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Distributed embedded system design 1s essential for successful intelligent robotic implementations.
The system integration has become more and more complex due to the requirement for size, power saving,
weight, and functionality. The distributed edge computing architecture was largely adopted because of its
expansion capability and the ease of software/hardware development. This research focuses on the scenario
of the Ultimate Battle Humanoid Robot. We applied flexible modular design concepts and distributed
embedded real-time network architecture. The proposed edge computing robot architecture can reduce the
complexity of traditional ones. It” s now easier to build up communication integration for the sensors and
improve system efficiency.

For the robotic Al technology, we attempted to integrate robotics sensor fusion systems, including
IMU (Inertial measurement unit), ACC (Accelerometer), CMOS Sensors, FSR (Force Sensing Resistor),
and intelligent ZMP (Zero Moment Point) motion control.

The robot” s vision Al integrates a tiny YOLO algorithm to support tracking and attacking target.
The overall Edge computing system is integrated by the Al chip and the embedded system network.

This study further presents a novel distributed embedded platform using an embedded network as the
communications backbone, with three layers: 1) control and sensing layer, 2) gateway layer and 3)
Internet layer. It s very much alike to the human nervous system. In the future, we picture that our
robot edge computing platform can be easily integrates with home IoT network through TCP/IP. People

will be able to combine many kinds of IoT Edge computing technology with intelligent Robots.
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fir B b4 P EH S wHiE -

2. ZRERVHIZHERS > 24 TIIREGYO0) » fiEE (Accelerometer) » FHAZZRERH]
{EDH] > BT USRI 280 — Bl e SRR A RS - DAR =i 2 BN e 2 DL
FIERY G BT A AR AE - BN ZERE R &4 iR = (Kalman) 0 23 (23] (&
IEFHIE o #E— DGR HEARTT R SRS [ R TR SR P DA S BHSs F6 2 sEE 42 =
TCAY RIS 2 BT -
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3. ATRATHENS EGIKIRRIE Al fREEH A AU AT G5 R &S SR B R
=

<

IECTZEREMLE - WS 25 B AR L RE DR AR e PRI AR R MOHI B - iz 258
FEEE G T T R EREN Z WA ERIR R A S S B R F LR D S

1 LCD BRI

Feature Extraction
GC2145 X
1080P camera. ‘ YOLO3 Engine ’I UART Driver

Sigmstar SSD202D
Dual Cortex-A7 1.2Ghz Processor

FOV 68°,
DOF=60cm- o

WIFI 2.4GHz
802.11 b/g/n

Sigm@Star

Flash: 512MB NAND RAM: 128MB-DDR3 arm

(B.) high-efficiency Al recognition module

ERUBEA T RIS AR (— AR IR ER)

|—————— -

VA4L2 Driver Feature Extraction UART Console Driver

ov2640 |/ ) \' .
‘ 200w pixel OpenCV Driver UART Driver
FOV 150°

|
|
l l
Camera Stream l
_>| Http web server
| WIFI 2.4GHz
802.11 b/g/n

- — —
Linux OS
. y 4
ESP32(4M Flash + 520K RAM) chip Wu
Tensilica Xtensa LX6

(C.) high-efficiency Al recognition module

EXIREA R R EIRAE (R BRIR )

WIFI| 2.4GHz
802.11 b/g/n

ESP32(4M Flash + 520K RAM) chip y 4
Tensilica Xtensa LX6 Wu

Jason
fReERs

(B8 +E&+BS)

TR
FUERS 12

RSEK
Kalman Filter
ZRERAIES

T
Accelerometer

(A.)BDEF TR RR/N

FarEhlEs

ZMPEtE

FSR Sensors&Ei&
(X8)

21



(—)  High-efficiency Al recognition module (fE5558E Al 52 AL B[ —fiefifm] ) -
SRR AL f AT AR BE T o) Ry AT - — TR — MR SS—RE R IR A - —fE
AR EAR RS [ 2B By T 4= R BE E 40 A Sigmstar SSD202D HYAZ Lty
SSD202D J&— A0 Cortex-A7 1.2 Ghz #y CPU B & AIEERY 512M Nand flash DUK,
128 MB DDR3 © %A% Embedded Linux FESHE < Wi#EHH VAL2 Driver[24])SEBIfE =
AT GC2145 FAEHA - GC2145 A5 2 —(EEMH 1080P /Y Camera » F&H 68 REAH
FAR RS AR - 2GR IR F A ARV - Embedded Linux RN EH
YOLO3 5[5 HRS 5 > ARk %23 ARV EHEA IR GiE S - 240 L&
it BT A A DL R AR LGN i 28 - RITRT RIS EHER A DA AS50
M7 N BRI NG EY SR AT AR BT F /b - &SR A UART Driver
PL Jason S=UH RSN ISR T RIS NS 25 o IR EEAR
FEREBREREE - WIEEEKEMFE CPU IIETRETT oL A SRR Wi
T — B AR R LA

(=)  High-efficiency Al recognition module (fE4KAE Al 1 HEHEAH BT [FAIRE A )
ERIEE AL SUEHERIEAH TR ARG AR - BVE R T AR R E I
tRR L RE S B R B R HEE B AL » R0 0MRZREC S ESP32(4M Flash + 520K RAM)
chip SyfZ%0s o IR FAEIZ O 2RO (55 A OV2640 200W pixel HYECHIFEEH LR 150 f&
fa—fk faREE BT - P opency driver [251%84 & DU 48R 526 (EI R 23 TAE
TR A Linux ERFAEIEELT » 15 DART DASE AT 2 m S s B 28 A\ A BB Y52
R - FEH 150 REf AR Rtkes AR oG IR e A L3l - (B2
RAATEE 150 FERE1R A - thas A A m AR AT IE BIR EHVERER - fE(EH] AT
DUFRHEEBI IRV E 2 MR BN 2 E & © 28R A] LU ] UART Driver B Jason #& =
BN T Ry SR NI R 2 ST 28 - PNAEHY Hittp web server BIEFFZEESMETRE(S:
SEMTEE A f R - HAHRS B SR T =

22



R T BRSNS BT

Resources Parameter
240MHz dual core, 600 DMIPS, 520KB SRAM, Wi-Fi, dual
ESP32 mode Bluetooth
Flash Memory 16MB (old: 4MB)

Power Input

5V @ 500mA

Port TypeC x 1, GROVE(I2C+I/0+UART) x 1
2 inch, 320x240 Colorful TFT LCD,
IPS Screen [L19342C, max brightness 853nit
Speaker 1W-0928
Button Custom button x 3

MEMS Sensor

BMM150 + MPU6886

Antenna

2.4G 3D Antenna
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High-efficiency Al recognition module (FF530RE Al fiBH-REAH B o[ —RARA] )

Resources Parameter
Sigmstar SSD202D Dual Cortex-A7 1.2Ghz Processor
Flash 512MB NAND
RAM 128MB-DDR3
Camera GC2145 1080P Colored Sensor
Lens FOV 68", DOF= 60cm- ©°
Power Input 5V @ 500mA

TypeC x1, UART x1,
Peripherals TFCard x1, Button x1,

Microphone x1, Fan x1

Indicator light Red, White

Wik 150Mbps 2.4GHz 802.11 b/g/n
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High-efficiency Al recognition module

(EUAE Al SRR BT AR A ):

Resources Parameter
ESP32-WROVER (PCB Antenna)
ESP32 Tensilica Xtensa LX6
Flash AM
RAM 4AMB
Image Sensor 0OV2640
Maximum resolution 200w pixel

Output format

YUV (422/420)/YCbCrd22,RGB565/555,8-bit

compressed data,8-/10-bit Raw RGB data

Maximum 1mage

transmission rate

UXGA/SXGA: 15fps, SVGA: 30fps, CIF: 60fps

FOV 150°
CCD Size 1/4 inch
WiFi 2.4GHz 802.11 b/g/n
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N~ REEH YOLO S BUEREA

i AL » B TR - (i PR G A TERE R A SRS BT (R T
i > {#F V-Training 314k Yolo HAIELZE > FIHALLF-B)— Rk —5RAAMR LR A T -

2l shgt B et 5T Training and validation accuracy PA Kz Training and validation loss 20 N & (19) A7~

RER KA

() (V] () (V) () (VI
111783 111784 111785

111778 11779

(VB i (V) ! O Ae =2
111786 111787 11791 111793
. !’ !I‘
t
(V] 1 (V] (]
111794 111795 111799 111800

®

ISR KRE
B FERER AR

NI EE T
AlllSRAITRES

11800jpg

(19) V-Training
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http://v-training.m5stack.com/build/index.html
http://v-training.m5stack.com/build/index.html

Model: Classification MobileNetV1 Alpha: 0.7 Depth: 1

Training and validation accuracy

1.0 A1

0.9 A1

0.8 A

0.7 1

0.6

® Training acc
— Validation acc

-

10 15

T T T

20 25 30

Training and validation loss

1.0 A

0.8 -

0.6

0.4

0.2

0.0

® Training loss
— Validation loss

[E](20) Training and validation accuracy

Training and validation loss
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T~ RS [ EE TG

FEEIR AR EG ERS NG BQDBEUREAIRI S [ E I TIRAE - ET

Online Classifier

“class_num": 2,
b=t
“name”: “robot",
"score”: 0.967233896
i
{
"""""" " Turret”,
""""""" 0.894553542
}
1
"best_match": "robot",
“"best_score”: 0.967233896,
“running”: "Online Classifier"
}

[E(21) Wk [EEE TR
P BUIRSR  LL AT T P 202 5 Y TSON AR AR A A A 25t 1 DLR S MR i S - DL it
FEBRE 1 T D e B e FH e 1):
(—) HEEEE
5] {8 JSON :

TARGETTRACKERVI.0
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25 JSON :

TARGETTRACKER™:" V1.0

[E(22) HEamS |ZEE TR
(Z) BT
[5]{2 JSON :

FUNC":"COLORTRACKERV1.1
TOTAL":3
0

x'":45

W

h":72

area':342
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25 JSON :

COLORTRACKER":1.1
thr w":20
thr_h":20
stepx":1
stepy ;2
merge":10
Lmin":0
Lmax":0
Amin":0
Amax":0
Bmin":0
Bmax":0
viewmode":0
range'":20
roi_x":150
roi_y":110
ro1r_ w":20

roi_h":20

area * ZEH AV EDTEE
LAB BAtUREE * & LAB BREVZEHRVBRCUE - 4B MIBACUR G HUETE - EE{EAYEER
FEEAMERESER - #ERGE—E/NLTA -

TP REERIE - S OFRRE B ES) HASEHE T Frilt—2L -




(=) Object Recongnition

IS8T “yolo 20class” VMR EZIHA

{
"function": "Object Recognition",
"args": ["yolo 20class"]
}
/[ E S “nanodet 80class” YA % INRE
{
"function": "Object Recognition",

"args": ["nanodet_80class"]

T Bl ot

"prob": 0.938137174,
"x": 179,
"y": 186,
"w'": 330,
"h'": 273,

", n

"type": "person"

]7

"running": "Object Recognition”




Object
@ Recongnition

“num®; 2,

ol(» (

“prob™: 0.762815654,
"x": 186,

'y 53,

w249,

“h":123,

“type”: "aeroplane”

“prob™: 0.626843572,
“x": 149,
“y": 240,
w293,
“h": 146,
“type”: “car”
}
l
“running”: "Object Recognition™
)

[

[&](23) Object Recognition
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2 - PIRGERER R

At L REE P R A VAR RO B R B G R i 2 AN TR e tas MR AEE > fEfT
NTURS PR ES NAYOTHBREETIE - RFIES MRS RFTREABCE HAE - HATERAER

AR5 2

ST TS - ATHEELLT

AW A R AT TR G 28 BE eI AR RSB i 2

g8 N A (SR - IEAGRAHE B B G E R AR e U B e R R s

ANt R ERy R AR RS HESACE - DN SEEN

o EATSE I SRR PR EE 10 2 HLUT(E  RehlliE NI Es ARYPUR B A Re i

ZEPERISLRNES - PAEg R b oAy EEt 70 s ARUGREERr Sl S as A\ B

Aathig LN SRS o R - P cpu WVASER o HFERE A RE R G
I AZRREAMEE I T CE DL BRI -

PP EE GRS B YOLO3 s B A Wiak RN e 38 B T e AL E -

DIFRHE 28 P o ARG EVAE - W20 B s BE R4S R 45T H Training

and validation accuracy B Training and validation loss & FAREF  ARAIEEE
TN BRI I AT -

FEAL AL R B B s e U B A/ NI R S TR R4S SO (5 22
it B P el horBrsERAER -

— B AE e BR T > ARBHSE[E R FSR(Force sensing resiston){F Fy A1k es A 22

SPHTARRE o RS BT S ORI DL B R ZMP R fF Ry b5 ok
B -

%4 JSON s ateftaatz P eV astE » M A LR ft— I IFE sk
AAGRSNEHA B INEIRAE
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BRGRGUEN Al B R SR A RS (E RS - BB AR R & R
BES - (B NI DIHIEE S EHITE < HIVEG o (5 —IeiV AN Rt st
R (e 2R I AL AHED I 3 JE (2R - L0 N —(E S P A Es N =
F& B AN Ry BR %k = et e A\ 2 HEmI B ZEPRaT - W10 45 TR ERaE S e 2R T AT
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35



B - SonafEH

—EHDK » (RS MSFTRARS RIS RS BREEAERET I RS # & B
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GrE ARG - VR ISR DU PATIEAYRIRE - HLASS T - RO At
R EHGERL > BRI R E T A ARE S R R RN R DU BB R E B AE R R S A 5 - Y
PAPERIR R B 25 — SR P 5 B R RGR RIAEFERERLRUR AE & SRS B A
= o RAEGTEE I/ NMGHE - RTRE » 5T (R AR S ORATHRE -
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