- wAL
.. TAODbotics. -

HandsFree ﬁJEEAﬁE#FE%ﬁ
B A RITURIBRRT R

FUBDEEEEEREERAT ¢ S—




1.ZPA @7

Company Profile

TAODbotics

2.HandsFreeFREIRE " “.: .. ..

Handsfree Open Source Project

3. I B &ESHIM

]

Project Ecology And Application Cases




XTI

ABOUT US

$ITERERERAI SIERISEIRE ( Pl-Lab ) SCIEFEMNENSEABRBNSEH S ENARSR ST A  ERARATLSLAM,
WEEZE. BGAIE. 8F2IEHENAR. ARIETRE T —RIREIGE , 8FEERSLAM¥ESGSLAM | ERMS
&j%Map2DFusion, TerrainFusion, DenseFusionZEfGi%k., FHESNFRRKEHEIE | BEMSLAM, HEEA. TAVE
Qg , FRIERIN ZXRE. -

R’
57 Do

s

BRI SES



I 3435 i TAODbotics

GROWTH PROCESS

STk |mmis kR, Liasks
BTSN FmEIAREE. HHE
SEENAFTTAEHER

| 2 2020£F48 *
o . N
| e : ,

RNEERYIHEELLXERL |,
RODRARSNBAZER KRG =
"B EUSMAFSRIERA
BEHERIR S, EREiEHR

AFERHEREE
~Ne . N
e \
n Q
tre AN .‘\.
ot L] . .° -'.. -. . \ & [ ]
RN . & J ¢ 4 \
™. / R
N N " K . >
~ . ‘N ) /. . °
N N, /
N N . ° ¢
\ .
! > ; 2019%E6 8 N
! SR AT R TV K EEER S 201858 R1ERBYCHE. BEApollo TAZIFINHE %ﬁiﬁ?ﬁ%ﬁ%@?{t%% RS
! SRE , KEFENSEAIRE— KIEA , BIIREIkE S fpEaE xR RErEE™ , SradF , RS,
HandsFree B S RERBRENRIEFIAKSE ;
HB200F=REHAT &1 SN Z 2 A TR A EiISFEE

20002 EHENBMATTAELX EFMERALIBAERERE




I RSB RARRT S  TAODbotics

Open Source Education Solutions
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Open Source Project Introduction

HandsFree FEEIRE T EG@EIUTIANZS
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Robot Real-time Control System OpenRE



HIE ASZEHE$IZSE OpenRE " TAODbotics

Robot Real-time Control System OpenRE

OpenRE Hands Free Middleware
OpenRE£FROpen Source Robot Embedded

Main Components

Library , 2—1EWAINEs ABRATVFRIREE.

Communication :
HFLINK(Robolink), Mavlink

Robot Abstract: chassis ,arm(s)
gripper(s),head , hand....

Algorith

(EESENEE  TEEECPUREE , 8%
FUERIEEIRE , B35 , HSB AR | BEMEiR
VERGHBIEEE, RTAETSIIRA , FRERERS
BEEREE.

Device Mathlibs, «

Drivers Libs Matrix,...

J

Ve

iZibEEEE - 2c, c++IRE , nJfBtEMLREE |

Hardware :// IO Interface

ISP IEEE | STIE ARREYL, PWM UART CAN SPI
b ENECROD USB ife ADC
SBHAN : BFE , 33FLinuxfIWindows TIMER 10 SDIO etc

F&RING | BERERIZEEROS , PIXHAWK
j}ﬁﬁﬂxﬁﬁﬂl . BERRFAIHAIMNE.
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Application Demonstration And Industrialization Case
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Robot Real-time Control System OpenRE

OpenREAYEEINEEIRIR :

EaEs | ERENER. Za1F/ENFHES. EETrfEs.
RIFEE | IMKHREIEEERE. T2RIPMEIIE.
PATHIVISERR . |RE2. =8, FkF. TURESIREHEE.

(EREEEESTE : IMU , GPS , BBE R,

B EE . SEETE. RobolinkFI#2E Afhs,

REFER | A dfeinis, mimmisfizdl,

FREMAE ¢ https://github.com/HANDS-FREE/OpenRE
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Open Source Education Solutions
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Robolink protocol and visualization development

Robolink : RRE. S, EEABINSE SRS, -
Z§#5C++, Python, 3Z¥FROS,

RobolinkGUI : RIfi{¢t LA TR , SHEIE,

FREHEHE © https:/github.com/HANDS-FREE/OpenRE



https://github.com/HANDS-FREE/OpenRE
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Application Operating System & Module Orgatiization :
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Application Operating System & Module Organization

B ZEREEST [ MIAMIEE , Laser , RGB-DF
B SHIVEEMEIRLT | SHFHEEAROSESE
B SRR ATT AR Far-mik
B PEATR , RENTATFM. 08

Simulation Tool:// : ’.' p <

Control Establish Task Execution/
Station RT Mapping behavior trees
S )

RO

Environmental sensing : Execution ability:

u H an d S F ree;ﬁ)ﬁ?‘i IZij:% I %&—k/l\;:l:;}g}mﬁﬁ?%ﬁu ] vision, auditory, motion-sensing ,etc.. movement, grab , speech, etc..

. RGB-D camera: Wheels /Propeller / 4
1 5 O + HW’-J*D 2 OOO + J:FE%}EHF Xtion,Kinect,etc... Audio v .
Device
etc

B F&OpenRESCHIHL. BB, 2. HElL RS
B EBEROSSEIEALHFS | R ATS -

FrEMBYE © https://github.com/HANDS-FREE/handsfree
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SELEEARNERR (FFE ) KK |
o ? RELHCH + TR TIEER | HERARESLE ?
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ROSHEEHE) L M EEUbuntu, LinuxA&Z1ThR{ER ?
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Open Source Project: PICMake

TAODbotics

0

Rl =R KW EHERE

BE¥Xs #E  CMake

CMakelLists.txtX {2 FEH3?
BZETEMNFEINEERACMake(ENREEETR, STEREABER THE—CMakeLists.txt3Z
%, KETHE100-20097, XEVHHESIENG? BRRTFHEN, ESEERYEH, SENTE—
D2001THI St AR,

E—REN—TNGEETFRE2MEXS, 21140017, HERAICMakelists. tt=H20097, .

Sl | /co= || c2memz | wsEs eamme vaz o uE A
131 E% BilE O
a;.ruh
e % xmake&tbox{E&, github.com/waruqi
8 ANERTZEE

AL xmake , , [EEBESmakefile LIk cmake §2£7T, . MEESTE, . EFLua, R
ERE, REE, FEEHEMES. .

target("console")
set_kind("binary™)
add_files("src/*.c")

R8T 2020-07-30

ABES v ® DEFE T HE

13 T EE HilHE <

= ruki
e ¥ xmake&tbox{E#&, github.com/warugi
8 ABETZOE
AILlidif xmake , , thEEESmakefile LIk cmake 2% 7. . MAEBEFA. . EFlua,
EAE, BEE, HERESHES. .

target("console")
set_kind("binary™)
add_fTiles("src/*.c")

$RIEF 2020-07-30

ABEE v ®DEFE THE *BE W=
1 XiYang
7 SRZ=RGVIT], EARAIFEAIREFEMERE
T AERTZOE

BRRAXEMBENEFERELITHEMEE.
TEEHS CMakefrlil, aJLlidiECF " CMakeMaker, AL EHM, BFT
CMakeMakermaker, . . - o »

cmakefEREANENENNEE, SHEAE, RREMEETRALEEMHEIRMET T




PICMakeFFEIRE ' .
Open Source Project: PICMake . TAO bOtI CS
1 # + testCMakeApp S;m=3] -

2 # -- main.cpp RE= :

3 # -- CMakelists.txt 1. A ENRRSER— ? (REEISE ?

5 cmake minimum required(VERSION 2.8) 2. Aft4LcmakeEB —PN—NRIGESE ? ‘

6 project(testCMakeApp) . .

7 3. W{TE(RIEIRKREE S S IE ?

8 set(CMAKE_AUTOMOC ON)

9

18 find package(Qt4 REQUIRED) # find Qt4
11 find package(OpenCV REQUIRED) # find OpenCV

13 include directoried(5{0T INCLUDES} ${OPENCV INCLUDE DIRS}

14 add executable(${PROJECT NAME} src/madR—epp—s+c/ianether—cppt a' X e
15 target link libraries(${PROJECT NAME} Qt4::0tGui Qt4::0tXml ${0OpenCV LIBS}b o Ko

1 cmake minimum required(VERSION 2.8)

2 project(testCMakeApp) BER . —fTRURERS !
3

4 include(PICMake) pmire BHinss Ex/BFRIIE  (KEUE
E pi add target(${PROJECT NAME} BIN src REQUIRED Qt4 OpenCV)

-

— 13 S HEalIERE CMakelLists.txt , BF5I¥F (HandsFree) : picmake —src src —require Qt4,0penCV




PICMakeFFRIEH | :
S7RE  GSLAMEE ~ TAODbotics

41 pi add target(qviz display map SHARED GSLAM/plugins/qviz/displays/mapviz REQUIRED System)

42 pi add target(qviz display traj SHARED GSLAM/plugins/qviz/displays/trajviz REQUIRED System)

43

44 #pi add target(gslam optimizer SHARED GSLAM/plugins/optimizer ceres REQUIRED System Eigen3 Ceres GLOG)

45 #pi add target(gslam estimator SHARED GSLAM/plugins/estimator REQUIRED Eigen3)

46

47 pi_add_target(gslamDB_euroc SHARED GSLAM/plugins/datasets/DatasetEuroc.cpp REQUIRED OpenCV)

48 pi_add target(gslamDB_kitti SHARED GSLAM/plugins/datasets/DatasetKITTI.cpp REQUIRED OpenCV)

49 pi_add target(gslamDB_npudronemap SHARED GSLAM/plugins/datasets/DatasetNPUDroneMap.cpp) .
50 pi_add target(gslamDB_npurgbd SHARED GSLAM/plugins/datasets/DatasetNPURGED.cpp REQUIRED OpenCV)

51 pi add target(gslamDB cvmono SHARED GSLAM/plugins/datasets/DatasetOpenCVMono.cpp REQUIRED OpenCV)

52 pi add target(gslamDB rtm SHARED GSLAM/plugins/datasets/DatasetRTMapper.cpp REQUIRED 0t) 3

53 pl add target(gslamDB tummonc SHARED GSLAM/plugins/datasets/DatasetTUMMono.cpp REQUIRED OpenCV) Y

54 pi_add_target(gslamDB_tumrgbd SHARED GSLAM/plugins/datasets/DatasetTUMRGBD.cpp REQUIRED OpenCV) o .

55 " . .. ) [ ] P

56 pi_add_target(gslam evaluate BIN GSLAM/evaluation/evaluate_memory REQUIRED System) P AR U
57 pi_add_target(gslam metric_cpu SHARED GSLAM/evaluation/metric_cpu REQUIRED System) ’ R/ \¢

58 pi_add_target(gslam metric_time SHARED GSLAM/evaluation/metric_time REQUIRED System) . o

59 pi add target(gslam metric traj SHARED GSLAM/evaluation/metric trajectory REQUIRED System) . *

5] L] ® L ]
61 pi_add target(svar_gslam SHARED GSLAM/svar_gslam REQUIRED System Python LTO) ‘

62 pi report target() Y

# Now do make install

get property(TARGETS2COMPILE GLOBAL PROPERTY TARGETS2COMPILE)

pi install(HEADERS GSLAM/core HEADER DESTINATION include/GSLAM
TARGETS ${TARGETS2COMPILE} CMAKE '${PRDJECT_SDURCE_DIR}IcmakEIFindESLAH.cmakT.in'l

H+H-H-HRAERR AR AR R R R R AR AR R R AR R AR R AR AR A A AR AR AR AR AR AR AR R R AR R R R R R R
# Add Tab Completion Support
if(UNIX)
install(SCRIPT ${CMAKE_ CURRENT LIST DIR}/cmake/tab completion.cmake)
endif ()




PICMakeFFiRIRE .
S7RE  GSLAMEE - TAODbotics

- -0OpenGL:
OPENGL_INCLUDES: fusr/include
OPENGL_LIBRARIES: /fusr/lib/xB6_64-linux-gnu/LlibGL.so; /usr/lib/x86_ 64-linux-gnu/1ibGLU.so
OPEMGL_DEFINITIONS: -DHAS_ OPENGL
--GLEW: VERSION 1.13.0

GLEW INCLUDES: fusr/include

GLEW LIBRARIES: /fusr/Llib/xB6 64-linux-gnu/LibGLEW.so

GLEW DEFINITIONS: -DHAS GLEW
--Python:

PYTHON_ INCLUDES: fusr/include/python3.5m

PYTHON LIBRARIES: fusr/lib/x86 64-linux-gnu/Llibpython3.5m.s0

PYTHON DEFINITIONS: -DHAS PYTHON
= TTE T U L LOWLITg LaTgetls WLll LU UE Oulid.
-- LIBS({): 1libgslam gviz.so; libgslam tests.so; libgslam resource.so; libgslam doc.so; libgslam play.so; libgslam gmap.so; libgslam topic.so; libgviz panel
win3d.so; libgviz panel displays.so; libgviz panel frameinfo.so; libgviz panel pubsubs.so; libgviz panel logger.so; libgviz display map.so; llbqvlz display t
raj.so; libgslamDB euroc.so; libgslamDB kitti.so; libgslamDB npudronemap.so; libgslamDB npurgbd.so; libgslamDB cvmono.so; LlibgslamDB rim.so; libgslamDB tummo
no.so; LlibgslamDB_tumrgbd.so; libgslam metric_cpu.so; libgslam metric_time.so; libgslam metric_traj.so; libswvar _gslam.so

A e F B C By 1 b S AT -4k

L= = L B e e S e

- C++ flags (Release): -03 -DNDEBUG

= LDﬂTlgU ring done

- Generating done

- Build files hawve been written to: /data/zhaoyong/Program/Apps/GSLAM/build

FREMEIE © https://github. comzdzhaoonPICI\/Iak
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SvarFHiRIn B ' .
C++ijiEihse ZE=HTH \ TAObOtICS

é C++ O (  Python Javascript | ’ ix_EI{ ;ACZQEP?EE’J*E)};OTIZ;%J;E«;’] -2
x I ’\ I r

Svar hello =svar.import(“hello”); import svar :e::D=re.-[:uti]reli".,:‘sualr;}{)“hellﬂ"}

hello[“say”](“hello world"); hello=svar.load(“hello”) | | Nello-say("helloworld® - : S

\ ) \HE"{}.SEI",F ("hello{wnrld"]/ ) \Q *fJuC++':F'E’JImportm%'J SCIN AN EENN

) S =% s 1 ik ﬁlkC"‘ +E’J—}H:IH1=F&{K% EJL '

| SVEF{Unified Tiny Core Interface) J "L-I- E:_FL,LJ:"‘QTE T’];‘Efm}_‘_E’J H:l' EHHT
R0~ 7 7 — ) 1r X *

NN Y T ey @ @ B xsuEss 3 -

| svarcbor | | svahiep || srmsa |t ) & % S o E$LJL§&¢E%$@$fmﬁ1mlnmfﬁﬁ

: dul iLu) VA ;

QT | e | FIVEAR ; |

. C++Implemented Svar Modules i Do - BEFSvarSEMiESENED , NS

15 |:|Z|Eﬂﬁljgﬂﬁﬁ

FE | BT i7H : (ERWE B LEF SBK : SRR , I REES IR



SvarFRInH

1. Bind C++ to hello.so

#include <Svar.h>

void say{std::string v){
std: :cerr<<v<sstd: :endl;

}
REGISTER SVAR MODULE(hello)
{
svar[“say”] = say;
}

EXPORT_SVAR_INSTANCE

4, Import by Javascript

svar = require( ./svar’)
hello = svar('hello’)

C++ii5%tgs , Z1B5CEHTH

2. Import by C++

#include <Svar.h>

auto m=svar.import(“hello”);

int main{){
mf "say” J{"hello world");
return @;

}

5. C++ import Python

#include <Svar.h>

3. Import by Python

import svar
hello = svar.load({"hello™)
hello.say{ "hello world")

6. Javascript import Python

svar=require("./svar")
python=svar("svarpy™)

TAObotics

LECRAEE

SES

L]
(] ‘ I
o @
Import!
hello.say("hello world") auto py=svar.import(“svarpy”); ) '
int main{){
agute os = py["import]{"os");
std: rcout<<"Pid is:"” 3
<<os[ "getpid”]( ). ;
return @;

os=python. import{“os")
print{"Pid is", os.getpid())



ROSBridge : .
R EIRROSHIROSEISH ] \ TAODbotics

LATNER=Z &ERROSBridge :

- TEH28 ABZ2E| WebRii s SROSREHTER , NTISCHUAS Bedsl -y
BRSSPSR A B ; :
- ROSKET , BESROSES , (B85 \ROSHK#

ROSBridgefFsa :

« A@IITCP, UDP, WebSocket:t#IROSHIESHEXK ;
« {FFJSON ( 82 =#%ICBOR ) SLILBERIFRIX ;

= RE S A ENS

« YIEX (BEEER )  MQTT ;
« K&NT : Kafka , NSQ , ZeroMQ ;
 fIE = : RocketMQ

T‘WHJ:MnRosaun gg, “Kiﬂ]'{% |
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svar_rosbridge

AMEFHIROSHIROSE(SHIENY

TAODbotics

svar_rosbridgefFsa :

o {KIESvarstlZIES > , SLWC++FEEIRIX ; 6
« AIETCBORIFEMNEIGZE_HBIEIEL R ; ‘

1 #include <Svar.h=
2
3 auto ros=svar.import('svar rosbridge')
import svar 4 B
import time g :Dld cbk(sv::Svar msg)
ros=svar.load('svar_rosbridge’) ; ) std::cout<<msg<<std::endl;
9
def ?bk{mﬁg}: 10 int main(int argc,char®** argv){
print(msg) 11 auto pub = ros["ROSPublisher"]{"/test int",{{"type","std msgs/Int32"}}}
) 12 auto sub = ros["ROSSubscriber"]("/test int",cbk,{{"type","std msgs/Int32"}})
pub = ros.ROSPublisher(’'/test int',{"type":"std msgs/Int32"}) 13
sub = ros.ROSSubscriber(’'/test int',cbk,{"type":"std msgs/Int32"}) 14 while(True){
15 usleep(le@eeen);
while True: 16 pub.call("publish",{{"data":20}})
time.sleep(1.0) 17}
pub.publish({"data":20}) ?I; ) return 0;]

Python&7miT T4 C++ B AT

3:

FRHEE https://github.com/zdzhaoyong/sva.rrrosbridge



https://github.com/zdzhaoyong/svar_rosbridge

Messenger
E5MH , EEEMNEEREY

1 #include <GSLAM/core/Messenger.h>

2

3 void cbk(int msg){

4 std::cout<<"received: "<<msg<<std: :endl;

5}

5]

7 int main(){

8 auto pub int = messenger.advertice("/int",0);
g auto sub int = messenger.subscribe("/int",0,cbk);
18

11 messenger.publish(”/int",10);// direct publish
12 pub int.publish(1gg);

13 |

14 return ©;

15 }

THRIRRIENHESRE | HiE
HEEZErLUZREAREL |

e E S

¥FEZEEA  TER ;

TAODbotics

Messenger ROS

HIEW : (FE3EE ERSiElSESit
#HFZ8] : JSON+Buffer
JSON/CBOR ROS/Protobuf
(HEEC++ 118 Ubuntu, Linux
< FBEZEE /s msZk
<FF XFF
FAROS|NSQIMQTTE B MZEITY

BB | 1B ERFRIR |

FrReiE - https://github.com/zdzhaoyong/svaf.messenger



https://github.com/zdzhaoyong/svar_messenger
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Sinan Positioning and Navigation System .. TAO bOtI CS
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AMEMSIFRST ' .
Sinan Positioning and Navigation System .. TAO bOtI CS

BilFiX : SLAMZES. BEERE. 8m
FTHE.

LoReEM - MEIET. EFRA. BiER
REF.

HEEE : SHEEE. SRS
XIRRIRIIESE | ELANFERLT.
UWB/RFID, {E5=RIE , SNEIETT
Xl FTXIERSE.

IREEE : NSBAPNBIIMIFUERES,

L e HES
APPLICATION ROSEE s} D, ERESEEE. &
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GSLAM

BRSLAMIER ~ TAODbotics

GSLAM: A General SLAM Framework and Benchmark

Yong Zhao, Shibiao Xu, Shuhui Bu, Pengcheng Han, Hongkai Jiang-. . |CCV 2019

GSLAM Implementation Plugins Y { GSLAM Utils - = - —
Estimator -l ~“*uﬁ‘”‘"‘ , = i
ORBSLAM DSO SVO . g )
- - —*  Optimizer £ 2 7 -
B-E - i et | B
fa o M |
B [ Logger - A - |
N, 7’ S 7 ::._ F T T 1 M 0 BN ED W00 1N W B0 e W we we m0 W OW we 1m0 o
I I frame_id | frame_id frame_id
3 (a) Memory usage (b) Memory malloc number (c) CPU usage (d) Frame duration
GSLAM Interface & Messaging ~ e == i e
Svar V(" GSLAM Dataset Plugins }/ Visualization/Application

QVizZ RVIZ Evaluation
Arguments A
Parameters ! |F4@r |l 4 7 |... T : =1
Commands (e

(a) Trajectory aligned (b) DSO (c) SVO (d) ORBSLAM

Support C++, Python, Node-JS languages

Source Code(750+ Star): https://github.com/zdzhaoyong/GSLAM/
SLAMGE# JHFRINE, RS RIEAEIEE2000+

KIFE2180Y (100 IRFFiE#Mw SLAM AESBREATIH ? ) |, (N1 A LEBNFRIRE ¢



https://github.com/zdzhaoyong/GSLAM/
https://zhuanlan.zhihu.com/p/115599978/

GSLAM

BRSLAMIER ~ TAODbotics

5" GSLAM Implementation Plugins N {7 GsLAMtils )
i Estimator |
t | ORBSLAM DSO VO stimator
i ) . : Optimizer !
| - ------ Vocabulary |
1 1
E a 3 Logger i
|‘\ . " L l:
e I A P N
]
E GSLAM Interface & Messaging
R L i J
R i T I'T :
Svar GSLAM Dataset Plugins E:’ Visualization/Application
1
KITTI H( Qviz RVIZ [ Evaluation
Arguments & =i :
Parameters /\ Y | eene HE - [ [ . i
Commands SO H i
e i" i
I; ‘\ I=

EARISLAM ( EREATHENE ) FFAEZRINFES
TR BRAEIRLT

= REE IR ELE

SFC++ 11

fetPython/Javascript F iz
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Open source community
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TEACHING SOLUTIONS ONLINE AND OFFLINE TRAINING
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Arrange lab courses and tutorials

= s RS Build a robot educational ecosyste
combined with practical applications and ! forst ystem
online and offline with open source
provide a full set of solutions from e o) g

: e community, short-term training of skills
equipment, courses and training for

— and job seeking.

colleges and universities.
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LABORATORY CUSTOMIZATION
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Provide comprehensive solutions of robot
related knowledge and competitions,
including customizing robot labs, lab

facilities, educational materials and PPTs,

training and discussions.
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Support of major open source communities

S 2 & &
(3]
cree  ubuntu Sy

Sy ecl #ROS

ELHX

Online communities

E2522 ¢

Online courses
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Our open source communities
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Systematic Tutorial
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Open Source Education Solutions
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Octopus Thunder Soldier Turtle Stone

Octopus Pro Thunder Pro Turtle Pro
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Industrial Robotic Solution
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MallBotZ%1® GuardianZX51® Anti-CovidZ%1® Anti-CovidZR%1® .
1st Gen 2nd Gen Tk s IREHFRH=EA I REHERAPro
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Smart Retail MallBot Series-Computer Vision Structure
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https://www.taobotics.com/
https://www.taobotics.com/
http://wiki.hfreetech.org/
http://www.github.com/hands-free

TAODbotics

Thankyou!



