SEs: TP39T FHLE9: 10363

B R oF ¥ B:2220320195
P =
LY o "4 ‘){?
@ FHh2)%
'.-'\-...._;l_-__'_,-"-.
Anhui Polytechnie University

ALz, £ o
MTFEMNEX
EE TR R

o T FH RS 5 S5 R R

it X 1k & H
ol T EAR
B 5 W EELE
£l S 4 B HFER
e IORE L N L& He

LM 2025 % 5 A 128




K-S TP39I1 AR 10363

=% N I ¥ 5:2220320195
il H FLTVR BT 2 ) W VR BE - 4 4 TR RS B 25 20 1 51

3l H Identification of Roughness Grade of Concrete Joint Surface

Based on Deep Learning

FEMEAL R
RASESSUIE AR
BEAh I BEEE

Tl A BTER
WEFeT R (D - A TR

WA WMHM: 202545 H8H




BT RRFFMILICRE 14 AER

=N

£7S

ARNIBEFE W] PR EAREE, S0 T2 AR, 24
NAEFIMTE TN, MALHEATHEE TARPT USSR - BRSO SIS A
RIS, AR SO S AR AT oAl A N B R O e R 3 S I O A7 ity S R 1
W WIONARNKEES, BT RNERTT, IR am R8I WA
Ja R A N&AH .

Eos s

H . 2025 45 H 12 H

FALIR AR



ZEHITIEARFFAIL AR E AR

FALR AR B2 TR KRR R AR SCHIE , R A IR B
I 170 [ A S 1] B U2 A2 SO S B AT TR, SR VR SO D BIAF A
A NAZBULA TRE R 0] DORE AR SA A 18 SR 2 8 oS o PA 2 Gk N AT SR B30 e i
TR R, ATRCRAIRCEN . 4 BN B 1 55 2 1) T B bR AF A S AR 2 (638 5
RN R T
R O, £ FsRE AR,
AMrE 4.

S M%\

H#g: 2022 465 H 15 H HH#A: 20224E 5 H 15 H

TR AN -

FALIR AR



TR R 018 5

ETAREZIERL LS mMEREEZFRIRA

w2

TR e e —Fh B IR B RE R A T R SRR A A, 2 T R Y
HIPM B2 —. ERHBBRZ, AMUEELARITIRE TR, &
FEMSARAT Y . HUBRHIE MY . 22 B S5 U BTl S AR, A
AT IR IR A5 F SRR T, et AR, AT S 0 i VR e 1 1)
J X FC AR B A R o TR - 4 B T (A A i R T 45 R B
MR8 M B0 R 1R R 1) SR DR 38, 17 485 45 T (D RELRE R 2 S e 26 6 1)
HERE, [RHSE S A RE FE AN R0 B 1 i A 5 B . A
SCIE IR SR R R AR B 7V, SR FIR BE 2 ST Y, Xt 22 Fph A
R e 25 AT, 4 3R Matlab 1 Visual Studio 802 58 BOHLRS B
RO AR BTt DT A wAE, T B SR TAEW T

H5E, I R ORI UR SR KR R 2 ST R, AL
KRG A TR E IR S, HR IR MU N B HU =
H G2 F = AT s s M =4 E A, o B0 2 1 IR VR FE A
G RIINLE, F TSN R o FE R P REVVE SR BRI ™ R FE )i
B, AFRBESE S AT R S TR S R . B T AN & 1)
2 VA 5 s ) B e s AR S RN TBR R 22, I 45 A THTRDRLRE A5 B
T, TEEITIHRR R ZE AL . ASCR AT Z IEEM 16 RUEIE
V5, oINS BY e R 2 TR R AR 45 A T AR R PR R 22 AT A B,
ZJEHAT T B B R (KR P45 IR o MR AL P2 £ SRt 46 A i R

I



TR R 018 5

TSRy, AR 1 IR BE o SIRR AL iR Bcdle e o 12 288l e
=AM, FEREAS e, g T BORE R R SR e — 3 .

1 = AR S A B A BOE A — 3 O T R ERARAE S 2T Y 5
B AEHE 2 A, TEIZEH Matlab X0 & o 16 B 2047 TiAL B
I rEAREDE A, SR TUIZRFEA R 2 2 . IRVl Y
BN, BRI R, Z2H Matlab #7% Resnet50 ¥R % )1
M, BRI R ESH, 153 T RS U ARE B SR A TR o )
B, 2 JE, MR R EINN T CBAM & L], A
VU AR 2] VIR, AR S| 7 Bu . se UNREE L4 S
RELRE P55 S5 2 PR JBE 2 ST AR

B 5, ¥ Matlab %5 ARS8 Matlab Coder T H A #iy
C++ ALY, JFAE Visual Studio JT /& ¥AI o 5¢ ek A 5% 0 1 1A
fitle RNy, 8 MFC HEZE N BEATHAE A A Bt el a5 |
FNLZHOHEE . Excel X5 M R R 5UFN S DIRE, KB
P A B B, S8 RE Windows P & F R B2 A I 5923 11
it EEE PSSR, LIV IERMYIERER . i
SRORE RS B AN HRE RS B2 I D e o B 2 2HL 3 TR RE FE AT AN, Ref% B n
B SEINAR G 56 O RS BEAS S

FEG AT SEBR N 3 5 b, 123 48 B A SR RS A
EENLH, FEAE SRR T ot SR A I h A3 2 7 A . R
AR, WA SN A TR R L, RAEBTHY, REI
B AR B AR L. I A IESHE AT I, RS RIS E I

II



TR R 018 5

SRR R TR IRE, EIUT LSRG 1Rk SRR
Rl R 58, WO JE SR PLALANIE B05E 1 IS 2l

EHER: ARG, BRI, REE, KR, RS

11l



TR R 018 5

Identification of the Roughness Grade of the Concrete Binding

Surface Based on Deep Learning

Abstract

Concrete 1s a composite aggregate structure composed of
cementitious material, which is one of the most important building
materials at present. It is also very widely used, not only in the civil
industry, but also in the shipbuilding industry, machinery manufacturing,
military and defense and other fields. In today's era, people's utilization
rate of concrete has greatly increased. In this process, people pay more
attention to the influence of concrete quality on its physical properties.
The physical performance of the concrete binding surface is the key
factor affecting the structural integrity and seismic performance of the
structure, and the roughness of the binding surface affects its physical
performance, so the different roughness of the combined surface has an
important influence on the quality of concrete. Through the image
processing method of visual recognition, this paper adopts deep learning
model, for various types of concrete binding surfaces, and uses Matlab
and Visual Studio software to complete the design, simulation and
programming of roughness detection software respectively. The main

work 1s as follows:
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First, a large number of concrete combined surface images are
collected by the Obi medium light camera, and the depth information is
extracted from the combined surface depth map collected by the camera,
and the depth map is mapped into discrete point clouds. Secondly, the
triangulation method is used to conduct 3 D reconstruction of point
clouds, and the discrete point clouds are transformed into continuous
point clouds according to the positions of adjacent pixels in the depth
map. Then, the roughness of the binding surface was calculated by the
use of continuous point cloud. Due to the deviation of the camera itself
and the highest point error and contour error of the point cloud, the
roughness information of the combined surface is not accurate at this time,
and the error treatment needs to be eliminated. In this paper, we used the
datum correction method and 16-point correction method, respectively, to
treat the roughness error of shear bond bonding surface and aggregate
binding surface, and then obtained the roughness information of all
pictures. According to the roughness information, a database can train the
deep learning model. The database contains three folders, in each of the
roughness level of the combined face picture is consistent.

Due to the inconsistent number of pictures in the three roughness
grades, in order to ensure the integrity of feature learning and data
diversity, Matlab is needed to preprocess the pictures in the database. The

picture with a small sample size is expanded to ensure enough sample
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size for training, the effectiveness of index evaluation, and avoid the
problem of overfitting. Using Matlab to build the Resnet50 deep learning
model, the deep learning model was obtained by changing parameters
such as the learning rate. Later, the CBAM attention mechanism was
added on the basis of this model, improving the recognition accuracy of
the model, and finally obtaining an improved deep learning model which
can identify the roughness level of concrete combination surface.

Finally, the code written by Matlab is converted into C + + code
through the Matlab Coder toolbox, and the debugging and optimizes the
roughness algorithm in the Visual Studio development environment. At
the same time, the operation interface is designed under the framework of
MFC, and the functions such as voice reminder, camera parameter
adjustment, Excel file reading and writing, and result display and
evaluation are realized, so as to achieve the purpose of user interaction of
the software and complete the design of roughness detection algorithm on
the Windows platform. Then, through the combination of hardware and
software, the function of connecting the camera and collecting pictures,
calculating the roughness and output roughness. Finally, the roughness
detector is assembled, which can complete the roughness information
output more intuitively and systematically.

In the practical application scenarios in the construction industry, the

software has been successfully integrated into the roughness detection
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prototype, and was used in the surface quality roughness detection of
building materials. In the trial process, the software and the prototype
worked together well together, and the system ran smoothly, with no
obvious fault or abnormal situation. Through a long time of continuous
operation test, the stability and reliability of the system has been fully
verified, providing an efficient and accurate roughness detection solution
for the construction industry, and also laying a solid foundation for the

subsequent optimization and promotion.

Zhuo Wentao(Electronic Information)

Supervised by Wang Shinong

KEY WORDS: visual recognition, image processing, depth map, point

clouds, deep learning
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i, R TARHR S (B 5 B R RS R I3 45 4 THTREARS 155 2 20 1 TR FE R A B AR

(3) Mgk 7RG LA A AR S S I R G, IR NMLRE BRI, T
J§ T G5 TS S A AR . ASCHE Windows T &5 _FREAT 45 A 1 FOHLRE 2%
RN, IR TSI TR 2 R R AT B R . B, e T U SRR S
Matlab #2fFiliid Matlab Coder T HAEH )y C++ A%, 7E£ Visual Studio JT
RIAFFIR . Hk, SEERE N Cr+ R R B 25 (MORTRS FEEAR I O0, K
FEL R RELRE P2 ARSI (S TR 50 20602 e, o 4 S AL 45 4 THT 1R 9 SR A 5 R M 2 S
(KR GEE R -
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4 8 T ¢
Hhi

HR
¥ E i

B
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s
EEEE | BT

K 14 HREEZE
BT Matlab ST EESS, SFEE R RE. B, SaE

FRFIRERE B2 THA o GBI B OGARM LR AR IR B LR T B, R 31KEI . AIF
R A G Fr, i i) R AR B AR B PR R o AR 45 5 T LR 1) L AR
REAE, O RAEBI R AR RE TR B, oo 3 TR e . R o, =
o B g DL SO RS B TSR LA R

Hk, DAKI G RERE P2 S5 4 1 4 4 T L SR Rl 38 PR VR B 2% S BB AT IR
), AR HE AR AR A AR B, 45 B A JS TR A S B, AL ]
DA B A WU VR L 2 5 T P REL R P S

W, K Matlab TR BIARGD A C++ AURY, JFAE Visual Studio
HFRAEE R FRLE Visual Studio MEEHHI/E MFC i, F -~ wldid
MFC FHHSEMANIAS B, SEHREER B2 A5 SR A RS FE A5 B Thie . B2 5E
J T KRR U B R N AR 5 P T TR T S S R RE BRI AR

i AL RE
s

[P




TR R 018 5

E28 BEREARFAFTEENE

P4t (A3 it - 45 5 T AEL R A 368 >R e UM B e =X 5 32, X
D752 R R B A s, I HLIR BRI TA) o DAV B 55 31 Atk ke N0 5 ¥ AT PASKE
AT J5E 25 20 ) R RE AU N 5 AT 52 e A P 200 R R 1 o S I R AR
Tt a5 G ) B KR R, TR S STR R 22 2SI R SCHRF AL, IR 25 PSR
ZE ARG L SRS, XA SR O R TESUWAR. VR L VIR FR
HREE . A HRIRERME ML, CAF IR IR i —Fh, FE3E4T ]
B0 FUATH ARl AR 55 I S 1B I RCRET ., ASCHIz I 1 C++ B S X4,
o ARG AT R REAT AL B, ARSI S5 A A BIRELRE AN 5 #5 r, SIEB 1 A
PG, T TR . AR HE RS HIRN A, PR
I RLEH I Deeyea AHHL. 4L AHRE RSB . JFAMBISE, JEE:
() AR R AL R S A
2.1 BHHE ML LR

BRAMZE M4 (Convolutional Neural Network, CNN) A& IR B 2% 2] 453 Ht — Fif
FETHENL AT S5 TP R BB A . e TR BT RIBCK B TV 2 AL &
4, BN 7 B, it 2 JLEF, CNN S &£ BB IR A
FURA I PR AR AV 22 HA AU AT 1 R 25 t fig, O 17 TR LAILSE AR
JE2F IR FU R B AL R Do) AR RPN o, R E TR — R R 2
/N O (RRonsiE i 1D 5 B EHT R T s RN R AN AR . XA/ NE D
st — A E B, B R BACE 1R 2 — MR E DB AR B B 400, IX A1
TERARR “BR7 , A TREMITR BN RAFE R, X HIEREMRA
2% 4 5 IR K

=i I A R e X 28 AR B RO RIS, AAAE DU =B R (D)
HGE I HERN, 2ZREEEEMER; ) MESHEE, FEOHE
RERCT BNGEREE S ) E2NSHER S 5IRENEI SR, Xk
P A2 O 2% P T W ) 1) RS B NN A RO TR . ARG a Mg AR, &R
PR 2% h A2 e LA = dE g5 i HER, BDSERE . mfEARRE . fERINE T, TR
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R v JEE 0T N N AR B RS IR U 5 s IR ) e 491 2, %1 RGB &
%A R, G. B =M@, WRER3; M TKEEG ARG, RERN
1o X T a) JZoR U, 56 BEA v P Fia iR R AL T B0 58 A v 42, G e B A A
MAERAE RO RS H R E s TR BEAR B2 A AE BB TE S, I8 B AR Bk
SE M,

WHEEOLS, —4EM Z4E AR DU —4E8R A — 4E RS E , T =455
FRF R AL B = 248 R B S AR AR AT 551441,

(1) —HGRISHE . —4EGHR —FE — el LN g sl & H i Eeeis
B, T RECE FHRAFERS) 5 4R, — 4GP REEAES), &
Ab T EA ST R AR — 4R . —4EGAR 0 N full AR same HARA valid
B, HEERED KBRS WA SR RN, Hod full HRAE T
same B valid M, same HBAE S T valid B, MBI R B
ZinE — Yk ER S, AR full BRGNS — ML EPIT G 5K E
[P — ML EAATE, M7 Same HARM Valid B H, GBI S A KR I
ERAE 0 0l NG AR A ) RS A2 B TR =N BT AR, 5 sk B LA B 34T IR
TR EGRIZIFSINR G —Ld, BB SYIRE A E R R LA
KJEN 5 W —4EsKEAKSE N 3 KGR, B 2-1 B 7R =5 07
s R, BARRER TG T R R L R AR B S5 R .

full &R same 757 valid &5

0
0 2 0 2 0
1 0 5 1 0 5 1 0 5
20 %] 1 = | 8 2 | x| 1 = | 3 2 | % |1 = | 8
3 2 11 3 2 11 3 2 11
4 4 4 4 4

0

K21 —4E5Ras
(2) 4B, 0 EUR AT B i, SR Z i G ARRO A
KG T, XGRS, I3RS BRI A R E . £
FERET, WMARIEE S DM ZWEN Z45H, flumeaEEm R G,
B =N iEiE. SRZMEAMENEEES, SN EEE D 5N
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BHE A, AN EE A A 5 NOETE SRR T ORI, R
G SR, [BRHRANHEEWY, s m AR 2-1) , ¥
LR S5 N EUR H B X e 3RIE S R AN, e 283 I B A N R
S*gm) =[" f(D)gn-0d(r) (2-1
YRR R AE 2-2 FoR, SN BIRERE S A AR SAL B AR, 15 3460
FRRE B

LN
% K
1 2 3
1 2 37 47
4 5 6 % =
3 4 67 77
7 8 9

K22 “4EEpliaE

(3) =GRS . 4GP BB ERAE R AL Il TE BT, HSmA
SE—/N AR, AL YR AN T ARG ARE N R BN TR X — YR
B NFe HA R TR AIUR ) = AERE RS, 1] 2-3 iR 4R G R AE, FLEDK
ar IR BE N TA N IR EE CEDBE A B RSN R NIETE B RN o BRI, =
YEPEIE AR RS A BRI =ANESE (R B EAIEED BT, AN E
AL E, BRI IZE TR FEMINE T B — DN EUE . BT IR A =4
7 IE) CEHG R R S8 FEANEIED higah, Btk B BuE g 8 = 4e 45k Hip1),
TR A = 4E s . —4EGR) 2 N TR 28 = 4E B 2 R 7 155 37 500,

PN
i b

Kl 2-3 =4 BIdRE
ResNet50 EEMNHTEIGE 2. Hiskadl, BRI ST EN AL EAES
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X BLAT 5% i N B I8 e A ER DN, Bl infE BHR AR /AT SR, N2 R
AT 4 EME, ResNet50 @ — R M) —4EEFEAERZER:, &
ARG HRAE, I 2 5m  BEFTR S 2 . ResNet50 & iR P
LML, FEBH—FRIIMNERE. EER fER—E . BoER L A
JREEH N, o, BRI EZEA NI, £ ResNet5S0 H{f &L R
FE A8 1 _EBEAT W SRR R, XN MR 00 4R B HEA T R AE SR A 451,
o WL R L UG B, LA o B RN S B P AR, G2 B AN R KM
GRZAEEE R —4e P B ), SR ARZRERHE, iisg. S085%, X
PREL T e e B 2 P28 B4 P . ResNet50  HH A% 00 435 1) 2 3% 22 B s31, - D)
Bottleneck Z5H4MEZT G, EAE T =AERE B DERERH T 1X1
(BRI, H 3 T e 2 B N B P m i 2 1 o i ax Ah o7 =, T DAL D>
THEEMFER, RATRLRE S, B o NERERM 3X3 MERX, AT
FE 2R P E SR ICEARE RHE, AT PR MR 1 SR e (a5 B BB =B
B 1x1 PSR EESIKEF] S shortcut ZERICACIILERE, LAEREATHR 2%
MM ERAE . X HREH S 4 BGRB8 AEr, 2B Ul T
ResNet50 /& “4EBRIMZ M4 . A SN “4ES5 S BUR AT A0 B8, IFaEAT
HERE 2 25 R0, WK ResnetS0 Jya2 W4,  Siid it 45 4 T B R FE 25 403
AT o
2.2 EENHHIELE

NEWSE Y A IR GEBONEZNE R, R =54, il
FRERVER — R B DR EZ AR, 2R ALK TG S, XA T
BB E ST T IRAEAS B AL b 1 FERA 15T o SR U, TR B 5%
Hrf3E: = 711 (Attention Mechanism) A1 RS (133 = A HLHIZEAL, bR AE T
25 BRI TR B AT, OGRS B, T 2 AR E B (S
B B 2-4 R TR IR @A BEAR T, R R LR TR B R
A B AT RO Y R U — FRAE LS A ) T 2 A A R Ak 2 Ty
2, BT BARE A BRI B RS 2 R LA ST %
HB7, B ARG B SRTERR B AUE SR AR, AT AL 9 & A6 FF (Query) .
(Key) A S IMBCTAME A R T 2 J2 BN HL(Multilayer Perceptron, MLP). ‘& ) 848,
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R Fhk, BB HASE G RPN e R B Qe G, @I, iR
A FEAT N 2 (B (R SQHRAE AL, AT 43 2R BLE AL R 5L 2R
JERIZ LS SRIRNE R MEREAT AR A, wial SRR A MERIBE. 52, &
VR P AT B T SRR S LB R B TR, VR L L SR R A
RUE M T A REAT IR AN

K 2-4 FERIMLHIRE G ER AL B A

H RO R PR S LLR LR

SE 3 R LA 5813 AL 55 R 4 ANl A 80, b 4 o) A2 4 Rtk
XPRFEEAT IR 48 S0l o 2 I8 9 J2 4 FERR G5 A A5 2RIk 18] rh A i AL
TR IBUE BHFFIE EVE N R — 2 RSN o

CA JEBFIHURE X 8 SEAR =3 BE P AN 5 17 73 3ol & Jm P23t Ak, 20 JI3RAS4E
T AN = EE P AN T3 18] ROAFAE B SRS AR PN TT R RS AR concat, SRJRIEASL
R LE, AR A BEAEGE o U 15 2IRE

ECA VERE A HLHICOTE 56X g A\ RRFIE B BEAT 22 R T i A A, R id
TE ) AERFAE R R 4 R B R 1 R RIEUE » LRI A\ A A P P e G 2
ECIVA: N7 o S 2 e AU PP NN £ =R P E R K EE R 2N N D e o R
WAL )G HIRFIE TR BT — 4G AR ERE . ZJ51E/H Sigmoid WURREL, X —4E%
B G R 3EAT 0 B 1 Z B RS, it Al DAAS B3 25l 1 R IR
SRR R N R AIE B 5 R B S AR, JE I RN LR AR Y e B S
NFHEEMFEBIYEE, FHFHATIZER R, SEREA .

GAM JERE B Dy P B E M2 BER, EEEELY
ANFERETERIBUE, I+ HABUEXT A FIETE AT 2 7y, 22 R ORI A ARE B
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FMALEEE, RIS REE B IO B 1 S AR A2 (R R AIE

ISR AR 5 S M % thiik A CBAM VEZ /LI 7 2, k4 m i i
AN AEG TR AR . CBAM VR JIHLHI102V 53 Syl 18 5 0 0 2 )y 2 0 e
G102, JETETEE I SE R INEIERARRE, REm T — Nk,
[ 3L —A MLP, $5 5 M E0 5 % AN ioE 2 . i e B s
) (¥ 883 A 3 AR 4 1 NRAE I, (R AN T ) E B, 58— ahE
TE T R 7 VAR S HARRAE B o 7 1) R A5 S S0 A R B R A 4 N RHAIE S22
ITIETE AR, FAEHERRIE. 5, Rl vE R pL ) A AR e N 3 7 )
IR, R (A T ASERA B 1) 7 (RS B e LA 22 Jek e 3 YA 258 7 AL 1) O 8 1
KRR, SRRA ML R, B4id CBAM EE ML E WEER, %
REAE BIAE 8 T AN 25 () 4R R B AT T8 AU RHIEE RN 5, Be g SE 4F s HT T )5
LRSS, oy, Rl A,

2.3 ARIMENA

Matlab & — 3K 12 B FREAE . TR HoE 0 45 A2 A i
P FE 5 AR B ATF RIS, S R ARG B SE O s, T
PEDX T SO JAEI05) A SO L 30 g 2 S\ 1) R B EAT TR 2R, A
FERN BTG IEAT B Y PR, DUROHAR FEBIR AT s s 4G, AT
VL R IRORLRE B2, 4 FRUREDRS 132 S5 4 43 SRAE AN RN IR SO e o A SCE 75 FH 3
Forb IR B 2] T HRAE, DAUNZRH AT LR VR Bt 25 TR A 2 55 0 )UK B 2 )
A,

Visual Studio 2 —3K IR A W R IR BT R IA S, F T IF R & R AL
RIFHARRE, N R . Web MAFER . #3450, Visual Studio
L M AEIE S, I C++. C#. Visual Basic 25167, IS4R4E T 35 (1 T H ALY
e, afRIgmiRas . RES . BB TEEs . RAISHISE, I R #H AT
JSLFH AR PP R AN B, AR SCHBIZEH AT S C++ F2F . HIfE MFC S, o
DLELULHURS I . W RS R (S . O+ RIS mARiE =, BaE C B3
Eeaih FRJETIRA . C++ RE T C &5 M R gt . 75 1 ) 1 R g 2
R R B R B R BRI S5 A AR o C+ (1 B BERRAE 22— S T i)
R, TEMAN RmPE, FF R X RARN, X G_HHs], Fe LT
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X G J 1t (BB Ak 530 AT 9 Ot B30 « MFC (Microsoft Foundation Classes)
RMPIERE R, ER—8 C++ K, HTIK Windows BT . MFC X}
N FHFE PP Az 1 (Windows APD JEAT T 32%¢, A3 N G mT LB o7 &
A g B Windows BRI St (GUD MIRNHFEF . Bt T — R4
RIZERAL BT . XIEHE, S8 055 W Windows SifEyca. ASCHET
Visual Studio, fH C++ &S MWEMEF, Wit MFC Jtf, SKIREL4ES
LA B2 (s U o
2.4 BLEAYE Deeyea 1HALITER

R BEEFOG Deeyea FHNLREESS G HIEGE, AN AGRIIFE. IME
AL PRI S, EHTREEDA R FAZTEEZEN. FENY
0, AN AN 2-5 PR, ARNLZ 3R T 3D AiMDGHEIR I E 5
B, FEH—SEERMGR — NG — MO P B AL
PRI (FRIE, 75 M BLE e B J7 3l sl LAt v SRR 3 2 AR L SR 5
FEF AR SR, X B30 AR AL P S . R SR AAL 3 T H4%
LAESERUG, T TFANLREE S A H . R d St b DA AL S5, g B
B, WA, BROGHT ISR, ARYE BAR TR SREAT AR R E . AR SO E ARNLS B

xR 2-1 s
T AR 3K PEEER  wormmiy
1
3 O/ . /
\
2-5 B Deeyea FHAL
= 2-1 BLELHE Deeyea tHLZ 2L
HARZH E1:9 HARZH ik
b= eA | 0.25~1.5m 37 5¢ ENNIE ISV
K Im At +5mm IR 10°C~40°C
BAE RS Windows Bz USB3.0
RIS B R 640*400@30FPS TREEANIZ F H/V/D:67.9°/45.3°/78°
Tt B R 1280@960@30FPS T3 H/V/D:71.5°/56.7°/87°

WLt Deeyea AR AR i B2 38 1 IO SR A 1 1 0 420 4k 3 T 5040 77
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FEHIROG R JCARBUBOCEE, S5 BB MR AL S BRSO B 5 44 6 1) S
U E R, BB AMICRERGE, AMAPREN A BOGHEE 204k I
FEACIRFER, RS B, AT PRI 4 (1) = 445 0 ARHLIR g5
HNE 2-6 AR,

BB

ZLAMRBL

Kl 2-6 AHHLS G
FEABLA S i b, ey “OFaaREe” 12l AHLR T IR B, mTLL

i A ) B SR B ER AR AR, IR REAT AR R A A BT 73 AT o A SRAREL R AT
KRB GEE, v DL R i st “ O B 37 T, R R
Y ORAF 2 A A A, B A A7 A B0 T o AR SOREE B I 25 5 T B 0 IR L R AR
CEIPIR . BB POCHINR A A B se g n & 2-7 fros, AR G BRI .

LR -

B 2-7 ARALRAE B se 4
2.5 MRREE NN N B

AT 5 2H 25 VR o - 5 THURL A S Aar U 80 2%, DU R A 00 ViR s 1 445 5 T 1)
FRS A5 S o W20 ARSI SR L BE T B ] 2-8 o 13 B A )
Aot WITERESE . WEBOGIE. Al JFRMR. BN, fldbE .
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— A A2
[BE P
/7 L |
TR
fubdti 57
ﬁ%%%
| L AT

V] 2-8 4 THTRELRE R oA 0 4% 46 445 M AL 11 P

K 2-8 1, - ER R BRI REMN T

(D) BEACAENL SRR AR B L4 G TR, A8 ZARHL AT LAIRAS i ol
B, HH R EMPRES ST ARE, ZIMENEREROEEETR R B (R
LIANED , FIMLPY B AL RS 2 F Sh AL ER LT AR S IR FE IR . 3R HLBREE R OBAR ML
PR L [ 2 1

(2) FFRMR AN B AT A B (A A RS , 2 B R IR B0 B s = 1)
By n 2 KRS FEE 00 A BRSO A W 485 SRRV AR

(3) ARG BE LA 7750, R G5 4 THPRDRES P 256 HE 55 2 A Ul
g5, ISR ANLE S S .

(4) A Z G0 it SRIR i % BT /R 1 L fe

(5) WHEEIRIEIENI T, NN RGHRAE T REMIBANE. RT3
HEAOGAHBUE T =N R AR, NEH T EIMEAMRII 5, Bl
WIS BRI BIAE L, [FIR AL IRAR G T 2, SRd s B OB AR LI &
FTE . BRI IR R S T ek BufEH .

(6) WIVEHESESE FH R [H € BLEEHOGARNL. TR A GIR I,  Siust
FeSLREA, BE T RILHOaENU SRR M (SN ED PRI B AR
VSR BT AERIE B eT, SR B X, R T iE
GHLIXIE, T P& A S BIREAR RN B L% ALY, TR
GBS A BE [ 7€ A 90°. 4 BRLE A AR LI 5 7747 T 45 & T R NI P HE 42
b, BT E 90 tATR A I ELSR, ARSI T “RMET M. K,
N7 BARR M M R 25 A T T AR AT S, T ] s R A A e A U
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O, B A 45 A THI AR IS LA /N F 100mmx 100mm . 32 3 75 22 [ s AHHLIK
FEIE DR HLIE B 25 4 T R 2 B o R 3R 2-1 HRARNLI I M3 AN T 450,
TAERE AN T 0.25m, MR 2R 90°. 4152 1488 DY 60mm*60mm
IS, ARSI 38 25 & 11 VG K T 100mmx 100mm, i A ZR o AR S T “ 8
TaR” mIfER .
2.6 KREINGE

(D) REERNETBRHEWLE EE P AR, FEiZHE
TR P85 25 YRS YR ) 225 45 T PP RELRRE P82, 30K 77 92 T DA B s 8K ) S AL VR g b 45 5 T 11
RELRE 2 25 R o

(2) Hik, ABENH T RGEWIT KA, 5 Matlab Ml Visual Studio %
ANEAE, FEAE Matlab EBEATHIBE AR #E Visual Studio _E#EAT S}
TE 1% £h 288 445 A R R N KRR FEEAST IS - ST I BRREE P45 5 (R RELRE P2 S5 R, o
IEA AT B .

(3) [FIE, AT TR RN WIE B, BNl B T 3
FOGANL. R RoRBrEESE . AT RECHORNL AN R 5 2 DL 30
RIS s AR T B OCARNLIIAR OGS 2, L T R R S I ASOREATL AR AH 5%

AT BT
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FIF RELTLHFESHAREITE

ARERGE T AE Matlab PR IR B 45 G IORREEE TH 5777, GG EudE 1)
KB WEK B S D fm e 528, T RORRE L « TERRARE IR 2
FHRE EETE SRR AN 3-1 P o RS EEAS S5 Rl LS R HE 45 5 i 1) A0 22 PR e, TR 4R
TAFARYERIRE AT D, X4l & T (RS L S 0 28, TR = ST ) )1 ki
PR

=4
HiE

B 3-1 R T SR

3.1 HAREITHEEL

N T L PR VR e A A T R R, SIS T SRR R LSS A
RERE 2 )~ AR 7325 o TRRE L 25 5 THORDRE 2 R FRRBE L 4% Fre Rkt t45 &
T 55 2% T O REL RS A5 B2 710 0 ) - R ol 5 ) FR B AAC P R g 2 1k R o T B 560
PR RLRE B2 (S HOPT R NS BRSO K 2t S MR 2 MR 2
FroRIH —4E 28, M2 HE 2 @ A B 7 HORRE R 73 2 1 =482 4L
CFEREVDIRIE . PR . =4 P45 . T A S BT ERE TR
LTI, ERR R R ITE I — 7 W AR TR B IE . i S HUe /£ — A 4
ST XA, R REAS SR T 1 B A SRR AT R WA R, S
TR AT AR VR AT S Bt B — T e o MU SCE S KRB S HOR R AR B+
SEETHARE R . BEVDIREE H 2 HRTHT 7 — >0 F RS B2 R AE S8, T8
SRS L RE VA S e PR (an bR 4R B A TR B 45 G HDRE D sifE £ T
B Canil & R S AR R — . B R R AR, VD
DN 8 HE N 00 A A 3 T T 863 A 1 T LR 2 o T AR R YD AR AR v AHE VD
DA AR S R BELREVIUR L . CRIEVD ARRMIRE VD DX AR, UEE VDR JEE ) i
RNV

H =— (3-1
FAh, BT RECH AR IR EEAE ARSI P bn v, i AAS SC i

20



LRUCAR R L 2 A 3

FHT 2 U0 R B R ORRS P & 7 vk . AR SO S IR BT O AR ME DG/T)
08-2252-2018 (&0 4 A TR Hgt - i SRS B AR bRt ) IR vk 45 4 T 6 A T R
REEERGIN . ECRRTE AR, TR R 10 AU b f L v T 2 18] £ g 1]
PEORE I Hor, BRI KBRS 6 T B E R BT AR KPR . T 10 ARk
e, RIEGATRI MR RN 16 51, RJ5K 3 ANem UM 3 MK
MR, BT DRI O R AESS A I B AL 3D AR b, et
H, AP sASm e H 2 (B ZEAE

D,=H, -H, (3-2)

max min

3.2 BIERE

5 PR RELRES PEAS U SCR SRR B R 4 T B s SRER BN 0 B B R Bt a1 3-2
s o AHALA BB ELFE R ORI LA ZLAMARDL A EB 73, DRLMCR AR 1 B R A3 R L R AR
FEIPIRT o X PR B TR I A e DU AR AN ], (AR B T 45 45 T (R R A
B T BRI eNURE RN A AMURE T e G mE f, e R
WHCHNE N EE, TR 1) S Fr (OB T S R R, DR R R R AR
B R BEAT R BT AL B . ARIE TR AR R BRSO #eBY i AE 540K 100mmx 100mm
B3R R EE AT BUR B AT o 38T )5 A 25 5 TR L s B 1 3-3 Fros, e, u,

v, RNEBI X IO e G R bR, d, fd, RRBEIXIBRS . B, v, A
PR EAN (85, 105) , d, Fld, WE AN 205mm A 205mm, XEERET H IR
HIAR /N 120mmx100mm, 7] DRSS FEEE .

(a) Bl (b) RE K
K 3-2 Jsn A
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Kl 3-3 IRIZ RGBT R 1

3.3 R
3.3.1 REHIHE

FH B LG RO AR LR AR R e 4 R B2 R R B BN T - ] T AR K AR A LS A 9
e BN DA AR F2 2 18] (R A% e 1) 8, 038 2 T S thE AR 2R e e AR LA B 2R
B B ARBL AR R MR A bR 2R, B Ja B EHR AL RIS R R AR R, 1R
FARR R IR E SR TR B, S8R T R AR R R A AU R R
FAER R BARER TR R L) E R

FAANR R B I B G R AN 3-4 Fiow, tHFRARKR 2R BIRRHLAL bR 2R ) 46
AR AR, FANLALES R 5 UG AR R R AN R R, BUR AR &
FIMG R AR F2 1 i 75 B 58 o AR, SEBm AR L VR P15 R A IR AT
FLHE HHIE BAFTE BRI BRI AE L BH 2 A6 8 Sk DR A 78 2 LR S 5
[ B9 0o My A A S P B Sk T i1 32 A A B o AR I 2 3B A7 A 1 22 3 B30 VA A
A o AR T B LG O AR B BE M AR A E PR ) R e, HnT LB FeR B AR
FRIAEATLASE AL i PR P52 TS Pl =

K 3-4 AR R Z AL B R AR
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sz AT PA S R4S A T ) =4RS00 AT DRSS A3 25 T 5545 6 T R A

B, DA SR 2R IR B AL B s 5 o TR B B 25 B LR 24 2Rl
v zZ(u—u,)d,

!
B z(v—vo)dy

7 (3-3)

¥

zZ=2Z

N (3-3) H, (xy,2) RoRLAMANLAR R T P IARKR,  (uv) BoniR R
AR R IR I R p BIARAR,  (uy,v,) N EMR AR R F SRR R AR R T Y

by, z RBERA pE. WIEAKX 3-3) , ATLLERER— AR =,
& 3-5 Jy SR AR 0 B AN I ) s 2

-80

(c) BEAl (d) BN

Kl 3-5 JRAAF 0 M0 B s =

B 3-5 o, b R R AN AR N B e s S, e RS
120mmx100mm. K 5z BT ROR 5 JEAE R C B B T RSOR O L, AT LA H
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