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Abstract—   

This investigation purpose a unique Dynamic Bio-Information Image 

Recognition System (DBIRS) built for the real-time monitoring of 

cancer cell apoptosis produced by available medical therapy. Utilizing 

advances in microscopy, AI-based image recognition, and parallel 

computing across distributed edge devices, the proposed system 

dramatically boosts the precision and efficiency of cellular 

investigation. By deploying numerous AI modules adapted to distinct 

cellular states, the system provides automatic, high-accuracy 

recognition of morphological changes in cancer cells, hence 

minimizing the need on manual procedures. This technique offers 

remote monitoring and fast data processing via cloud integration, 

permitting continuous observation and timely intervention. The 

system's efficiency is proven through trials on K-562 cells, where it 

attained a recognition accuracy of 97.41%. These outcomes underline 

the potential of the proposed method to refine cytotoxicity assays, 

delivering a strong tool for increasing the efficacy and safety of 

immune cell treatments in clinical and research settings.  
Keywords— Image Recognition, Artificial Intelligence, Cellular 

Analysis, Cancel Cell  

I. INTRODUCTION 

Bio-information is the hot research topic recently. 

Based on the improvement of the image resolution, 

microscope hardware, and computing resources, etc., 

more data obtaining, analysis, and management is 

possible. To observe the cell status, find the related 

data of cell, etc., could be easier than before. Based 

on the interdisciplinary integration of knowledge and 

systems, more contributions can be done to the 

medical treatment or biological experiment 

observation. 

The emerging cancer treatment therapy-immune 

cell therapy has been developed and proposed. 

Natural killer cell (NK) therapy is a relevant topic 

discussed for cancer treatment [1] . NK cell therapy 

or treatment first draws the patient's blood. Then, the 

laboratory or system separates and purifies the NK 

cells. Through cell culture technology and the 

addition of specific cytokines, after about 14 days, 

NK cells are possibly proliferated and activated in 

large quantities. Finally, the grown and activated NK 

cells are injected back into the original patient's body 

to begin killing cancer cells. Therefore, immune cell 

therapy must pay special attention to the cell quality 

and safety control. It means that the cell survival rate 

would be a very important indicator in immune cell 

therapy or cell cytotoxicity experiments. Now the 

NK cell cytotoxicity assay was done by flow 

cytometry [2] , but this assay was measured after four 

hours culturing, collecting, staining, and flow 

cytometry analysing. For improving the analysing 

efficiency, strategies such as label free, real time 

analysing, and AI management are eagerly needed in 

this assay. By continuously observing the real-time 

morphological changes of cells at different times 

through a microscope, images of cell survival and 

cell death can be found. However, it causes the need 

of long time and manual operation. 

Since the physical computing resource is 

improved, to integrate the artificial intelligence 

about image recognition would be the possible 

solution for automatic cell observation. First, the AI 

image recognition algorithm is more convenient and 

faster than traditional manual analysis methods. 

Second, it is not affected by the operating 

environment, operators, and analytical instruments 

or equipment.  

However, different status of the cells would be 

possible. Training the corresponding AI modules for 

enhance the recognition accuracy of cell various 

statuses is required. Considering the possible status 

of various cell characteristics such as the changing of 
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size, shape, color, etc., to independently and 

individually identify and recognise the various status 

of cells would be the possible solution for AI module 

training.  

To individually train the AI module for image 

recognition, dividing the training missions or data 

into multiple computing devices could be the 

solution [3, 4].  

In this research, the Dynamic Bio-Information 

Image Recognition of Cancel Cell Death based on 

Parallel Multiple Artificial Intelligence Modules is 

proposed for the images or streaming recognition of 

the Cancel Cell Death caused by the NK cell. Based 

on the remote devices and program, the laboratory 

observers needn’t to spend whole time inside the 

laboratory[5] . The remote device could upload or 

streaming the image data to the cloud platform for 

the AI progressing. The contributions of the 

proposed system are: 

1. The remote device such as microscope can 

upload the current cell image immediately for 

the further AI progressing. Time delay and 

manual operation can be reduced. 

2. Based on the trained AI modules, the 

corresponding cells in the image can be 

recognized. It means that the counting and 

evaluation of the current cells can be done. The 

basic rule for recognition between different 

images could be the same. Experimental 

measurements are consistent 

3. Recognition module of various cells could be 

individually progressed. The AI workload can 

be distributed into multiple edge computing 

devices. 

4. Based on the multiple trained AI modules, no 

additional detection reagents in treatment or 

laboratory are required. The proposed system 

can reduce the cytotoxicity interpretation time. 

II. RELATED WORKS 

In the process of killing cancer cells, first, the NK 

cells approach the cancer cells. NK natural killer 

cells secrete perforin, which forms holes/pores in the 

cell membrane of cancer cells. Then, the NK natural 

killer cells secrete a protease from the pores, causing 

the cancer cells to dissolve and shrink. Finally, the 

NK natural killer cell could cause cancer cells 

death[6] .  

To understand the cytotoxicity ability and quality 

of the cells, the cell survival rate about the ratio of 

the cell survived and died can be used. The methods 

for evaluating the cell survival rate including using 

trypan blue, MTT, CCK-8 or flow cytometry were 

proposed. However, these methods are time-

consuming and human resource. MTT takes 4 to 6 

hours for the reagents to react. The pre-processing of 

collecting cells before analysis by flow cytometer 

takes more than one hour. Moreover, adding 

additional reagents for testing may cause additional 

cytotoxicity and cell death. As a result, the 

immediate cell survival rate cannot be accurately 

displayed. Validation of three feasible trypan blue 

cell counting methods (manual, semi-automatic and 

automatic) is mainly discussed [7, 8] Manual cell 

counting requires the use of a hemocytometer under 

a microscope and counting with the eye. This method 

is time-consuming and subject to variability due to 

the operator's level of expertise. Semi-automated 

method, such as the Countess system, introduces 

some automated steps into the counting process. 

However, some steps still require manual operations, 

such as sample preparation and loading. Automated 

methods, such as Vi-CELL XR, utilize advanced 

imaging technology and software to automate the 

entire cell counting process. It provides more 

consistent and reliable results than manual and semi-

automated methods. Since the original data would be 

the images from the microscope, adopting the AI 

application for the cell recognition and counting 

would be the solution of automated methods with 

consistent and reliable results. 

However, to progress the A.I. applications such as 

image recognitions, data training, etc., computing 

resources are required. Instead of deploying the main 

server with huge computing resource, parallel 

progressing and distributed edge device system 

based on the modular AI computing jobs was 

proposed[3] First, the objects for recognition should 

be labelled and segmented. By collecting huge data 

of the labelled objects, the training for object 

recognition can be achieved [9, 10]. 

After training, the module or characteristics of the 

labelled object can be found.  

Recently, YOLO algorithm is generally used in 

various object recognition systems [3, 5, 9, 11-13]. 

Based on YOLO algorithm, the objects included in 
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the image or photos can be recognized according to 

the pre-trained module. For example, the music 

instrument can be detected based on the trained 

spectrum[11] . By collecting the image of the object 

and YOLO algorithm training, the under the water 

object can be recognized[12] . Considering the color 

of objects from the background, the recognition 

based on YOLO algorithm could still work [13] 

After recognition, the found objects could be 

represented as the text plain content with the 

coordinate position information. It means that to give 

the description of the image such as the total amount 

of the recognized object, the size or area of the object 

segmentation, the color or brightness of the object, 

etc., becomes more possible after object recognition. 

III. PROPOSED SYSTEM 

In this research, using a microscope to 

continuously observe the immediate morphological 

changes of cells at different times, we can find out 

the correlation between cell survival and cell death 

for image identification.  

In experiments simulating NK cells attacking K-

562 blood cancer cells, the industry usually uses T 

drugs as a positive control group. Through testing 

under the positive control group experimental 

conditions in the natural killer cytotoxicity test, we 

can observe the status of K-562 cells which are 

treated by T drugs. K-562 cells will sequentially 

show enlargement, cell membrane rupture and 

shrinkage. Through the long-time observation and 

photo taking, each phase or status of cells are marked 

and selected to establish an AI image recognition 

algorithm database.  These various images of 

marked and selected cells are used to train the AI 

image recognition algorithm. 

Since the K-562 cells will sequentially show 

enlargement, cell membrane rupture and shrinkage, 

to divide the images into several corresponding 

groups is important. In order to summarize the 

changes in cells, we divided the obtained cell photos 

into three groups: initial group, transition group, and 

evaluation group. Multiple single-cell images of 

each group could be used as the training data for the 

AI module. 

Considering the training time and the required 

computing resource, we would train the AI modules 

corresponding to three groups individually. In other 

words, we will build three independent AI modules 

for cell recognition. However, since the K-562 cells 

will sequentially change, some cells in the same 

image would be recognized as one group instead of 

another. It means that cells of different groups would 

be all in the same photo. Therefore, to parallel 

progress the AI recognition for the cells of different 

groups is needed since there are three independent 

AI modules. 

For parallel progressing of the AI recognition, the 

proposed system delivers the same input image to 

three independent edge computing devices. Based on 

the YOLO algorithm and system environment, the 

image recognition process can be packaged into the 

Docker container for rapid deployment [14]. 

Following figure presents the structure of the 

proposed system. The remote microscope as the 

Internet of Things (IoT) device provides the image 

or streaming to the main server. The operator should 

on demand choose the corresponding trained AI 

modules for the cell recognition. Therefore, the main 

server would input the chosen multiple AI modules 

into individual Docker container [4] in advance. 

When receiving the recognition request such as the 

cell image, the main server would deliver this image 

file and container with chosen AI module to 

individual edge device for the recognition 

progressing. Hence, the cell recognition processes 

based on various and multiple AI modules could be 

parallel progressed by individual edge device with 

the GPU resource. The recognition results would be 

replied from the edge devices to the main server. 

 
Figure 1. The structure of the proposed system based on Parallel Multiple 

Artificial Intelligence Modules 
 

After receiving the responses from multiple edge 

devices, the recognition results should be merged 

into single recognition report. The recognition 

results include the information corresponding to 
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each recognized cell such as coordinate position, 

segmentation size, etc. Since the recognition results 

come from different AI modules for the cell 

recognition, without the doubt, some cells may be 

recognized by multiple AI modules. In other words, 

one cell in the same image would be recognized by 

multiple AI modules due to the similar probability.  

When merging all results from multiple edge 

devices, the repeated identification or recognition 

situations should be considered. If one cell is only 

recognized by only one type of pre-trained AI 

module, the type of the cell can be decided. IN 

opposition, if one cell is recognized by more than one 

pre-trained AI module, this specific cell would be 

marked as the “undetermined”. It means that the 

additional manual operation is needed. First, if there 

exists the undetermined cell, the proposed system 

could set the calculating function for the value of 

similar probability from different AI modules. If the 

differences between the values of similar probability 

is larger than the defined threshold value, the 

recognition type with higher similar probability 

would be the final output. Otherwise, the system user 

should decide the correct recognition of this cell. 

Second, this manually recognized cell image would 

be added into the training data of the corresponding 

AI module. In other words, every time an 

undetermined cell found, the corresponding AI 

module should be trained again for enhance the 

recognition accuracy.  

IV. VERIFICATION RESULTS 

To verify the proposed system structure, the cell 

image recognition is deployed based on YOLO 

which is packaged in the Docker container.  

In the beginning, we culture the cell for the 

training data. The cell name used in the experiment 

is K-562 cell (BCRC-60007). The culture medium 

used in the experiment is RPMI-1640. IoT device as 

experimental equipment and instruments is the 

networked digital inverted fluorescence microscope. 

T drug concentrations are 0.1% (positive control 

group) and 0% (negative control group) respectively. 

K-562 cell concentration is 2.75×105 cells/ml. Then, 

video recording can be done by inverted 

fluorescence microscope. Finally, we can obtain 

various images of the K-562 cell corresponding to 

different time and status.  

According to these images, we can start the AI 

module training and development as follows: 

1. Manually use labelimg application to label and 

segment normal living cells (find the length 

and width of normal living cells). Figure 2 

shows the labelling results done by the 

professional researcher. Only the cell satisfies 

the conditions of specific status could be 

labelled. 

 
Figure 2. The labelling result of the K-562 cell corresponding to specific 

status in labelimg application 
 

2. Give the data of labelled cell to AI module 

container for learning. Since there would be 

different labels corresponding to the status of 

cell, the AI training related to each label would 

be individual and independent on edge device. 

Figure 3 presents the text data corresponding 

to each labelled cell in the image. 

 
Figure 3. The text data corresponding to each labelled cell 
 

3. The AI modules corresponding to status of cell 

are developed independently. However, the overlap 

of different cell recognition results due to the size or 

shape of the cell would happen.  

4. When receiving the new image, single image 

would be parallel delivered to multiple edge devices 
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with different AI modules. In this research, the edge 

devices could be the 4GB memory NVIDIA Jetson 

Nano embedded systems with 128-core NVIDIA 

Maxwell GPU. These Jetson Nano embedded system 

devices are used as the computing nodes for the AI 

image recognition progressing. Using Jetson Nano 

would be only 14% cost lower than a laptop. Hence, 

multiple AI modules would be possible for deployed 

and progressed on different Jetson Nano edge 

devices with lower cost. 

5. The recognition results received by the main 

server from the edge devices. The repeated 

recognition requires further manual operation.  

Finally, we can obtain the cell survival rate and 

calculate the drug killing ability. 

Figure 4 shows the recognition result in 

continuous observation of the K562 cell with T dug. 

The cell can keep moving and the proposed system 

can continuously recognize each cell individually 

with the high accuracy. Figure 4 (a) shows the cell 

image of the laboratory at beginning and (b) shows 

the dead cell which is not misidentified after 2 hours. 

The accuracy of cell recognition is 97.41% 

 

 

(a) 

 

(b) 
Figure 4. The observation data corresponding to K-562 cell (a) at beginning 

and (b) after 2 hours. 
 

V. CONCLUSION 

According to the proposed parallel multiple AI 

modules, the data corresponding to various status of 

the specific cell could be individually used for AI 

training and module development. The rarely 

repeated recognized cell could be manually 

identified and further trained for enhancing the 

recognition accuracy. 

The results of dynamic bio-Information image 

recognition can be used to evaluate and estimate the 

cancer cell poisoning status caused by medicine. 

Based on the analysis of the data, the accuracy of cell 

recognition can be 97.41%. 
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