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Abstract 

This paper adopts high performance STC12C5A60S2 core processing chip, which is a 
common processor in 51 series which is widely used at present. The vertical robot is 36cm in 
height and has 17 degrees of freedom. The whole body consists of 17 servo motors. Sh14-m 
steering gear with good shake resistance can withstand greater torque and external load. 
And the steering gear potentiometer its linearity is very sensitive and operable. This 
research includes the control panel physical diagram and the principle diagram, the 
development software, the steering machine circuit structure and the mechanical structure, 
the motor drive and the speed control algorithm, the PWM occurrence and the debugging. 
The vertical robot program used in this paper is to learn from each other C language and 
Keil software programming, making debugging and modification more convenient.  
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1. Introduction 

Nowadays, the development of robot technology has a strong momentum, which integrates the 

characteristics and advantages of many cutting-edge development, among which the upright robot is 

the typical representative. As the father of the international humanoid robot, Mr. Kato, a Japanese 

professor, shaped the humanoid robot into a head, a torso, a limb, and a model simplified to a certain 

mathematical equation in the academic world, which was regarded as the basic composition of the 

humanoid robot and was called the "kato ichiro structure" [1]. 

An upright robot, like a normal person, is made up of shoulder joints, trunk, leg position and foot joints 

which can rotate freely. And the number of joints that are said in the robot, in fact, in the jargon of the 

industry, is represented in terms of "degree of freedom", which is a more professional expression, to 

describe its flexible rotation realistically. It can be considered that a degree of freedom represents a 

specific movement down or up or left or right, which vividly represents its motion state. Therefore, the 

basic structure of the robot is born [2]. 

Robots can have basic intelligence of reconnaissance robots, and can clean up the dirty and messy 

environment of the home robot. Robot technology involves a wide range of disciplines, innovation and 

technology integration in manufacturing, control and other disciplines, and has also made an immortal 

contribution in inspection and control. The rapid rise of Japan's robot industry and related service 

industry has now become a veritable "robot kingdom". Its robots are among the highest in the world in 

both manufacturing capacity and production capacity, producing robots as shown in FIG. 1-1. 
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Fig 1. Modern advanced robots 

2. Vertical Robot Structure Design 

2.1 Structural Principle of Vertical Robot 

This paper aims to design a kind of robot that can walk, turn and stand up freely. Through 

programming to control the steering gear of the robot's head, torso, arms, legs and the control of the 

circuit board, the motor of the head arm and leg steering gear of the upright dancing robot can rotate at 

certain angles. The center of gravity of the robot body is balanced, and the rear seat force generated by 

the body is a large part of the external force. The swinging arms can be used to balance the body 

quickly, as shown in figure 2-1. 

 
Fig 2. Vertical robot prototype 

In general, an upright robot should be equipped with at least a few sensors to make it more comfortable 

to perform certain actions, such as gyroscopic sensors and infrared sensors. Through a series of 

additional devices, the robot can know the current body and ground Angle and its own movement state, 

so as to accurately calculate the required overshoot amount, and the balance adjustment amount of the 

robot to balance the body [3]. Very similar to the way people's ears work, when it comes to accurate 

balance adjustments. 

The most important thing in the walking process of an upright robot is its ability to balance and 

stabilize the body, which is also the reason why the inertial force needs to be detected and compared 

with the standard value. The vertical machine is greatly affected by gravity, inertial forces and other 

combined forces. For the control of the landing point, the upright robot needs to adjust the size of each 
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step. Only in this way can it adapt to the current position state, correct and compare the real-time state 

of the body continuously, and keep a steady pace of progress. 

2.2 Operating Principle and Driving Circuit of Steering Gear 

In addition to its fuselage, the upright robot also has many extremely important parts, such as the 

controller system of the robot. The vast majority of the electronic components will be able to use their 

full table process, not only make the general line of interchangeability is greatly increased, but also the 

overall quality of the control board piece and reduced volume greatly, more conducive to placed on the 

robot[4]. And other steering gear or robot components to produce as little interference as possible, in 

order to ensure the robot can complete the specified action, high efficiency and stable operation of this 

control panel of the central processor is STC12C60S2 detailed in the following as shown in figure 2-2: 

 
Fig 3. Schematic diagram of robot end power supply 

This circuit control panel is designed to be very reasonable and can be adapted to different 

requirements of action and optimization design. And for the user specifically developed the underlying 

control procedures, made a sub-program. It is believed that after a simple understanding, the robot can 

be independently programmed. 

The sh14-m digital steering gear used in this design is a common steering gear used in the mainstream 

nowadays. The gear of this steering gear is made of new composite materials and is made of 

multi-stage copper alloy. When working, it can repeatedly locate accurately, so that the gear teeth 

rotate quickly, which makes the steering gear more responsive. Both ends are equipped with the output 

part. In case one end is damaged, the baffle of the other end can be removed and used as the output end. 

The torque of the digital steering gear can reach 15kg.cm. 

Level of MCU pin for TTL level, the need for transformation, and widely application of computers 

and laptops, and some of the laptop is not this interface, this creates a lot of inconvenience to download, 

so I use a turn a serial port module, the small and exquisite, it can be more convenient to USB data into 

a TTL type. 

3. Sftware Design of Steering Gear Control System 

3.1 Signal of Steering Gear PWM 

PWM signal sent by the steering gear is the modulation signal represented by the pulse width of the 

robot, which will be very convenient for the control of the steering gear of the robot. The image 

descending signal and rising signal are standard features [5]. It was developed on its basis and 

everything had to follow the protocol. Current PWM protocol for steering gear. With strong 

performance, it has been accepted by a large number of people, making it more rotatable, more 
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convenient and accurate. The current steering gear can reach 185 degrees of rotation of extreme action, 

but the disadvantages are also highlighted. 

It does not need to be ready to receive instructions at any time, so that the effective use of CPU time 

control is more precise, so that it produces less heat, reaches the normal standard, and extends the 

application time of SCM, to the movement position of the whole robot during the movement process. 

Moreover, it is only in the 2ms of 0.5ms to 2.5ms that the signal can be correlated and the signal can be 

normal. The steering gear has high sensitivity, and there is no specific requirement for the downlink 

signal sent by the chip [6]. The adjustment range is wide, that is, the waveform width of the PWM of 

the robot steering gear is wide, as shown in the following table: 

Table 1. Position information of P0 port of steering gear 

Port Register The target location Numerical PWM (MS) 

P0.0 position[0] 0 0 0.500 

P0.1 position[1] 0.74 1 0.508 

P0.2 position[2] 7.4 10 0.58 

P0.3 position[3] 37 50 0.900 

P0.4 position[4] 74 100 1.300 

P0.5 position[5] 111 150 1.700 

P0.6 position[6] 148 200 2.100 

P0.7 position[7] 185 250 2.500 

We use the 8-bit STC12C5A60S2CPU, whose data resolution is 256. Theoretically, we can get about 

250. The PWM control accuracy of the steering gear is 8us. In this case, 8us can also be used as a unit 

to control the steering gear with this length of time so that it can rotate and position to generate action. 

3.2 Position Control Method of Steering Gear 

The rotation direction of the steering gear is positive or negative. It can be considered that the 

counterclockwise rotation is positive and the clockwise rotation is reversed, where N is greater than 1 

and less than 250. Therefore, it can be obtained that the high level duration of the steering gear is 508us, 

during which it rotates rapidly. When the steering gear is running, it can reach a relatively large limit 

value. On this basis, the load of the steering gear can be enhanced to detect its ability to cope with 

emergencies and make its operation more stable. In this way, when the maximum interference is 

achieved, the motion position will not fluctuate too much. 

Steering characteristic curve, it is to adapt to the change of steering gear curve, and rotating rapidly in 

this period of time to this, to keep the time for Tw, when the value of the Tw bigger than the given 

value, then, steering gear can achieve the specified location, on the contrary, the steering gear is not 

able to reach the specified location, and the holding time is designed unreasonable, in this case, the 

equal, the system control is the most reasonable, and the response time of the steering gear is the 

shortest. 

In the calculation of the steering gear value of the robot, the value of 0.2sec /60 degrees can also be 

taken as 0.618 seconds /185 degrees greater than 1.21 seconds /360 degrees. The smaller the value is, 

the more accurate and reliable it is [7]. When axial =300 degrees, the time required for the 185-degree 

rotation of the steering gear is also very short, which can be denoted as follows: 

It can be concluded from the test that the time parameter can be done very little at the drop edge. In the 

test, it fell to 500us, and the steering gear still worked smoothly. The steering gear circuit can 

automatically complete the test of the rising signal. The physical picture is shown in figure 4-3 below. 

When encountering the rising edge, the corresponding action will be carried out, so as to respond 

quickly to the starting signal of the pulse width of the single-chip microcomputer. The steering gear 

circuit can also easily complete the test of the descending signal. When it encounters the falling edge, 

the corresponding action will be carried out. In this way, the MCU PWM can react to the multi-range 

descent along the signal, to do the corresponding instructions, to complete a certain action, the action in 

place. 
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Fig 4. Physical drawing of the steering gear 

4. Flow Chart 

 
Fig 5. Program flow chart 

The main operation process of the program in this design can be clearly seen by the flow chart 4-3 of 

the main program. In addition, according to the previous structural mechanics and other structural 

design, the overall structure is more reasonable, and the program on the control chip is mainly 

composed of one main program and the other small programs, including interruption. The C - like 

language used in this design is written according to the custom of modularity. 

5. Conclusion 

The topic of this paper is the design of vertical robot, which optimizes the hardware control circuit of 

the robot. This design mainly realized by STC12C5A60S2 as core processor, to control the output of 

the PWM signal, thus better completed will 17 road steering gear control of flexible movement, and 

the current mainstream of control theory combined with the specific circumstances encountered in 

practical operation, the reasonable and accurate control of the robot in place. The PCB board has been 
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optimized from development and design to final forming and debugging, which greatly reduces its 

weight and volume. 
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