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Abstract: In industries such as pharmaceutical, petrochemical, and food processing, automated powder doses are increasingly
favored over traditional manual methods due to their higher productivity and accuracy. Despite the advances in existing
technologies, challenges such as weighing accuracy, cost and limited secondary development capabilities remain. This paper
presents an automated powder dosing control system based on a dual ARM core architecture. By using dual ARM core processors,
the system enhances the hardware architecture and control flow to achieve accurate powder weighing. The experimental results
show that the average errors of three kinds of powders with different physical properties are 0.089g, 0.012g, and 0.054g

respectively, which meet the design specifications.
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1. Introduction

The primary process of powder dosing involves the
automatic weighing, distribution of various powders, and
mixing of raw materials according to preset formulations.
This technique is widely employed in industries such as
pharmaceuticals, petrochemicals, and food processing [1,2].
Current Production and Experiments In current production
and experimental settings, traditional manual weighing and
dosing present several disadvantages, including low
efficiency, poor precision, and potential harm to human health
from some powdered medications. With the advancement of
modern industrial and manufacturing technologies, the
demand for automatic powder dosing machines is continually
increasing [3—5]. Current research on automatic batching
machines concentrates on enhancing precision and reliability
within the automation process, while also aiming to reduce
costs and boost scalability[6].

Yang et al [7]developed a PLC-based system for the
automatic batching of powder materials, designed to mitigate
problems such as dust emissions, leaks, environmental
pollution, and health risks. Central to this system is a
buoyancy weighing sensor used for precise measurement.
Nonetheless, the initial investment required for PLC systems
is substantial, and their potential for secondary development
is notably constrained. Shandybina et al [8] enhanced the
control system of a universal automatic weighing and
batching machine, substantially boosting the efficiency and
accuracy of batching granular food ingredients, albeit with a
complex control process. Building on this foundation, the
paper presents a structurally simple, user-friendly, and highly
accurate automatic batching machine control system. The
design specifications include:

(a) Precise measurement of powder materials with a
tolerance of less than 0.1g.

(b) An integrated PC interface facilitates data monitoring,
storage, recipe management, and alarms throughout the
batching process.

(¢) According to the predetermined recipe, it can
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automatically and continuously complete the entire batching
process and is conveniently designed for secondary
development to expand functionalities.

2. System Solution Design

The automatic batching machine adheres to the automation
principle  of  "centralized  control,  decentralized
management[9,10], as depicted in Fig.1, It consists of five
components: a weighing system, inspection and cleaning unit,
upper-level and  lower-level computers, and a
communications module. Users enter the types and weights
of powder ingredients needed for recipes via the upper-level
computer's PC interface. Communications between the upper
and lower computers are facilitated through an Ethernet link.
The lower-level computer, featuring dual ARM processors,
manages the operation of motors, pumps, sensors, and other
electrical components using RS-485 and SPI communications,
along with high-speed pulse signals, to handle weighing,
mixing, and subsequent cleaning tasks.

The weighing system, as a core component of the batching
machine, directly influences its performance through its
degree of automation, precision, and reliability, and is crucial
for the accurate formulation of medications and the
development of drilling fluids[11,12]. The structure of the
weighing system of the automatic dosage machine is shown
in Fig. 2, Powder materials are initially stored in bins and
transported for dispensing through the coordinated movement
of motor-driven transfer and hopper mechanisms. The loading
motor adjusts the powder flow via a worm gear setup, while
materials are precisely weighed by sensors beneath the
hoppers. After reaching the designated weight, the hopper
rotates to a preset zero point for controlled discharge by the
unloading motor. Each bin resets after unloading powder
materials, preparing the system to process the next powder
type. Once all ingredients are collected, they are combined in
a mixing tank. A servo motor powers the transfer and hopper
mechanisms throughout the process, enabling the smooth
transfer of powder materials between loading and unloading
units and ensuring both automation and precise control.
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Figure 1. System solutions
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Figure 2. Weighing system structure

3. Hardware Circuit Design

3.1. Dual ARM chip master control circuit

The system requires a high-performance controller due to
the large number of electrical components and high
computational load, which can lead to resource wastage and
excessive costs. To address this, the core control board utilizes
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dual ARM chips, boosting computational efficiency while
reducing costs. As illustrated in the system diagram (Fig 1)
and main control circuit (Fig 3), a “master-slave” control
configuration is employed: the primary chip oversees data
exchange and communication, while the secondary chip is
responsible for motion control, including motor speed
regulation, start-stop control, and power conversion
throughout the circuit.
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Figure 4. Dual ARM communication

The dual ARM chips communicate using FSMC-based
dual-machine communication on STM32F407 processors,
with both control unit chips being STM32F407ZGT6 models.
The master ARM chip (STM32F407ZGT6_Master) maps the
SRAM  memory of the slave ARM  chip
(STM32F407ZGT6_Slave) into its own memory space,
enabling data transfer through read-write operations within
this mapped area. This method provides high transmission
speed, ideal for high-speed data exchange. [13]. The
STM32F407ZGT6_Slave is mapped to the FSMC bankl
PSRAM of the STM32F407ZGT6_Master with a capacity of
16MB. The chip select signal is FSMC NEI1, with data
transfer on lines FSMC D00 to FSMC D15 and an address
range of 0x6C000000 to Ox6FFFFFFF. Address lines
FSMC_A00 to FSMC_A23 are used, and the system operates
on a 3.3V power supply, as shown in Fig 4.

3.2. Motor Control Circuit

This system involves servo and stepper motors working in
tandem with the mechanical structure, and with photoelectric
sensors for closed-loop control of the rotation angle and
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displacement to ensure operational accuracy and efficiency,
ensuring automation and precise control of the system. In
addition, the system is designed with gear pumps for water
injection and peristaltic pumps for cleaning, further reflecting
the complexity and importance of motor control. Therefore,
the logic control of multiple motors is not only the core of the
hardware drive but also a key factor in the overall
performance and reliability of the system.

The stepper motor circuit schematic is shown in Fig. 5. The
differential line driver DS26LS31CM, converts the control
signals into differential signals to improve the immunity to
interference.CP1, CP2, DIR1, and DIR2 are the control ports
used to control the starting, stopping, and direction of the
motor. The P1 and P2 connectors are connected to the motor
driver to control the motor operation. The "pointl" and
"point2" are used as external interrupt inputs to allow the
STM32 to respond instantly to critical events in motor
operation, monitor states such as rotational speed or position,
and achieve precise control of the motor. In addition, pull-up
resistors are included in the circuit to ensure that the
optocoupler outputs are pulled high when the transistors are
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Figure 5. Motor circuit crinciple

4. System Software Design
4.1. PC interface design

The PC software interface, as shown in Fig 6, includes
several functional modules: parameter settings, real-time
monitoring, data monitoring, and controls for the motor and

heating modules. There are two operation modes: manual and
automatic. In manual mode, motors are started and stopped
directly through manual control buttons. In automatic mode,
however, motor start and stop actions are governed by the
software’s logical flow to achieve coordinated multi-motor
operation.
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4.2. Automatic control mode
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Figure 7. Automatic control mode

This system's automatic motor control procedure flow
is shown in Fig 7, the first stepper motor drive function
controls the motor start and stop, so that the mixer and gear
pump start; the bin loading capacity detection function is
responsible for controlling the weight of powder raw
materials parameters, comparing the dose of raw materials
with the maximum loading capacity of the silo, more than the
maximum loading capacity needs to be divided into a number
of times loading. The loading and unloading process has a
preset point, the bin rotary reset function to control the rotary
motor to drive the weighing bin and photoelectric sensors
with the return to zero and reset, and finally the cleaning
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function to complete the cleaning process.

5. Empirical Test

To assess the overall performance of the automatic
batching control system, three types of powder materials with
varying densities, particle sizes, and friction coefficients were
selected. The powder drop time was set to a fixed 40 seconds
on the upper-level computer, and weight and time data were
recorded. As illustrated in Fig 8, the graph appears smooth
and exhibits exceptional stability. Compliance with design
requirements
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Figure 8. Weight-Time Images

A high-precision electronic scale (accurate to 0.001g) was
used to measure the actual total weight of three types of
powder materials after 40 seconds of descent, comparing this
with the collected data. As shown in Table 1, the results
indicate the actual weights of each powder type and their
respective errors. For Powder 1, the error ranged from 0.085¢g

to 0.091g; for Powder 2, it was smaller, between 0.009g and
0.015g. Powder 3 exhibited more variation, with errors
spanning from 0.046g to 0.064g. The average errors for
Powders 1, 2, and 3 were 0.089g, 0.012g, and 0.054g,
respectively, all below the 0.1g threshold, satisfying the
design specifications.

Table 1. Results of powder weighing experiments

Number powderl powder2 powder3
Actual/g Inaccuracies/g Actual/g Inaccuracies/g Actual/g Inaccuracies/g
1 6.300 0.090 6.010 0.010 6.870 0.049
2 6.350 0.088 6.112 0.015 6.909 0.056
3 6.290 0.085 6.123 0.013 6.876 0.046
4 6.410 0.091 6.145 0.009 6.890 0.064
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Figure 9. Powder discharging site of automatic batching
machine

6. Conclusion

This paper presents the design and implementation of a
dual-ARM core-based automatic powder batching control
system, aimed at addressing the high cost and limited
scalability of traditional automatic batching machines. The
system employs a “master-slave” dual-ARM core
configuration, with the primary chip responsible for data
exchange and communication, and the secondary chip
managing motion control. This configuration optimizes motor
control logic, lowers development costs, and facilitates
secondary development, enhancing scalability. With a high
level of automation, the system leverages precise
coordination between motors and sensors to achieve
significant improvements in batching accuracy. Experimental
results confirm the system's high accuracy and repeatability
when processing powders with various physical
characteristics, with batching errors maintained below 0.1g.
These innovations enhance the system’s cost-effectiveness
and usability, providing valuable insights for the design of
similar automated systems.
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