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Abstract: Traditional Chinese medicine requires decoction and consumption, which is time-consuming and 

labor-intensive. Scientific Chinese medicine (SCM), on the other hand, uses concentrated granules that can be 

taken with hot water, making it widely welcomed. With the widespread adoption of SCM, the packaging 

technology has started to receive attention. Whether it is manpower allocation, operation time, or the 

uniformity and residue of the medicine powder, these factors can become bottlenecks in the process. A 

traditional SCM pharmacy machine is purely mechanically hardwired. This paper proposes SCMtalk, an 

Internet of Things (IoT)-based SCM mechanism designed to enhance the efficiency and accuracy of SCM 

medicine packets generation. We show how SCMtalk develops IoT hardware and software modules for 

medicine selection, mixing, dispensing, packaging, and cleaning. We also explain how the mechanical IoT 

hardware is integrated with the corresponding software module to become an individual IoT device. These IoT 

devices can be transparently replaced, allowing us to easily upgrade the individual components of the SCM 

packet generation through the IoT concept. Finally, we address quality control issues by leveraging IoT. One 

contribution of this paper is to introduce an interesting SCM application to IoT experts and to demonstrate 

how we collaborated with pharmacists and mechanical experts to use a powerful IoT platform to create a smart 

pharmacy. 

Keywords: internet of things; pharmacy actuator; pharmacy sensor; smart medicine; scientific 

Chinese medicine (SCM); traditional Chinese medicine (TCM)  

 

1. Introduction 

Traditional Chinese medicine (TCM) is the medical system that originated in ancient China, 

placing significant emphasis on individual differences and considering factors such as personal 

constitution and seasons. For the same illness, TCM may prescribe different treatment methods and 

medications for different individuals. KingNet National Internet Pharmacy [1] compares Chinese and 

Western medicine, stating that “TCM treats the root cause, while Western medicine treats the 

symptoms.” 

Chinese herbal medicine has long been an essential medium for disease treatment, prevention, 

and health maintenance for the Chinese people. Several studies [2,3] have compared the treatment 

approaches of TCM traumatology and Western rehabilitation medicine, elucidating the concept that 

“TCM excels in healing, while Western medicine excels in diagnosis.” In recent years, the global 

spread of the COVID-19 virus has severely impacted human health, leading to increased attention to 

the healing and immune-boosting functions of TCM.  

Chinese herbal medicine is defined according to TCM theory [4,5] and is used to diagnose, treat, 

alleviate, or prevent human diseases [6]. The materials for Chinese herbal remedies are sourced from 

the natural world, encompassing minerals, plants, and animal-derived raw materials, as well as 

processed products and herbal decoctions [7]. TCM traditionally involves the decoction of herbs to 

allow the elements within them to dissolve into water, creating a medicinal liquid. However, the 

decoction process is time-consuming, and carrying the medicinal liquid can be inconvenient. With 
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the gradual popularization of TCM treatment, traditional herbal decoctions are gradually being 

replaced by scientific Chinese medicine (SCM). In Chinese societies, SCM is not directly ground from 

raw herbs but is produced through the collection of herbal materials, decoction, and baking, 

significantly improving the efficiency of Chinese medicine consumption. 

In recent years, SCM has gained acceptance among consumers. Once patients obtain a 

prescription from a hospital or clinic, they visit a pharmacy to collect their SCM packets. In this paper 

the term “packet” represents a paper bag filled with medicine powder. Pharmacists measure out the 

prescribed amount of powdered medicine from various SCM bottles, mix them, and then package 

and seal them into multi-day doses, adhering to medical instructions. However, this process is 

typically manual, tedious, and error-prone. To resolve this issue, this paper proposes SCMtalk for 

smart SCM pharmacy, an Internet of Things (IoT)-based SCM mechanism designed to enhance the 

efficiency and accuracy of SCM medicine packet generation.  

This paper is organized as follows. We first describe the SCMtalk architecture based on IoT, then 

elaborate on the IoT software modules for medicine selection, mixing, dispensing, packaging, and 

cleaning, and explain how these software modules interact with the mechanical hardware. Finally, 

we address quality control and packaging speed issues, making significant contributions to these 

challenges by leveraging IoT.  

2. Related Work 

The typical medical visit process includes four steps: registration, physician consultation, 

prescription processing, and medication pickup. SCM diagnostic technology for physician 

consultation aligns with modern traditional Chinese medicine principles, emphasizing dataization 

and objectification. By employing image acquisition, spectral analysis, machine learning [8–11], and 

text-based prescription generation [12], SCM aims to quantify and standardize diagnostic methods, 

reducing human interference and enhancing traditional Chinese medicine through modern 

technology. A good example [13] explores the standardization and digitalization of nine traditional 

Chinese medicine constitutions, emphasizing tongue diagnosis and consultation. It introduces a 

tongue detection method and a questionnaire-based diagnosis system, demonstrating effectiveness 

through experimental results and practical application development. SCMtalk will follow 

approaches similar to the above studies to generate prescriptions for Chinese medicine. 

Due to the extensive variety of Chinese herbal medicines, effectively managing medications to 

avoid errors in dispensing and pickup is a crucial consideration. Concerning the medication pickup 

stage, a method was proposed [14] to improve the arrangement system of Chinese medicine jars, 

aiming to shorten the time pharmacists spend retrieving medications by adopting a more efficient 

canister arrangement. The study in [15] analyzes medication dispensing error records from various 

hospital pharmacy departments, identifying the similarity in medicine names as a primary factor 

contributing to dispensing errors. To enhance accuracy in dispensing, the authors in [16] suggested 

an integrated intelligent pharmacy management system capable of reading prescription information, 

scanning the two-dimensional barcode on the medicine canister to confirm alignment with the 

prescription, thus preventing errors. Although SCMtalk is a fully automated mechanism, barcodes, 

as demonstrated in [16], are still employed to prevent front-end drug misplacement issues, thereby 

avoiding errors, saving manpower, and reducing operation time. 

A medicine dispensing verification structure was introduced in [17] and a prescription display 

device, integrated into a Chinese medicine dispensing verification system. This system first enhances 

the barcode structure on medicine jars to include information such as product number, batch number, 

and expiration date. In addition to performing item checks and confirming dispensing quantities, it 

also controls the expiration date and batch number of medications, enhancing medication safety. 

When the system reads prescription information, it signals the corresponding medication cabinet to 

assist pharmacists in quickly identifying the storage compartment for the medication, preventing the 

occurrence of medication mix-ups. 

To cope with the increasing number of patient visits, Chinese hospitals, clinics, and pharmacies 

have begun using automatic medicine packaging machines [18]. These devices consist of two main 
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parts: dispensing and packaging. The dispensing area has multiple slots where pharmacists manually 

flatten the medicine powder in the slots before using a mechanism to transfer the powder into 

dispensing slots and convey it to the drop point. The packaging area features a medicine funnel that 

guides the powder into medication paper, which is then heat-sealed for packaging. Since the action 

of flattening the powder relies solely on the senses and experience of healthcare personnel, it often 

leads to uneven distribution of medication. Additionally, the dispensing mechanism has many gaps 

and blind spots that are challenging to clean, causing potential issues of residual medication and 

cross-contamination. 

The studies in [14–18] only implemented partial functions of SCMtalk for intelligent pharmacy 

and did not utilize the advanced IoT technologies. Specifically, the aforementioned medication 

dispensing and machines need to accommodate the back-and-forth movement of the dispensing 

mechanism, occupying at least twice the space of the dispensing mechanism alone, causing 

inconvenience for small clinics or pharmacies. To reduce space, the authors in [19] proposes a circular 

automated powder distribution machine that aims to evenly distribute powder while minimizing its 

size. A similar design [20], installs all the medicine powder boxes on a conveyor belt. After the 

pharmacist flattens the powder in the slot, it is directly poured into the powder box. The conveyor 

belt moves the powder box to a fixed dispensing point, facilitating the subsequent packaging process. 

The advantage of this design is that the dispensing mechanism does not need to move, helping reduce 

the size of the packaging machine. The downside of this approach is its heavy reliance on manual 

labor, which leads to the machine lacking the ability to communicate with the external environment. 

Furthermore, it cannot interface with other production stages to form a complete automated system. 

The application of a spiral mechanism in a Chinese medicine packaging machine was also 

discussed [20]. The device uses a discharge unit with a spiral part to extract medicine powder from a 

bucket above, and a weighing scale measures the weight of the bucket to determine the dispensing 

quantity. Since SCM contains a higher starch content and is prone to clumping when exposed to air, 

using a spiral mechanism to transport the powder often results in blockages and residue due to 

powder condensation within the mechanism, making it difficult to clean. Based on the above analysis, 

it is evident that the screw mechanism is not suitable for sticky SCM, making it even less suitable for 

developing a fully automated system.  

The studies in [14–20] exclusively concentrate on managing individual sections within the 

prescription of SCM. They do not comprehensively discuss how to enhance overall operational 

efficiency. Furthermore, these studies entirely overlook the advantages offered by IoT technology, 

leading to a waste of manpower and time that cannot be compared with the benefits brought by 

SCMtalk.  

3. SCMtalk: IoT-Based SCM Packet Generation  

Figure 1 illustrates the SCMtalk architecture, which comprises four major mechanisms: the 

powder selection mechanism (Figure 1 (1)-(7)), the mixing and cleaning mechanism (Figure 1 (8)-

(10)), the dispensing mechanism (Figure 1 (12)), and the packaging mechanism (Figure 1 (13)). The 

dispensing and packaging mechanisms and the SCMtalk server are installed in a cabinet, with 

dimensions approximately 53 cm (W) × 40 cm (L) × 120 cm (H). 
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Figure 1. The SCMtalk architecture. 

Through these mechanisms, the SCM powders are packaged into packets (Figure 1 (11)). The 

powder selection mechanism includes a cylindrical medicine jar with a built-in piston (Figure 1 (6)). 

Before use, the cylindrical medicine jar needs to be filled with pre-mixed medicine powder from the 

selection mechanism. 

The above four major mechanisms are considered as IoT devices managed by an IoT platform 

called IoTtalk [21], which is installed on the SCMtalk server in the dispensing and mixing cabinet. In 

addition to the on-site touch panel (Figure 1 (14)), SCMtalk also supports a remote control board that 

can be accessed from any mobile device with a web browser (Figure 1 (15); see also Figure 3). The 

browser has a video screen that allows the pharmacist to remotely monitor SCMtalk operations 

through a camera (Figure 1 (16)). 

The top screen of the dispensing and packaging machine (Figure 1 (14)) serves as a 

multifunctional control interface, capable of displaying the current operational status of SCMtalk. 

The middle loading port (Figure 1 (12)) is the entrance of the dispensing mechanism, where the robot 

arm (Figure 1 (8)) places medicine jar (Figure 1 (6)). Below it is a temperature display for operators to 

monitor the current temperature, though not shown in the figure. Beneath is the outlet for medicine 

packets (Figure 1 (13)), and upon completion of the automated process, the packets (Figure 1 (11)) 

can be retrieved from the lower outlet. Through the application of vertical packaging technology, the 

quantity of packets per prescription can reach up to 100, surpassing all other packaging machines on 

the market. Details of the dispensing and packaging mechanisms in the cabinet will be provided in 

Figure 4. 

SCMtalk provides a web-based graphical user interface (GUI; Figure 2 (1)) for configuring IoT 

devices, accessible and manipulable through the touch panel of SCMtalk (Figure 1 (14)) or the web 

browser of any mobile device. To be managed by SCMtalk, every IoT device is equipped with two 

software modules: the sensor and actuator application (SA) and the device application (DA). The SA 

implements the IoT functions of the device. For example, the control board SA incorporates various 

web-based functions, such as displaying the patient’s name (Figure 3 (1)), providing medication 

instructions (selection of medicine powder bottles; Figure 3 (2)), and indicating the number of 

medicine packets to be produced (Figure 3 (3)). The GUI also presents the status of SCMtalk 

operations, including the status itself (Figure 3 (4)), and other information not shown, such as 

medication package length and the current number of generated packages. The control board also 
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features a real-time video streaming view window (Figure 3 (5)), enabling the pharmacist to control 

zooming and the view angle of the camera (Figure 3 (6)). 

The DA serves as an interface for an IoT device to interact with the SCMtalk server. For each IoT 

device, the input data from the sensors/controls to be sent to the server is represented by small icons 

grouped under a device icon located on the left side of the GUI window. For instance, the inputs in 

Figure 3 (1)-(3) are represented as small icons Patient-I, medicine-I and PacketNo-I within the Control 

Board icon (Figure 2 (2)).  

These small icons, with names appended with “-I,” are referred to as input device features 

(IDFs). The instructions or status information sent from the SCMtalk server to the IoT device is 

represented by icons placed on the right side of the GUI window. For example, the output status 

indicator (Figure 3 (4)) is grouped within the status-O icon in Figure 2 (3). The small icons with names 

appended with “-O” are termed output device features (ODFs). SCMtalk configuration is achieved 

by connecting the IDFs to the ODFs of the IoT devices. 

 

Figure 2. The SCMtalk configuration. 
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Figure 3. The control board. 

In Figure 1, the pharmacist uses the control board to provide the medicine instructions to the 

selection mechanism, which are achieved through the Join links 1-3 in Figure 2. The cabinet robots 

put the selected medicine powders for N packets (specified by PacketNo-I through Join 3; see Figure 

2 (2)→(4)) into the cylindrical medicine jar (Figure 1 (6)), and instruct the mixing mechanism to mix 

the powders and report the status to the pharmacist through Join 4 (Figure 2 (5)→(3)). After the 

powders are mixed, the dispensing mechanism is alerted through Joins 2 and 3 (Figure 2 (2)→(8)) to 

perform the medicine dispensing action for N packets (to be elaborated in Figure 4). When dispensing 

for the n-th packet is complete (1 ≤ 𝑛 ≤ 𝑁), the packaging mechanism is alerted through Join 6 

(Figure 2 (9)→(10)). When dispensing for the N-th packet is complete, the control board is alerted 

through Join 7 (Figure 2 (11)→(3)), and then the cleaning mechanism is also alerted through Join 7 

(Figure 2 (11)→(6)) to clean the medicine jar.  

4. The Selection and Mixing Mechanisms  

Figure 1 (1)-(7) depict the selection mechanism, and its DA software module is represented by 

two icons in the SCMtalk GUI (Figure 2 (4) and (5)). Through the control board, the pharmacist 

generates a prescription specified by the ODFs Patient-O, Medicine-O, and PacketNo-O of the DA 

(Figure 2 (4)), and the DA of the control board subsequently transmits it to the selection mechanism 

through Joins 1-3 (Figure 2 (2)→(4)). Then the selection SA software module executes the following 

steps:  

Step S1. The SA invokes the IoT-based medicine cabinet (a 1000-bottle medicine cabinet; Figure 

1 (1)) to retrieve multiple medicine bottles based on the prescription. The medicine bottles are 

sequentially placed on the first conveyor belt (the green belt in Figure 1 (2)) and transport them to the 

pick-up area. 

Step S2. The SA instructs the HIWIN RA605-710 robotic arm (Figure 1 (3)) [22] to use an electric 

gripper to sequentially grab the medicine bottles and then place them into the automatic capping 

machine. When all the medicine bottles are placed, the automatic capping machine is activated, lifting 

the caps upward for temporary storage (Figure 1 (4)). 

Step S3. The SA instructs the HIWIN RA605-909 robotic arm (Figure 1 (5)) [23] to use an end 

effector to sequentially grab the medicine bottles above the medicine jar (Figure 1 (6)), rotate the 

bottles so that the openings face downward, open the cover on the end effector, and pour the 

medicine powder into the medicine jar. 

Step S4. The medicine jar is placed in the weighing area, below a precision scale (Figure 1 (7)). 

When the amount of medicine poured from each bottle reaches the preset threshold, the SA notifies 

the robotic to stop pouring and return the bottle to the automatic capping machine. 
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Step S5. The SA checks whether the pouring process for all medicine bottles has been completed. 

If not, go to Step S4. 

Step S6. (The pouring process is completed) The SA activates the automatic capping machine to 

screw the cap downward onto the medicine bottle. Then, the SA instructs the RA605-710 to 

sequentially pick up the medicine bottles, place them on the second conveyor belt (the orange belt in 

Figure 1 (2)), and transport them back to the automated medicine cabinet, allowing the cabinet to 

return the bottles to their original positions. 

At the end of Step S6, the selection SA alerts the mixing mechanism through the Status-I in the 

DA (Figure 2 (5); via Join 4). Figure 1 (8)-(10) depict the mixing and cleaning mechanisms, and the 

mixing and cleaning DA is represented by two icons in Figure 2 (6) and (7) in the SCMtalk GUI. When 

the Status-O in the mixing DA receives the instruction from Join 4 (Figure 2 (5)→(6)), the following 

steps are executed. 

Step M1. The SA instructs the HIWIN RS410-600-200 robotic arm (Figure 1 (8)) [24] to use its 

electric gripper to pick up the filled medicine jar and place it into the mixing machine (Figure 1 (9)). 

Step M2. After the mixing process is complete, the SA instructs RS410-600-200 to move the 

mixed medicine jar to the entrance of the dispensing mechanism (Figure 1 (12)). 

Step M3. The SA reports the complete status to the control board through the Status-I of its DA 

(Join 5; Figure 2 (7)→ (3)) and waits for the next instruction. 

Step M4. When the powder in the medicine jar is consumed, Status-O of the DA receives the 

packaging complete instruction from Join 7 (Figure 2 (11)→ (6)), and the SA instructs the RS410-600-

200  robot to move the empty medicine jar to the cleaning machine (Figure 1 (10)). 

Step M5. The SA instructs the cleaning machine to clean the jar. After cleaning, the SA instructs 

the RS410-600-200 robot to move the empty jar to the weighing area (Figure 1 (7)). Then, the SA 

reports the cleaning complete status to the control board through Join 5 (Figure 2 (7)→ (3)). 

5. The Dispensing Mechanism  

Figure 4 (a) depicts the details of the dispensing mechanism in Figure 1 (12), and its DA is 

represented by two icons in Figure 2 (8) and (9). When Patient-O and PacketNo-O in the DA of the 

dispensing mechanism receive the name of the patient and the number of medicine packets from the 

control board through Joins 2 and 3 (Figure 2 (2)→ (8)), the dispensing S A executes the following 

steps: 

Step D1. The SA initializes parameters and returns all motors (Figure 4 (1)-(3)) to the starting 

point. 

Step D2. After Step M3 is complete, the medicine jar filled with powder (Figure 4 (4)) is placed 

on the linear module (Figure 4 (3), (5) and (7)), which triggers the sensor at the feeding port (Figure 4 

(5)) to activate the SA to execute Step D3. 

Step D3. The SA instructs the linear module to raise the powder until it is pressed against the 

upper cover of the dispensing port (Figure 4 (6)). The linear module is located below, including a ball 

spline (Figure 4 (7)) driven by a servo motor (Figure 4 (3)) and a coupling mechanism (Figure 4 (5)) 

for the medicine jar. 

Step D4. In the pressure module (Figure 4 (1) and (6)), the upper cover plate contains a load cell 

(Figure 4 (6)); when the pressure sensor detects that pressure reaches the preset value, the pressing 

stops. The SA instructs the linear motor (Figure 4 (1)) to move the upper cover plate upward, 

simultaneously recording the piston position to determine the height Y of the powder in the jar. The 

SA divides Y by the total packet number N obtained from PacketNo-O to compute the lifting height 

H required for each scraping. 

Step D5. The SA starts the scraping process for the n-th packet (1 ≤ 𝑛 ≤ 𝑁) by raising the powder 

to height H, activating the scraper module (Figure 4 (2) and (9)) to push the powder into the funnel 

(Figure 4 (8)), guiding it into the packaging mechanism (Figure 4 (b)).  

Step D6. Figure 4 (d) illustrates the scraping operation of the blade (Figure 4 (9)).  Before the 

rise of the medicine powder, the cover plate and the blade are at the origin ((16) in Figure 4 (d)). When 

the medicine powder rises and exceeds the preset pressure value, the blade moves counter clock-wise 
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to pour the powder to the funnel ((17) in Figure 4 (d)). More details of the scraper module will be 

elaborated later. 

Step D7. The SA instructs the packaging mechanism to handle the n-th packet through 

PacketNo-I of the DA (Join 6; Figure 2 (9)→ (10)). 

Step D8. If 𝑛 < 𝑁 , the SA executes Step D5 again. Otherwise, the dispensing process is 

complete. 

The scraper module merits further discussion. This module is located above the medicine jar, 

consisting of a scraper (Figure 4 (9)) driven by a motor (Figure 4 (2)) to pour the powder into the 

funnel (Figure 4 (8)) below. The inner edge of the powder funnel is inclined to slow down the 

powder’s falling speed, preventing dust. 

During the initialization of SCMtalk, the scraper module is calibrated with four parameters to 

ensure optimal performance: the amount of powder ascent, scraper speed, surface adhesion of the 

scraper and the bottom plate, and the nature of the funnel surface. These parameters must be carefully 

managed to ensure the uniformity of the medicine packaging. Through experiments, we found that 

powder does not uniformly conduct pressure and is easily influenced by the nature of the powder, 

to leading uneven distribution of medicine powder density inside the medicine jar. We improve the 

uniformity control with the following setups: 

U1. Accurately grasp the precision of the linear module’s ascent to reduce the phenomenon of 

uneven medicine dispensing caused by mechanical errors.  

U2. Adjust the contact area between the scraper and the bottom plate of the scraper module, 

ensuring parallel contact to prevent uneven locking of the scraper before (Figure 4 (16)) and after 

(Figure 4 (17)), which may lead to the distortion of the scraper and result in uneven scraping and, 

consequently, uneven packaging. 

U3. During processing, polish and grind both the funnel surface and the scraper module ‘s 

bottom plate to ensure a smooth surface. Simultaneously, coat the cuter layer with Teflon to reduce 

powder adhesion. 

U4. Due to the starch granules present in the medicine powder, excessive compression can lead 

to the fragmentation of the powder, thereby affecting its properties. It is necessary to conduct 

preliminary pressure experiments to determine the appropriate pressure by observing the 

compression behavior of the medicine powder. This pressure value will be established as a 

benchmark and set as the pressure threshold for the load cell of the cover plate above the medicine 

jar. 
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Figure 4. The dispensing and packaging mechanisms. 

6. The Packaging Mechsnism  

Figure 4 (b) depicts the details of the packaging mechanism in Figure 1 (13), and Figure 4 (c) 

illustrates how the paper roll is manipulated to produce the paper bags. The packaging DA is 

represented by two icons in Figure 2 (10) and (11). When the Packaging Patient-O in the DA receives 

the patient’s name from Join 2 (Figure 2 (2)→ (10)), the packaging SA executes the following steps: 
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Step P1. The SA initializes the heat-sealing rollers (Figure 4 (10)) and the pressure rollers (Figure 

4 (11)). The pressure rollers, controlled by a stepper motor (Figure 4 (12)), regulate the speed of paper 

feed and the length of the medicine packet, which can range from 1 to 14 centimeters. The heat-sealing 

roller is responsible for sealing the side of the medicine bag. 

Step P2. The SA directs the pressure roller to pull the paper down through the paper folding 

device (Figure 4 (14)), ensuring that the paper becomes the shape of the medicine bag. The heat-

sealing rollers seal the side of the medicine bag, while the bottom seal is handled by an electric parallel 

griper (Figure 4 (13)). This griper can drive a V-cut blade mechanism on both sides with heat-sealing 

blocks, facilitating the sealing and cutting of the bottom edge of the medicine bag. A printer (Figure 

4 (15)) is situated between the heat-sealing and the pressure rollers, enabling the printing of 

prescription information on the medicine bag.  

Step P3. The completed, sealed medicine packet slides to the discharge outlet and falls into the 

pre-set medicine basket to be moved by the conveyor belt of the packaging mechanism (Figure 1 (13)). 

The SA reports the status to both the dispensing mechanism and the control board through Join 7 in 

Figure 2. 

In Step P2, the tightness of the seal of the medicine packet determines the preservation time of 

the medicine powder. Especially in the case of TCM composed of starch, exposure to air can cause 

the medicine powder to clump due to humidity, affecting the quality of the medicine powder. 

Therefore, the purpose of testing the seal tightness is to effectively preserve the medicine powder and 

prevent it from being affected by external environmental factors. 

To enhance the tightness of the packaging, a spring mechanism (Figure 4 (18)) is installed on the 

back side of the pressure roller (Figure 4 (11)) in the medicine packaging mechanism, with the aim of 

utilizing its compressive ability to provide pressure for sealing. After actual testing, it was observed 

that in our original design, uneven force caused the inclination of the mechanism, leading to the 

unstable rotation of the rollers and resulting in uneven packaging and poor seal tightness. Such a 

design easily leads to leakage or rupture of the medicine packet. Another experiment revealed that 

excessive pressure could cause over engagement of the heat-sealing roller (Figure 4 (10)) and the 

pressure roller (Figure 4 (11)), leading to the rupture of the paper in the medicine bag. In our final 

design, we tightened the bearing seat, replaced the spring, selected a spring with lower rigidity to 

reduce the tilting situation, and ultimately increased the stability of the edge-sealing process.  

Other improvements include increasing the flexibility of the medicine bag paper, correcting the 

lateral distance between the folder device outlet and the heat-sealing roller (Figure 4 (10)) to change 

the width of the medicine bag sealing. When the edge-sealing of the medicine bag paper is too large, 

the medicine bag paper may become too tight, causing the motor to be unable to move. When the 

width of the edge-sealing of the medicine bag paper is too small, it can result in an unreliable seal. 

The solution is to adjust the spacing between the folder device and the funnel to change the side-

sealing width of the folder device, thereby improving the air leakage or excessive resistance of the 

medicine packet.  

7. Quality Control 

Besides setups U1-U4, to ensure the uniform quality of every medicine packet, we need to make 

sure that the weights of the packets are the same. For a prescription, let 𝑊𝑛 and 𝑉𝑛 be the weight 

and the volume of the n-th packet. Then 𝐻𝑛 = 𝑉𝑛/𝐴 where 𝐴 represents the cross-sectional area of 

the jar, and 𝑌 = ∑ 𝐻𝑛
𝑁
𝑛=1 . In the perfect condition, 𝑊𝑛 = 𝑊𝑚  and 𝐻𝑛 = 𝐻𝑚  for 1 ≤ 𝑛 ≠ 𝑚 ≤ 𝑁 . 

Therefore, the theoretical ascent distance for a packet is 𝐻 =
𝑌

𝑁
.  Unfortunately, when the dispensing 

SA measures the height Y of the powder in the jar, the linear module (Figure 4 (3), (5) and (7)) applies 

pressure to the medicine jar, resulting in uneven powder densities within the jar. Figure 5 (a) shows 

the density distribution in the jar based on our experiments with 𝐻𝑛 = 𝐻. In this figure, the Y-axis 

represents the density change of the average powder density, and the X-axis represents the 

percentage of the height of the medicine jar (from the top to the bottom). We also observe the 

following phenomenon: after mixing the medicinal jars, due to the poor flowability of the powder, it 

is common to observe a depression around the top. While compression can flatten the central area to 
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some extent, it still cannot completely fill the gaps around the perimeter, resulting in a lower density 

of medicine at the top. Meanwhile, at the bottom, due to pressure, the density of the medicine is 

higher. 

If we use H as the ascent distance for the n-th packet, then the weights of the produced packets 

are seriously uneven, as illustrated in Figure 5b. In this figure, the average weight of a packet is 5.63g, 

but the weights of 19 packets range from 2.432g to 6.06g. 

One way to resolve this issue is by installing a precise weight scale to be used in Step D5 by the 

dispensing SA. However, the implementation cost is very high, and this weighing process will also 

decrease the speed of packet production. 

Alternatively, we develop a quick approximate method to speed up Step D5 with acceptable 

weight accuracy. Based on the historical data, we can derive the density distribution in Figure 5a to 

obtain the predicted ascent distance 𝐻𝑛 for the n-th packet. That is, the ascent distance 𝐻𝑛 is set to 

𝐻𝑛. At Step P3, the discharge outlet has a weight scale that can measure the weight of 𝑛 packets in 

the medicine basket. The packaging SA uses the measured data to compute the exact weigh 𝐻𝑛
∗  of the 

n-th packet and use it to calibrate the 𝐻𝑛 value in real time. Specifically, for the l-th patient of the 

same prescription, 𝐻𝑛,𝑙 ← 𝐻𝑛,𝑙−1 , and 𝐻𝑛,𝑙 ←  
𝐻𝑛,𝑙−1

∗ +(𝑙−1)𝐻̅𝑛,𝑙−1

𝑙
. Figure 5c shows the weights of 

produced packets based on the 𝐻𝑛 distribution, which are much more even than those in Figure 5 

(b). Specifically, the weights of 19 packets range from 5.03g to 6.04g. 

 

Figure 5. Powder density distribution and weights. 

8. Conclusions 

This paper unveils how SCMtalk pioneers IoT software modules for Chinese medicine selection, 

mixing, dispensing, packaging, and cleaning, elucidating the seamless interaction between these 

software modules and the mechanical hardware. A key focus is on overcoming challenges related to 

quality control and packaging speed through strategic IoT integration for parallel computing.   

SCMtalk operates as a fully automatic system, excelling in its ability to precisely allocate 

powdered medicine. With an impressive packaging speed of less than 3 seconds, it not only 

outperforms existing market products but also achieves a remarkable maximum packaging quantity 

of over 100 bags per prescription. This not only saves considerable time in pre-processing and 

subsequent cleaning but also establishes a new standard in packet generation speed, demonstrating 

a significant leap forward compared to current market systems. To further enhance packet generation 

speed, an analytic model has been developed, conducting mean value analysis to recommend the 

optimal number of dispensing and packaging machines for parallel processing. SCMtalk, backed by 
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an ROC patent [26], is currently in deployment at China Medical University, marking a milestone in 

advanced SCM technology. A video [27] illustrates the process in which SCMtalk mixes, dispenses, 

and packages the SCM powder, and then cleans the jar. 
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