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Team Characteristics and R&D Theme

FLE 11T : Mechanic:

’fjﬁ%&ﬁﬁéﬁl&*@ifﬂﬁéﬁﬁzzgE‘J%%Eg%[ﬁﬁ@utstanding structure implementation capability and abundant
construction knowledge

%B%jﬁﬁ@ﬁf%?@ i u&%d\’f{xﬂ?ﬁ A %S%Consider maximum redundancy and minimize uncontrollable

factors

R ANT: Embedded System

ZHEAN, FEARILSE Advocating academy, giving priority to technology
154t Automation

Rk
e Hs AP R4 Fully Automation & User—Friendly
e B High Reliability

A B /D e 'E Wide Application Scenario
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Outstanding structure implementation

1hE: INLARE SYSTEM
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Outstanding structure implementation

1hE: INLARE SYSTEM
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However, we still run into a significant

problem that can not be solved by our
capability

SEMRERE b, BRATTAE b AR TRk 2 B0 L e] AR IR AT g5 f SE L RE J1 58 & kM To some extents,
we need to thank to the problem as it push our capability to the limit.
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Minimize uncontrollable
factors
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Maximum the Redundancy of the
Whole Mechanism
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'Embedded |Highlight No. 1: Manipulator Control
. Wit — Bl A A M P AREER S B s B S E

Designing a set of semi-— automatic grabbing action with
remote control and user—-friendly experience

. R HIEEANIE, sH LA ﬁi&ﬁ’\]i’,ué&u&
RuZEF, MENMWEIEZIMRE TR, Byz P LR
2Nt Is s B oL AR AL, F% 1EET”””E—:X-‘%/§.

Technology Point: Assemble and debug the manipulator, use the
trigonometric function of geometric algebra and cosine theorem
construct the equation of the manipulator motion, transform the
linear motion on the YZ plane into the angle change of the
servers to reduce the difficulty of the driver.

« Ax=Llcos0 1+L.2cos02 CHFEL)
Ay=LL1sin9 1+1.2s7n 0 2
0 1=acos( (L1 2+x 2+y 2-1r2 2) /2% 1% (x 24y 2) 0-5)  (HFFE2)
0 2= (I1-acos(r2%r2+xkx+tyky—rkrl/2%r2%sqrt (xxx+y*y) ) +atan(y/x) )
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RHRENLER S R E 42 CHRE—) , BTV _EiR 5 FR A kY
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AL, P e ERRHI B S nlissi 2. (3.)
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Embedded |[Highlight No.2: Infrared ray
Control

wold .E!..Ijl:_I nit {"'-"Clilj. '

9] ADC1 IN8(PBO) PBO/T
9] ADC1 IN9(PB1) 5507 PB1/TI

ADC InitTypeDef ADC InitStructure;
GPIC InitTypeDef GPIC InitStructure;

9] KEY(PB2)
[6] OLED SCLK(PB3)

RCC APBZPeriphClockCmd (RCC APB2Periph GPICA |RCC APBZPeriph ADC]1 , ENABLE ) ;

RCC_ADCCLEConfig (RCC _PCLE2 Divé);

S/eeD L2
GPIC InitStructure.GPIC Pin = GPIC Pin 1;

o NFEEIBEAE L, Jiii@ﬂﬂj%ﬂ E

L ES R LR,
7k:—[//j 55&555—“}»( —J 042 7*7’%%)\ EIH EE& EA ) ADC DeInit(aDpcl); //ZEfizpcl,#E
*HXPBO/LZ *jEéj:J\ 5. In order to 1mprOVe ADC InitStructure.ADC Mode = ADC Mode Independent;

ADC InitStructure.ADC ScanConvMode = DISABLE; //Ei1EiE

the accuracy of line patrol, the analog ADC InitStructure.ADC ContinucusConvMode = DISABLE; // &5t
. ADC InitStructure.ADC ExternalTrigConv = ADC ExternalTriglonv None; //

data are read. Because the eHCaDSU1at10H ADC InitStructure.ADC Datallign =gEsDI:_Data_AlIgn_Right; g"tT"]_L:Fi-

. ADC InitStructure.ADC NbrCfChannel = &;
lerary Of type A board does nOt Open ADC Init (ADCIL, EE&DC_IHitEtIuEtUIE];
analog ports, the analog ports of PBO/L2

: : : E!.D'Z_':Ind (ADC1l, ENAEBLE) ;
port can be read by inquiring the data S Resertalibracion (ADC1);
manual, 1earn1ng the COHflgUTathH Of while {ELDE_EE!FRE!SE!iI.'J:alJ_bI..iFlEInEtEtUS (RDC1) ) ;
ADC StartCalikration(ZDCL) ;

f427 analog ports and readlng the analog while (ADC GetCalibrationStatus (ADC1));

ports of PBO/L2 port.



Autonomous Algorithm
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Path Planning
. Construct Graph Model((3Ef&)

Robot Turn Time

Robot Go Forward Time %1 V-1

UPWARD

X:1Y:2
UPWARD

Every Node: Position and Direction (u, d)



Path Planning

. The Spinning Gate

. Map will change through time

Consider whether wait for gate or go another path
How to solve?

. A* Path Searching Algorithm

. Use Position and Time As State
Convert Current Time(Continuous) To Integer(Discrete)

time discretization
. (u, t): Current at position u, time t

. Avoid Frequent Path Changing & Going Round

. Using (u, t) =len
Firstly Optimize time, Secondly Optimize path length



Successful Result




~1000 Lines Of Code



General Planning

. Shortest path to explore all hiding blocks
. Balance between exploring and catching block

. Using symmetry of map to infer block position



General Planning

. Strategy: 5 Stages

. 1 Get the key block and explore positions along the way
. 2 Go home and place the key block

. 3 Go back and catch the block found by exploring

. 4 Explore the positions that never reached

. 5 Catch all the blocks left



General Planning

. Randomized Algorithm for Exploring Path

. Simulated Annealing (SA) for first exploring path

. Pre-process the path and save It

. Searching Algorithm for Catching Path

. Optimal solution for the catching path



General Planning: The Optimal Solution

. Optimal Solution

. Modeling: Traveler Salesman Problem (TSP)
. Solution: Dynamic Programming (DP)

. Time complexity: O(n * 2'n)

. DP State Transfer: dp[u][s] -> dp|V][s | (1 << V)]

. N=26
. Very fast, complete within 1 second

. Pre-process path length and DP optimization

. Solves the transfer cost change through time problem

. Use DP Value as Current Time



General Planning: Results

. Robot almost fully automatic running

. Operator only

. 1. identify the block using camera

. 2.catches the block

. All strategy & path planning & navigation Is done by program



Algorithm: Real-Time & Stability

. Algorithms run on Real-Time 20Hz

. Frequent communication with robot

. Fast responding to changing situation
. Stable running & Robust



Totally ~2000 Lines of Code
Visual Debugging

Debugging Time ~5h



Autonomous Algoritnm: Future Plan

. Time not enough to do
. Way to fully autonomous (without any human interaction)

. Two Computer Vision tasks:

. Automatic Block Identification

. Automatic Block Catching using Pose Estimation



Autonomous Control Logic



Robot Location

Problem

RFID Sometimes Fail To Read

IR Sensor not accurate

Sensor Fusion

.Detect black card for relative position

.Detect RFID for absolute poition

.Sensor data filtering

.Probalistic solution to fusion the data



Robot Location

.Trajectory & Odometry

.Motor Encoder
.Mathematical Trajectory Calculation

.Control Theory

.Move a certain distance accurately

.Starting & stopping accurately



Robot Navigation

.Gyroscope Direction Stablizing

.16x Line Following Sensor for Horizontal Position
Stablizing

.Data filtering
.PID Controller

.Paramter turning



Robot Navigation

.Navigation Control Logic

.How to go to certain position?

.Turn to specified direction and calculate distance
.Go specified distance

.Correction using robot location

.How to cancel path?

.Stop at the center of next cell using location system



Autonomous Stabillity

.Run very stable
.Resist to pushing & colliding
.100% Accurate Location

Never Collide the Wall



Communication

.Using PC for Algorithm Executing

Wireless Serial Port

.Checksum

Real-Time Feedback & Decision

.Real-Time Algorithm Execution
.20Hz Position & Direction Feedback

.20Hz Navigation Target Receving



Localization

Use 1ntrared sensor to Lind black
1ihe ‘colint the number oF blaek Line,

2L AME s TR B 2, 1T B2 2
RGP E

llse REID {0 g0t the dabsollite position
1n the same time,.
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ITrajectory Generation

Use two quadratic functions and primary functions to generate the
trajectory

2
e — s Vaz‘evs‘ 4a(e — s)

C rces
g 2|al

a
0,(t) =s +§t2

Cl3

gl =at, (Lt . ) +5% 7

a(e —s)* a*(e—s)? t?
6,(t) = | t
afb) = ¢ % % 2




Control

For small distance, use positio
tracking controller for each whe §

Upheet = Kp(0g —0) + Kd (0, -

2

. e g
. " = = v i
}Ha - ZT’ / ; ] < b f::{ f=10+bo |
L - A i
I~ p — i :
:‘ f) I ‘\.-’ ‘ bo ‘ M: 2 = 4k, |
i | i
| . - 1 |
-0q (Y ) ’ & | .
P } 5 i For long distance, we use speed
4y | 1 | :
';Z- it | tracking controller for the hole car

uy — Kp(vd = U) =+ kd({]d e V)
Uy = Kp(xd =X




Fully Automatic (in doing)

*Automatic Localization and Manipulation
*Perspective—N-Point

-—-.EEEI optical axis

It
age plane C
Cenire of Perspecive

Camera

Coordinate
Frame
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