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ABSTRACT

With vast space and abundant resources at the bottom, the ocean is an important area for
exploring the unknown, obtaining resources and solving global problems. Traditional ocean
observation technology has many limitations in space-time coverage and extreme deep-sea
environment, and faces challenges in data acquisition and transmission. Therefore, there is an urgent
need to develop efficient and sustainable ocean observation technologies to address key issues such
as environmental change, ecological monitoring and resource exploration. In order to overcome the
limitation of traditional technology, a seafloor Observation Local Area Network (SOLAN) based on
heterogeneous cascade is developed in this thesis. The network combines three kinds of network
communication technologies, satellite, photoelectric composite cable and underwater acoustic, and
adapts data transmission requirements under different Marine environmental conditions through
heterogeneous cascade, thus constructing a multi-level network architecture covering "seafloor -
surface - shore". The main work and achievements of this thesis are as follows:

Firstly, this thesis analyzes the requirements and characteristics of the heterogeneous cascade
seafloor observation network model in detail. In view of the actual requirements of seabed data
acquisition and remote two-way transmission, a construction scheme of the remote control seabed
observation network based on heterogeneous cascaded communication technology is proposed. For
this purpose, in this thesis, the hardware platform and functional software of the observation node
and convergence node have been developed, and a shore-based cloud storage platform with data
storage and remote control functions has been designed. Meanwhile, to ensure the stable operation of
the network system and the effective interaction of data, a periodic power supply scheme and a multi-
node synchronous wake-up mechanism were designed. This network solution effectively overcomes
the obstacles of remote cross-domain data transmission among "sea - air - shore", guarantees the
requirements of long-term observation and remote control, and provides technical support for seabed
observation.

Then, in order to meet the needs of transmitting diverse observation data, a unified and
standardized basic frame structure is constructed, and a data exchange protocol is designed to meet
the diverse transmission requirements. In order to improve the reliability and efficiency of data
transmission in this network, three data transmission mechanisms are proposed. 1) An discontinuous

transmission mechanism based on big data retransmission technology is proposed to solve the

1I
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problem of repeated transmission caused by interruption in the process of big data transmission. 2) A

time-varying channel transmission strategy based on link state awareness and adaptive packet
transmission is proposed to cope with the complexity and unreliability of underwater acoustic and
satellite links; 3) A dynamic handoff mechanism based on vertical handoft technology is proposed to
ensure the continuity of data transmission. The transmission mechanism designed above ensures
efficient and stable communication in a complex and changing environment, which provides a
practical solution for seabed observation.

Finally, this thesis tests the heterogeneous cascaded SOLAN, including pressure test,
synchronous wake up test, data link transmission test, data transmission mechanism test,
comprehensive application test. The test results show that the heterogeneous cascaded SOLAN can
realize the functions of data acquisition, upload and remote command delivery under the environment
of 6000m deep sea, and meet the needs of seafloor observation and remote control. The SOLAN
designed in this thesis has been applied in the western Pacific Ocean and has been running well for a
long time.

To sum up, this thesis developed a remote control SOLAN based on heterogeneous cascade,
which realized long-term, continuous and real-time observation of the seabed and deep-sea
environment, solved the problem of space-time coverage of seabed observation and the difficulty of
data collection and transmission under extreme deep-sea environment, and provided an efficient and

reliable technical solution for seabed observation.

Keywords: seafloor observation local area network, heterogeneous cascade, interactive protocol,

data transmission mechanism
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PE. R R AGURK A5 SR SEILST A B AL 1T %

B RN R ARG B, B SRR SO U M 2R L 2 TR R
SN R G X 28 S5 40 7 SEMM 28715 i 0 2. ARG PRARAM IR 1 B I 2% 11 s A1 & 5 T g
Bt IS T R R4 2R g0 ISR I F s 56 e 22 (R0 M B AL ) 45 AR 4 i 5
o

SEVUEE: SR SRR RO I = S M s A S L o ¥ S VR 2 T SR A OB UL SR
S5 A Bt B B S T S e IRJE TR T S R AR T R K SR S A BT T SR B AR
Fitii S AL (RIS AIE E, AR T3 AN R A o 7 K A B A TSRS s A B R i R Bt
B SRGEH T WS LI R T R . SRR RE R PR R, AR H TR AR L
i BT AL A AT SR S TR — R RO 7K P A1 T B 52 8 VRIS TT SE A I AR A
TE AL R SR, o NI I LR A T T M A B i) R ) Bl S D) LA

8



B 7RO S i 27 12 3

FBhT: RGMAERIUE. Bz RIRM AT 7 REPERNN, SORREHTEE.
AR e VERETR R . BURAE ML SR G 1ERE, DLRRIETT RIWTAT IR S AR R NdH T
K2 S AL DRIBR X 28 T 08 R P IT JR S B B S 36 AR A, 3 A il 1 B UE I 1 i 5
IR R 4 1R AT R

BONE: B SRE. BN TERT B 0. IR TS AR A A 1A 2 AT
R, JREPR I B R SO IriE . RS RARRIT T AR AT R .
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2 FRZRER g R AR B 53 4fr

P2 T R it P JER UL U A 8 R e T ) 3 5 B A A DA B AR R S5 7 4k, OF
WL iR RS R s £ R, ORI R S ot FIR, BHIEA
RAE RS RV 1) 5 P O e e, DASE R R I BT N 755K, I SO ARG 0 I Y s 96 KL
RS SR, EHE W77 NSRS G 2R E ARG R, HAgkse
PRI LR RO . I, BR 7RIS S 0 A AR SIS BRI 7 X B AN [R] (14 k9 45
AR 77 RS AR, LR TR 1% A M S IE R

2.1 BRI B REF KD

WA BB RRFE, WARARERT o AR AR ST TR A ey 90 A% o 8 5 RO M (S
PO A T SEPERIRS E P PRI, MRS JR3 #8 DX 3 3 45 S B 7 SR R 53 RIS R QR HL 2L
(01, o 2% 3 A5 BRI N AL AN Je e AL i AR a7 2 A Lottt s sNRR 5/ oy F i
B, HA R ETE N 9IRS S ME R R R RIS TI E E FA ST DG RIS AE A 1Y
[ &5 AR . Ty B H 12 F TR sh B siAME T IR s Z B IE 1S, DLk
AL B R

L BERARZFE R E, BT L8 E BRI R £ ZAREE i HL 2 DG 2R 2 R A5
HLBRHEAT A, sEBEUE RO I BRI s 200, AT, R
VESF« ARdars vi AR AR AR R0 HAT, R PE LI U A 2l 5y A B AT
LT XUk R ZE ML S B A BRI e AR PEIR 2.1 s

2.1 ARIBEEARRE
AR A PR A UL TP AR Y4 A
g2k ~kbps 10-100Mbps %= i
WL ~Mbps 1-10Gbps Lyie rh &5
() 2y P 2K ~Gbps 10M-100Gbps BT rhi s
ML Gbps~Tbps 1Gbps-1Tbps Wbt i

ToER IS B P AR AL E H 2 18] A B R Ik SERBE AR A s 2R BAT AR
BRI RAEVESR . I RIS Rl IR, RN R, e S Bk
R 53 it b IC BB AE BORAK N B G HAR .
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e PGSR E AR . PREBEGEER. 2B EBERAR (3G/4G/5G).
24G BEHOR. WA Wi-Fiv Zigbee &5, /KT ELIBER TN EZA/KNAEESE. KTH
R IEAE AR K OGRS, BLERZIB S BORRFPE R 2.2 Fm

2.2 BB EBARE
A 72 ey A FE B WA B A P 24 i 2 9%
(B el 40-60km 4Mbps =
PRI 8 i R PER 384kbps ] =
T 5h 2% 35km 2-20Mbps Ly B
K B 2.4G 5 10-50m 2Mbps ik y
W 10-100m 1Mbps ik y
Wi-Fi 100m 2Mbps i P
Zigbee 50m 250kbps ik I
KRB 1-10km 2kbps Ly y
KFHME KNS 10m 2Mbps 138 T
KRGS 10-100m 2Gbps ik y

DR JE WL I 258 T I TRV - o i 1) 2 K G B T A X AR DRI 1) 2 2R 3
FILRE P RS E I S TR, AR S T SEOOL I S A R 45 SR I, 5 A X 2 AR AR
CAFII N 70 5 R, R 28 BRI 3 Dy 22 P A B W 2% 55 7K R AR R 48 R # 7
(1) = EHM%E

T 2.1 TR B0 A5 AR A DAy 2 i 1 2% ) S B 0 20
W T IR R, A St it A B X K HL A iy, DRI P e 2 A
Bk, EEAFERpEOEEMN P EEE . MGnE BT LKA R, (ARG S 5N,
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BUM TR R 2 A 2 A i 3

HA AR B A2 PR, HAR Ao e e 3ty PR 5 L S ot v O (R o ARG
ZF, PREBENFEREER: TR SEOUEMN, 7 onJuE nl A EREER, AI{E R P
I oREEF 7 CanE] 2.1 B
(2) KTEHRILE

I RURSHAE R B4 (Rema e/, Rk N Bodd (5 n R A iy 0. Shim, BE
FEHFPEDRBE RN, SERMRL TR 1k 3 4% ] S el R v, b A R A
PARIE AT 2 7 B K N gk, AR A A A SR, AT AK R ARSI 1
TAGIE, LR ARG SR e EIE, WA EHEERMPITREE . KR
BN KAEIE I A A EEE . PR SRS ) AR AR, T 4k 2 5y
SRR . Wl 2.2 Fn, KRG TSRO LR A1 LA 5K R B E T LR,
SEIANRIPR BT R 1 e 3B A

Egi%ﬁﬁ

P 2.2 7K A4 R 4 21 Rl

2.2 BRI M LR B S R AR FIHREY

X Y JE WL N 2 &t A 45 2R 1 S B B 375 5 D RE W SR BEAT 70 M, R BIUAE SE DL B
GRS AL b, A R E R 1) S R PR R S ARE R IE, T SRR AR T FE
LA 18 2 PO MGk M 28 S 4S5 K, 7800 R 25 B A5 BORLERF € A B P i
PLBFRFE
221 KEBEFERE

7R AT BRI FH A AL K P AR R R A R AT S22 i B AR AR A 07 KR A5 (5 T R R
A g Z [ R E 2 e i e, SRR, RO E R, RARESIEOR. W HE S
ToAE . MM RLWOR ., 2 W Bl R B A DL
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IR MRS ER R R 5 N3 e = DA
K B AS AL IE AR ST N5, 3 A B IRE /KO T 75 I R SO RN A 458 M 7 e [ 1 FH 1) 485

WK RANIISIHIAN oL, P AR AL 3R A v 5 T 2 T o B 55 %) 15 N TS 9900 7K P A%
firh, RFALFEIL (Transmission Loss, TL) S 7 AL IR 1 ZE BT R . 1L
TR A0 R SR e i Anol, - )

TL =10nl1g(10°r) + ra(f) (2.1)
KA, 10nlg(10°r)RTT REVR AL, Hr, n AEE, r AERRIER, BALA kms ra(f) AR
TURREL, Hh, a() AEKEERICRE, $BA8 dB/km, fAREMNE, A8 kHz, )
WA 5 55 T /K S IR SO R S AL PR PR B e AR, G g K 1 A IR T 2R 3 o) T 3853 Thorpl ™!
¢ A A AT T AT 2

0.109 12 . 40.7 f*
1+ 7> 4100+

mE 2.3 s, (a) (o) R T R (2.2) ﬁ%ﬁ%ﬂﬂﬁ/@kﬂ&q&%i&am%ﬂfﬂ@z
LRI R TL BEAURI AR 2R . () B oifg K IR USC 22 H50 7 8 o A 3 34 g 33 K. (
A (2.2) HENA n=1.5 GEH TEFESIERE), MZai R BIR 7 418 iE B[ € i, ﬂ?
ELEi %ﬁjﬁﬁﬁ*jﬁﬁﬁi‘ﬁ émﬁziﬁzlﬁﬂj‘ FE 3R %Bjﬁﬁ%iﬁﬂﬁuﬁﬁr}% IR

a(f)= +3.01x107* 2 (2.2)

1.2
180 —r-lOOkm
1.0+ 4 r=50km
160 -
:g; 0.8 140
< /m
g 06 2120
< =
“8’0'4 100
80
0.2+
60
00 1 1 1 1 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8
Frequency(kHz) Frequency(kHz)
Ca) 7KW AT 2 B AR 1 AR A 2 (b) AL R4 2R B AT 1R AR A 2

] 2.3 37K IR SR BRI R 13 G A3 A A i 28
FEER AR K P B A5 S E A At Bl o, 5 B AR AP Es . ARy 58 AL AR 25 A R N 1
OUN A KA S8 A5 BORTT PSR ILK R B 2 T e, A & /K M A% a1 2% 1) — T 70

222 HEEAHBBIERAR
TR A A AR R R AR By, e 5 A CETE LI, B S H
DAk, BAWRBUN w5k, HAVESRSEIL AT, ZEORAE IR LI 5 U8 22 N
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WETT N F LR EE S RALmME, Hrh XL iE (S B B R 1% R Rl E I 2k
i 77 %2171
(1) kAREEAR

FEMFT I RGBT MR T, G4 Coptic fiber) RIEfEHE R . KIEMEHEE . K
SHRE AP T I, O AR E SR AR R SN BT e R IBER OB, HZ
OHBEME, ZOo—BONmaEa s, AT ERLES, BERSKG, RSk
WONES, REEESKEART. S rmfiE 28, PR T eftdEE. KIEER,
FERUN: ZROEH TAEMERE R A S MRS, FEEOR.

FAFIEAE R DBOLEREL LED Neli, S| e Yesr &5, Bellom R H ' i
J A 5 A B AR UG B e e . MRS IR TH £ BRSSO AT R Z I KA iR 58, DAk
N ERAHEAREERAE. NIRRT, 5TR85RRIE (FEC) HA@ R INERAS
RS A A ThRE .

BT EIGET L RTINS 22 AN P G0 32 B LT BRI At AN AR MR 4, X L4 45 AH B
T, SSHE TR RS RAEE T E S BRI X EE T B R AR AR,
AR B LA KOG AR 2R M RN

AT HRFE R IR AS 5 I Dh 2R B A A% H 0 5 P 38 0 T 2 I o 8 R 415 5 13
I ] DL TR TR ), R s

R, (2)=F,(0)-e™ (2.3)
XA, Poule) 5 SEM S z WM TR, z RIS, PO RMANESIIE, o &L
R E, HAy dB/km.

T R B8 P B A BOIUS 2 F BUA R 2 4 B AR OGS 5 AR R AL 37, M
T AR [R5 B s e o B 5 o € B G B I B C0 ORI R S L B P P S A . B FE £
B35 5 A RIS 7 8 B A A R AR, w5 a5 e e, AT

D-L-AA
= %

Kb DREWMSE, LR, 420 5EKNELE, kLK. I, Bk
e KRR AR I & B2 i R SR RE .

TCEF AR RR AR AL B AR T R LN, T AR A RSP, s 5l
YL R AE M AR RN . il 2.4 o, JeeFIARLPERN BB 73 s 32
SEWARFRE RS o SRR RSO EAR A i 2 [ e B AR 3, Wt DA N R T
A1 LK BSCR AN S ek R 53— RN TR BN . SRR R WG 2147 4 A O s AR A T
A, FHEEE BARAL R 5Z SOMAL I )AL

At (2.4)
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— | SRR LU

{ 52 WA HLIK B

ik 2
LT AL R |4
U
R 3 UM
LR )

2.4 FeLF AR MR
(2) MELBEZEAR
ML (twisted pair cable) & —Ff HHP 2% L S 4 MH BB G2 ZR7E — e e/ o, B
2 N AE DK AT R AR 78, ] 2.5 R, 2T A 26 1) 4 WU T8 AE R iR W s 26
L i VR A FRLES SE I [E] {5 18 B R IR . TR A HLER 0 DTS S AT IR AR B, AT
S UL [E] I [R] A9 2 XT38 A
£l

:%H<DOOOOC>H§

Rk RE

B 2.5 HIRC 2k 4 WU TS R4

WL AL a7 TE AL A0 5 @ 73 A S AT RR , 2R b 1 AR R . HLRK
HRAMBFERR. FRSHIUE T EIEE 5. EIRMKRBAENKEHRRE. BTES
TEX L L h WAL F 2 3 T I ARG A BAE IR E (S SR g N, RS8R
Mo SN, FEGEAUE 5 R .

WALRAE N E WAL AT, T 2 N T UG CAT 28 i 55408 . AT G2k I £
fRimee 1, FFR T HUFH P26 (Digital Subscriber Line, DSL) FA, 18k i il fif 1 25 SE A
Bl 5. G PR E TR BE K, (448 DSLEORIZ T2 85 th iy %0 32 PR .z b 4%
Wtk Re T RS, NRIIX—BkR, B 20 42 80 AL, xDSL RINFRMNIEMNA, N
T A TR T SR T R

HA PRI B H 2k (Ethernet Digital Subscriber Line, EDSL) & —F13& T DL M i
PR K REHAETOR . EDSL & H T R . I IR E 55 5% . i, EDSL 3CHF
LRI bRHE, ) 12 bR HEAL RS 10BASE-T. 100BASE-T #1 1000BASE-T, #=4)
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2N 10Mbit/s. 100Mbit/s F1 1Gbit/s. EDSL {# F A [F] 38 R 1 2 i 1 24 s L R, teEiEd |
3 N 7 REZ AL R VLA .

223 DEBEHAR

PEIEAF B MO 2R S Bl et 2 Ta] . Mt 5 A P S 2 1) DA T 5
28 IR 55 i AL AS I HOR . B DUAGEAE TR ARG 1<, RAEBELE WM. miedfsE
AL AU AF 2 772 N, BAPTT-IiRE . (EAESE. B s
HURGAE S DR MM i 2 AL Fh 2 A 2 6] R FREA R E S5
KAZ. L2101 &R THERZRAZS, WML 57 A2 00 AL R R R A
R 23 HWENEL BER TR R A SR R e Y

KRAJE AL FEPFE AN PSS Y
H 2] i 2% 8] B B A2 36
(3000km-36785km) (Free Space Path Loss, FSPL)
HEE L 2 TR R
(50km-3000km) 424 (Path Loss, PL)
XHLE N KR
‘ ‘ = BB KAREER
LR AL )
IR
(0km-50km)
EZ A
ZRN

PR HBRAS S M BEARARS, HorP e B s AT A A B B AR I o B R R AR K

JEI) 95% LA EPL. B A ) R AR 40UFE (FSPL) 5 LU
FSPL =20 loglo(@

T FSPL RALIRIFE, d RALHRIEE, fRESME, c Rl M5 ARG, £
FIERR A A . SCHRISOLR L 5 VR A TE AR R0 8 AL FR A B HEA T Fid , TR i (E
SEH TE R, WM, GEMEY I EE AL R . RIS E B A7,
Suzuki #EAY Loo HEAYSIAN Lutz A RIS BAA R my il I VE, 72— @Ry LA il E 1R it
TR AKYE .

B UAR T B S RGP I A 5 2. AR R EFIEEFR PR, B 7T
I R 22 24 5 S S A B S HE UM T e 8 SN B R DAL I R A
FATIS AR S AL BTV, 4R T R GE AR ] SE I RS A AR

(2.5)
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2.3 8RNI TR BERA 4

T3 JERLTIN X 28 PR AT JR 9% 2898 X285 i AR ikeds S R AR e s AU 0 AT, MR ) 78 o
00 FEL AR PR R BEAG L o IR L I 4 1) 2R A Ve v 5k 2855 AN R AR B B0 458 T ol (8 RO #E LA
LB AL S I R A S PR AT AT SENE o B U R OL U I 2% A1 S 55 ZRAL W] BT 45 FR A E 1
ATRTEENE, DR BRI 2% BEAE DRI S ORI ET N F 2Ll SE B AT
e 2.4 Pl 9k < i R UL X FA) A7 S5 f SR MR oo X0 A 48 FA) A J e v T IR 3V 22 35
ARG BT ROULIN 2 BR T o v FELAT S SRIBOHE FEE 5 75 = MO0 o) 32 ) - o PR A s ik 43X
R0 ) 8 L 2 v AR RE 77, (ELASRE Ak EL RS e 48 2 L T ) 2% U o s O 00 7 T A R K
I ENEA L 1] o
2 2.4 RN A 4 A1 Jeg EE A

A RA Aii JF g i
JE AR At Z AR GUE R SRR R, ER2E B, ER AR RN
ARG A%, BT R R EA R i
IV 2% DU Sl 5 0, B AR I, T R RS, (AT
ko HdE 287K 7 S B A o K T A %, Kot A PR X -
RGN R Z M IE N — MRS Lol 2 DI i SRS dl s i, (AR
i 187) FrARERL, SEHLER AR AT PRI e ] 52 B EL BAS 1
BRI MSER IS SRR A R 3kl 5K R s, fefitm  SiREIEE SR, H
RG] J LU At H A e T e A AR RIEVERZ R
BTEFARMSIZE s SR GBS R AUNE, SCOitRe Sl SRR, EICE A
e R 15, MRS EEYCRO B E AL 2 . DL OWIVEEATER -

MR R RO I R 2 DA et I G TH T RO I R TR B 5 459
(EENIRWAR €I D NN Y i & S T A Y& A R E N SR G atialf s 595 % N
ST SET TR X 2% 11 RE

JRIB R B vt B AZ AL T I E R AN AR R, WY 2% 3 A R 98 1R 2 2% 71 R 22 B 3%
R R WIRRINE B B2t BRI HIBRIPPORIA $H AP0,

(1) EBZindh

i 2.6 (a) Fon, BEIANUR BN B AN, S RIETROEERDL, &
2 B R Z AT A . BRI IMESON A T . SEOUERE . IR R ST e AR,
RIS IR RSO . B AR I S ORI, T R SRR AR E . TS
TR R EEORA R B 48 DB AR 1 5
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(2) BEMHEH

W 2.6 (b) FizR, EBFHINCLAF A A (RLE) ARG, B A RS A T
I, TERGRIPIR N ZS 48y . RARIMEA Jy: oy fUE T B BEMIC B, 57y s
A JE s A R P e U T e SR, — B R R I ] R 2 5 e
AL [IEAT o
(3) HIEHHh

i 2.6 (o) Fran, HEUPRANE R T SO BRI R R . fESR RS, (S
ERH gt e RPN AL A T = s AT AN R A i, (FR B R R AR
220} A 3k PRI o
(4) WRHAHE

W 2.6 (A FizR, PRGNS SO SRR ST & % . 245 R A T,
AR R, 2 T TR BT e (HR AT AR, SEBR M A A A B T A AL
K F PR $h P 25 A6 33047 TLEK

e D) P53 w1 B2
(i D)
AN, A
W4 )
(a) BZIRHH (b) BRI FH
B3 B4 W
e )
W2 e @ i
=
v -
#&1 PER
(¢) WM+ (d) MR

2.6 JRpE R L AL S Fh Al
ZrEor i, IR AN X 2% B SR 3T R A - TR AT A5, RIS 45 5 R B
ARULIE BAS R AR R A B o 5 2 2 R I 2% (10 D0 A 2 T ORALE sy 8 ELIBK PR [R] IR 412 sy 0 4% 1 4 e
VERREVE . BRI GG 1 822 BN A S5 F A P EAT J5 A S A R IR B R 2 I
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A R e =22 (T =22 DA 7298
2.4 3755 RN F 46 4% BX ) 4%

VR A 5 ) A6 (1 2 1 IR UL I R dsk X 22388 15 R G, B SE o SIS BE S RE WG S il “ -2 -
fR7 Z K A ERE, N RsEEEE. Ra, EERGEFH AT R
RIS ZRMEZ ABHRACE. 2 EARME B BRI Mm~E T Re .

MR EIREESK, -2 2 8] X4 A SR N ER 22 AN AE T RN 2 R 4 3 A AT SR
TR R Fo P P27 RSO B R AR . AR T i Ak AORT A 2R E I R
FE T R R RSz A A A A UL = S AR ) 2.7 s
WAN

B 2.7 5 Ko 2 BB U XL ) 45 A A 2

FE T S5 BB ) 0 A 42 1) g JER WL ) S X e ke 7 S 3 T«

(1) KM R EEAE SR BT 7 HE I br Ym0 2 AT Bl A dm 102 AR S i 2% . 38
Ao T A AR T A R D 1 B T AR 1Y R, SEBIK A B X 2% 15 2 o A A X 2% (R 28T

(2) 7K A% 4 W 2% 222l Fa B A BRI BOR MK 815 BoR IS i . i TV
T B P ) X T AR SRR DG R S SREEEOR, SEIUEAR Y RS TP 4Ry S
TR . T RS R FE P AR BRI A, 0 IR 10 A 2 M e K
73R FH K R S R SEDL T 4R RO

(3) BT 7K 79 5 75 A [ 8 o B AT LA B A, ORI B EACK R E T R S
AT R EESE, (15 VAR R AR R R S EE TR BRIk, PR
RERZET RV R GAER . R S AF v A€ _EJ7 T ARY R AR 4R s
(7] I S I FT 58 ) vend 5 Th e
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IR MRS ER R R 5 N3 e = DA

(4) 200m~1000m HJUEERJZE  CHE B PR B A Y X3P i 2 B /K A A3 77 AR Al oK
AT S A gk . DRI, K PRAR T e S R AR R R B R R B T R T 1000m BASEE
IKFEREM A TIRRZE T, AR UEZK P 85 e e 1

(5) KA 2R BRI G SRS N R TN EE M o TFARTT AL Rk SRS 2 000 =y
MU AR RN s A gk S A SO s 2 M B RS, Hr 4k RO E R R
JVE e, I PRAIE S 2 40 F 45 1) b 177 o5 Tl S SB35 0 BRI g — R AR
YN I/

T L R RN R Th, PR AT AR g, eIl “ DRSO E E4i-K
FOBENRERE. ZR NSRS L COREE A8 KA lE MW IER T AT
SEIL 6000m KR FIRIATSS o [FIBT, W01 fCR A ks 058 R I /K 78 815 I 450 42,
SEII R R (1 T JEC WL 7 55

0 2B 7 Y 1) T UL J3 3 00 AV 1 s J i T R B S e NS B AR T 8 (WAND
(3 =AM G, SRR AL 5 A0, AT SR X TR EE R 8 R A RO 5 40 #r

2.5 KB/

AT ARG IR T EOW I 48 B A5 R 5 0 A B 1 73 A Xt LE, IF3R T 574 SR
R R A T R BT T 58 B 5, 0 TR M4 B S EOR, 3R 7 AR SCHAR 1 2R
WA FrE IE M. BE)a, KRR R 2% (AT R S5 2R HEAT XS e, RN T
S AAG Ry AL BB Rr k. BRJa, PR T Rk S M I {5 SR Rz R 2 1 e e UL
AR, Jf IR T AT %
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AL R TN 2 T e VA708'S

3 BRI ZHIE N R G 1t

R SCor AT 1 S A B R I 19X 45 (RG4S 7 SR 5 38 M A J/, IR 1 B 4-E R R 2% 30
Y ARSELS MEI /S50 N I Eria =0 (e 7 P e 2k 3 i T o N G 2B R S A ES 3PS LR EE S N
P2 2 1 JER OO TN D 28 AR, o U JER WL M SRy 4R 2R SEEAT IR AN BETE S IF 3 HH AR N (R 1 2571
sPREE B T

3.1 BRI SE A

/ TR AN

VRl 3.1 T S5 A 0 0 S 42 1 X 0 Jm3 4 00 4514 [
ARURA H Fp 2 — 6 2 e R L A AR ] 755K, I Hal(EJe A o “ W i1 i -
FRIE” B R GOREAE R4S o 1Z A PR BAA I IIEE: (1) XHEER/KSCER . HEDR
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IR MRS ER R R 5 N3 e = DA
AT SRR A 0 o A S B AT KA R o (2) SEBLEE AR R LRI A7 i, I8 e AR
WER AR LR, FRbEE FARPOEEEER M NS, R HII 50K
PESRNS o (3D B B ARt 6 TRV R, SR PR SK I P 0 A B S s 3047 40488 1) 3h A8 o B A%
B, MM m R A I RO A TS, ST A B 2% R AR S e, ORAIE S A8 Ik X 2%
A R .

MR DA T SR A SEBR N RS, A SCRA “ TREBE-CHEE ARG KEEE” =
FADEAEEARTE R B T S IR 75, MR 3.1 BRI 5T A Ik ) R s i
JEOWLIN =335 19 o 122 9 28 T 08 8 A 12 2 ol b PR VRV ﬁEMWRFTﬁ&mmo

LG 2 AT SRR, T 9IS A A, ICRWAE 24, ARAD
A VAR SRR 7 A gk MMwﬁ@ﬁl%E%z%m%ﬁﬂzﬁﬁﬁﬁﬂm
T2 K TR R R 3.1 R

3.1 LT R

TR AR B A= FEAEH
. S R PE 1 ¥EaTH) B, EEAW
RIS e
Rk 1 VRV R [A) BRI RKER
i JESJZ LI A 1 R VSR UL
NI 5 5 i ‘ ‘ ‘
A3 AT OIS A5 >1 EaES TRE SRS N

R 5 m R 201 ORI 4 R I T 2K P S A5 R ST IR w1 P 4k miil “ &2 7,
DRLLH RT3 A58 SR i A A W e X3, SER RV BB IR I 55— T, DA AR R AR SR “ %
PR - R TR R IS 7 [ AR AR, T DO A A f) RS2 01 A
o EE IO i R A e T AR AT SE PRI, AT SEEIURE X 2% AR A R e D R AR B
IR RE A o WL T R FE AR M AR AR LA AL, A R I 3 R S RURE A7 e
IR RS T A e A= A5 o M I R S T RE i R T R J2 AL 52 30 P 28 J 7 B R [
z%@ﬁ,ﬁﬁfﬂﬁﬁﬂﬁ%ﬁm““%igﬁm% B AEERETR .

ICERAY AL Tl X R Ery, RABIRILER.. RAEAMERAI TR v 7R
PRAE /K P 38 15 158 S SR ERE A2, V3R mi b B b 4619 s B3 14519 50 R 77 2000m
AEEIARER, AATZ B DR E S SHE . gk IR 25— Mg, Bt R
B UK R AR BORS B B AL I AL Y R A, R AR LI I SV S A . I AR (R TE
W S EHRAL MRS S S5, ORUEEE rT SE ARk, SR i X 3 i) 2% BB 5 S R A il o
PR IEAF AR A RN R 3 5 R S AT QIR R SRBERE, O IR ST AT
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Hu . A 2R A A o 2 /0 55 B4R 1Byte (A RUE R, A — ALt =
AR DA Sy 4GB Hadfi, AT RAs 2 RSP AL 4 7 K

(5) WA AR R R iz Ak B K
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(6) a7 #5717 7 2% fan (10 A 8 . v IE N R SCRAR R B AL frpL i, Bl Az
JERTAR o AE I S B S IS AR 37 58 A1 R ) e K2

(7) B8 A7 FH e I a4 an I R A2 15 . ASTRABUCR I S 8 (XOR) #2575 3,
HARAE 2R Wk 2 Wi 1 71 B AT 1B — e s A, N oR,

Y=x,®x,®x,---Bx, ,DPx, 4.1)
RN n (EHR MRS A TR0 56 el RO IR A B e, A2 5.

(8) iR AR HEWII A A7, M T Hlom R AdE i 4i R, BEN 0x40.

WIEE R I T RE S P AAR AR S 0 A0 35 1 %l JEE LN = 35k X ol 75 (R 08l A% AR 2 TR
PN REETIRE . BRI S, B EAROSERRIIEE (0x05. 0x06 %5). fLHiZEIhAE (0x04.
0x07 35) MEEHRIIAE (0x08. 0x0A 55); 54 NAMAE BRI fmifeh, A WAL
2ETIRE (0x09).

Horr, 489 N RBIBERN I ThRE S AT RS HE . 2 B AR SR N H B ST
BAE R, AR N AT T & SR EAT A B 42 ] o 28] 75 30 DR T e il R ) 42 2
ELAEAEH Y A AR S BT R ], FEn o o sl s TR R 1) AR B &AL g
A WP EE AL AR, AR XS B e . B N R IR HE AL A 2B AR 4.3 s

K 4.3 15RO N AR G

2 WU B AL A P75 3K g
Set Time (T1, T2, T3) [EEzZRG SE I 2 H YRS R 2 H i B
Set Trans Mode: 0 (i) 42425 R AR A N AL
Set Trans Mode: 1 [ 425 H R R 323 At
0x01 ELEE A A AR A FROT R
0x02 ELEE A A AR A BT
0x03 LI A A AR S
0x04 ELEE CRUEIE 3 S-S N

B 4.2 B, AU HE B th IR SR s R SR U, AT PPPOE P (—
B L P FE (O BB S SR S AR e, BIAE MR I b — M U (1 5,
LA 0x7D). ER A7 3 £ 5 P 2 1], 6 445 95 52 BRL 1) /K 75 B o LA 2

Wil B WUIORIRIS WY

( Y Y \
5A A5 ID FUN NUM LEN l 5A A5 - 40 . FCS 40

] 4.2 it Fa et 50t I ot s ot S
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I, ASURAER Wit de oSk L ot R AN T A 45 - R U B s R SCIR S AL T S
tho A SOC A1 MCU HIBEF BHE AN B ORMIAF AE 2257, 207 RAEIZIE T & LAY Seilr (4 48
FZER.

£ SOC V& L HIBHRmEICIRES A i 4.3 Fion. AN SOC A w7 4 MRSE
PASEBLECE i DI aE . SOC BB B AR I Je ik SE H (FIFO) Z2phsimg . (el H
o 7 i 11 (R BRSSO AT B0 s B2, BT SOC IMERIR I, Bl B K R A A e
PEo B, ERERBUCKRER, FERSH BRI TR I 2 F 0 BUG L. SR
RGN

(1) data none: THIFEBCIRE . ZIRE TEFHATEENT, v L EHE.

(2) data_receiverd 5A: ZUE] SA HPIRZE. ZIRET, BERFEERERREAMN )G,
SRR 1A 777 0x5A.

(3) data_receiverd: #EWUIRZ . 1ZIRET, PRS0 R Hu 7 BB 20

(4) data_receiverd finish: FEWCTERCIRAS . 2RSSR R EHRE W TE AL

data_receiverd_finish)

Misk=5A A5
i K=LEN
i = 40

data none MiH>LEN

or
£ Wi E# 40
T
5A AS
ANFE AS
data_receiverd 5A data_receiverd

A5
4340 (SOC &) MEIEWHEBCIRE R

HET K 43 FrsiPIRESHERRFE, SOC F & L miilcmifE T

(1) YIgany, BBGEFPALT data_none RE, SEfMpEURE . HJECEIEMNCE 1 715
0x5A I}, BN data_receiverd SA IRA; MHBWEIE T HKRTET 2, RN ATPALESE N
0x5A F 0xAS5 I, BPATHEAN data_receiverd IR

(2) £ data_receiverd 5A IR, DAF — PN MIKEE, TE T MMIRESHER.
WA 0xAS5, JHEA data_receiverd IRZ, WIHRARZ, MIEHRZEAFRE data_none IRE.

(3) f£ data_receiverd IRA&H, FEF—H AL E, FreldE. FN, By
FREL R W SO B S S Ay . BRI B Jm — A B R iy, HEAT ORI . T SR R R

Misk=5A A5
Mi-K=LEN
i EE= 40

Misk=5A A5
M{-K=LEN
i EE= 40
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B, BEmiER e AR bR Wk . WU AR SR . IR AR 5 ZEAE P AT
£ MCU V- & _ERE M BCIRS R K 4.4 s, MCU FJ#U BRSNS B, F2
Fr AR P U R B I B A A . — RIS, MCU [W#dEH: S SOC s i 2= il 2
MCU P4 RR H0E 7 IR R R . PRk, AHEE T SOC 1 & _EREER Wi ICIRES, MCU
P& B R WHEBCIRAS Z — 4> data_receiverd SA A5 RA. 1ZMRAKFE data_receiverd SA
IRAEAM data receiverd, TN E] 0x5A Fl 0xAS, T LAGREEHEIE BRI 2. MCU 13+

TR, AT DVERBGR R AR =T B, FP T R ER L
T—F1iAE AS

Gy

/RN

data receiverd SA AS

HEAH B

data receiverd finish ) «¢
Mik=5A A5 && MW{=LEN && MiiJE=40

4.4 B0 (MCUF&) HIMRBBICR 4L
4.3 FHIRER MR BIEHE RS 32 B 1Y

4.3.1 B\ ERIBRIT

B VR B % AT FLURE A 4 TS P ook, B OREE fE PR EE % BT S AR R, v BE T
WIRBESZ R . 1238 AR R B E AL SR-ARQ FIPHSUEAR,  Kikim DR K 2k 20k & & 3% S
PR B, o R S, RIS B S A A Ak SR g AT ORI i A B . AT
MR A W G, Bl 2 [ i Ay 8 25 R 3 di A (Critical Missing Packets, CMPs) {5 12,
(1) ACK Edlamil. A%k 4L AL CMPs 15 B 458 17 I Edm il .

NS B SR ERIEAARNDIRE, AWREBT 72 nlE > 8 B R B R N
P BGRAE . D B AL HE R 4 R (] 157 46 f PR, T R 25 D 3 SO R R S AR SR
FEZ BRSO E I B M i B 2% 18] ) S B AR i A

A1 ) /0 B R A2 H O BORAE W] 4.5 Bz o R0 g () B2 3% T g5 A 0x05 BX 0x09
(R It LLEAT B85 B s . BomE R BIBIR 5, AT AT, JF AR A IS AR
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FOHHE G N B
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- FR AR B (BT -5 NAFA L% IR, B EPTA Bt f e e .
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AE TN OxFE), [R5 A OB e B IER e MR Dl 75 2Rl R, 95 5 A
PEi B ORI EUYE AT, MAREAFERE.
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TRt . AR, BIXHERIRIAI 9 T 3 M1 4 Bt T 2.
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BRI EARRE . A ALY R, RGURFFEEPUTIER SR EAL, H 2P Bl e e i

AT BETE e BE B A R B B A £ EAR LA, BORRE ST KA
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P, HtE o o P s e A 2R AN O 79, R 2 B AR S s e 1 AR AE D S
&, BIEEE AL, R . IR R R AN L B Bk I 21 24 fi A& S B 4745
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WA i £ A 28 AR EEST i B 1) 24 i S A0 AN A7 A2 o S8, R ST SO I e A, 1R
ISR P S, e R 0 S B A A
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AT TR A B PR R A RS T, RS2 B A AR AR (MR S PS5 B 3R s i i 7
AR, AT SV S B i P33 A o

60



AL R TN 2 T e VA708'S
DN RN AR A5 T8 S BRSO A% A T FEVE BRI IR0, A /NI SR HE — P AR 5 T T AR
i, R mEmAERALRI T SEVE . XIS R W 4.10 o R EESE IR, R
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= K

E/m\o

(3) HEERMEHINEL, TR el ik — B2, 06 S £33 7 B
HETT 325 VI BE AL S0 o T CE TR B, (76 5 — Ve MR AR R0, L (R BT
N 0 (RS

62



B 7RO S i 27 12 3

HEECIRAS BT S 4% B S B UK A i — R VB WA 808 =% (Packet Delivery
Rate, PDR) FEdEiite i) FEn, S84555 9 PDRMT . 1H5E Tk
N,

PDR = —_rev 4.0
Nsent ( )
_ z Trreey
T = : 4.3
N recv ( )
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(1) FHBE AR ERA RN

T LR G 2 I 110 42 TR FH LIRS AE AR HGEAE 77 3K, DRI AR UR A FH 50 BAK Y
PEREMNA TR iperf3 #EAT LM IERENI . KOG ML E & 408E Rk P AR AE A BERE A EDSL B 2%
it LALE iéﬂzﬂﬁﬁaﬂ%% RGBT i LS R R A R . D A SR B R P i 2 RN T
BB, W 3 19 FOE S, —Im B 30 iperf3 THIFACE AMRSTE, o —Imic BV i, 20
FIFH TCP Al UDP &4 S AT A5 7 T8 AL R e IS i K. D'a2F 5% A1 EDSL B 2 A
FEAn 5.10 A 5.11 Fios .

jAccepted connection from 192.168.183.1, port 14577 Accepted connection from 192.168.183.1, port 14746
5] local 192.168.183.128 port 8001 CmﬂfCtﬂ to 192.168.183.1 port 14578 5] local 192.168.183.128 port 8001 connected to 192.168.183.1 port 53503
D] Interval Transfer Bandwidth ID] Interval Transfer Bandwidth Jitter Lost/Total Datagrams
0.00-1.80 sec 187 MBytes 895 Mbits/sec .00-1. e 120 KBytes 980 Kbits/sec 1.384 ms

1.00-2.00  sec 108 MBytes 907 Mbits/sec .80-2. ec 128 KBytes 1.05 Mbits/sec 1.199 ms
2.00-3.00 sec 118 MBytE-s 989 Mb_lts/ss-( - 128 KBytes 1.05 Mbits/sec 1.460 ms
3.00-4.00  sec 123 MBytes 1.03 52_“5/5?‘ 128 KBytes 1.85 Mbits/sec 1.777 ms
:’ggf'gg sec ﬂ’z :ZVE?S Z;;’ :b.‘ES/S?( 128 KBytes 1.05 Mbits/sec 1.515 ms
>:00-6. sec ytes licyeee 128 KBytes 1.05 Mbits/sec 1.211 ms
6.00-7.00 sec 113 MBytes 952 Mbits/sec . " - . -

- - N - 128 KBytes 1.05 Mbits/sec 0.881 ms

7.00-8.88 sec 112 MBytes 942 Mbits/sec D i ALD e G0
8.00-9.60 sec 114 MBytes 959 Mbits/sec 18 KByt?S en Mb.‘tsfsfc 1'5;’7 b
9.00-10.80 sec 114 MBytes 960 Mbits/sec e ytes 1. el

10.60-10.05 sec 4.38 MBytes 797 Mbits/sec -00-10. 128 KBytes 1.05 Mbits/sec 1.416 ms

o .06 ©0.00 Bytes 0.00 bits/sec 1.416 ms ©/e (0%)

Interval Transfer Bandwidth
0.60-10.05 sec 0.60 Bytes 0.90 bits/sec sender e Transfer Bandwidth Jitter  Lost/Total Datagrams
0.00-10.05 sec 1.11 GBytes 952 Mbits/sec receiver -00-10.06 sec 0.00 Bytes 0.00 bits/sec 1.416 ms 0/159 (%)

(a) TCP &4 MR (b) UDP ZERFE
K 5.10 Y648 AL S ik

8001

[Accepted connection from 192.168.183.1, port 1299 Accepted connection from 192.168.183.1, port 1561

5] local 192.168.183.128 port 8801 connected to 192.168.183.1 port 1300 5] local 192.168.183.128 port 8001 connected to 192.168.183.1 port 54376

ID] Interval Transfer Bandwidth ID] Interval Transfer Bandwidth Jitter Lost/Total Datagrams
0.00-1.00 sec 660 KBytes 5.40 Mbits/sec 0.00-1.00 sec 120 KBytes 982 Kbits/sec 2.996 ms 0/15 (01)
1.60-2.66 sec 746 KBytes 6.11 Mbits/sec 1.00-2.00 e 120 KBytes 983 Kbits/sec 1.797 ms
2.60-3.00  sec 732 KBytes 6.00 Mbits/sec 2.00-3.080 128 KBytes 1.85 Mbits/sec 2.209 ms
3.00-4.00 sec 732 KBytes 5.99 Mbits/sec 3.00-4.00 128 KBytes 1.85 Mbits/sec 1.528 ms
4.00-5.00 sec 732 KBytes 5.99 Mbits/sec 4.00-5.00 e 128 KBytes 1.05 Mbits/sec 1.059 ms

5.00-6.00 sec 732 KBytes 6.01 Mbits/sec - o ¢ o hi -
5.00-6.60 126 KByt 982 Kbit 0.883
6.00-7.00 sec 732 KBytes 5.99 Mbits/sec o yres Hig/jeee ns

7.00-8.00 sec 732 KBytes 6.00 Mbits/sec
8.00-9.00 sec 732 KBytes 6.00 Mbits/sec
9.00-10.00 sec 732 KBytes 6.00 Mbits/sec
10.08-10.067 sec 0.00 Bytes 0.00 bits/sec

6.00-7.00 & 128 KBytes 1.05 Mbits/sec 1.054 ms
7.00-8.00 e 128 KBytes 1.85 Mbits/sec 1.158 ms
8.00-9.00 & 120 KBytes 983 Kbits/sec 1.869 ms
9.00-10.00 e 128 KBytes 1.85 Mbits/sec 1.826 ms
10.00-10.06 sec 0.00 Bytes 0.00 bits/sec 1.826 ms 0/0 (0%)

Interval Transfer Bandwidth . .
©.00-10.07 sec ©0.00 Bytes 0.00 bits/sec sender Interval Transfer Bandwidth Jitter Lost/Total Datagrams

0.00-10.07 sec 7.09 MBytes 5.91 Mbits/sec receiver ©.00-10.06 sec 0.00 Bytes 0.00 bits/sec 1.826 ms 0/156 (6%)

(a) TCP f& s 2 (b) UDP ZEH iR
B 5.11 EDSL % A& 5 3%
g2 )G, HREARIER 5.3 ProsrDtE E S SRR RIS R . AR
() >F- 257 4% % 3 KON 943.254Mbps, T ZE R A 1.327ms. EDSL % % (1) °F 3% 4% fi i F N
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BN HE TR K il 22618 S
5.933Mbps, “FHJLERT N 1.963ms. FEALHBEM A TG T, S EEE et T
EDSL %% 5% o

5.3 N E A BB BRI 45 R
i PR E (Bytes)  WNAXKEL  PHAEHER (Mbps)  “FIJIER) (ms)
N A 1.12G 20 943.254 1.327
EDSL B 7.08M 20 5.933 1.963

(2) kAR AR

KRR AR ST N 18] 5.12 fio,  FE/KIBFR S kAT . i ToK A BERR A F A B 7
B, BRSO S A 0 75 sGEAT I g @ oy Rl 5.13 FoR, R4 im 7K
FIEAE AL AR 0 e A B K s i B R BE A BT 1R — X4k Ay, (B 20 ) S5 E 4
A

g Y ee Nl /
A8 | Wi\ \ s i
; AN \ : ;. = \M )
Lt \ \ = A.,.\‘_“w il 1
3 > y
v " pLé S 3
vy — T

ERE R LR HLLAE

B 5.13 7K AR A a0t
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IR S DN e A7 9S
E I Vi 5 P i LIS R e, Kk SR 12.7kB B)SCHE B R 42 IR 100Bytes H[FH €
M HEAT 7 AR A . T8I 2 IR E R SRNG, KAEFERE I eSS SRk 5.4 FR, SFIfEE
TR A 0.842kbps .

K 54 K FHERHL T PERE DI AL R

B RN (kB Wi (Byte) RN FERIER  (kbps)
7K B i 12.7 100 20 0.842

(3) DEFEREHNR

PRI LIA 5.14 P, @R PR RS S 1T T sk, B
THEPLEN T RSB EIRE E m RS . AR nE B 5.15 R0 B R St gg T
BEROIRGS, TESEBR N i8I TCP B SSHHEFZ I B Dh 5 75 Wi T B % 1A Rk

e

ag‘

i ¥

Servwe Tackng Sekelrie. Termiral Cata Uzage: Laly &2

Windem

ER

Kl 5.15 TR SR A
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B LT B R S A 8 S
TR NI A0y, tHEAUEN TCP MM S = Ik 55 as dar sk, SRIGRIHISC A%
SRR Y 1) A 55 48 K3 — R/ 12.7kB B R S0, R SeiRai R AEREAT 2 kilila,
RETINR 5.5 Proci) B VERENIAL R . 4iRE R, BB KT BE5HmE RN

156.485kbps.
5.5 TR EE AL ERE 45 R
B AR/ (kB) Wik (Byte) AR EL PR (kbps)
TR B 12.7 100 20 156.485

5.4.2 BREE LM

W S A ) F A2 S E AT KB A dn i, %D RERIIS 1T RCR . WSt Il 1Y
M AL -

(1) 3 v [e] e VAT o A A BB LA

(2) NARE TN R FEALY W, 105 A W R 5 A RS .

(3) HEBRTIRARIE, THEEAAES HE R E . d3mm KR SRS

" translog.txt — -~

TH(0) ~

[04:32:09.564]3{FFile_043.jpgf]FFRLLH

[04:32:09.732]Received 1 packets of data...
[04:32:28.831]Received 10 packets of data...
[04:32:47.382]Received 20 packets of data...
[04:33:07.033]Received 40 packets of data...
[04:33:26.437]Received 60 packets of data...
[04:33:38.718]Picture file(file_043.jpg) received overtime:63.
[04:33:38.719]Picture file(file_043.jpg) received false.
[04:33:39.1083]Picture file(file_843.jpg) save.
[04:33:39.104]chance to Idle State.

[04:33:39.235]walt 1s.

[04:35:05.684]3{Ffile_043.ipgf]FFRLLH

[04:35:21.942]Received 80 packets of data...
[04:35:40.730]Received 100 packets of data...
[04:36:01.006]Received 120 packets of data...|
[04:36:11.597]Picture file(file_043.jpg) received finish(131).
[04:36:12.124]Picture file(file_043.jpg) save.

&1 5.16 MHRFL P57

FEWTSEAL A S g b, NN SIAT I RBOCHL R . Bellom RGBT =L
ERRSE, #HATIEER SCEEAERE, FRICS T IEN SR E I m R . ¥ 5.16 B, HRICTT R
R A EIEE T 63 MR B BEICH BB IS, KBRS
i WORAS B 5.17 s, U R AELEIR N S TS Bl R . ImI SCERRER 2 B IRE,
TINBIAL A e AT AW AR T T ALK h Wrisk (SR 4R SCHRRAS L SR
M tHfeEt B REE. Hd, e mEREN 0x1838, R ELHH U T
0x1838 717 [ ¥z

EHRR TN R, R EE A O B, Rk iR o o i & s B, R
DhPAT W s A mimiAs . 1 5.16 &M 0 G BoRE EAERIE IS, SCHRRSEIl 7 W EE Wi hr
BBATHRGAMB DR, AR T M. miRiEsem)e, Wrekteimas R

82

HERM  https://www.cnki.net



B LT B R S A 8 S
518 fs: BB B RN, XA RE LI, FMESERIRAES.
bR SRR AR BT W AL L D REAT 2 I HAE SCPF A farh T (1 DL R
w7 AR E R RIE, R T ERRCR.

1 Desktop task

mitfER
A% file_043.
] tmp

Documents

Task_Table.
txt

Downloads
Music 4£%§1E%

Pictures

Videos 08 20 file 043 jpg 3.

AT RS

deskbop  task

BEfER
ES=ES

=k}

Documents

Downloads
Music

Pictures

K] 5.18 Wrakftinss R
5.4.3 RIS EE M SREE M

ARV RLE - K T8 R0 AR 2 1A DX 3ot B0 A5 T A SR AT A DR IR . Lok e B i AR
{SIE PIRETRFIE,  PIVPAS 124 SRS AE S PR B A RCR . AR FE b, 75 B IS A
B SR s 5 10 R i R S R 1 - R AR SRS AT LU T R A T SR R R K S R AR K
A, BROm AR R, ARG o 15 - R i R R % i e 3% — 0 B T
Rl B I, ARG BT R — B R L. VIR RR AL S, 5 L Rl o
IS 114 R 32% i 5] AR IS B A AL o
(1) F 5=

T B AR RS & A VA AT S K 3 Je R S B M o A SRS 1) S8 7 SR L 1
FLJ7 M 57K 7 PR AR AE RS, LS I o SR W 1t R A A T VP A
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AL R TN 2 T e VA708'S

T B 5 R T R0 5.19 Bz, A i A IR BB 0 0 B AE M & b, HepeathiaEnd
iR BT KM LAT 1 & 2m MR X E . B G158 48 % B 8 3 i E 50m /KL . )
SEIR I AR, X TC R A Y SR A5 b -SSR R A TR ) B AR A T A i SR 430
BEAT 12.7kB B MG EAR AL S, Il .

W& T [t mmm

Bl 5.19 & B 7 )i
X REFIAE S SRS AT 10 NS, 433 1 A58 5.6 B B HE B 7 [r) A% 4 SR BE A 45 2R
MRArp, I AR5 a3 BT 5 732 9 B 56 A i ) B0 B S AR it TR O EUARL, TR e 24
W R G T Nzt 2t . BRI ARSI B a8 E . iR
7~ UG S AL S B o B IR B . AEINR S BROi T 5 A I B R SO ORI 5.20 Fw,
KDL B G 2 R R REL, SR 2 72545 B

(a) RBIE4 (b) BTtk
&1 5.20 BRSO (L 2 55 75 0 L
R 5.6 MEHRA R BN, KFEGERE T AWM e % - ARSI, 2 M EuhE
B TEEENE . Jo ST L R SRS (0 A S i R 8 0K, PSR S R KA, B i TR EL
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AL R TN 2 T e VA708'S

R PEALH I AR A5 RS0 A% ) SRS R S5 4 S BTHL R DR AIE 1 Bt 1T SEfR e, (H2
BE I BB BAGRRE PR 1P P AR B 4 o A TR AU Hh PR I 23815 T A% oy SRS 2 DRAE B35 58
BAERMFER, 271 7Tk

R 5.6 BT AR i s A A
R CPfEER P ERR

FEH SRS MR EL () (kbps) (%) B AL
To ARG 10 148.64 0.678 3.1 6
15 1S5 SR 10 306.78 0.339 0 10
A {3 TE A% i S e 10 152.11 0.684 0 10

AKPIRTT SR AN 5.21 o, A S (KK LB H AR FABAE /I |, BEZRIERR NI HeRE
BB TN R KT T o B St i R B 0 U [ E T, Baeas B T 5
JE KT N o /NS RS & 2 TE BIEE B A 500m.e KPR R R0 0 T0 S A i sing . 15
- R AR A A SR RTAS TR I AR A5 TE AR A S o I E AT 12.7kB B BB B AR A sk, JFid
FAH AR -

/INiE WikF- & T —

T2

5.21 KFJ5 R

R 5.7 P J7 A S A A
e PR R P EAR

g MR (s) (kbps) %) FRINIREL
To RIS 10 - - 7.7 0
1 1S5 R 10 362.91 0.286 0 10
N A {3 T A% H W 10 176.32 0.590 0 10

PRV JT AR SRS AL R AR 5.7 P, SRS IR/ 518 T80 15 5 = mn el .
TS AR A S A A A B vy O O B JC IR se B e B A i, OIE TR T ST 2 A I () AN
AR R o {5 - SEAR AL R SR ARSI, (ERAR R RCR W EE P R . ML
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B LT B R S A 8 S
N AR H B0 P AR5 T A o SRS A ) 56 B T B A A A (R B S 8 A =R S
G

(2) FEEEEMR

M 5,22 BT, SEHE S TGN I A A R R T L T . 15,22 (a),
(b). (o) FEIR T3 A SHTEARREAL IO AT BERS U, e S8 A7 KT 240 8m HOVRE
BB AT K 5 15 5 R ATHORU. 18 5.22 () MIESR T4 B SBIt iR A R Tk
KSR T S00m AL RL. 595 4 B EUA U RILR, JRITHIA LA

\

(¢) FRLA (RAESMAZLBIIO (d) i B G MM REO
B 5.22 FER FElE I
S HEAT IR IR AR AR TE AR S SR (0 T FE VRN KR R B o0 ) R ] E K AR
I {35 0 A o SRS 170 9 o A S AT R 50 . 1 L A S Se i I BOE R B s, JF T
Bef5to I ARAE TEAR A ARSI, 7K 19 5 B S e AR 1 R A i ) s 15 3 28 A B M A% i 14
g o Hedfa Ak f B AT SRR SE R AR 5.8 P, I A{SIEAAm RIS MIBOE RN 86%, T
[ 5 i KA A SR B 2K 77%,  RIIE IR A2 {5 38 1% Ha SR DRk 1 odis A% fan i) w] Stk
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IR L SN S s e VA 78S
K 5.8 Bdia At i Al FETE DA 4SS

et 75 RILIREL IR B %
] 5 o KA i 200 154 77%
R EBER e 200 172 86%

SR 5 X T S A5 A% i SR 457 L -5 A i SR R A SRR ) I AR T A i SR )l BHEAT
12.7kB MG EE AR, RSBt . SR e 0 3 B ) A% SR K 45 R i 3k
5.9 Frase PEKIRERZIFE, SUN PR EEREEZ, St B8 2 iR,
To s A A BAT LS A% A e B 10 BB A, WA THSRT B AR S I TR AP A B =%
152 1E- ST 1 iy S e B IR B (R BB 5 R B, RIS A dmid R % & 0.224kpbs. {HZ
AS VR A I A2 45 T A i SR 15 DR AIE 1 R B 0 e B AT, [0S P~ 20 % Je 5 452 -
FRHER A PRI, 09 0.487kpbs.

R 5.9 T E Iy AL R ks IS R GRS
eI TR PR EER P EAR

A S \‘I-\“x w/_,w ‘I \/_'\,
A% 40 TR WS MR R () (kbps) (%) IR AL
To R A W 5 - - 30.8
158 11 - 25 1 TR 5 463.76 0.224

0
3
AR T8 A i SRS 5 213.54 0.487 0 5

DL 7R 1 AR S AL S SRS SR T T AL S e B I AR AU v] SE A S
HR R AN ] FE

5.4.4 TNESYIHRANHNK

PN e R S R T e I B 1 T E Y G I O S I I O E A
ik 145 52 B 22 VR AR B D AR E I R Eh 2 . ShAS UL A D048 % At B i ¢ il 1B B D) 46 d
YE R 1]

BN VI 0T ST R

(1) 5 A 5354 B Bl OL i S 9805 5w, R e SdE &5 .

(2) T A 515 B BT EAR A RE A, @ TETE AT A 1 B R 1) S it A
PARE, BRSNS SRR PRI R, B2, (RS EEREIERIER.

(3) EAMAR 80 ¥k, FHioTHEE .

A BN VIR EIE IR 5.10 iR, iYL IR 97.5%, RAZHEDH
DIKHESE ST EAC R

2 5.10 AR 45 5
HiRe TR R BREINTIE: U 4 IBREIES
ENASVIHHLH] 80 78 97.5%
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IR L SN S s e VA 78S

BNA VI P4 AR MR A an B 5.23 Fos . 15 /0 A F A TR ERERR )15 5K,
T B ASTARYESR @ AT BERR I A o Ml T

(1) T rl AT L BHHTHIIRLIEC S, i E e ik TARR .

(2) i ABATUIRAMER TR T R THI 8%, [ 5 B R IE VIR 2

(3) T & B ARITE L AT VIHURAE I BT R R, eIl s,

(4) i A MRS AL B W BHE BRI E I e W, IOt er gE sk U)oy EDSL
IS E] T

(5) WR¥E_ BT, AT EDSL BERg DI O C L SRR RS, DRI 8] T2,

(6) HEATZ IR, 1032 HEHE . LSS VIHMLH] D] BRIl v &7 L
i, HUIRMOREN R, W A BEIEE T SRR A DIHE S, BRI A
e

T RARIARL
v
i B 06 A 5
T RBIRAIL
‘ v
R i B 6 A S
v
BEFE VAR LSRN ;
v
Sy
SRErTE RIS i
BRI | TR SR ISONEDSL R
l«F"f:lj?
KR
I A B 2 P T SR N (R T
l \ 4
e IR ETITEES
v
Sl gl
T A 7 I 2% v S 4 i

ERelrd THATEDSLAEE B VI 9 o6 21 B it
}i ,flil—q

n++ 3 = 15t
3 A1 S s % P T e SR A TR) T2

K 5.23 ZhA DR
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AL SR E PN 2 i v A

MR DI P PR, THEARBIMOCLFERE V)4 22 EDSL B 26 11~ 2 D) #ie i [R] R0
EDSL % 2% )4 22 Y A 55 26 -T2 Ui 6] o B2 U)4e it [l HASE SR an i 5.24 B, sy
B U Hers 1) ab 2= A0 ), b T1 4 334.74ms, T2 A 194.52ms. FHELET S, M
EDSL B U1 22 6 155 8% 1)~ 35 V)46 I8 AR AR T MOGEF #8046 22 EDSL BE 26 173 V) 46
I IA] o
IRYE FIRSLIR S AL, A YILEIfERERE &2 T RO T, Rets A AT 5 % V) 4
B, UIRE A B ZF 9, Retbi 2O R A S EE R RF AL AR T S K

600 T T T T
3 |-e- T2: EDSLEEEUIM S ILF6EE
L] [ 3
: P T AR EEDSLEERE] |
500 |- it i ]
I R e I '
] A R 1 a [
Yo i"i : "‘ i TI CAVG) : 334.74ms i
i 7o A\ it
P T \ . P ? . B [N ° |
400 - g 0o X i it A A .
2] N L B | - P R Vo | PO
E A AR AR YN A .
E b ._;.-..!I.._IiJ; ...... r.jl-.T.-1T —'5"-'-5’-'-""1 ..... .y-.\_ ...... i rI_._. =7 _\_..;.._._\ . '-.7._.7-
= | o iy v o Vi \ é vy d y oy i
Z300 g R i A N TR VAR Y
ﬁ Yaoi 1 ) 8 éh i [ Ponooq ! \J 3 !
&% il AL Voo B i W .® il
= oy A oq o oo W ? 1\ l AN o n
A VY T \ P e 4. B ! IR I ! [ 1 [y
1 Iy & ' W x Vo bt ‘, ! [T - s
200 R e S A A [ o B YO SR ORY SRR RS G- F-dF
v ! N Ao i v | %\l e b ih
2 e ! ) tyy 1 . V! e o 1'1 [PIY 4 \\ _|1
t r., . ) ’ ! ¢ o \ Y 1L
i Q ey Oy ° © 1 o AN i)
o9 \‘( P \‘CS ! | ’ o © o-0 [
100 |- 8 o ¥ i~
T2 (AVG) : 194.52ms
0 1 1 1 1
0 10 20 30 40 50
ST S v 3
ML

K 5.24 BT ) PR 2 R

5.5 ZZE MR

NGRS R Z X 28% 2R G A RO, A X6 S K 8 0k R 8 ) B4 A% T e RN Sz R 42 1) T
BEHEATIR . WOWT A8 Tk, SR EiE. TRERLE T/KM b2y X i bl
S DRAEIE, BEN RIESZIEN BN ST 6 AT EAE RS
5.5.1 BuE_E A&

TER G R, 76 s I 2P J P R Ak 8 V7 A T R M T e PR AN N % R G5 S5, WL
BT R R AT S, FRIE IR 2 P e B ALt . 248 E N U5 i sA7E g~ e i, I3k

Ban &l 5.25 Firos B0 B AR 45 R
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B 7RO EA A 2 A1 3

I 0 o
B

B e EITHOE fg

Sea_test_content

. /honefcxn/esktop/
R 14 an st sonsent/og {17
200G, L HASERTR: home oo D eskiop/sea_test_content/log ]

11 D Recent

a
B
B
B

P B 432
1523G Hfi
BT MhomeouDeskiopfsea_ted_conteni/picture | Aot W starced emd.bxt
oo [ et 1 i P
0.91% HARBETE : /home/ ooy Desklop/sea_tesl_contentdata o (O Desktop
cea_test_content/data 3]
LG AP ST R | TP B ﬁﬁm @ Documents
{ Downloads
[ | & 7 music
[15:03:451 FFhr ~ .
= B @ pictures

B Videos

& Trash

+ Other Locations

sy cuad

[15:03:45] Z E %

[18:03: 4517500 (0154

[15:03 45) 5 (¥ & g

(a) FPAZE 5 (b) HdEA7 1k

"
Open ~ & data3a.txt Save = - o x
' ea_test_content / data ) i = | B 8 & 1data
22 Acousticdevice_2
; 32024-08-17 09:00:25.500, 0.4560
Recent a
5end log
* Starred datatdtxt  datatatxt  dataiStxt  dataletxt  data1otxt  data2itxt  dataze.txt 6 cnd_state:0
{3 Home
) Desktop data27txt  data28.txt  data2otxt  datalOtxt  datad2txt  dataddtxt  (CEIEERNED
[@ Documents
0 Downloads |
11 Music
E}Z o Ny )EQ o
() AR HE Sk (d) AL
v i . logaa.lo =
i Home / Desktop ent / logs 1| a elvii= 8 & & Open m 933109 sve |= 2 @ x

1[/z624-88-17 17:81

5.106/| [tnfo] [matn.cpp->maln:63] Log inittalizatlon sucessed.
5.187] [tnfo] [fileopration.cpp->get_config:121] Folder created successfully.
s.118] [info] [bsp_upt.cop->open_per(pheral:a1) main:peripheral open /dev/

TTyCH341USBe success, Td =
* Starred log3.log log7.log logit.log logi2.log logi3.log logid.log logis.log 4 [2024-88-17 17:00:08.116] [ nfc] [bsp_api.cpp->wakeup_under_dev:158] maln:under_dev wakeup /dev/
ttyCH341USBS success, fd
Gt Home 5 [2624-08-17 17:00:18.622] [info] [bsp_api.cpp->side_fun_thread:20863] [thread 2]:thread start. while
overtime:ig8ees
[ Desktop logis.log log19.log log20.log logz2.log log2s.log log26.log log27.log 6 [2024-88-17 17: 8.622] [info] [bsp_api.cpp->side_fun_thread:2072] [thread 2]:start to get picturel
7 [2024-88-17 17: 8. ﬁzzj [info] [bsp_api.cpp->main_fun_thread:1206] [thread main]:uartl open fdev/
[ Documents A X A A ttyse success,
v Vv 8 [2024-08-17 17:80:18 522] [tnfo] [bsp_apt.cpp->matn_fun_thread:1218) [thread main]:uart2 open fdev/
o . ttys1 success, fd
) Counloads log2Blog  log2olog  log3olog  logstlog  logs2zlog  log3dleg 9 (2023-08-17 17:08:18.623] [nfo] [bsp_apl.cpp->matn_fun_thread:1238] [thread main]:uarts open fdev/

(e) Ellu\j/ﬁ:gé (H EI‘L;\

r ~
sl b Desktop ea_...tent ture / save34 Q ] = = O ™
.
st Hom L t picture i 2 E |v = - a x D Recent
EEEEE
1.png 2.png 3png 4.png 5.png 6.png 7.png
* Starred save23 save26 save27 save28 save29 (Gt Home
Gt Home - [ Desktop
[ Desktop save30 save31 save32 save33 save3d & Documents 8.png 9.png 10.png 11.png 12.png 13.png 14.png
3
2 losids 1 Music 15.png 16.png 17.png 18.png 19.png 20.png 21.png

(g) B3Rk (h) By
Kl 5.25 Fidfs _EAE ISR
£ BIRsEd fE T, B EEE R G5, PO R E TR EEE. HEDR
PGSO AR SO e e RIZ ARG SEIL 1 Bl iz i B AR (DI HE 55K
5.5.2 mAEFEHIMIK

A dE AL )E, PR Dl F P A2 T B 1A G R A A T RUROE SRR .
5.26 P, ZIRSWH P R LA R FAAAEAE emd.txt SO 154 DhREVRC B E I 2 i
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B 7RO S i 27 12 3

YRS AT S E LR T M8 KRG TAER ., 848~ Set Time (10, 2400, 1200), &
BAKIR TR BT SRR K, BB AR . [EEERAZ, e R i Bk
INBCE S HN Set_Time (10, 2400, 1800).

cmd.txt

Open ~ [+1 Desktor

TniEET Save = - m] X

1 sinking and floating module mode:®
2 cmd_number:1

3 e

41:1 set_Time[l10,2400,1200

K 5.26 15 A7
TR BRSSO KRG R CHLE TR B 1800 #P 1A% 1200 #0, BP4a ki R4EH
KA, ST I TAEAR . ST E SO EAR I TR 25 R 5.27 pos,  SoRERNAC B
ZHHPRE T, 25 27 2 29 S 55 18] 0 SO _EAR I TRl E]RE 9 70 3%, S5HT46 € IiE1T
AR IR I S — B, 58 29 SIRAESS Th B dE 2 TR E, 28 29 & 31 5 Ill{E55
6] RN AT (B] R i ek 22 60 3%, SR RIS EBEE NN, FRSEIREE KW, &M% &
GRS T AR D RE .

5.27 ST Bl SCAT: LA e 1) 45 2R

5.6 AXIFAE

AR TR R T P 5 200 R L U5 40 D) 27 76 AP 2 [X R 7 R BB AIE o A BCR T 432
BORCHNS AR VCBRCEART S AR SRR R R . (EROT, TR E e sl
R PR RS R  AR B K S T, DR (5 A AR TR DC AT s IR, o0 2R 2 O B 0 1)
SR RERAE, LU R b R AR LR T . A BRI 5.28 () A1 (b) PR
VERRCIT R AR R R R S R SO I R R A KL R R, 4 A S
W AR AT TR ROV MEAT IR S S b I, RSB T b IR R U =)
0 10 A

S5 R B O 5 4 P07 8 PP X SR T SR Sy, IR S T B Lk
STEREPSH DB IR . LI LR, BB R IET . O AR 5.28 o)y (d)
B . SEO6 SR P R O B R R AT 6, W08 5.29 B

B Y S B A TR T S50 480 S0 s UL =3 38 1145 250«
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B 7RO S i 27 12 3

(d) Fff—
K] 5.28 A5 R

() FERA/— (d) FfEEA—
K 5.29 FAEE A
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B 7RO S i 27 12 3

5.7 REINGE

A EEALE T 5 R DRI JEOUL I JRa 35k X AR RE A1 655 I 50E 57 A R BB JER W =3 325 1) ) 45 4
PEThRE . HRBErVEREEAR . BRI ZR & ThREREAT T RN S RIE. &5, &
R I 1 SEBr g S50y, K S K 5 BB g JEG WL 00 Jej i ] #4052 1 W0 AP P o et AT Mt R e s
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