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Abstract - In this paper, the author does the simulation research on the influence factors of the robot's shooting percentage. The 
realization of a basketball match robot is presented. The goals are robot basketball game by simulating human beings. Complex 
control has been implemented by simple technology.PIC16F877A SCM have been used in the main control. It is available to use 
PICC, PIC Basic or assembly language for programming. The main body of the robot is composed of the agencies of wining, 
transporting and shooting, walking devices, the sensors, control circuit etc. Test shows that the robot can be better through self-
control to complete basketball game confrontation. 
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I. INTRODUCTION 

The main factors affected the hit rate of basket-shooting 
robot include the horizontal directions of the basket rings, the 
slight sway of the baskets and some faults occurred in the 
working process of the robot and. Making the most-
unwanted event as the top event, the system faults and unit 
faults and parts faults effecting on the system were analyzed 
with the modeling method of FTA based on figure 
deduction. According to the working process of the robot, 
the front a movement of robot is condition of after a 
movement; their relations were clearly demonstrated in the 
fault tree. Special factors of faults occurring can be analyzed 
yet. 

Biped robot has much better adaptation to environment in 
human living-space than wheel type, crawl type and pedal 
type mobile robots. Zheng’s [1] paper focuses on motion 
planning of ROBONOVA-1 biped robot based on multi 
sensor system. Gait planning is one of the key techniques for 
the research of biped robot, the motion planning method 
based on ZMP and the center of gravity has been discussed 
in detail with the purpose of walking stability based on the 
architecture of the robot. The algorithm of static walking is 
designed using Step-by-step design method based on the 
center of gravity with human foot style. Ling’s [2] paper 
designed the algorithm of left shift ,right shift, left turn and 
right turn in order to make robot straight forward. The 
algorithm of dynamic walking based on ZMP is also 
designed. Robot gait planning is adjusted through the data 
feedback of compass sensor in order to make robot straight 
forward based on the rules of sprint competition. In this 
thesis, it was proposed that using a mufti sensor system for 
avoiding obstacle for mobile robot by using ultrasonic sensor 
and infrared sensors to solve the environment information 
couldn’t be precision and detail achieve by single sensor. 
The performance of sensors was tested and the error of 
measuring distance of sensors system has been presented by 
experiment. The algorithm for robot sprint is analyzed 

through the experiments. Gary’s [3] paper complete the 
design of weight lift algorithm through step-by-step method 
and the improvement of robot static walking algorithm based 
on the rules of weight lift competition by changing the 
architecture of ROBONOVA-1 biped robot. The robot is 
given in three shots outside the lines of the algorithm through 
make full use of the structure of robot based on the rules of 
shooting competition. Based on preliminary research and 
design a tilt sensor data feedback from the robot moves 
through the rugged land planning, and gives the 
corresponding algorithm. Finally, the robot motion planning 
of the complex algorithms are analyzed by experiments. 

Lee’s [4] paper realized a signal processing and detection 
method which combines the computer vision and 
information of the multi-sensor. The vision system based on 
this method is applied to the mobile robot which has taken 
part in the ROBOCON game; hold by ABU (Asian 
Broadcasting Unites). It can be seen from the game that this 
vision system has fairly high positioning accuracy, speed and 
robustness. 

Several common walking mechanisms of walking robots 
are introduced and analyzed in Xin’s [5] paper. A special 
characteristic walking mechanism of walking robots is 
introduced for the basket-shooting robots, which has the 
ability of passing over obstacles. Moreover, the design plan 
and movement principle of the walking mechanism are 
discussed and the motion analysis, movement programming 
and movement tolerance analysis of the walking mechanism 
are theoretically investigated. Walking robots with such kind 
of improved mechanisms can be widely used and have a 
bright future of application. 

II. THE HARDWARE DESIGN 

We could find that the moving traces of the robots are no 
longer the regular bi-arc, but a smooth and irregular curve. 
This method is simple and effective. The initial condition of 
robots is not restrictive, can function with small amount of 
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calculation. It could be applied into searching, exploration, 
astronomies and aeronautics. 

Single chip microcomputer is a computer, which 
integrating the microprocessor, RAM, ROM, I/O port, 
timer/counter and interrupt system into a single chip. The 
controller adopted in this design is the high-performance 8-
bit single chip microcomputer PIC18LF4620 from 
Microchip Company. The single chip microcomputer has 6 
enhanced power management modes. It only consumes 
0.1mA of current in standby mode, and can work normally at 
2V-5.5V, suitable for the drive of battery. PIC18LF4620 has 
Nano Watt technology, 2 synchronous serial ports supporting 
SPI and I2C, 2 USART serial ports supporting LIN protocol, 
and 64KB Flash program memory.  

PIC18 LF4620 single chip microcomputer (as shown in 
the schematic diagram U1) on the control panel is connected 
to RF card via RF socket interface (J3) to control CC2420 to 
realize the receiving and dispatching of signals. The power is 
supplied by ordinary battery at 9V. The operating voltage of 
PIC18LF4620 single chip microcomputer is 3.3V, thus a 
voltage regulator chip LT1117 is used to convert and 
maintain the voltage to 3.3V. In addition, considering safety 
and protection of the regulator chip, a voltage regulator diode 
is connected between the power supply and the regulator 
chip, which can provide protection when polarities of the 
power supply are connected reversely accidentally. It not 
only has the unidirectional electrical property of ordinary 
diodes, but also can work at reverse breakdown state. When 
the reverse voltage is lower, the voltage regulator diode cuts 
off; when the reverse voltage reaches a certain value and the 
reverse current increases suddenly, the voltage regulator 
diode enters into the breakdown area; in this way, even the 
reverse cur-rent changes within a large range, the reverse 
voltage at both ends of the voltage regulator diode can 
remain basically unchanged.  

ZigBee node can be separated from computer for 
independent operations after the configuration and binding, 
but during the configuration and binding, it should be 
connected to a computer terminal, for convenience of the 
development of relevant operations and the observation of 
activity log. Therefore, a serial port is required in hardware 
design for RS232 connector connected to computer. 
Moreover, a serial communication level conversion chip 
MAX3221 is also required to convert TTL level to operating 
level of RS232 connector.  

Crystal oscillator uses a passive crystal oscillator of 
4MHz connected to OSC1 and OSC2 pins of single chip 
microcomputer, which provides a reference frequency for 
single chip microcomputer. The load capacitor of crystal 
oscillator is connected to two multi-layer ceramic capacitors 
of 22pF. 

As core part of RF card, CC2420 which is a kind of 
ZigBee RF transceiver launched by Chicana/TI Company 
and conforms to IEEE 802.15.4 standard is the first highly 
integrated RF component conforming to ZigBee Agreement 
and the working voltage is +3.3V. It is made of 0.18μm 
CMOS process and just requiring minimal external 
components. Its performance is stable and power 
consumption is extremely low.  

RF card is mainly composed of RF chip CC2420, 
2.4GHz RF antenna and corresponding impedance matching 
circuit. CC2420 sets the working mode of chip through 4-
wire SPI bus (SI, SO, SCLK and CS) to read/write cached 
data and read/write status register, etc. It is available to set 
transmitting/receiving buffer by controlling the interface 
status of FIFO and FIFOP pin. Controller is connected with 
RF transceiver through SPI bus and some discrete control 
signals. Controller works as primary SPI component and RF 
transceiver works as secondary component. Controller 
realizes the logic of IEEE802. 15.4 MAC layer, ZigBee 
protocol layer and particular application. 

RF signal received from antenna firstly passes through 
noise amplifier and quadrature down conversion to become 
intermediate frequency signal of 2MHz. Such mixed I/Q 
signal is filtered, amplified and converted to digital signal 
through AD converter, then passes through control of 
automatic gain, digital adjustment and de-spreading, and 
finally restore the correct data transmitted. Transmitter uses 
direct up conversion and data to be transmitted will be sent 
to buffer of 128 bytes. According to IEEE802.15.4 standard, 
every 4 bits of data flow to be sent will be sent to DA 
converter after spectrum spread by 32-chip spread spectrum 
sequence, then modulated to 2.4GHz through low-pass 
filtering and frequency mixed by up conversion, and sent to 
antenna for transmission after amplified. 

RF card is the key to realize wireless receiving and 
transmitting of data, especially that the design of antenna 
will influence the distance of communication. This design 
refers to two antenna schemes: one is printed board antenna 
formed by PCB routing; the other one is external unipolar 
antenna of which the interface is reserved on RF card. This 
design uses printed board antenna due to the small volume 
and low cost of such antenna. It is also possible to use exter-
nal unipolar antenna as appropriate. In order to realize two-
node network, two wireless transceiver modules of coordina-
tor and terminal collector (RFD node) are designed this time. 
Determine specific functions (coordinator or RFD) to be 
realized through different primary applications programmed 
to single chip microcomputer. However, the circuit interface 
of microcontroller and RF card of the module is basically the 
same. 

3986-byte random access memory (RAM) is set inside 
the single chip microcomputer PIC18LF4620 to function as 
work register, stack, software logo and data buffer. The 
capacity of inside RAM is small and CPU has rich 
operational orders to it. Therefore, inside RAM belongs to 
very precious resource and should be utilized rationally. 
However, in the collection of real-time data and disposal of 
application system, it is far from being enough to rely on 
inside RAM only and it is necessary to expand external data 
memory. There are mainly two purposes to expand memory: 
program storage and local data storage. This section will 
introduce the circuit design with K9F1208U0M working as 
the expanded memory. 
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III. THE ARCHITECTURE AND INFLUENCE FACTOR 

ANALYSIS 

Considering the errors brought about by inheritance and 
the probability in shooting goals, we generally locate the 
midpoint of the goal as the goal point. In live competition, 
however, the goalkeeper of the opposite side would occupy 
the midpoint of the goal. Furthermore, there would be two 
players assisting the defense in the bigger penalty area. 

Under this circumstance, if the shooting still aims at the 
O point or OB zone, the goal would easily be blocked by 
play 3and play 4. The best shooting point would be in the 
zone OB' now. Taking into consideration of error and 
probability, we locate the midpoint O' of zone OB' as the 
best shooting point. So when the initial position of the robot 
and the position of the ball are given, the moving direction of 
the robots and its moving direction when reaching the 
shooting position are as illustrated in Fig. 1. 

According to the bi-arc principles mentioned above, 
regarding the route planning of the robot, as long as we can 
locate the points PS1 and Pe1, we could get the value of all 
the control points P1, P2, P3, P4, P5 and P6 through the two 
control point equation of bi-arc. And the value of point PS1 
and point Pe1 could be figure out through 4 section arc, 
which is a special variant of bi-arc, and its geometrical 
relation, the easily realized continuous and smooth bi-arc 
routes as illustrated in the following figures. 

In the movement of the trolley, the current position of the 
robot and the position of the goal point are always changing. 
And the positions of the enemy robots are also changing. See 
Fig.2. when robot moves from point PS at time ti to point 
P’S at time ti+1, and the enemy robot 1 and 2 move from the 
illustrated position to 1' and 2'，assisting players 3 and 4 
move to position 3' and 4'. The best shooting position now 
shift from zone OB' to zone OB, the goal point shift from 
point O' to O". Due to the change in robot's current position 
and the time ti+1 are no longer the former bi-arc {PS, TS, 
Pe, Te}, but the new bi-arc {P’S, T’S, P’e, T’e} (the broken 
line in the figure). Now the moving trace of the trolley after a 
certain time needs to be planned again. The final moving 
trace of the robot is on longer the regular bi-arc, but a 
smooth and continuous irregular curve.  

RF card is mainly composed of RF chip CC2420, 
2.4GHz RF antenna and corresponding impedance matching 
circuit. CC2420 sets the working mode of chip through 4-
wire SPI bus (SI, SO, SCLK and CS) to read/write cached 
data and read/write status register, etc. It is available to set 
transmitting/receiving buffer by controlling the interface 
status of FIFO and FIFOP pin. Controller is connected with 
RF transceiver through SPI bus and some discrete control 
signals. The basic equation for the routing algorithm is 
shown below: 
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Experimental data to determine, we can also experience 
the value of the formula (2) the decision. 
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Hidden node output is calculated as follows: 
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The output of the output node is calculated as follows: 
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Where in θ is an output node threshold. 
Put Equation (3) into Equation (4), then we can get the S-

type function: 
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In the structure of GA algorithm, we can get the 
optimization equation as the following equation (6): 
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The output of the network is given as: 

  1 1 2 2 ...m m my k wh w h w h w h                (7) 

Assuming the ideal output is y (k), the performance index 
function is: 

      21
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Figure 1.  Figure 1. The route planning in static situation 

 
Figure 2.  Figure 2. The route planning in dynamic situation 

IV. RESULTS AND DISCUSSION 

The paper has proposed a new algorithm on soccer 
robot's goal shooting through the approach of bi-arc, that is, 
to solve the calculation of shooting goal of moving robots 
through bi-arc. 
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The system picture is shown in the figure 3 and the 
position identification chart is shown in figure 4. The static 
planning of robot's reaching target points (that is, the position 
of the ball, its moving direction is the line drawn between the 
ball and midpoint of the goal) at a given time are illustrated 
by actual line. The broken line indicates the re-planning of 
the routes after certain duration according to the change of 
situation on the field.  

 
Figure 3.  Figure 3. The system 

 

Figure 4.  Figure 4. The position identification chart 

V. CONCLUSIONS 

In this paper, the author does the simulation research on 
the influence factors of the robot's shooting percentage. The 
realization of a basketball match robot is presented. The 
goals are robot basketball game by simulating human beings. 
Complex control has been implemented by simple 
technology.PIC16F877A SCM have been used in the main 
control. It is available to use PICC, PIC Basic or assembly 
language for programming. The main body of the robot is 
composed of the agencies of wining, transporting and 
shooting, walking devices, the sensors, control circuit etc. 
Test shows that the robot can be better through self-control 
to complete basketball game confrontation. 
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