-tube. 

[0096] The observing of the processed particle using the microscope 200 according to 

an embodiment of the present disclosure may further include transferring the material 

included in the container having a predetermined shape to an auxiliary observation 

device before observing the processed particle through the microscope 200. The 

25 auxiliary observation device may include a microscopic chip (e.g., C-chip). 
[0097] For example, the liquid handler 400 may suction trypan blue and divid the trypan 

blue to the auxiliary observation device (e.g., C-chip) positioned in the first work part 7. 

In addition, the liquid handler 400 may suction the cell suspension from the C-tube of 

the second work part 8, divid the cell suspension into the C-chip, and repeat suction and 

30 discharging from the C-chip to perform mixing. In addition, the liquid handler 400 may 

transfer a mixed liquid to another C-chip. Subsequently, the liquid handler 400 may 
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move the C-chip to the loader 5. The C-chip moved to the loader 5 may be moved to 

the microscope 200 by the robot arm 300, and a state of the cell may be observed 

through the microscope 200. In other words, the control device 500 may perform cell 

counting by analyzing a microscopic image of a cell acquired through the microscope 

5 200. 
[0098] The transferring of the processed particle to a new container according to an 

embodiment of the present disclosure (S600) may further include dividing the culture 

medium into the new container before the transfer of the particle. The material including 

the processed particle may be transferred to the new container into which the culture 

10 medium is divided. 

[0099] The robot arm 300 may move the new container (e.g., a 6-well plate) that is 

stored in the repository 600 to the loader 5. The new container moved to the loader 5 

may be moved to the first work part 7 by the liquid handler 400. In addition, the cap of 
the new container may be opened. The liquid handler 400 may divid the culture 

15 medium of the second culture medium (material) storage 12 into the new container 

positioned in the first work part 7. 

[00100] In addition, the liquid handler 400 may suction a cell suspension from the 

C-tube of the second work part 8 and divid the cell suspension into the new container of 

the first work part 7. Subsequently, the cap of the new container may be closed. 

20 [00101] The liquid handler 400 may move the new container of the first work part 7 

to the loader 5. The robot arm 300 may reinsert the new container of the loader 5 into 

the incubator 100. 
[00102] The above-described device (e.g., the automatic cell culture device) may 

be applied to the method according to an embodiment of the present disclosure. 

25 Accordingly, repetitive description on the above-described device will be omitted in 

association with the method. 

[00103] An embodiment of the present disclosure may be implemented as a 

recording medium including computer-executable instructions such as computer-

executable program module. A computer-readable medium may be any usable medium 

30 accessible by a computer and may include volatile and non-volatile media and discrete 

and integrated media. Also, the computer-readable medium may include both a 
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computer storage medium and a communication medium. The computer storage 

medium includes the volatile and non-volatile media and the discrete and integrated 

media, which are implemented in any method or technique for storing information such 

as a computer readable instruction, data structure, program module, or other data. The 

5 communication module typically includes the computer readable instruction, data 

structure, program module, or other data and transmission mechanism of a modulated 

data signal such as a carrier and further includes any information transmission medium. 

[00104] As described above, according to the one or more of the above exemplary 

embodiments, it is possible to systematically culture a cell by applying a certain culture 

10 protocol using the automatic cell culture device, thereby minimizing a deviation between 

experimenters. 
[00105] It is also possible to safely culture a cell by minimizing experimental 

infection or tumor cell contact that may occur when a tumor cell is cultured. 
[00106] In addition, by using the automatic cell culture device according to an 

15 embodiment of the present disclosure, it is possible to stably and precisely culture a cell, 

separate a cell (e.g., through the centrifugation, etc.), or process a cell (e.g., add an 

enzyme, perform pipetting, add a culture medium, etc.). 

[00107] Furthermore, by using the automatic cell culture device according to an 

embodiment of the present disclosure, it is possible to quickly and efficiently dividing a 

20 trypan blue solution, which is used to check the ratio of dead cells to live cells, into cells 

and check the cells (e.g., counting, etc.). 

[00108] The above description is merely illustrative, and it will be understood by 

those skilled in the art that various changes in form and details may be made therein 

without departing from the spirit and scope of the present disclosure as defined by the 

25 appended claims. The above embodiments are accordingly to be regarded as 

illustrative rather than restrictive. For example, while a single element may be 

distributed and then carried out, distributed elements may be carried out in a 

combination thereof. 

[00109] Therefore, the scope of the present disclosure is defined not by the 

30 detailed description but by the appended claims, and all changes or modifications within 
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the appended claims and their equivalents will be construed as being included in the 

scope of the present disclosure. 
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WHAT IS CLAIMED IS: 

1. An automatic cell culture device comprising: 

an incubator configured to contain at least one container for culturing cells; 

a microscope configured to observe a state of the cell in the container; 

a robot arm configured to move the container; 

a liquid handler configured to suction liquid from the container; and 

a control device configured to control an operation of at least one of the incubator, 

the microscope, the robot arm, and the liquid handler. 

2. The automatic cell culture device of claim 1, further comprising: 

a repository configured to store the container to be moved by the robot arm; and 

a centrifugal separator configured to separate a particle of a material included in 

the container using centrifugal force. 

3. An operating method of an automatic cell culture device, the operating method 

comprising: 
extracting at least one container that contains a ceil cultured in an incubator for a 

predetermined time from the incubator using a robot arm; 

observing a state of the cell in the extracted container using a microscope; 

selecting an operation protocol for the container based on a result of the 

observation; and 

driving the robot arm according to the selected operation protocol. 

4. The operating method of claim 3, wherein the operation protocol for the container 

is at least one of a protocol for an operation of reinserting the container into the 

incubator, a protocol for an operation of injecting a culture medium into the container, 

and a protocol for an operation of performing sub-cuituring using the container. 

5. The operating method of claim 4, wherein, 
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when the protocol for an operation of injecting the cultural medium into the 

container is selected, the driving of the robot arm comprises enabling the robot arm to 

move the container extracted from the incubator or the repository to a loader, and 

the operating method further comprises: 

5 moving the container moved to the loader to a first work part using a grip part 

included in the liquid handler; 

suctioning a culture medium provided in a culture medium storage using the 

liquid handler and dividing the sucked culture medium into the container positioned in 

the first work part; 

10 moving the container into which the culture medium is divided to the loader using 

the grip part; and 

reinserting the container moved to the loader into the incubator. 

6. The operating method of claim 4, wherein, 

15 when the protocol for an operation of performing sub-culturing using the 

container is selected, the driving of the robot arm comprises enabling the robot arm to 

move the container extracted from the incubator or the repository to a loader, and 

the operating method further comprises: 
moving the container moved to the loader to the first work part using the grip part 

20 included in the liquid handler; 

transferring a material included in the container moved to the first work part to a 

container having a predetermined shape positioned in a second work part; 

moving the container having a predetermined shape to the centrifugal separator 

to perform centrifugation on the container; 

25 processing a particle separated through the centrifugation; 

observing the processed particle using the microscope; 

transferring the processed particle to a new container; and 

reinserting the new container into the incubator. 

30 7. The operating method of claim 6, wherein, 
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the container having a predetermined shape is a tubular container having a 

stopper, and 
the transferring of a material included in the container moved to the first work part 

to a container having a predetermined shape positioned in the second work part further 

5 comprises transferring a mixed liquid acquired by dividing a predetermined solution into 

the container moved to the first work part and shaking the container to the container 

having a predetermined shape. 

8. The operating method of claim 6, wherein the processing of a particle separated 

10 through the centrifugation comprises: 
removing a supernatant liquid generated in the container through the 

centrifugation; 
injecting a predetermined material into the container having a predetermined 

shape to perform mixing and suspension; 

15 performing centrifugation on the container that contains the suspended material; 
removing the supernatant liquid generated in the container through the 

centrifugation; 
injecting the culture medium into the container to perform mixing; and 

mixing the predetermined material and a cell suspension using another container 

20 having a predetermined shape. 

9. The operating method of claim 8, wherein the predetermine material is an 

enzyme or a phosphate-buffered saline (PBS). 

25 10. The operating method of claim 6, wherein, 

the observing of the processed particle using the microscope further comprises 

transferring the material included in the container having a predetermined shape to an 

auxiliary observation device before observing the processed particle through the 

microscope, and 

30 the auxiliary observation device comprises a microscopic chip. 
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11. The operating method of claim 6, wherein, 

the transferring of the processed particle to a new container further comprises 

dividing the culture medium into the new container before the transfer of the particle, 

and 

the material including the processed particle is transferred to the new container 

into which the culture medium is divided. 

12. A non-transitory computer-readable recording medium having recorded thereon a 

program for performing the method of any one of claims 3 to 11. 

13. An automatic cell culture device comprising: 

an incubator configured to contain at least one container for culturing ceils; 

a grip part configured to transfer the container; 

a work part configured to perform at least one of rotating, shaking, and tilting of 

the transferred container; and 

a control device configured to control an operation of at least one of the incubator, 

the grip part, and the work part. 
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