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Abstract

This paper demonstrates how to build an automatic tracking system based on vision
methods. The system has successfully been used on robots made by YSU-Eagle. In the
past, the operators needed to control the rotational movement of robots’ gimbal units by
themselves, which led to poor performance of firing due to large delay of image
transmission. In this paper, I build a system which can free operators from this hard task.
The system runs on Ubuntu operating system and OpenCV has been installed on it. With
the industrial camera fixed on the gun, the system could read image in real time and use
image analysis method to find armors. Then, if there is any armor in this image, it uses
PnP algorithm to calculate the three-dimensional coordinates in the camera coordinate
system and then turns them into the pitch&yaw angles. This algorithm needs to know the
true size of the armor and the pixel coordinates of each corners of the armor. Besides, the
system has taken bullet’s falling into consideration. Based on the model of bullet’s falling,
the system adds some compensation value to the pitch&yaw angles. This system is mainly
compiled by C++ programming language, including vision algorithm codes and serial
communication codes. In addition, because it runs on Ubuntu operating system, there are
some scripts written in shell programming language to automatically manage this system,
including the compiling links of C++ programming language and start-up program.
During real operating test, the frame rate can reach 130 FPS and that satisfies the actual

needs.

Keywords: visual system for robots; automatic tracking system; electric shooting system;

embedded control system; compensation for bullets’ trajectory
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dea_ 0x2000... 2 Bytes short -669.00 #A020F0 -800.00 B00.00 -332.62 500/div -20
[X data ... 0x2000.. 2Bytes short 662,00 #FFO000 -7000.00 7000.00 338.96 Sk/div 2.0

On (HSS): 10 kHz Buffer 16.00 MiB (1198372 sa...

Kl 4-1 HIRRCR K

155.103 s 4At: -500 ms
Y

< >
| Name Address | Size Type Value | Color Min Max | Y Resol... | Y Offset
| X data_.. 0x2000.. 2Bytes short 0.00 #FFD700  -174.00  237.00 10k/div 2.0
| data ... 0x2000.. 2Bytes short 0.00 #00FFO0  -418.00  673.00 20k/div -2.0
¥ data_.. 0x2000.. 2Bytes short -453.00 #FFO000 -25000... 25000.00 5605.95 20k/div 20
¥ data_.. 0x2000.. 2Bytes short 165.00 #AD20F0 -179.00 179.00 155.88  100/div 20

On (HSS): 10 kHz Buffer 16.00 MiB (1398101 sa...

4-2 JScope F A AR B
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4 HEBRAWRIT
4.2 RETH4 PID 155

FESRC AR B LR 5 A SR O, BEBRR Ied 5  HH  3R W T
Ky PRk L BT I 18] Y R 7 S BOR A 0% . JRATI R RE 1EAT P 3R 2
i, g H R, R A RATBOE M b [FIEE,  BATDR A LA e ik
BEAT I, DAORIESHIRSE , Aol EEBERUE LA NIV B IR

5 LR EE A TR A FE LK 92 ) AR A Kedl s B0 B3l C i S M S FET .

43 ZERBKML

nEHBAMAEEEEERESANA, K REHT 26 360°2a 25K, HL

REERMWEESI MR =G b, DAad 3, R RBKER G LA
BEOR, RV HEANAEARAT 5 DL N A RS 1R RS o

W& 4-4 Fossg—A> 24 #% 2A I SLIEIE . SHIFASH 24 BHRIR — LR
HANHFEE 1 24 IRTE, 2A RERTL AT DUKSZ IR 1KLL 70 i
fHoloN: RIEDEC 1 12 B, IE7RS 6 . BT =6 B3 5 Al & ZRIER
KHLLA e AL R BXAN K EER,  R R 2L AC 12 B3 R SC BRI IE(E . 5
ErBCg 1 LAVARKL.
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K 4-5 15k
WA 4-5 frox, AL EN USB &t imfE 5, Bk —ITH eIy R # % 4 #8815
SEMAT LK = & ERERAGL S AR A BT E L MINI PC |, PC ¥4 1) 5%
VRS AN 4-6 Fros. SR, (ESLhRERAE R AL, a0 R B ANSHE L X PO £,
PC = ToiEAa I B AR R B 4%

K 4-6 PC 4% B iR A1
B RRES, 2 USBESLHIER S WLR, WK 4-7 s, 558
LRE—EZEREEE, BoEnNIUMRLEsMDT, HHERERIE 5T

K 4-7 USB #ids 4k
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94 % BRI RGWT

FATTE PRI R A 2k (1) 7 2ok PUAR R GeAE — it . WU e LA B )
MLH N, AR ES MRS, i, B RE BB T X MEEk, H
Fe UIRAVEPRIBATIET , SEHERAZ Sk I EARE s, R IR 0™ 5, T 2
“H[IR” , HAERESRG AR R B RS “BIR T E” , B — Bt
G, PRI ZIEIZAT T . RERAMESHER M LT 5 RSk, &%
USB Pl & @6 )E . X, FRAVESATRE P IRHE, s W B3 a 8 iR .
itz 4b, ﬁiﬁiﬂzﬁ%l]’#ﬂusm: A FHEIEI, WE 4-8 s,

Kl 4-8 USB £k 3 HiiT ¥R

4 B ELEH RS RM LRI T, T = 6 BB 8 E il as AR
A RGN EHE

2 B85y Ii 4 CAN & 4. Hlas NIREL 4 MR BT EZRI s 6 EEER D
CAN #=ii{E I i H S S, BRItz Ah, FE50 5 2l i DB BUR 5
HUALR R 24 . T H T S HEEH LR AR, FIHHEER X REES k.
HERATHE AL AN T — B L, anlEl 4-9 B, s & H Bl o N LA%
KL EHE, I HAME—H CAN B2, fapialn i CAN £ iy
ARAE LS BB A 5 T 3EO0 ) A 4 5 A LA K IG5
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Kl 4-9 A8 L
1 R =6 B S IR ESRNOR B 2 TRIE P A AR ], AL 28 vk (¥ 7] fE
PEIF R FF &R R URIEAE S GEsld T AL S S&T Y. SN ik
M BT BOER 1 LIRS, IRATE AR AT 4 TR SL R EAE LG L. T2
WRITH— 2T, BATHSEE R FLESE .

K 4-10 iz

Kl 4-11 =Lk
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%45 BERSGUIT

4.4 KREIN

AT T B B RG PID 44T T A4, Wiz 61 PID #2] KR wlCR 1A
G, Xt RS HLAA I PID $2 6 k34T 74, JaXt = G HEH R GARPL
SR, BB BN USB 2 18] K2k AT BT 1 A4 S SEVI R -
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£ 58 URRGKIT

M RA TR BRI, TR A R G T L A AL e 5
R R FRAD OpenCV SEIL 714

PRI T BB AR

h 4

h J

FGET i BB AT B A B

KRR REREFITIIE, B
TRIALIE R G R H R & ElT
v WMEATRE 2, H RGHIT
—{E Ak gt T TR R AR RAT £ PIDT SLAE F HOAR A — N1
o TR E % VRO B2 1 18 B M, BIWERGREL T —

BEAE RN, R R DR HER S
e R G, AT RS RS
HRTER

SR B H 0 B (R AR S [
FEFENLEE A F)RE H R
EnGRBEMARER

z GE g OS2I
ST AT PIDE
i A

K 5-1 A5 R ST A
M 5-1 TRAE H, M0 R 50 SR RIGERIL, BIEALTE, & H P EEAT & 1158
BEUAER Iy Horb, RMESREUR R 84S 5 0 A0 F (A0 2 B A8 ek 4, RLAS
IELBAK IR

5.1 EfgaE

M 2-1 el LR, FRIRAI R R A AR & B M EUERAE, BUEEZ0HT 2%, (A
SRR TR AU RGB B, BE ST TSI EIE 0 8, R EEIEIE N B .
XFFSAFHEIR, WERETT LS N AT %, RNAL PG toaliE BIR, HRAH
A2, BIMALERZ toiliE R . i FX AN EE N ER, soEBieRE, A HaR
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05 F RGBT
RS EEXS EE, ARG A EA R AR XA EHR R IR A B RS
CIRBURIER, /A7 TR RAEANSIEEE CROGRAMRMEL) . F—
5 BB A AE I R EARGEAT 2% 10 LTS 2 EAT i ik

STAR U E MRS mER, Kk, AT, mEESE. B REZEIE
A, B R ARG BRI ROGRREIBEHATIRIL, RPN AT &R
I, INEMATHZ AR PINAT 2%

59 el P i T TR A S (S R G S i BUR - &S A I A7 e 4
PAAEE AL —BRA TR, 3 v) DABA 5 2 DR 4 A0 PR . R T, S Ao 22 ) 4 2
Wy R TR, B2 Lenet XA/ ZE, XfT 28 X28 R R RS K
NI BB A ERZ) 100ms (IS AT 8], 03 FRATSE I ER s 1 IB R 7 &
H AKES. B, FEAHEL T EEAERNEUERE R, measEEHEEL,
Ve BT SR T Ik B 4 oA, BIPRERAT 26 R IR 2 10 A (R R Bk

SymcMaster EX1920

(=
\ uuuuuuu

K 5-2 R AL PR AR 14
M52 ATRAE R FEARCRT 2% AT DAR G s ok, SEBUREAE D) RE . PRSIl
FIRThEER) CHACVL IR iR, ATLBOGEI N 27 . HJRERA R F R E
REELE, BT AT — 15 A AL R AL AN solvePnP 5552 2D B &
AFRTHEL 3D MR ARFRIX — I EE H AR, KRS AIEE R, mAEHIE SEBL B

B o

5.2 [Efgnee

H T BRI B B 0R 2 0 A 2 I A LA A A R R, DR e ks AR L Al L 2
e, 1B I S B S
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A5 7 THT BRI FEARZ YR T ROG 2 R 3 . DB AT RESR B T AN DG (L v AT B
HRBAIE). MO A, ERRERI M vIE, #RAE R E LSk, ZICLmt 214
dhJE s REB CLRAIRT, R AT B B R Y R 2 AT T DL A0 i PR B
XL AR B LA BAT A BIALRA JE 5E ALR R AR A, e AR — A 25y
PO S . SCER MY IT IR, BRI R AP N IRBCE AU IR A S A T 24 N At
RN PSS S-S

NFLRB AT — AN ] FE R AR E AT AL . IR AL AR 7 — A AR 4L
4 B H X5 BE (0 b A — MR/ FL . XA L R WG 2 NFL R Bt i
i 1M FHAS H AR K bk ARSI AT iET, BB — NN LR AL
5. AR, ISR T, —ASNUIFAR MR G IE, BOVERE
FIBROCI [R] T, JFB0H 206 2 R REM N FLH 2 I B — NS R . Xt/
A2 BATT N HRATAR B AL IR R 5 45 P JRER R o X5 92k AR 2 AN AN AR
IR G H/NLRAR R o, B2 K9 BE A B (10 13 1) 5] N\ I A

B5E, WAE T PR ERE N HOR B E B AR BARB LR E TR . BB AR
PEXT TR SAARH B, DUONBLSC 7 ) e —4E R A R R R L B R
AN, AT EE FE A R A R R A B AT U . REWE R R R A SR e
PRFERE b g M PR SRIR RGBT W R R IR AR 3R A B e S A 5 s
I 5 (0 =B B, BRI A RE AR ORI TERE . BB, AN i AR
B LN B 5 ) B R 2 TR Sk R TR AT A = 4L R AR
7

PG b3 € 7 BRI N AL OB LT R AN Fr A IR AR A A, =445 21X A A
TR R RIB LU, Jata] LS AHINLE A 2 E00 MR

HFAFE = SN N LRI S, e D BRIk, AT
BB AR LA A AR AN P WA DA R 5 2 AR ) BB A I

5.2.1 HEHRGIER

T SRt i a7 F )N FLRSR AT ] 5-3 o R, Jla 2k R BEMINFLIEN,
B 2 JE RS GTi Ee D, BT BRSO SRR E B (R
RA RN E ERSERIEMWRD , R, SO T8 A 5 /N ] 5 & th
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05 F RGBT
A — M B ERIE, RIEE. 7EXAEARM/N LSRG S, D/INFLBTTE I 3%
BER AR T 2 (A B Bt A AR BRI B S, A0 R s, fROR I ARPLR AR, Z 52
FANLEN A ARV OEE Y, X 2 AR B SR, x 2 B ARY) £ BT T i
FEo EIRXAE T, Fenl DR IS 2Kk A 5

-xlf=X/Z (5-1)
1 AR T 1 L TE
i ey B 7 A

| |

| |

| i

} f : 7

emmm - Hemmm e 3

Kl 5-3 INFLEUR R

AR XA NLSUG A AT — 222, PR OR B LBV L i [F) IS, 452K
FRIEFE N R 5-4 T, JRASHR TN AR T AL B X AT
B R A Ja, A AT AT T S IRAE [R] — 0o JER 50 R /N FLAE X FRLAE 2 i
TR G o 3K L R DGR AR T PR R B R PR E R (principal point).
FEIAEX A 2B 11 5-4 H i g1 b, B AR i BAR$E2 RSE A 5-3 i IR
Je AR B RS 58— 8. X B R A G Z A AR T AR A = AR 1
RIEAEE 5-3 MIE 5-4 g J LR R AR — 20, HAER] 5-4 v, ZA LSRR AL
FINEMME . RN, JFEAeG-D RS eT L,

1

tire= 25 A0

K 5-4 Hr/NFLR G A

_23-



Ll R AR E B BT GBSO

4B 5-4 o, —ANRFIE R Q 3 /N FL GRS I B R T T B AR BB /g,
X AGT AU ARIE A 5-4 P A sh 2] 1 55—,

KB N AT RE2 NN T R AR HUBAR AR Aot SR T 55 W B AR LR AX
22 G JEE 75 ZLE BIROR GO RS BE o Fsk b, B e EAE A Eo Py
PAFRATTSIN T PIASBN AR, o M ¢y MBATTER S AT BEAAAE MRS . N EIX pg A
AR IERRIEA Y (B O & BRI —MRIER, HAB kR X, ¥, 2, b
BRI ER R BIR GRS (x, y) , H

X Y
xzfX;+Cx,y=ny+Cy (5-2)

HRBIX BRI THAAFE SRR, J5EE TR KIS 0 1R A
5, BMERNEREK AT MARIE T . FEE £, S5 RS N EEK
FERBARACEA TR IR 5. e F CXPZARR A HN, BN s KRN RIG R
K, fINBARZEK, KRARFE LR REER) o« FEAE L s, EEE
B, sl sy R EAT AR F B EENER, R, PEAEE KN
ToFEIMAFI . TEATRITAINL B = B 7 RT3 T, FRAUN e IE S AR LA 2 592
CEIVEGIN A IR

QDR ¥ N:Ei's FIRC|

P A da 2 K — R A AL bR R B 5L QXL Y,Z) 3% 5% BIAR ML UG F
I b, RIS BB R (y). FRAT TR B AL TR 1 1] B, 55 IR AR R
e MR IFRIATTE . BN T AR R ORI i, —AME n 4ER)HR Y
7% B) FLA A AR R U P LA nt 1l 4ERERIR(FL I xyz 7T BAH xyzw RIR) o X FPR IR T
N T —FhEHMAZI, RIS PEAS SCH AR FRT B T00AS B G A5 BRI, SX PRAS s R 1)
s B A A R R — A e RS, g R B E], A WAYERE, Bt
PAFR A0 AP T B i — AN 3 MR EA MM A ELR, B 0=(q1.92.93). 1E
an BTATSE, AP s B AAARE R LA R B, AT TR AR R Rl — A s, FRATTAT LA
0 Tk 44 R T ok DA B = T4 B S bR AR T B R R AR bR . IR R R TR AT Bk
BATH LRI BNT 4 A8 SHNLI S U fyon0) BFHEFIE]— > 3X3 AR, X
ANFERERL AN A SHOERE . BRSPS, Bt AR R B AL R A AL SAZ T- TH
BRI
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q=MQ (5-3)
x f. 0 ¢, X
H, q= M=|0 fy ¢, 0=
w 0 0 1 Z

WAIAMERIL, w=2Z, [, 5 g HRRFRARRRRT, BTk ¢ MaTH
WA w(z), REIFRATERGS-2) PR EIG R B, R, XEREANSH, &
WA A% T T R0 E AR A AE /N LI TR — 0]

XA AR ) N FLBAR AR o, JRANTE T W fer gt AR FR TR ) 3D ARFR IR R S AH
LRI SUG T B SR, TR, REMHRDMRgiMNNMLFFEE, Fit,
Fo B AT UM R AR E AR, PO e 7 AR 2 R AR A 2 58 2 ok 2k
DA I — @ S R . % T AR AR AL &, R0 Z0 OR B REAEAR KH 1)
1AL, R K XS AP B 08 ek, BRikz 4h, BIE B I e sk kA
T, MIMAERAGE T RSN SRR . N T SCI B E R, K A LS )
Bt e i P UE — > s BB R ERDGE I SEILPOE BUR I H 1, B2 ik
R ARA At 2 5N AE

(2) B mGAR

HAIg R — AN G AR AR ()55 2 FTAT . AR SRR b, WA R IR
o XA I 3 T R R A R 2 A VAR A I . ARG Bk, & BRI L
B3 — AN B AR IR OB TR . FIRER, CREBE Y R BAR AN 5E 4 0t
AR AR AR, XTI N A . T A28 P9 R 32 B0 B R AR R AT B
A, 2 AR B TR IR BTN, D) e A e AR AL BE IR 2 5N

FROET S AR [ W AR T A A o SR I B 3 2 AR S A AR A
SrEBRKAERA . ROVEENILRE “fE” M CmiR” 8. K 5-5 BaR TN
HasB AR, STFRESERTE, T8, SR OREE ST MR e
PO R R o R B B T S, AIZE RS ER  Hh O A T A AR
B RMAR . AR WA AR A B X 2 M A PR AR Sk AR L, (EEAE S
BB, WA D X T ER T E R AN R DA AR E R ESR F, X
FARPREEAT T2 IR, AR 2 — BRI B ROR .
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A& TH

HIEYD

K 5-5 12 A R i
XEFARIAIRAZ I 5, AT OOt RISy 0, H LI G, AEMi
M AR IZH AL K. FL b, BARRORANRIRA, DI n] @A =0 AbR) A &1L
L) 28 3 J T AR R R AR A I AR I ROR o« 0 TR I M2 AL, 3 e Al
PIIRZE T3, e, BB — TR B AL ks 58 IR B ML koo X T MR AR L
REHEBL, e IRAEAL, FRASME 2 =0, HARBA L ko BRI, 25 R4 1A W
AR VL e G B AL E T U AR A &R

X =x(1+ k7’ +krt + k) (5-4)

Veormeaed = YA+ kr” +lr* +kyr®) (5-5)
() AI(E) B o) 2 BT T _EBIHTIR 1R R AL EL, (roormeeted,Veorrected) 72 25 BR AR
[ B AR DL 73 21 R AR R AL E L
5 M K R W AR 2 V) [ IR AR o XA AR T IS R R . IX B
il 1% 25 2Rk B T G CMOS & 5 Br /e~ A AP I R PAT BE . X
i3 1% 22 A5 B AR AL P LU L, & 5-6 P .

{5 B RICMOS s

|k

K 5-6 18 B AIAHML
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D)l W A2 3 H BN AN S H po B po o, W A TR

X :x+[2p1xy+p2(r2 +2x2)] (5-5)

corrected

Veorewed = Y F[202%y + py(r? +2y7)] (5-6)

AT AT, EARES T BILA S MR ERZEHE . FINIX 5 MEEEKR

ZHAERMVLEIS G H 2], TSR E—REH . XFEg=4 7 —1 5X1
IHRE, f5IX 5 DNICE ki ks ks, pis poo

5.2.2 fEHIRE

FXH, WOLFAEE 7ARYLE A S 800 M 22 S HOERE, XM ERE L
IR R 1 AL ARS8 MR A AR AR o 5 R oKl HL AR I IR e BEAT 45« AERHER 231
PREE T, b SR HGEIEE N R IR SRR R R RS P i (iR )
ANFLAE AL RSAR T X L AR 2 2 B SR AR AT THEL AN o JCRE R i AR BIL I AT
WALE Bt AT e B shelcE #e3h, [EIARMEE, &R EBAEMHL
FHENBER TR . SRR AR UG, ol DOl 35 i 4 5k 5
FRARPLE N S HGERE .

NTREHNL N ZHOERE, B ZBURRE SRR, i LB Jan 4 lie e
FREAERE .

(1) Jieh%- T

X PR N RS B AR R AR, Bos Al UIE I e 5% 1 7 B

RZIRAEAIN LA R R AL 215 B (pose), ANl 5-7 Jiw .
(R, t)

Q=Po=[X Y Z]’

Yok sty 2

K 5-7 Jeke 1A 5

_27-



Ll R AR E B BT GBSO

S R, AT T YR A e R LU 528 v B A B sl A — AN HE L AR [R] R B PR 9
FEaARR R TR o R, TR AR 24 T 51 N ARAR KTAE T3 b — A RR 2 T Y AR AR R
HCRE T 06 A8 b 28 e % O 55 20T 30 I B 58 3 AL s 28 Ji s e e A AR AR AR 1) i AT A4 A 6
o W 5-8 o T AE > 4ET I N I AR bR AR e e » = 4k a) B R e T LA 0 i A
=N TYET I A e, BRI IERE o R AT A AL bR AR AR e R ARAL i e A A PR
AR AR BALINT 58 x,p,z e hiee, HIes RISy, oM. R4S E
145 Rl — AN 3 A WS BN IEFE R FE Ro I A1 H 1wl 21X =70 T

1 0 0
R (y)=|0 cosy siny
0 -siny cosy

cos¢ 0 —sing|
R (p)=] 0 1 0

sing 0 cos¢
cos@ sinf O]
R (0)=|—-sin@ cosd O
0 0 1
v
Y
K - X,
\\ //’
\\ ,
AN //
iy o
Y < xcos8
N e 9 X
N \ .
N A&
i N
Prg M xsind
AN
// N
V4 e
v N
4 \_\J
L~

B 5-8 4T e s B
MEE B = EREN, B0 R RS A M AR AR R, BIAE R H
B RVRE BRI e B AR g B R R . [FIREME, e AREURBE T A, AN IEACAERE
I FARIIR R IEACFE R, WU AL e FE R R IS5 T-FERE R (L E .
% 0] A2 TR SRAIR PN AL bR R TR PR B 5 &R, Hovb 5t R A 56 — Ak
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PRAME B HATEUL, RS IA R LA S AR AR I SRR S A AR AR LY
s . Ik, WERIELRYIR EARRR RN AR R P E R R, A FHE
RS E R TR R T = origin ., - 0Figin e, o BG > TREHERFFERIFF 7] B A 12
RS (e AL K 5-8 Fron (5 OL ), AT DS 2] NMEVIIR R IR P EARDLAL by
ABEIBGE R P LR AIT

P, =R(P,-T) (5-7)

WG R AT A ZIARNL N S B FE(G fr co o)FIR(S-7)45 A 7E — et AT LAAS 2
BEARMRGEARIEN . HROT PSR HIX AN FRIE NG, Tt URSANL A 2
B B AN A BUG AL B e T R R R

WHRIA B T =428 BN ieds R ik R W L =N BB, SN0 &
LS — AN IR . [FIRE, =4 PR ST Ll 3 M ek R (x,
v, 2) o Bk, REIH 6 NMEBFERM. BRItz s, MLKNSHGEESE 4
Mg, WENMEGHERILE 10 MEEFRERMGE R, N TEREREGNS, IS
HOEREF 4 NMEER—FERD o ERXR, RAEH-ATIwE, BHHEME—REE
BAR AT LRI H 8 NI . N EE— 1R BUREE % B I IeE P 6 MR, [
WA — 1 GG A (1 P AN 2 R ) AR SR SR it N S HOHE 1Y) 4 MR 8. ] I,
Fodge /> T EEPINRA 5] 1) EUE SR AT A AR A AL &

LA A, e TE AR A BAR L AR IR . (HR 5%,
WA BRI T i FH B . BT 3RAEH K OpenCV FFIE T B (bR
AERR S FH 12— 77X 6 PIREEAE AR E X &, TR EAEIX A bRiE, DU [ 4 25 1
RS A AR B A Y .

(2) bR At

MR ER SR, AT G 3 BARFAE B 2 4B T AR SRAE Abr e i G Tt
ST EYE, X EIEE P IAAR (HHELER 3 4Ek, PR aT L — A4
FERE B HL BRI & = 4EP) R IR SUE B AL bs R LA KR, langias, 13
MRS, a0l 5-9 AP 5-10 AR . OpenCV ik B 1 LA Abm v (1 b e A5 78
I, T B HERA Y, ER D PIIE B sk a] DL B e A R, (E R R
ERHE AR TR EA B BT (HT— MR N RSTIEE /N, EMRA
AEHL T, BRUAS HIMIEBE T RE) o @, TN RbE TR IR
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e REZEARMAEEN BT (B30
E%, SR Ja R AERERAL R RS BRI, g/ —3kvk. F 0 A GE
ML ELAE bR 2 X 417 OpenCV Fr i BT

@%
@@ﬁ
'y

K 59 faibrE il e i im0 &R

Z AN
W, —E

Kl 5-10 A N\ A R
HH PR A& IR A 2 A, X PR OR 1 78 G SREU R FEAS 2= HH B

e
BICRRAR R, TR — e LA R B S5 S 0

(3) FHRBLAL A
OpenCV H15E X 7 FHMELA SR EL cv::findChessboardCornors() . AT AT LA
A B AA A RFERRA ERE AL E . TS 7 IX A R AR
bool cv::findChessboardCornors( /70 S A 2 A 2, R[] true
AN A AR R, AR R B

cv::InputArray image,

HROEIG
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cv:isize patternSize , [/ AT AEE— 5 10 A R R B R~ T
LI

cvi:OutputArray  corners, /7% H PP RR Y I A R ) S

Int flags = cv::CALIB_CB_ADAPTIVE_THRESH

| cvi:CALIB_CB_ NORMALIZE IMAGE

XA R R — D S R PR RS AN S H A . XA BRI —
N8 ALEIME . 5 ASEIORIRBE RS RN, SR — TS H 2D
MM, DL 8 B e, RS ATE T M AL B e Ma s, B
BEEE AN ZHON oviSize(7,6) . 55 =N SHUE R R IR G _EALE M R B il e
HAodg 7 MR ABRGEAE. BEEUANSHE - MrENSH, £R
F 2 75 2K — BE A M T DR B2 DA K B IR UL C A AR A e T U A LR L
PR AR AL

1) cv::CALIB_CB_ADAPTIVE THRESH

cv::findChessboardCorners() B8 £ i 56 AR F i N B 1)1 35 5 BE AR 247 BB A 4
T, ERINERX MR ELRE 1, A KO B d N a5

2) cv::CALIB_CB_NORMALIZE IMAGE

IR FRELE T, R EHGEIRAE R EA T2 AT hr el Hobr
HEAL PREAE FH ) &2 cv::equalizeHist()o

3) cv:i:CALIB_CB_FILTER QUADS

— HRGRERRES R G, FiEpia e ERIE B R L E . 2R
AR TIANFIMRER, KRS ER A ROBIERLEEEER, &
MAESERR L, B AR A i AR AT U] AL PR, IR — A SRR ) — N
IARX AR E L E 1, B B2 BOMIARFE, DL OREE R 10 BdiE fE %
B Frt o

4) cv::CALIB CV_FAST CHECK

IMRRX MG IE T, Bamaf — R KRBT A ed R, ha
T H B2 B A1 BN R S AR EA S AL WEREH A AR, IXE EHE
A e it . 2 UREE e e B T — E AR K, XA S AR A E
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Fell R P AR E RN B GBSO

X o AHRAES —J7H, WERMA SAAAE S A E & S A M R, BAZXAH
B AR T DL B IR 2 N 1A

ARSI BX AN G size BOE AN EC— B0 A S XA BRI IR A K 1k
BN true, RZNMIA false.

(4) #EA TR R

cv::findChessboardCorners() R §E453 2/ S RBUG R B . FTLL, TERRELN T,
cv::cornerSubPix VB BNV A 1, il WAR =IO e, ] LAIRTS S AER I &5 3 .
U IERESRAS B S RS B, WAE cv::findChessboardCorners()H % H 14 - F5) iz 4T
— i cv::cornerSubPix(V BRI, INAEHFIIEARL 1 2R % E = 21—

(5) BLEL A R 22

LA AR T, a0 R Ak e AL B M AR ST R b R oR BRI
WIARE B BN, SR J7 {8 Jmh A il 21 (1) A 52 5 VLR Pt we B B A sl 1
X—H#4E, OpenCV N E | 77 K%L cv::drawChessboardCorners(). 15
AL 5 A S A S BB N RE, MRSt — M ALt
G B AR ks RN EUG A S, X S Ay i 2 AN (A 6 1 [ BBl F it ok (g
—ATI A R A BRI HX e 5 B o g 2 Ak Ik ok . R TR H R U R

void cv::drawChessboardCornors( 11 IR A E
cv::InputOutputArray image, /N B, BRI, B
EALEEA
cv:isize patternSize , 14— 4T AR — B 1 B0 I R
R
cv::InputArray corners, //indChessboardCorners() #5321 '] f
bool patternWasFound
);

cv::drawChessboardCorners() BE £ ) 58 — NS 8 & AN G B i % . BT84
S A R E RS, BTE XA BRI SRR DAL SNE &4
LR, EANEG ARG cvz:ﬁndChessboardComers()‘uiﬁlﬁ‘] K% (HZ A RIX A
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%5 5 ARGt

BR=_BEANSMLEEG) o FHBMWAZSH, patenSize Fl corners Fl
cv::findChessboardCorners() B # H 1) — 2. & Ji5 S % patternWasFound 1R [0] [{E &
INEEA AL S D AR B 5 7, XA ZEA] DAL cvi:findChessboardCorners() K i 1)
AR

BEROR, BN @SR BIBA VLA R CLS, XSS R an (] J8 o 52 52 A8 4k
AL N S BOE R e PR R R . Horh, RGP 5 IS 3H — > 3X3 5%
RN o

(6) FFIRHRE

FEVF LR FEUR A, AT 8 58 SCOT T AR AR FF IRAR 8 s N — P T 55 2
T ANAbR R B, A T TSGR BUAR AL A AT T AT DA ST AR AR 5
RARWAR TR o KPR, SRR B B A A ) DU fa) SR O R PR AR SR 7, X LAY
FRAEE SRR R T IR @ o, FLAERUE T I BB R S g Fon

X
Y
0 = 5 g = |y
1
1
A LR SRR B it 2
q=sHQ (5-8)

EEARE, RIIANTAE s, L2 MESHRERSE. ERERNUERT
VOB ER R PR 5 R AR R G XN A DIRBIFEE H B, A5
PR EIREUHR, X BRI S A

T — SEFE AR (1 U AR B A B, FRATTT DR AR R(5-8), 19 3 ied% 7
AR . X R B — R, FERE H 2 PR AL, RR L AR R TH 1
Tt~ o 22 SCBLHE A 25 50 R ) B ) A 2 R BRAR P THTFR IS G 2R

TG T4 % S48 JE SR B R B AP A8 Ty B R R o R D LA FH 11 2
F AR, AR DT AN A B S — B KRR R B R s

w=[R t

SRIE, I M OERHRNLI I S B RE . I P 0 Jn s o] FH AR AL P 2 B0 R A

FANLBAG T IR R AL B LR, ks Q 7T LA LE BRI R A MR R S
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frE, N EER

q=sMWQ (5-9)
b, MRE SN
fo 0 C
M=l0 f C,
0 0 1

M T BABR S A RR R AT T A, PRI AR R 0] PLBRIN 2=0. FRAETX Bt
17 TRRAERAR, Hapabt i 5 Wi W REAHE e s FE R B1RR 3 41, Hrd
AR A 3XT R, BAFEERA R R A ORE S = A&
X

X
Y
]=sM[rl r, r, t 0 =sM[r1 r, t}{Y] (5-10)
1

1

e, M 0 SRR RE BT LS A H = sMr vy £] X H RS
— A 3X3 R

OpenCV e LA R B PRI AN 73 o B A PRV BL S 26 AR 0 A4 0 A L ket
SRR (MR TR A M LR T 1SS AT 2 M (A T
ST AR, R AT RS % 1 7T AR AV e . ATRPI, 9k P T BASR 4t 8
NI, BT HARR 2 b4 T T LA S R /83— MU, B
AT IIAMEZE (), B4 x SRy # AN L. — B EIN 6 MBI
AEDLL 8 ANROTRE, HLTE AT LR SR £ R TR R, TEi8 19 S M0 R
AL T %A RS i, BT LSRR B

B PEAR I H 2235 T IR AR F E R AR RS2 ATLRAS T T - 25
%R,

— = X

pdst =

xdst
Vst :Hpsrc (5_11)
1

EAF —FEHIE, BICH CRAHPLAI A 2 800 4 ol BB R e TR 1 FE e n]
PATHSL(S- 1) R BN PERE R H . M — RSkt 2 2% 2 1 (D0 LA
XS o HSEE, OpenCV g il id R A 5K B Rt B AR R . OpenCV [AIFE
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St 1 I e hy ) e A LA T SR B N R [ v findHomography (). XA ER # I A\ 2
HOg A VEHE F T, IR [T S IR BN PR AR o BRATT R B R0TE (VR B 5K Iy 220 75 22
SEGEDYANAR i, (B W R IRAE T BE 2 () A b i LB IER R ILEC R &, AT RA
A3 20D BB M B R DL AL R IR 22

cv::Mat cv::findHomography( /3 [] BN PR O H
cv::InputArray srcPoints, /% N S EE(2D)
cv::InputArray dstPoints , /1N S 2E(3D)
cv::int methods =0, //0, CV::RANSAC, CV:LMEDS %
Double ransacReprojThreshold = 3, //F KEHLF AR ZE
cv::OutputArray mask = cv::noArray() AN, R e IR R AR 0 &84
)i

i NS4 srcPoints H1 dstPoints 737l G5 1 PIAARHIE SE T B S -F AT AL U
S R AR SR . IR LEARFRAS N 12t AER) AR R, ROV B R R AR AR E, BB
TSI S R 2

i NZH methods tR7E § AR AL WA SRLVE TV S B R PRRE E o dn SR A T F
ERTWAE 0, IAREFFRRFHEITA KN R, mAFEINSE R R AEIX L S
R E N NYERERE H, B RZE R T VIR B 5 805 RN AL bR & 1 AR
A5 3 BB TS AR 2 5 AEBUAS I 21 45 2% 1 KBRS B 1~ D7 A

B 7 AT I PRIE T B ) BV OV A DB S HE R (outliers) AEAE, BRI UUIRAFAE IR 7
IRRHRILED, HRE S BRI AN RILEC A R (iR ZE R AR KD, X
A A IR TE A R A 25 1 NI S 1R DL G- S B0 T I IER I VLG &, SR ZE
MG T o VAR E KSR, MR ERARE S AR, BIhA R4,
RAAE AR 2 LRI f# . OpenCV RIULIR M | =Fh LB M R SLE, XEB5TVE
BRSFEE Z W E B, AT DU B a5 R

N2 cviRANSAC, BB ELE, PR fH RANSAC &
% (random sampling with consensus) o P27 AL PILX L SE P T4, FFHE
XA FEETHE TN, 85, B SRE SR AT A ORI R
R 9 UL IC H VL BC AR AR s T I 52 iR Z BRI L . XA FA S THEAR 2 A REHL T35,
It Hi A A5 B R K TR R R . XANEIERAE LR R AR A 2L
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Fell R P AR E RN B GBSO
by 25 B s AT B IR A

AR oviLMEDS, HRXMREM B E G, EFa @ H LMEDS 5% (least
median of squares) o IEUTIXANEIERIAFRTR, HAR R B2 s Meb A iR 2,
T ARG L — R D HoR %= .

EANFIEIL AR E L TARAESMNE BB S, a2 A AAERFEELE
BAORE T A RRBABRIF NG R . 5ZMHERKZ, RANSAC BiLTCie 5 i H 1
=% /D HAT DR 204E IR [ PR i i 25 5 . (02 RANSAC 5H092: 77 23R4 15 N AT LA
WHNRERLE AR KERLZRE (BALEE) XM MATERE
ransacReprojThreshold. #15AE FH I 5%, XA E W] LZEE .

i) — /e cviiPROSAC, MR EMHE S, BFaMEMH RHO Hi%k, H
JRHE R AT A RE ) RANSAC Hik, "JLUEFIRZ REENSE T RNETT.

BE— MR, HE, JAE LR =R — Wb EA g R B g4 2 fE
o iR AN AL W B T, cvifindHomography() BRI £ H £ 5% ASIE R _E 1) 25 45
BEAT BN R B R B

BRIEC IR A 2 — A 3 X3 BHRE . BIRATTERN Y Hyy =1 B i, SN PERRE H
A 8 M MR WA HERE H 3T R AR, FRATRT AR 2156 A
FIAR AR &, (HRIEHOR UG, S TR R E AR R U R s o, REIE
A H R XA REARE

(7) MHLbRE

ENA T HTR IR A Z N LG, TATE T RBFENIASE BIE 7 1o FERXAIA,
TG AR et 1 i AeT SRAFAE L KT PN 2 250 o A i AR B LA e A1 48 OpenCV $ig fE 155
PR 2L cv::calibrateCamera(). S H X AN K204 IE BUE R AENLEG AZ 5| RS )R 22, X T
FrA G R R A B AT A E R, JRAUAT ARG — @A AR R . RE Rl B
B 22 /DA B B I R e U A, SRR AT AR FIEE S U R
M,

/S RO N2 /DR BRI ? e, AR T HATAAE R R A AR R, R
WA B bR R H AR & 7E R E B, g T SN SEBUER A R 4
MR (fo fir o o) MERAAFRHE S MR (ATUEZ) , B4R REAR L)
kas ks IV AR ] pry pao WS EGE MR IR FONYIRRHIE R EZNESE AR 5|
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BE IS BTTH B . B NS BIERR AP AN S BOE R Oiede TR HERE) S48t nl
PAEAE R =4k 22 8] 1 | SO B BT i b, B2 A bR

W AR AL YRR T T B AR, B IE TR B EEME R SRR (Xscreens
Vscreen) MIAE BT AZAE FH N A3 BT AUER R RABAR Z I R 2. MRER FORE, =AML ECH
ARPR SRR RESR O 6 NIRRT, AT I RA LR R, K5k 5 H
F I BB L W SR AE X B AR

SR, H T NSRS S RO 2 B EARRE M, — 5K B s A a2 BLSRAR Y o
AT ZALE, BMISEOERRRE =AM =T R, KithikEIG
BIH 6 MINSEE MR B R IR SSRUL, Bk EUEEE SIS AR R
AR B BRI

B —3h K KK, kB LA N A IBARBUET i E K M1 N
i B A ) R 2R DASK AR H 2 B (1 R AL

E3t K KB R BRI 2XNXK AL (AN RVHRE x, y 255D o

P A R ATIAE 23T AW SEEFEAS R O ey (1 B R AR
e FEED M6 M SHARRE (REREIFEA R

SRAFIXAN T FELL 75 B L (2 s 2XNXK>=6 X K+4, B85, (N-3)X
K>=2,

MR UM EFE R R RE, R N=5, W4 K=1 #iaeil 50, MR
HoikE . HEAXEGEER, ST EMRENHEIRENS, K2BHRT—
1o XA BRI HARBIE, @A (S-10)rT AE Y, LR T BRI A (10 B RV
RZ R 8 AR, X 8 AR R LLE MY AN VLS R R HIOKk . WL EAE e,
XFE AT I B K R YA AR AR gt v] PLSE BRI 1. DY mUess £ YA
Jila B — AN IETT I, AR MERRIUIA I . BrATE e — 5K & B RATTR]
LI RIZ DA A 4 MR S T MEGE R 7 0 TRk K& =,
A WA SR T IR TTRA — 2 ), ] PR r skl 5
e (4-3) XK>1, RptERE K BAURT 1. [, XhERE, miktd 3X3
B (BRI A, BRI 2X2=4 M 2D (5 BB R AN T R4
BR/NEOR . 2 RE PN AAMETH S AR e MK, a2 RGBT sk, H
SR th S 2B E LM R (FEARSCHRZ 7X6 M) , MRJE A TTER
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Fell R P AR E RN B GBSO
FRCHIARFZ ERUG . fELhRIET, A TR SR, KB DM 10 5K
B, Hh gk o s 7X 8 S 2= B R .

PR SRR I B /N EORAN TR B S BriE B L E R ZE R T WS HGERER T
RN EEBURYE, KRN R AR R N SO R TR S R AR ROR
AR

(8) trEW a7 JF

KRN ATt R . FE b, FIR 2 T AT PUK X 8 AR A
A, IEWIHTIFTE, OpenCV K R M AL R T 1777, H AR MR KRG
Bl 7 B R T B2 zhang J7EUS),  SRERTAZ S HOR 102 Brown [ 77409,

B, HIKMEANSMERESEIN IR, SR Z AT . XA, T
KA AR EIME, FATURAGILE SRR R ClRl— T, 33X ANHE P 2 K AR AR A

Yok R B R SR P R ED o B IXANHE RS a1 =
H=[h h, h] ZEOGAREZ—AD3IXWGAE, 235, RIOXA HHE
S8 BRI 2 1 SR P 2 0 I A e R I o i A 0T L B P % [ g S PR R ) 3fe A

H=[h h, h]|=sM[r r, ¢t
R b 1) S5 ko i B AE A, AT AR 2
h, = sMrE#r =AM 'k,
h, = sMr,58&r, = M 'h,
h, = sMtE ¥t = 2M 'h,

KE =1

S
M B e AT 0 — B 5 FA SR TE R . S LR R4S R s EL
KT, o flr AT LB MO IR RS, Sk P N TGS e e 1 0 1 Y
N0 FAFIRABK IS, Bk, L)
R =0 (5-12)
WAL SR e MBI, FRRBNE TS RST AR ENRY, LER
B2 JE IR 7 2 B, 0 (ab)T = b7, 3 RN L s R A B e
B MM, (B — R

- 38 -



05 F RGBT

WM ™M 'h,=0 (5-13)
B MR (M) e . R RE S R R T A
[l = ]| B 7, = ",
L, B M, R, BB AR
WM "M 'hy=h,M "M 'h, (5-14)

NT RIS, REXB=M"*M". ¥ B g, 193~

B, B, B;
B=M"M"= B, B, By
B, B, B

FEEMEE M BEABZ OB (ML SEGERE) , Bt E e LK B
FEFEFH N ZE0EFE R R AR R, L B A it Ron s, B

f2 0 o x2
B=l 0 -2
/ /s

c C, c c

— __)2 _xz+_y2+1

5 )
P UAEPIA LA AN B, R AT LG22 0" B X

KA B & — A RRERE, 3T DX A et R I8 Nk 5 i & N AR E . 3G B

BT R B R — S 6 X1 mE b H, FRATATLAE 2

hl.Tth = viij =

[hi,lhj,l (hi,lhj,Z + hi,Zhj,l) hi,Zhj,Z (hi,3hj,1 +hi,lhj,3) (hi,Shj,Z +hi,2hj,3) hi,3hj,3:|>< (5_15)

oo

1

2

%

2

[

w

SRS

(%)
[

ol w7, RONEN LT PR 22, BoRE AT USRI S R K T

{ i }bzo (5-16)

T
(Vi -vy)
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IR FAE I K SKA A B R, R AFRATAT BHERX K ik B 3R HE1 2 XK D4
FEAF R — DR R, R

Vb=0 (5-17)

ZKHE V2 2XKx6 K/NFERE, a3 IX B K KT8 2, NEXAME R

MERIEXEATLUCREb=[B, B, B, B, B, B,|WANEK. gk, FKATLIE
FEARARE b 2 AT AEBLE) N S HOERE .

)
fx a Bn
AB
e
11922 12
B 2
cx — 13fx
A
c = BlzBl3 _BnBz3
Y Bllez _Blzz

RPN RIEF, A2 XWPRZE, HAKKEES ks

(B +c, (ByB;3—By,-B,3))
By,

A= By -

X AR E T FARPLRISN S H e P RE M RE ) Al AR B B AR 46 () Rk
A LSS 2.
r=AM"'h,
r,=iM"'h,
r, =hr,
FEEFI1S, =AM 'h,.
KHL, HEERN ISR, AR RS A E s (A =1/s )RR R, n 4l
JI AR R R A v LSS PEAS B CEIVIZ BLAY 2 AOAE R R B — 1 [ S B AR vEE AL O 1
TN B2 =1/ M S = || VR KBRS F, 7K
ML E T, HERBALRPEIELE, 5 R0 s B G ERE
R, XAEREIFAGE R L ERARHEIE SR, B R'R=RR" = LI KRAANS
AL, MRBNNG, FEEIRE.
N T RIS IZAN R, JH X R FPEHAT A AE T (SVD) o SVD 24
AR 2y O A PR IESSHE R IR AN U R v, Hoh e —AMERE D, Sk b2
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RUZAE . XAEATAT LUK AERE R 73 R=UDV" , HI 56 R AR E AR HEIERT,
DK MR B D i AL AERE I, , SR =ULY " . FRATLL “agifi]” AT H R I
B R A2 AR HE IEAZHERE, 8L R FERFIN T R E S 2] U A VRS, FRRIXPTNE
05 R0 BT R O SR A — JEC A5 BT AR AE IEACHE B, i 8 AR e e 2B R R

BB IE, FIEBAR B A B AT AR . FAEA TR ORI A S BUERE M
CIXBPA VB R R R AR S HEE N 0, B0A B AR N HIaa v, S5 AL R AgX A
T4 .

AL BT T SRAF R 2 A b i b T B A2 /R Y B RE M FL S A IR Y X L3R
I (poyp) R N FLSBAR RN (R AR, (xaya) Ko7 B8 1 W A2 A Y520 LA 1
BRBhR, REHREANRAN CNLBIER IR

o A5
[y }= Y;,V (5-18)
g fyZ—l_cy
& T AR AR I LS A5 25 R AR bR ik 50

x 2 +p,(r* +2x;
{p}=a+hﬂ+kf4+@ﬁ{%q+{pfﬁ” pa(r+2x;) (5-19)
» Ya p(r+2y)+2p,x,y,

X B oR A R R 5 AN RE I AR A I IS A [F], B RATT 22 /0 7R 2 5 R A AR 2 A
FIRLRFAE, XTRERE T AN, Kt/ DE 7 EZ A2 R %A
BT — Kk BUR R SR RERERE H A REIR AN LA, BRI, i 75 28 2 1 RIR
KR AF X A B L) R % AF . XL T AE OpenCV #B 4 it | — 4> 35 48 4 1) pR 3
cv::calibrateCamera() 75 Bh A 1 5€ i !

(9) FriE %L

YA B HOK EUE B A bR fE, FRATBUE A cv:icaliberateCamera() R £K 58
BebRE TAE. — M, 2 BB brE LLa, AT LS 2R B N 2808 B F i A8 2
BOERE, DAL AN BRI e R I . X B BT 50 B 5 AL N 2L
Ja ZIER T AREANLR B BE R . WA RE (hukuks,pup FUE RS O
Fe WART A B B4 [ AN ) ey W AR 7 AR L, A JRAR L PR I AR A H I 2 X i 2
B CANAEPLIRGAS EL B P B S LR, SEPRTR LB B =R S i)« AHFLE)
WS HE R & e BT RLAE IR, B RER = 484805 R B MDA B5E5E B AR LA LR
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1] b o FRIFIAE AT LA AR AL ) 2 800 BRSO e SR, BIDRE A8 B #ia, HO2
AL R B B = 4EAAAR T ) — 252 (BVDIREE RS, A& Blprs, Wik
ITRITED R A RS PRA B, FO P LUK ARG 3 ForE— i =45 B, XANFVERL
7 K4 5 5 ) PoP 5%

M A B 1

Double cv::caliberateCamera(

cv::InputArrayOfArrays objectPoints, JK AN GRS N A4
PRAL =40

cv::InputArrayOfArrays imagePoints, K AN & CREAS )& N AN
pral BGO

cv::Size imageSize, /M NG G = RS

cv::InputArrayOfArrays cameraMatrix /1453 B AL N 506 FE

cv::InputArrayOfArrays distCoeffs, WA R B &=

cv::OutputArrayOfArrays rvecs, /1 EH K AT ) 2 20 R ) e e
[Ep=:s

cv::OutputArrayOfArrays tvecs, J1H K ASFH [ B 2H 1) 1) B

Int flags = 0, //HEIFIEBEIREL

cv::TermCriteria criteria =  cv::TermCriteria(

cv::TermCriteira:: COUN]|

cv::TermCriteria::EPS,30,DBL _EPSILON) //30 X I { f& = A AL
//DBL_EPSILON & H #51% 2

);

A HXA R H R, KT EMARZNSE. A, K SHYE
EENTH A SRR L O RER 1. T, WIEMNAE T B I
BN

H— NS HIE objectPoints. "t —NH AN EEBKH W E, BAFEIDK T
ZYEAARR R AR R ARAR, AERNTEIARE BT, R L B AR A A
PR EMARR, ERRA AT AR, 2 BN 0.

5 AN HE imagePoints. B[R NSHEML, R A AL G
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SR B T 4EAR AR

B =ASHE imageSize. TR IFMZKEME I R RN

VU EE AN S HOR AL N S HOE FERTIGAS S HOE B . e T 23X A sR 2ok
R R AR . WS EUERE R —> 3 X3 (5ERE, 1M 1R S 40E PR AT e 2 4,
530 8 AN ILER, IXEUR T R E . WRIAESHIERE HIRE 4 iR, B4
KPUANTCER ks ks pis pro

W AR 2 B0 O 7 A P 0 IR B Sk (B Ak LA Y, R I B P A P . Y
% E T cvi:CALIB_ RATIONAL MODEL &, A 4iR[H 8 Mo, x—M R H
AR L T XEFEICENZ, k2N E A R E A AR g AL
AN 2R G

%6 MZE T ASHGR M EHMM MR, 7500 ST RS S . AR ies
{5 B IR 2 i B i r i) R N 1, B — M 3 AN R e h B R oR ie
o XEM R ENECS B R

ERZHIENT, REBZTEEANBMAR TR, Fit, XEHESFETIA
AL . A I e A B — Ve S A IS A, T AR AN AR ) i i
AN IR ) R WA 3G WA 5 SEBR AR AE IR ELSEAR AR 280K . BT RL, 185 R B B 4t
FRITLE G A 2 — P LU R SR okl o DRI, RAESEPRsRE I RE T, M1kl
MR ERIFAZ, REEIEAR E, RELFIRBEBIR, BEET Xk
R, R IR RS, R B RORAE SR IR . A,
LN NI ISEAE A BONAEFIR S DU, FRAT RL— IO SR A H AT 1 B A A AL I
BIALZAE B

B3 U F L R B BT T DUE IS flags AR EALERR A G M6 RS . FiRMJL
T i) S T LG AR R SR 4 W 4H e R A A

1) cv::CALIB _USE INTRINSIC GUESS

R YL, AHBL A S 806 M b € iR B B EE AR, XA RE
b 7 MG DUE 2 A BT AME B T HEME o fl o T S, BT
IRE BB E BB R —2F, REBRUOGHI BB R ot o I 2R IX AN G A i ik
BT, IBARFR AN S B FEAE SN (B3 A7 (0 B SR A A - S s

et
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2) cvi:CALIB_FIX PRINCIPAL POINT

XAFREAL AT LS AT — AR EMHE . S MrEMHIRE T, WiRT—
MR EALRAWBE, B eHip: e £ BRI G 1 iR AT — MR E ALk
BT, Ak e e R AL RIBIAa AR A E AL .

3) cvi:CALIB_FIX_ASPECT TATIO

WMRXARENE R E T, WBARWET RS0 A, — TR AR, R R
FEIX AR 2 (1 LU B AR RE AR

4) cv::CALIB_FIX FOCAL LENGTH

WMPEXARELE B T, A £ L FEERA T E R AR R A AL
SO B e RSB U A

5) cvi:CALIB_FIX Kl,cv::CALIB_FIX K2,....cv::CALIB_FIX K6

X JUAR G R LE T B R R 1 7 AT Se A RO e e (L

6) cv::CALIB_ZERO TANGENT DIST

AR GRS T8 € s AEH LR SR BIEBAVE R, B msm AL T & —
PRI RS B2, DRI RE 2 22 51 R A D) el B A2 1] DU A LE . 4, X7 0 Fifix
AR B AT R 2 5] N A W 7S R R B, S SR I A e

7) cvi:CALIB_ RATIONAL MODEL

MREE TIXMRELL, BARB U ks ks, ke XEAWESH NRAE
B, B AR R 8 N TR, R R v BT 3 A4 ke

5 I — R BRI R XA R EHE N . 548K 2 Bt Bk AR A,
X B 2 b AE AT DL kAR B P LB 3 R R Z A R/ . R R TR 12
S YEARRREE R B RGO T A5 3 BAG 2R A br L et SR 46 B G R  B1 (1 45 35 AL b [
[RI~F 5 218

FIXEALE, ROLVEAINZE 7 AL IR A KA B A  H AL A8 1) B A5
RIVL S EAR R T LR 8 7 VR Ja 180 JE 3. N TG B s it iy
HOE FER T FABNLI S S HUERE ik R A7 SR I iefe F# 1n) & o

5.2.3 BHMEE
ERZENT, RAOICEE THIK N SEGER, 1 S 525k B ba s e K
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BA bR R IR TR . XA G DL RN B S AR E R AN ], (ER R SEFR Y
M EAHR KB OE . R Al RAE B ZB B OHE, W3R ORI B B B4 i (1 SE B
RO, P BOT HLas AR RARCAR RS, 3R 22008 1 2 e 3 AR A 3AT T &
BAbR R B =4EEF R (PONERK B G b, 3 3RATR0E 3 AR R AL by
AP E R, WHte] DOsE bR RSN AT R E R 6 REMAE, A
W= G HENSEBE SR o BH KRB, XA LAY {H PaP (7@, OpenCV 4%
XA ERAL T SR PR KR

bool cv::solvePnP(

cv::InputArray objectPoints, 1R HARR (R AL bR 2R)
cv::InputArray imagePoints, MG R A BR(BAZ T THT)
cv::InputArray cameraMatrix, 1/3*3 FIARNL N S BUERE
cv::InputArray disCoeffs, /WA 28 B ) )
cv::OutputArray rvec, 1145 B ) g i v)
cv::OutputArra tvec, S ERI R A=

bool useExtrinsicGuess = false, /1715 V58 B WIUE A5 11
int flags = cv:INTERTIVE

solvePnP R &5 HLTH] 1) 2 £ (1) P B SCRTHI TRIAH LR 18 HH I s UKo =& e 4 —
By, (HREHMWEAR . B KB KPR AL PR AR R AL R 7E 5 — B
) GER, ZERZRAE InputArray 1A & InputArrayOfArrays) ; ik, X B
FHBL A 2 2500 [ AT e A 2 HO B2 VR D A S B0 A 2 THEL R IE . 1X B e
A B G AR AR T ), B RR 2 3 MR AT DL =4 [R] L e s (e
e 1) R PR T 0] R s ) R e e il KSR IR A D o IR e n) AT DLl I g
AT 3%3 HINEFLFEFE, MRFEFE R IRAT BRI IE RIS PREERZM
BLARBR R AR AA AR 22 2 8] 1) = 4E w5

A2 useExtrinsicGuess Q1 ¥ BN true W3, w12 W40\ (1) e 4% 172
I AN RV AE /. F27 T E &2 false.

5 Ja A flag AR E A] DI BB = AMR BRI —AS, 20 A R — it BT .
X = A b5 & A7 & CV:ITERATIVE,CV:P3P Al CV:EPNP . 4 H f A (1 =2
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CV:ITERATIVE, F&F¢£:1d ] LM(Levenberg-Marquardt) {5 A 5208070 B 5 iR 2 .
WA A2 CVP3P, FRFEH N Gaol?%E AR H L. fEXFMEAL T, AT
HZERN 4 DNIRALER RORT 4 ANUUEC I EUER AR PR 50, R 2 TE A8 SRR R s
A o=k [E S R e, G0 FAE S CVEPNP, f2/5 43 {# ] Moreno-Noguer0712!]
SRt BE . SR PN TVEASIENCR R, RIS S — MOk R A

cv::solvePnPRansac pR #1155 jie e~ 1% 0 [

cv::solvePnP BE 1) — > 3 BBk 2 BN T 5 (E AR BURE AE AR LS € S O T
KIFAR AR, PFOYBEA S 1 A SR EUR S TR B, B R AA 3R W12
FPR &, DILULHL R R AT EE. AR, EEMPIER T, Bt i m s
PR — ML), HARVUHC 3 A7 A2 I 00, DRI b SR A8 T M 72 i S o L 1)
0L EEAE A PP HE, 2 oRIEE ME TR R . MXAIEOL T, RANSAC
FEReA WOt HE R 7 {H (outliers), PR B IEff{E (inliers). T /&2 T RANSAC HiZ
(1) PP oS3k S IR bR R 11

bool cv::solvePnPRansac(

cv::InputArray objectPoints, 11 EARR (AR AL bR 2R)

cv::InputArray imagePoints, 118 25 AR (845 T TH)

cv::InputArray cameraMatrix, //3*3 IARBL N S 056 B

cvilnputArray  distCoeffs, /W AR Z A S ) &

cvi:OutputArray  rvec, 1145 B (1) e i )

cvi:OutputArray  tvec, EsE R A TR

bool useExtrinsicGuess = false 1172 15 BB IR

int IterationCount =100 //RANSAC HIER L

float reprojectionError = 8.0, //IRANSAC S e KA 5
{iE)

int minInliersCount =100, //RANSAC ByEm 2B
%

cv::OutputArray inliers = cv::noArray(), /% H ) 1IE A B s

int flags = ¢cv:ITERATIVE /[F] cv::solvePnP()—#F

);
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solvePnP 32 H AL i N it S 40 /E solvePnPRansac 5LyA M EIAFAE. FRib 2
4, solvePnPRansac HiXILA — IS4, XUSHE H ) Ransac #i70H K.
Hrh, iterationsCount Z%( 5 Ransac # KiEfQIRECH I, reprojectionError 5 ] A4
PRER V-8 IE FAE I oK f P RS 1R 2 - minInliersCount X NS 8 (1) 44 7 H s 5 5
heEeF RAKILE, ERIDIRER WERAEFE AR FE AR F, Ransac SR E ()
— HREARHAE T 5 VE O IE B A B9 2085 minInliersCount, M CRFE IS F2AL
450, AR5 Rt minInliersCount (M, #1140 1000 A Edli in A S s R AFEXS M. H
IEEESE Y, HEIFORIE S IR ZE B, K5 HEET N R 1S
o W B A LR FIR R R BR R D, HERESAT (b ReiE L E) 7]
RE2IE A AR o 5 1) inliers ZH0& — M 248, Shrid ra #0A 8 EwEE
AR (R AR H A o

FIX By b, FrAAESE bRy AL A B B R B A i e R T, T
B R AE L BrpLas N 2w B ACHD B I, 7R ZE A AR J5 7 B BT R = B 2ot A
PO G WU By v B B, ol AR AE b — 15 R b B rp I 43t

5.3 HEAMRAEE

A b AR A P R A R RE, R A AT B RE = A, AT
2 FAR PRI = & R BRI =i bR, 2810, BT i e e 2 — 4> B ik
BRI A E&IES), HARIRPR A=A —BUNE. Bk, RyE5IE T
ST PR S ok A S AR 2 TR AT v i R B 3 1) 8 EEARAE

7]
III

53.1 FiEEEE

FRAR VT N B T BE 0 B B 24 4T BB AR I B R e, MiE— 32 3 )41 )
e Sy, BRSSP A R AR TR . DR, R E AR A AT DL
W 5-11 Fiowo

B, MR TR S5-11 T RORIEE R . EWETSCATYG, TR R E
MPERAY, HEAGSR G EME L, Bk, X BARR R z 307 e WA
JEARHIRI, x BT y SRR RPN IEAS T 1A

N TR, FRAR A PR ) O AE x Bl R B RAS BN 0,, St A
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R yaw Bl EE 2 0 (yaw HiAE 5 pitch BHEAMEAERAE R FR) - ME 5-10
T, TUUE I TR EHRE U Al T B kR IEss, Bl RAREEE L E
Fexlot, T TR BN _ESEAMEARLY . ENOK, T B R RS TR B
TS IE pitch 1502 18] (19 28 SRR HA A o 7 B A SRIE AME AT 07 o FARBE T A
THEE MR R IEE R, v, HBALE m/s.

. MakT Zy il AT Z s AL E ﬁﬂ‘iﬁ%z?ﬂﬂ

N LR R
\ kR

& AR (A4 N (0, v, 2))

Tl MR R R R R R A
B 5-11 FafaniE s = K
Ee, E S RTIE EH RrE Ab, T B E WHLEE B EAE T FRRR ohA
(O.2) PRI TT LLSRATR 18 T30 F A (A 565 f1 120, B
6 = arctan ( z ) (5-20)
z
R R (125 B PO PR TR AL BR 0 F AT, DRIy %R — N,
Ot — A . AT LUt 37 (AL R 2 S R e 6 0J 7 301
WO SR .

532 B MEREL

HAEF MR E AL B, R8T EA5RM 73 R 3R ZERITE LN 3 AR
R FE B M AR R TP 2 BhEE S . AR T A 2 N F T A2 AEFE N W, A
s LA (1 AR AR 2R TR (R e A R e b e AR SRR R T, i
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1 0 0

0 cosf sinf

X
y (5-21)

SRy, FRAT A B R AL bR R NI 2 BilEE B 2’=-sin(@)+cos(O)z. FE R K, FK
RIS RN 2 HH s EAME A E O . X BRR S T — AR, B 208 1 5 Hh
KPR Z IR, DONE TN R EE TRE AR KEREFRER . X4
RBAEASCAT IR B 5 TR ARE B X, BEEWT:

FESERRMA T, M 2 R A T H/MIARAS . B 8 kbR oy ) (R TA)
™) SHREEM L GEETRE) ZEAEMEBN, AP ERKIRE.

R E T 1A B A R, FRAE T SRS kM IR I, R LB M T 1m0
MO~ T TR AR, SRR T4 R R &, M X Hh A P JF A 2 e B3R B3 1Y)
BR. Fik, HAEERIAMNEE, FEERRGUENL S DA R SR 5 LRI
FILE. HT RAMFE EAEEEAE K IEFE LIS, REBEURRSA R W
HLP% R G0 RO SO T AN RIS, SR e B

BT ax /MBS, FRT DLRIE S S i E kM A PR O ORI A

{ veos(@ )t =z
vsin(8)—0.5gt =0

kg bR, Bt LIS B FRaME A RO . SRS, TRk uT LAk e R SR AR )
W M RERATAE IR, RV ol M Lo b ok M e .

4 RENGE

AR RGN T EGERE,  ERACEE, # I EEA R COE S DY AR 57
Horpr, @ ZHRG I B AREEAT 0 e 1 B AR DTS T B AR,
Xt BRI AL RSB ) BB REAT T2, IR AR DS E S B B AT 1 )
BT CLRSE N T, e a1 58 s E A A R ) A et 1 SRIE AR AR A K
AP

0 -—sinfd cosél

(5-22)
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& i
AR SCHEE 7 AL T R SR AT B T RN ARG
i, BATABEMNEE — R AL A, M EAAE R RGN IR, 558
P HAN RGeS AR, AN HUBCR G, BATTRT BLTIORE 28545 ok %2
BN B 2ot BRI R A AR, T E s BRI Ah, Bk AR
A AR R AR R, R AR I e e A B R 5 AT e, D
AL E AR . L, FERTHRIRER R RGN, IR KFEE B2 — X2
MRGHABIRNREI BT AN G, BENE W AT R RGE R et R Bk
NTRG, BT ARG BE BRI EOR, ZHS H kA RIT R R A3
) 3 B R TR A S I PR AIE B R R . B E A T BRI A
B AR Z IO AR SEIIEE AL 55, RIS ER 2N & T, PP 5k
AL 3D2D DLAC A SR AL 25 R o X TR RO B R, Fo HAk
AU PNITE e P = SIS BT
SRTANA IR AR g8 AR SCHL B BB BRI HE NI ThRE, (ER A8 5l H b it S ol e ff b
DA Rk o 5 DR 2 A 3L BT M8 B i b 2 AR R 2 sE I T), iz s A
PR BN A B O 285l S E . TR AR B, PRI A RO
BE D B2 AR — S8R &, FEar R R R, A Ja B9 AR Rz AR A A2 W el HR 3
MHE R GG B G BN = G EILFGEE S, X12ah B Ardtir wla i, it
AMEAEIN B LR B M B an & b, AR it ia sh H AR BT arrh 3.
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MR 1 GERFARE)

B S50 o ELAEE T AN LA € S5 13 BIRIAEAL N S 308, ABNLIKEh I CHFE AR
i, RGN C+HREFAAS, makefile 5542 3044 F1 Linux FFHLE 5 8l A ST
intrinsics.xml(FEHL N SEE )

<?xml version="1.0"?>

<opencv_storage><image width>640</image width>

<image height>480</image height>

+<camera_matrix type id="opencv-matrix">

-<distortion_coefficients type id="opencv-matrix">

<rows>1</rows>

<cols>5</cols>

<dt>d</dt>

<data>-1.5865658095660354¢-01 1.6731059482252764e+00 0. 0.
-4.0518047753260284e+01</data>

</distortion_coefficients>

</opencv_storage>

RM_capture. h(FAHLIEEL R B3k ST )

/!

// Created by hanyunhai on 9/21/18.

/!

#ifndef OPENCV3 RMCAPTURE H
#define OPENCV3 RMCAPTURE H
#pragma once

#include "opencv2/core.hpp"

class RMVideoCapture {
public:
RMVideoCapture(const char * device, int size buffer=1);  /4%1% k1 id
~RMVideoCapture();
bool startStream();
bool closeStream();
bool setBlueBalance(int val);
bool setExposureTime(bool auto_exp, int t);
HIRE: — AR Z & I, Eet: i ikl RJ 4% 304%, VideoCapture
H get J59% AT DASREGX L8 & 1 o
bool setVideoFormat(int width, int height, bool mjpg = 1);
bool changeVideoFormat(int width, int height, bool mjpg = 1);
bool getVideoSize(int & width, int & height);

bool setVideoFPS(int fps); 117 B MW ?
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bool setBufferSize(int bsize); /15 & AR IS X K/

void restartCapture(); ER: iR
int getFrameCount() {
return cur_frame; DSk
§
void info();

RMVideoCapture& operator >> (cv::Mat & image);  //152 B A0 SC A4 55 2 fli
SRACHE ARSI 5] ] AR 35 PR
public:
int camnum;  /FANLGR S
private:
void cvtRaw2Mat(const void * data, cv::Mat & image);
bool refreshVideoFormat();
bool initMMap();
int xioctl(int fd, int request, void *arg);

private:
struct MapBuffer {
void * ptr;
unsigned int size;
¥

unsigned int capture width;
unsigned int capture height;
unsigned int format;
int fd;
unsigned int buffer_size;
unsigned int buffer idx;
unsigned int cur_frame;
MapBuffer * mb;
const char * video_path;
¥
#endif /OPENCV3 RMCAPTURE H

RM_capture.cpp(FAHL LB R 0 SCAH)

#include "RMCapture.h"
#include "linux/videodev2.h"
#include <stdio.h>

#include <unistd.h>

#include <fcntl.h>

#include <sys/ioctl.h>

#include <sys/mman.h>
#include "opencv2/highgui.hpp"
#include "opencv2/imgproc.hpp"
#include <iostream>

RMVideoCapture::RMVideoCapture(const char * device, int size buffer)
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video path(device) {
fd = open(device, O RDWR);
buffer size = size buffer;
buffer idx = 0;
cur_frame = 0;
capture_width = 0;
capture_height = 0;
mb = new MapBuffer[buffer size];

}
void RMVideoCapture::restartCapture() {
close(fd);
fd = open(video_path, O RDWR);
buffer idx = 0;
cur_frame = 0;
}
RMVideoCapture::~RMVideoCapture() {
close(fd);
delete [] mb;
}

void RMVideoCapture::cvtRaw2Mat(const void * data, cv::Mat & image){

if (format == V4L2_PIX_FMT MIJPEG){
cv::Mat src(capture_height, capture width, CV_8UC3, (void*) data);
image = cv::imdecode(src, 1); //f#AG

}

else if(format == V4L2 PIX FMT YUYV){
cv::Mat yuyv(capture height, capture width, CV_8UC2, (void*) data);
cv::evtColor(yuyv, image, CV_YUV2BGR YUYV);

}

RMVideoCapture & RMVideoCapture::operator >> (cv::Mat & image) {
/I std::cout << "current buffr idx: " << buffr idx << std::endl,
struct v412_buffer bufferinfo = {0};
bufferinfo.type = V4L2 BUF TYPE VIDEO CAPTURE;
bufferinfo.memory = V4L2 MEMORY MMAP;
bufferinfo.index = buffer idx;
if(ioctl(fd, VIDIOC DQBUF, &bufferinfo) < 0){
perror("VIDIOC DQBUF Error");
exit(1);
}

//std::cout << "raw data size: " << bufferinfo.bytesused << std::endl;
cvtRaw2Mat(mb[buffer idx].ptr, image);
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//memset(&bufferinfo, 0, sizeof(bufferinfo));
bufferinfo.type = V4L2 BUF TYPE VIDEO CAPTURE;
bufferinfo.memory = V4L2 MEMORY MMAP;
bufferinfo.index = buffer idx;

// Queue the next one.
if(ioctl(fd, VIDIOC QBUF, &bufferinfo) < 0){
perror("VIDIOC DQBUF Error");
exit(1);
}
++buffer idx;
buffer idx = buffer idx >= buffer size ? buffer idx - buffer size : buffer idx;
++cur_frame;
return *this;

}

bool RMVideoCapture::initMMap() {
struct v412_requestbuffers bufrequest = {0};
bufrequest.type = V4L2 BUF TYPE VIDEO CAPTURE;
bufrequest.memory = V4L2 MEMORY MMAP;
bufrequest.count = buffer_size;

if(ioctl(fd, VIDIOC REQBUFS, &bufrequest) < 0){
perror("VIDIOC_REQBUFS");
return false;

}

for(int 1 = 0; 1 < buffer_size; ++1){
struct v412_buffer bufferinfo = {0};
bufferinfo.type = V4L2 BUF TYPE VIDEO CAPTURE;
bufferinfo.memory = V4L2 MEMORY MMAP;
bufferinfo.index = i; /* Queueing buffer index 0. */

// Put the buffer in the incoming queue.

if(ioctl(fd, VIDIOC QUERYBUF, &bufferinfo) < 0){
perror("VIDIOC _QUERYBUF");
return false;

}

mb[i].ptr = mmap(
NULL,
bufferinfo.length,
PROT READ | PROT_ WRITE,
MAP_SHARED,
fd,
bufferinfo.m.offset);
mb/[1i].size = bufferinfo.length;
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}

if(mb[i].ptr == MAP_FAILED){
perror("MAP_FAILED");
return false;

}
memset(mb[i].ptr, 0, bufferinfo.length);

// Put the buffer in the incoming queue.
memset(&bufferinfo, 0, sizeof(bufferinfo));
bufferinfo.type = V4L2 BUF TYPE VIDEO CAPTURE;
bufferinfo.memory = V4L2 MEMORY MMAP;
bufferinfo.index = i;
if(ioctl(fd, VIDIOC QBUF, &bufferinfo) < 0){
perror("VIDIOC_QBUF");
return false;

}
j

return true;

bool RMVideoCapture::startStream(){

}

cur_frame = 0;

refreshVideoFormat();

if(initMMap() == false)
return false;

_u32type=V4L2 BUF TYPE VIDEO CAPTURE;
if(ioctl(fd, VIDIOC STREAMON, &type) < 0){
perror("VIDIOC_STREAMON");
return false;

}

return true;

bool RMVideoCapture::closeStream(){

cur_frame = 0;
buffer_idx = 0;
__u32 type =V4L2 BUF TYPE VIDEO CAPTURE;
if(ioctl(fd, VIDIOC STREAMOFF, &type) < 0){
perror("VIDIOC _STREAMOFF");
return false;
}
for(int 1 = 0; i < buffer size; ++i){
munmap(mbli].ptr, mb[i].size);
}

return true;
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bool RMVideoCapture::setExposureTime(bool auto_exp, int t){
if (auto_exp){

}

struct v412_control control_s;
control_s.id =V4L2 CID_EXPOSURE_AUTO;
control_s.value = V4L2 EXPOSURE AUTO;
if( xioctl(fd, VIDIOC S CTRL, &control s) < 0){
printf("Set Auto Exposure error\n");
return false;

}

else {

}

struct v412_control control_s;

control_s.id =V4L2 CID EXPOSURE AUTO;
control s.value = V4L2 EXPOSURE MANUAL;
/it xioctl(fd, VIDIOC S CTRL, &control s) < 0){
/! printf("Close MANUAL Exposure error\n");
/! return false;

/N

control_s.id =V4L2 CID_EXPOSURE ABSOLUTE;
control_s.value =t;

/1if( xioctl(fd, VIDIOC S CTRL, &control s) < 0){

/! printf("Set Exposure Time error\n");

// return false;

/1}

return true;

}

bool RMVideoCapture::setBlueBalance(int val){
struct v412_control ctrl;
ctrl.id = V4L2 CID AUTO_WHITE BALANCE;
ctrl.value = V4L2 WHITE BALANCE MANUAL;
int ret = xioctl(fd,VIDIOC S CTRL,&ctrl);
if(ret < 0){

}

printf("Error on read blue balance!\r\n");
return false;

ctrl.id = V4L2 CID_GAMMA;
ctrl.value = val;

ret = xioctl(fd,VIDIOC S CTRL,&ctrl);
if(ret < 0){

}

printf("Error on set blue balance!\r\n");
return false;

printf("blue balance val:%d\r\n",ctrl.value);
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}
bool RMVideoCapture::changeVideoFormat(int width, int height, bool mjpg){
closeStream();
restartCapture();
setVideoFormat(width, height, mjpg);
startStream();
return true;
}

bool RMVideoCapture::setVideoFormat(int width, int height, bool mjpg){
if (capture width == width && capture height == height)
return true;
capture_width = width;
capture_height = height;
cur_frame = 0;
struct v412_format fmt = {0};
fmt.type = V4L2 BUF TYPE VIDEO CAPTURE;
fmt.fmt.pix.width = width;
fmt.fmt.pix.height = height;
if (mjpg == true)
fmt.fmt.pix.pixelformat = V4L2 PIX FMT MIJPEG;
else
fmt.fmt.pix.pixelformat = V4L2 PIX FMT YUYV;
fmt.fmt.pix.field = V4L2 FIELD_ ANY,;

if (-1 == xioctl(fd, VIDIOC S FMT, &fmt)){
printf("Setting Pixel Format\n");
return false;

}

return true;

}

bool RMVideoCapture::refreshVideoFormat() {
struct v412_format fmt = {0};
fmt.type = V4L2 BUF TYPE VIDEO CAPTURE;
if (-1 == xioctl(fd, VIDIOC G_FMT, &fmt)) {
perror("Querying Pixel Format\n");
return false;
}
capture_width = fmt.fmt.pix.width;
capture_height = fmt.fmt.pix.height;
format = fmt.fmt.pix.pixelformat;
return true;
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bool RMVideoCapture::getVideoSize(int & width, int & height){

}

if (capture_width == 0 || capture_height == 0){
if (refreshVideoFormat() == false)
return false;
}
width = capture_width;
height = capture height;
return true;

bool RMVideoCapture::setVideoFPS(int fps){

}

struct v412_streamparm stream_param = {0};
stream_param.type = V4L2 BUF TYPE VIDEO CAPTURE;
stream_param.parm.capture.timeperframe.denominator = fps;
stream_param.parm.capture.timeperframe.numerator = 1;

if (-1 ==xioctl(fd, VIDIOC S PARM, &stream_param)){
printf("Setting Frame Rate\n");
return false;

}

return true;

bool RMVideoCapture::setBufferSize(int bsize){

}

if (buffer_size != bsize){
buffer size = bsize;
delete [] mb;
mb = new MapBuffer[buffer size];

void RMVideoCapture::info(){

struct v412_capability caps = {};

if (-1 == xioctl(fd, VIDIOC QUERYCAP, &caps)) {
perror("Querying Capabilities\n");
return;

}

printf( "Driver Caps:\n"
" Driver: \"%s\"\n"
" Card: \"%s\"\n"
" Bus: \"%s\"\n"
" Version: %d.%d\n"
" Capabilities: %08x\n",
caps.driver,
caps.card,
caps.bus_info,
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(caps.version>>16)&&0x{f,
(caps.version>>24)& & 0xff,
caps.capabilities);

camnum = caps.bus_info[17] -48;

struct v412_cropcap cropcap = {0};
cropcap.type = V4L2 BUF TYPE VIDEO CAPTURE;
if (-1 == xioctl (fd, VIDIOC_CROPCAP, &cropcap)) {
perror("Querying Cropping Capabilities\n");
return;

}

printf( "Camera Cropping:\n"

" Bounds: %dx%d+%d+%d\n"

" Default: %dx%d+%d+%d\n"

" Aspect: %d/%d\n",

cropcap.bounds.width, cropcap.bounds.height, cropcap.bounds.left,
cropcap.bounds.top,

cropcap.defrect.width, cropcap.defrect.height, cropcap.defrect.left,
cropcap.defrect.top,

cropcap.pixelaspect.numerator, cropcap.pixelaspect.denominator);

struct v412_fmtdesc fmtdesc = {0};
fmtdesc.type = V4L2 BUF TYPE VIDEO CAPTURE;
char fourcc[5] = {0};
char c, €;
printf("  FMT : CE Desc\n \n");
while (0 == xioctl(fd, VIDIOC_ENUM_FMT, &fmtdesc)) {
strnepy(fource, (char *)&fmtdesc.pixelformat, 4);
¢ = fmtdesc.flags & 1?7'C":'";
e = fmtdesc.flags & 27 'E': ' ";
printf("  %s: %c%c %s\n", fourcce, ¢, e, fmtdesc.description);
fmtdesc.index++;

}

struct v412_format fmt = {0};
fmt.type = V4L2 BUF TYPE VIDEO CAPTURE;
if (-1 ==xioctl(fd, VIDIOC G _FMT, &fmt)) {
perror("Querying Pixel Format\n");
return;
}
strnepy(fource, (char *)&fmt.fmt.pix.pixelformat, 4);
printf( "Selected Camera Mode:\n"
" Width: %d\n"
" Height: %d\n"
" PixFmt: %s\n"
" Field: %d\n",
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fmt.fmt.pix.width,
fmt.fmt.pix.height,
fourcc,

fmt.fmt.pix.field);

struct v412_streamparm streamparm = {0};

streamparm.type = V4L2 BUF TYPE VIDEO CAPTURE;

if (-1 ==1octl(fd, VIDIOC_G_PARM, &streamparm)) {
perror("Querying Frame Rate\n");

return;
}
printf( "Frame Rate: %f\n \n",
(float)streamparm.parm.capture.timeperframe.denominator /
(float)streamparm.parm.capture.timeperframe.numerator);
}
int RMVideoCapture::xioctl(int fd, int request, void *arg){
intr;
do r = ioctl (fd, request, arg);
while (-1 ==r);
return r;
h
main.cpp(FLH EEFEF)

#include "CameraApi.h" //#iHl SDK ] API 3k 3
#include "opencv2/core/core.hpp"
#include "opencv2/highgui/highgui.hpp"
#include <stdio.h>

#include <stdlib.h>

#include<iostream>
#include<opencv2/opencv.hpp>
#include <time.h>

#include <unistd.h>

#include <sys/types.h>

#include <sys/stat.h>

#include <fcntl.h>

#include <termios.h>

#include <string.h>

#include<math.h>

#include <vector>

#include <algorithm>

#include <numeric>

#include "RMCapture.h"  //1X BLJ& RE AL 46 TV ABHLIY 5 Bl BGOSR A
RAFXHANLELEL, P ARRAS [F] 3 U5 3

#define pi 3.141592654

using namespace std;

using namespace cv;
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unsigned char * g pRgbBuffer; /I3 5 B G G A7 IX

/ sk sk s ok o ke o sk sk ook sk sk skeosk kosk skok

Mat dift[3];

Mat armor;

Mat thres_one,thres_two,thres_three,thres four;

RotatedRect rect;

vector<RotatedRect> first rect;

vector<Rect> boundingrect;

vector<vector<Point> > beacons_vertex;

vector<int> motion_prediction;

vector<int> motion_yaw;

int motion_ten frames=0;

int pitch_comp_last=-1;

double yaw _last=-1.;

double pitch_last=-1.;

int error_times=0;

//the main paremeters and right now the exposure time is 6(sunshine 150 30)

int beacon_threshold=150;

int number_threshold=50;

int pixel x_diff=600;

int pixel number=150;

int x_sum=-1;

int yaw_int last=-1;

float x_last=-1;

/1R 0

vector<Point3f> objP;

vector<Point3f> objP1;

vector<Point2f> object cornors;

Mat 12 = Mat(1, 3, CV_64FCl);

Mat r3 = Mat(1, 3, CV_64FCl);

//**********

vector<vector<int> > scores_group;

static bool RotateRectSort(const RotatedRect &al, const RotatedRect &a2) {
return al.center.x < a2.center.x;

}

static bool contourheight(const Point& nl, const Point& n2) {
return nl.y<n2.y;

}

static bool contourwidth(const Point& n1,const Point& n2){
return nl.x<n2.x;

}

static bool contourvectex(const Point& nl,const Point& n2)
{
if(nl.y!=n2.y)
return nl.y<n2.y;
else
return nl.x<=n2.x;
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}

static bool dis_beacon_center(const vector<int> &P1,const vector<int> &P2){
return P1[1]<P2[1];

}

int get pixel(Mat& img, Point pt) {
int width = img.cols; /&l F % &
int height = img.rows; /B F % % t/B A e
uchar* ptr = (uchar*) img.data + pt.y * width; /3R #5 K JE {6 0P8 45 51 .data iR
5] bk
int intensity = ptr[pt.x];
return intensity;

}
void clear()
{
first_rect.clear();
}
void first_delect()
{
clear();
vector<vector<Point> > contours;
vector<Vec4i> hierarchy;
findContours(thres_one, contours, RETR TREE, CHAIN APPROX SIMPLE);
vector <vector<Point> >::iterator iter = contours.begin();
for (; iter != contours.end();)
{
double g _dConArea = contourArea(*iter);
if (g_dConArea>10000 || g dConArea<50)
{
iter = contours.erase(iter);
}
else
{ .
++1ter;
}
}
for (size_ti=0;1 < contours.size(); i++)
{
rect = minAreaRect(contours[i]); // F &¢/NE AR BE T f5 42
SO
Point2f P[4];
rect.points(P);

/] 43BN AMEFE T B DY AN T AR AR

AXREETH N iz A X, RMEERAE N 255

int p_value O=get pixel(thres_one,Point2f(abs(P[0].x),abs(P[0].y)));
int p_value 1=get pixel(thres_one,Point2f(abs(P[1].x),abs(P[1].y)));
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int p_value 2=get pixel(thres_one,Point2f(abs(P[2].x),abs(P[2].y)));
int p_value 3=get pixel(thres_one,Point2f(abs(P[3].x),abs(P[3].y)));
int p_ sum_value=p_value 1+p value 2+p value 3+p value 0;
if(p_sum_value>=4*255)
{

vector<Point> beacon_contour_height = contours][i];
vector<Point> beacon_contour width = contours[i];
vector<Point> beacon_contour_vertex=contours[i];

sort(beacon_contour width.begin(),beacon contour width.end(),contourwidth);
sort(beacon_contour height.begin(),beacon_contour height.end(),contourheight);

sort(beacon_contour vertex.begin(),beacon_contour vertex.end(),contourvectex);
vector<Point> beacon_vertex;
int width,height;

width=beacon_contour width[beacon contour width.size()-1].x-beacon_contour width[0]
X;

height=beacon_contour height[beacon contour height.size()-1].y-beacon contour height
[0].y;

if(height>1.5*width) //X] 2% 1 %% EL 451

{

beacon_ vertex.push back(beacon contour vertex[0]);

beacon_vertex.push back(beacon contour vertex[beacon contour vertex.size()-1]);
Point2f P[4];
rect.points(P);
for (intj = 0; ) <= 3; j++)
line(thres_two, P[j], P[(j + 1) % 4], Scalar(0, 255, 0), 2);
first rect.push back(rect); /e
beacons_vertex.push_back(beacon vertex);
}
beacon_contour height.clear();
beacon contour width.clear();
beacon_contour vertex.clear();
beacon_vertex.clear();

}
j

imshow("first_detect",thres_two);
if(first_rect.size()!=0)
sort(first _rect.begin(), first rect.end(), RotateRectSort);

}
void get Image(Mat& srcl, Mat& dst, int nThre)

{

for (int nl = 0; nl<srcl.rows; nl++)
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{
uchar* pcharl = srcl.ptr<uchar>(nl);
uchar* pchar3 = dst.ptr<uchar>(nl);
for (int nJ = 0; nJ <srcl.cols; nJ++)
{
if (pchar1[nJ]> nThre)
{
pchar3[nJ] =0;
}
else
{
pchar3[nJ] = 255;
}
h
}

h
void get Imagel(Mat& srcl, Mat& dst, int nThre,int mThre)

{

for (int nl = 0; nl<srcl.rows; nl++)

{
uchar* pcharl = srcl.ptr<uchar>(nl);
uchar* pchar3 = dst.ptr<uchar>(nl);
for (int nJ = 0; nJ <srcl.cols; nJ++)
{
if (pcharl[nJ]> nThre&&pcharl[nJ][<mThre)
{
pchar3[n]] =0;
}
else
{
pchar3[n]] = 255;
}
}
}
}
//*************

int main(int arge, char* argv[])

{
I KT R A B BT 0T K 1
int iCameraCounts = 1;
int 1Status=-1;
tSdkCameraDevInfo tCameraEnumList;
int hCamera;
tSdkCameraCapbility tCapability; R & TIRAE B
tSdkFrameHead sFramelnfo;
BYTE* pbyBuffer;
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Iplimage *ipllmage = NULL,; //OpenCV H] CiEF M, H
T EIR

int channel=3;

BOOL AeState;

int ExposureTime=atoi(argv[1]); /fENIZHE —N S
e B IR G (]

CameraSdkInit(1);

IR, ISR IR
iStatus = CameraEnumerateDevice(&tCameraEnumList,&iCameraCounts);
printf("state = %d\n", 1Status);

printf("count = %d\n", iCameraCounts);
1A EE B
if(iCameraCounts==0){

return -1;

}

IFANIEGA . Wt TS, 4 AR A AT AT FARAR HLAH OC i R 42 T
iStatus = Cameralnit(&tCameraEnumList,-1,-1,&hCamera);

IR R IK
printf("state = %d\n", iStatus);
if(iStatus!=CAMERA STATUS SUCCESS){
return -1;

}

IGRAFAHBLR R PR IR G h A . iz s MR B T AL AT i E R & A S 40
WHIER. g TR B 25
CameraGetCapability(hCamera,&tCapability);

/1

g pRgbBuffer = (unsigned
char*)malloc(tCapability.sResolutionRange.iHeightMax*tCapability.sResolutionRange.i
WidthMax*3);

/lg_readBuf = (unsigned
char*)malloc(tCapability.sResolutionRange.iHeightMax *tCapability.sResolutionRange.i
WidthMax*3);

/*ik SDK HEAN AR, G FRCR B AL B B
Al o WER B FTENLE A AR, )RR E U )
il 5 Wit LA G A 2 S B R */
CameraPlay(hCamera);

HEARPANZ SR E D OOPK!
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%1 CameraSetExposureTime ~ CameraGetExposureTime 15 B /152 HUHE o

ingls|

CameraSetlmageResolution ~CameraGetlmageResolution # B /13 HU 7
P

CameraSetGamma. CameraSetConrast. CameraSetGain 25 1% & K% 5
XTECRE . RGB U7 3 2 55 55 .

HZMSHNwE T, » 2% MindVision Demo. AHIFE R &N
TR WA SDK A SRE ) S, 5 i OpenCV 1 B 4% 20, AE Y A OpenCV 1
BACH R B AT ] 20T K

*/

if(tCapability.sIspCapacity.bMonoSensor) {
channel=1;
CameraSetlspOutFormat(hCamera, CAMERA MEDIA TYPE MONOS);
telse{
channel=3;
CameraSetlspOutFormat(hCamera, CAMERA MEDIA TYPE BGRS);
}
objP.push _back(Point31(3,40,0));
objP.push_back(Point31(3,92,0));
objP.push _back(Point3f(130,40,0));
objP.push_back(Point3f(130,92,0));
objP1.push_back(Point31(3,40,0));
objP1.push back(Point31(3,90,0));
objP1.push_back(Point31(230,40,0));
objP1.push back(Point31(230,90,0));
/A AERX BT —OT K
FileStorage fs("intrinsics.xml", FileStorage::READ);
fs.open("intrinsics.xml", cv::FileStorage::READ);
cout << "\nimage width: " << static_cast<int>(fs["image width"]);
cout << "\nimage height: " << static_cast<int>(fs["image height"]);
cv::Mat intrinsic_matrix loaded, distortion coeffs loaded;
fs["camera matrix"] >> intrinsic_matrix_loaded;
fs["distortion_coefficients"] >> distortion coeffs loaded;
cout << "nintrinsic matrix:" << intrinsic_matrix_loaded<<endl;
/1 55 Wi T3 H A e AR AL R
int exp = 1000;
const char* camera_r("/dev/video0");
const char®* camera_I("/dev/videol");
int fd_r=open(camera r,0 RDWR); /i1t fd 4215 K-1 FIW 2 5 T 545 5k 3
f videoO
int fd l=open(camera 1,0 RDWR);
if(fd_r!=-1)
cout<<"open the right camera!"<<endl,
RMVideoCapture cap_r(camera_r,1); //i% B 3% X1 cap FE BLIH 1) fd A &0 K )

-69 -



Ll R AR E B BT GBSO

ST SRS )
cap_r.setVideoFormat(640,480,1);
/Icap_r.setVideoFPS(30);
cap_r.setExposureTime(0,exp);
cap_r.startStream();
if(fd_1!'=-1)
cout<<"open the left camera!"<<endl;
RMVideoCapture cap_l(camera_1,1); //iX B %€ S [1) cap 2R HLH ) fd 2F & id K1
ST SRS )
cap_l.setVideoFormat(640,480,1);
/Icap_l.setVideoFPS(30);
cap_l.setExposureTime(0,exp);
cap_l.startStream();
1 I T E A S AR AL A
/I TVARML
CameraSetAeState(hCamera,FALSE);// ¥ & AN 3B A =
CameraSetExposureTime(hCamera,ExposureTime); /B G 8], A7 s
int fd,wr num=0;
struct termios options;
/Ispeed_t baud rate i,baud rate o;
fd=open("/dev/ttyUSBO",
O_RDWR|O_NONBLOCK|O_NOCTTY|O_NDELAY);/#T J1-# 11
/18R TIAE linux 5 S8R G e — 4> 30ft
//O_RDWR 5 #i5
/IO_NOCTTY R EEAL AR M) £ im0 %, AR Beas FAEFE 1 2 3 ()
/T B CUIAT A, AU O_NOCTTY 241, eERRITH IR —
A ek, TR AN N 1% ) 28 S
I WERAE bR &, AR5 00— (b I 4 22 15145 5 55) B 2 e it
o
//O_NONBLOCK #8454 4518] FIFO/H SO/ 75304, MR SO B3] I
A9k 10 B AAEHZERI (nonblocking mode)
/AR ZERE R, 05 Receive B Send A& AEHL, RN A7 Copy 1R £,
M FEAR R
//O_NDELAY %7~ A 20 DCD {55 A RIRAS Ci Y 53— S 75 30 B
HiFIE)
JAEPHZERRE T, read 5 BHAEACAD H E 2 3 38U, WL B| EHGR 0
if(fd==-1) {
printf("can not open the USBO!\n");
fd=open("/dev/ttyUSB1",
O RDWR|O_NONBLOCK|O NOCTTY|O NDELAY);/4] & 1
if(fd==-1)
printf("can not open the USB1!\n");
else
printf("open USB1 ok!\n");
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/l
/!
/1
/!

1

}

else
printf("open USBO ok!\n");

11T 2 75 2 28 B Y
if(isatty(STDIN_FILENO) == 0)
printf(" A & A Ui 4 \n");
else
printf(" & £ B \n");
//
if( fentl(fd, F_SETFL, 0) <0 ) /B BH ZE 45 50
printf("fcntl failed\n");
else
printf("fentl=%d\n", fentl(fd, F_SETFL, 0));
if(fentl(fd,F_SETFL,FNDELAY) < 0)/3EFHL2E, 78 55 AU TH open 5 1)@ 14
printf("fentl failed\n");
else
printf("fentl=%d\n",fentl(fd,F SETFL,FNDELAY));
tegetattr(fd, &options);
/1R R E
options.c_cflag |= (CLOCAL | CREAD);
options.c_cflag &= ~PARENB;//#% & L& LA, N
options.c_cflag &= ~CSTOPB; //#% & 15 1:47 1
options.c_cflag &= ~CSIZE;
options.c_cflag |= CSS8; /¥ & H &1
IANRASRIT K Ao 2 0, R DRSS, AN 75 S5 LORAC R, TR

28 H IR 4R (Raw Mode) 77 2k, & J7 Wi F

115200

//options.c_lflag &= ~(ICANON | ECHO | ECHOE | ISIG); /*Input*/
//options.c_oflag &= ~OPOST; /*Output™®/

options.c_cc[VTIME]=0;//[HZEM X AT E

options.c_cc[VMIN]=1;

//options.c_cc[VMIN]=0; AJLAZ2ik—F, BREERH 719 8A K

B> &R ERES

I BTHTBOR 2T 4098 Z Ja 5982, 2B SR 1, AR E R 2

// 7E COM2 % I 2% E 115200 7] LSLHLEE, WHKERXS T, AR

AL 7]

PR FIG, SRAFHMEATI IR 4098, (HEMN Z2 W E M) T
cfsetospeed(&options, B115200);
/ltcgetattr(fd, &newstate);

[0S Hr e B
tesetattr(fd, TCSANOW, &options);
//AEFHZEBL =0 R 1) read A write:
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11480 X N B B R, read BREGL DiR A, ANSTE AL FH %E
char buft]1024];

int nread;

int key;

while(1)

{

AT K

nread = read(fd, buff, 1024);//4FXIFIAITbeker il 2 15 52 32 2 85 1R K AT

//cout<<"read:"<<nread<<endl,
if(nread>0) /AR BHLZE] 1R H MHLHTE REITRAFHIE R,
BEA AL — IR, ARELLEE—IK.
{ /RIRBET RAF 4GS
Mat windmill _r,windmill_[;
/! cap_r>> windmill r;
/1 cap_|>> windmill I;
}
else {
double Time = (double) cvGetTickCount();
if (CameraGetlmageBuffer(hCamera, &sFramelnfo, &pbyBuffer, 1000)
== CAMERA_ STATUS SUCCESS) {
CameralmageProcess(hCamera,  pbyBuffer, g pRgbBuffer,
&sFramelnfo);
if (ipllmage) {
cvReleaselmageHeader(&ipllmage);
}

ipllmage = cvCreatelmageHeader(cvSize(sFramelnfo.iWidth,
sFramelnfo.iHeight), IPL_ DEPTH_8U, channel);

cvSetData(ipllmage, g pRgbBuffer, sFramelnfo.iWidth  *
channel);//IAL 2 B R, TEGRAHESE I, AFHOF R

/1RATF 7 20K Ipl & (¢ T [ opencev)Z i Mat B4R (c++ 7 [#)
opencv)

Mat limag;//1X B R 21t 1THREH 4, ¥ Ipllmage ## A Mat
K

limag = cvarrToMat(ipllmage);

Mat armor = limag(Rect(320, 272, 640, 480));

/limshow("origin",limag);

key = waitKey(1);

int total number = 0;

//************

/limshow("The original image", armor);

thres_one.create(armor.rows, armor.cols, CV_8UC1);

thres_four.create(armor.rows, armor.cols, CV_8UC1);

split(armor, diff);

/[imshow("B",diff]0]);

//imshow("G",diff[ 1]);
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/[imshow("R " diff[2]);
get Image(diff[2], thres one,beacon threshold); //HZHL, £ A
/2 green AW EUR, 55 3 MSERBIME I ECE B BE R 10-20, Rk
A LU 2o T A T AN R — A 256 B R AT 2%
//imshow(" & {E4L", thres_one);
get Imagel(diff[1], thres_four, number _threshold,
beacon_threshold); //iX A 2 H il 5 [ H) Wr 2 15 A
B HRER, WBHENIZE TSP BI{E Pixel>n
imshow("4" thres_four);
thres_two = thres_one.clone();
first_delect();
/11X A5 3|’ beacons vertex.size()=first_rect.size()
/3% HLI¥) beacons_vertex [ R/NERFG KK ELIIAT 26121
if (first_rect.size() 1= 0) {
for (int 1 = 0; 1 < first_rect.size(); i++) {
Point nl(beacons_vertex[i][0]); /5-5¢ Bl i )2 &4
Point n2(beacons _vertex[i][1]); /F-5C B | = &
if (abs(nl.x - n2.x) >=25) /A% [6— BRI 55 1

continue;
if (Mfirst_rect.empty()) {
float areal = first_rect[i].size.area();
for (int j =1+ 1;j <first_rect.size(); j++) {
Point n3(beacons_vertex[j][0]); /57 — 58 J5E &%
FER
Point nd(beacons_vertex[j][1]); /57 — 5& J5E &%
TER
if (abs(n3.x - n4.x) >=25) /%
continue;
float area2 = first_rect[j].size.area();//
BT HT R AT Ik
/1Bl B % B ) e v B 1
int upper_point y diff =nl.y - n3.y;
int bottom_point y diff =n2.y - n4.y;
int upper_point_x_diff = abs(nl.x - n3.x);
int bottom_point x_diff = abs(n2.x - n4.x);
if (areal <= area2) {
float temp = areal;
areal = area2;
area2 = temp;
j
if (area2 <= 2.5 * areal &&
((abs(upper_point_y diff <= 100) &&
abs(bottom_point y diff) <= 100))
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&& upper point x diff >= 20 &&

upper_point x_diff <= pixel x diff &&
bottom point x_diff >=20 &&
bottom point x diff <= pixel x_diff)
{ /%
int number or not = 0;
if (n3.x >nl.x) {
int dif =n3.x - nl.x;
if (dif % 2 ==10)
dif = dif;
else
dif +=1;
int dif 2 =dif/2;
for (int i =nlx +dif 2 - 10; 1 !=
nl.x +dif 2 +10; i++) {
for(int
j=(nl.y+tn3.y)/2;j!=(n2.y+n4.y)/2;j++)
{ .
nt
pixel=get pixel(thres four,Point(i,j));
if(pixel==0)
number_or_not++;

}
} else {
int dif =nl.x - n3.x;
if (dif % 2 ==0)
dif = dif;
else
dif +=1;
int dif 2 =dif/2;
for (int i =n3.x +dif 2 - 10; 1 !=
n3.x +dif 2 + 10; i++) {
for(int
j=(nl.y+tn3.y)/2;j!=(n2.y+n4.y)/2;j++)
{ .
nt
pixel=get pixel(thres four,Point(i,j));
if(pixel==0)
number_or_not++;

//cout<<"numbers:"<<number or not<<endl;
if (number or not <= pixel number) //-1

FEFER I, RRIAE] 4 IR, T RIRHE S 80y 150
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continue;

//cout << number_or not << endl;

total number-++; //%F M) SE DL AL KT 2% (1
Index, /7 J5 ZEAL B->10 A ILECHIE B, Ja S Bt

intx =(Mnlx+n2x+n3.x+n4x)/4;

inty =(nl.y+n2.y+n3.y+ndy)/4,

/lcout << "x:" <<x_<<endl;

/lcout << "y:" <<y <<endl;

int x_diff=abs(x_-320);

inty_diff=abs(y -300);

int score = x_diff + y_diff/ic % B4 1
DAL E, 2 E R LA, 2 PR G DX 12 R R FE AL T F) o ]

/B e R] DX 35 ) AL FRAELEE B9(640,512) 1
G MR VATS S 2N

/lcout<<"score: "<<score<<endl;

vector<int> index_score;

index_score.push_back(total number);

index_score.push_back(score);

index_score.push_back(nl.x);

index_score.push_back(nl.y);

index_score.push_back(n2.x);

index_score.push_back(n2.y);

index_score.push_back(n3.x);

index_score.push_back(n3.y);

index_score.push_back(n4.x);

index_score.push_back(n4.y);

scores_group.push back(index score);

j
b

// cout << "size:" << scores_group.size() << endl;
if (scores_group.size() >=1) {
sort(scores_group.begin(), scores_group.end(),
dis_beacon_center);
int selected index = 0;
/13X BN Z 0 BT AT BE BIAT 2% VL BCBA B AR HE oA B
BEATHE 2 OB ARSI, [0 1242 e el O ST 2%
/MBS AT B ILEASE — B AR P BT 2517
PITE—H, DU, IXPNAT S TA)IE 10 555 N % 1R A R T 2% UL AT
J/IZAS TEAH AT 2% VU FC N 12t 2 72 AR 5 3 A0 (R AL
B, Rk ik
if(scores_group.size() >= 2)

{

for(int i=0;i!=scores_group.size()-1;i++)

=75 -



Ll R AR E B BT GBSO

{
if(scores group[selected index+i+1][1]-scores_group[selected index][1]<=150)
{

vector<int> max =
scores_group[selected index];

vector<int> max_last =
scores_group[selected index—+i+1];

float max distance = abs(max[2] -

max[6]); /54N K AR JZ 2 AR

//cout<<"max_distance:"<<max _distance<<endl;
float max_last distance =

abs(max_last[2] - max_last[6]); //FLTH] f*) 25 B Al

//lcout<<"max_last distance:"<<max last distance<<endl;
float ratio =
max_last distance/max_distance; /& & LUAH,
//cout<<"ratio:"<<ratio<<endl;
if(ratio<=0.9&&ratio>=0.15) /3£ F- A

2 F A
{
selected index+=i;
selected index++;
break;
}
}
}
}
/lcout<<"selected index:"<<selected index<<endl;
int centerlx = (scores group[selected index][2] +
scores_group[selected index][4]) / 2;
int center2x = (scores_group[selected index][6] +
scores_group[selected index][8])/2;
int centerly = (scores group[selected index][3] +
scores_group[selected index][5]) / 2;
int center2y = (scores group[selected index][7] +

scores_group[selected index][9]) / 2;

if(scores group[selected index][2]<scores group[selected index][6])

{
object_cornors.push_back(Point2f((float)

scores_group[selected index][2],
(float)
scores_group[selected index][3]));
object _cornors.push_back(Point2f((float)
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scores_group[selected index][4],
scores_group[selected index][5]))
scores_group[selected index][6],
scores_group[selected index][7]))
scores_group[selected index][8],

scores_group[selected index][9]))

scores_group[selected index][6],
scores_group[selected index][7]))
scores_group[selected index][8],
scores_group[selected index][9]))
scores_group[selected index][2],
scores_group[selected index][3]))
scores_group[selected index][4],

scores_group[selected index][5]))

(float)

object_cornors.push_back(Point2f((float)

(float)

object_cornors.push_back(Point2f((float)

(float)
)

else

{
object_cornors.push_back(Point2f((float)

(float)

object_cornors.push_back(Point2f((float)

(float)

object_cornors.push_back(Point2f((float)

(float)

object_cornors.push_back(Point2f((float)

(float)
}
cout<<object cornors
cout<<object cornors
cout<<object cornors
cout<<object cornors
float

0]<<endl;
1]<<end];
2]<<endl;
3]<<endl;

1

beacon_height=abs(object cornors[0].y-object cornors[1].y);

float

beacon width=abs(object cornors|1].x-object cornors[2].x);

float beacon_ratio=beacon width/beacon_height;
cout<<"beacon_height"<<beacon_ height<<endl;
cout<<"beacon_ width:"<<beacon width<<endl;
cout<<"beacon_ratio: "<<beacon ratio<<endl;
/13X BLNAZA$ 12 CV_ITERATIVE
/I ERAE 2 LM AR5, AR B & we
if(beacon_ratio<=2.9)

solvePnP(objP, object cornors,
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intrinsic_matrix_loaded, distortion_coeffs loaded, r3, r2, false,

CV_ITERATIVE);
else
solvePnP(objP1, object cornors,

intrinsic_matrix_loaded, distortion_coeffs loaded, r3, r2, false,

CV_ITERATIVE);
/lcout << "r2:"<<r2 << endl;
Mat r1(3, 3, CV_64FCl1);
Rodrigues(r3, r1);
float r0_0 = rl.at<double>(0, 0);
float r0 1 = rl.at<double>(0, 1);
float r0_2 = rl.at<double>(0, 2);
float r1_0 = rl.at<double>(1, 0);
float r1 1 =rl.at<double>(1, 1);
float rl_2 = rl.at<double>(1, 2);
float 120 = rl.at<double>(2, 0);
float r2_1 = rl.at<double>(2, 1);
float 122 = rl.at<double>(2, 2);
Point3f target(67, 62.5, 0);
Point3f target new((target.x*r0 0 + target.y*r0 1 +

target.z*r0 2), (targetx*rl 0 + target.y*rl 1 + target.z*rl 2), (targetx*r2 0 +

target.y*r2 1 + target.z*r2_2));

target new.x += r2.at<double>(0, 0);

target new.x = -target new.x;

target new.y += r2.at<double>(1, 0);

target new.z =target new.z + r2.at<double>(2, 0);
cout<<"x:"<<target new.x<<endl;

/AR SE B e AT AU

//cout << target new << endl;

line(armor, Point(centerlx, centerly), Point(center2x,

center2y), Scalar(0, 0, 255), 4, LINE_AA);

40),

Scalar(0, 0, 255), 4, LINE_AA);

line(armor, Point((center1x + center2x) / 2, centerly +

Point((centerlx + center2x) / 2, centerly - 40),

MR yaw A2 B & e 1), pitch il BN
target new.y=-target new.y;

/lcout<<"y:"<<target new.y<<endl;

float y true=target new.y*0.987-target new.z*0.156;
float z_true=target new.y*0.156+target new.z*0.987;
target new.y=y_true;

target new.z=z_true;

/1y BUAE 7 1) fe e d5 Sk 05 8 Ik

target new.z+=132.6; //ZIERFH R
/lcout<<"z:"<<target new.z<<endl,

target new.y-=66.3;  //ZIERFH K
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if(target new.z<=1000)

{
pixel x diff=600;
pixel number=150;

}

else if(target new.z<=2000)

{
pixel x_diff=450;
pixel number=130;

}

else if(target new.z<=3000)

{
pixel x diff=300;
pixel number=110;

}

else

{
pixel x_diff=250;
pixel number=90;

}

//cout<<"pixel:"<<pixel x diff<<endl;
/lcout<<"pixel number:"<<pixel number<<endl;
unsigned char
buf[9]={0x25,0x25,0x25,0x26,0x25,0x26,0x00,0x7e,0x7d}; //[F] & 1 K IE (K H A B %
s T AL
//unsigned char
buf1[8]={0x88,0xA 1,0x04,0x25,0x26,0x25,0x26,0x00} ; //[f] £ [ K16 I B4 BizAL s
ALY
X B 8 L, B 25 (K PI e, AR TRNK) 6 A7 387 pitch
A yaw HHHE A IE A7
if(target new.x<=0) //[0-2]& KT yaw HIEHE
buf[0]=0;
else
buf[0]=1;
if(target new.y<=0) //[3-5]/& KT pitch )& HE
buf[3]=0;
else
buf[3]=1;
double
yaw=atan2(abs(target new.x),abs(target new.z));
yaw=yaw*180/pi;
yaw*=10;
double
pitch=atan2(abs(target new.y),abs(target new.z));
pitch=pitch*180/pi;
int z_diff;
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if(target new.z>=500)
z_diff=target new.z-500;
else
z_diff=0;
int pitch_comp;
if(z_diff<=1500)
pitch_comp=z_diff*14/500;
else if(z_diff<=3000)
pitch_comp=1200*14/500+(z_diff-1200)*8/500;
else
pitch_comp=3000*10/500+(z_diff-3000)*7/500;
if(pitch_comp last!=-1)
{

pitch_comp=0.1*pitch_comp+0.9*pitch comp last;
h
pitch_comp last=pitch _comp;
/I cout<<"pitch_comp "<<pitch comp<<end];

pitch*=10;
if(buf[3]==1)
pitch+=pitch_comp;

else
{
if(pitch>pitch_comp)
pitch-=pitch_comp;
else
{
pitch=pitch comp-pitch;
buf[3]=1;
}
j
if(yaw_last==-1&&pitch last==-1)
{
yaw_last=yaw;
pitch_last=pitch;
}
else
{
if(abs(yaw_last-yaw)>=10||abs(pitch_last-pitch)>=10)

{

/Icout<<"error"<<endl,
error_times++;
if(error_times>=3)

yaw_last=yaw;
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pitch_last=pitch;
error_times=0;
yaw_int last=yaw;
x_last=-1;

}

else

{
scores_group.clear();
object cornors.clear();
beacons_vertex.clear();

CameraReleaselmageBuffer(hCamera,pbyBuffer);
continue;

}
}
else
{
yaw_last=yaw;
pitch_last=pitch;
}
}
if(x_sum==-1)
{
X_sum-t=target new.x;
X_sum+=1;
}
else
X_sum-t=target new.x;
/lcout<<"x_sum:"<<x sum<<end]l;
int yaw_int= static_cast<int>(yaw);
int pitch_int= static_cast<int>(pitch);
if(buf[3]==0)
cout<<"pitch: -"<<pitch_int<<endl;
if(buf[3]==1)
cout<<"pitch: +"<<pitch_int<<endl,
int yaw 1= static_cast<int>(yaw_int/100);
int yaw2= static _cast<int>(yaw_int%100);
if(buf[0]==0)
cout<<"yaw: -"<<yaw_int<<endl,
if(buf[0]==1)
cout<<"yaw: +"<<yaw _int<<endl;
int pitch1= static_cast<int>(pitch_int/100);
int pitch2= static_cast<int>(pitch_int%100);
char yawl c(yawl);
char yaw2 c(yaw2);
char pitchl_c(pitchl);
char pitch2 c(pitch2);
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buf[1]=yawl c;
buf[2]=yaw2 _c;
buf[4]=pitchl c;
buf[5]=pitch2 _c;
buf[6]=0;
for(int 1=0;i<6;i++)
buf[6]+=bufli];
UGN

wr_num=write(fd,buf,sizeof(buf))

if(wr_num>0)

printf("write success!\n");

else
printf("write fail!\n");

}

imshow("#J 45 K", armor);
scores_group.clear();
object_cornors.clear();
beacons_vertex.clear();

}

CameraReleaselmageBuffer(hCamera, pbyBuffer);
/| 7€ B ) i B CameraGetlmageBuffer J5
CameraReleaselmageBuffer KBRS buffer,

Vi !

/15 M EERE A CameraGetlmageBuffer B, F Bt —H

FHZE, B3| HAZFEH i H CameraReleaselmageBuffer SKE I T buffer
Time = (double) cvGetTickCount() - Time;

cout<<Time /(cvGetTickFrequency()*1000)<<"ms"<<endl,

if (key =='q'") break;
beacons_vertex.clear();
//************

j
}

CameraUnlInit(hCamera);
INER, BURPIIE )G 1 free
free(g_pRgbBuffer);
close(fd);
cap_r.closeStream();
cap_l.closeStream();

return 0;

¥

makefile 304

CXX ?=g++ #makefile 1512 -
# = e AEANRIE

# = e LA
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# o 7= RSB R R S T 5 S T AR

# o = SEISINEE S S AR

#IX BN 515 2 HAT T linux T XA 4 pkg-config, XA 42 &k
MMM, T CHEmid e e e ss, sk, B2k X include
FNEEHE 2 1ib I &

#F7H H opencv B HABFEF, 7EWIEFRN, W E S “pkg-config opencv —libs( %)
—cflags(Gk CAF), T A 75 B H 253K opency 13k SCAFAEMIR L, B4 F2 117 22 71 Wk 52 !
iy

HINRARE T —E, ANERFESINIEEshEN, ERMGHE =M, IR T
NF RS, IS — pe U, XFEMAMEHBT RS, AHECHT
BB T URIRLE P, I B — 1> pkg-config [YOUR_LIB] —libs —cflags”.

CFLAGS ="pkg-config --cflags opencv’ #1X B AR 2 include SXAFIIALE

LIBS = "pkg-config --libs opencv’ #1X HEH 2 lib FERAE
INCLUDE= -1../../include
all: main
main:
$(CXX) $(CFLAGS) -0 main main.cpp RMCapture.cpp $(LIBS)

$(INCLUDE) -IMVSDK -02 #-01-02-03 X =AM m M Abk i, afLLEFA
I ARG LA 7 =X
#ALA S B ARADIZ AT 18 2 BRI T

clean:
rm -f *.0
rm -f main
Linux JF41 B J& 31 4 34
#1/bin/sh
### BEGIN INIT INFO
# Provides: land.sh
# Required-start: $local_fs $remote fs $network $syslog
# Required-Stop: $local fs $remote fs $network $syslog
# Default-Start: 2345
# Default-Stop: 016
# Short-Description: starts the svnd.sh daemon
# Description: starts svnd.sh using start-stop-daecmon
### END INIT INFO
#ES5 A
H#IE N EEPAT JIAS H ¢

cd /home/hanyunhai/Desktop/linuxSDK_V2.1.0.2/demo/OpenCv
#HUEF root AULPR, 123456 %, ARINGIS, s TESEbR{EH]
echo 84408356alsudo -S 1s

#PAT A /bin/mywork, sudo -S 75 Zh0_E

sudo -S ./main 500

#ES5 A
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LRIRASR B E N AT FTEhAS, BB RR IR AR X

1.1 3% RR AR AR AN L

HLE — AUt & B BLAE 1971 SF HACRE (YLD i@ B, o —Fb
REEoR . BT THEAR, f TR, FESR, FEESER. OS8R, F5
BHRARFEZMEARMATHEIIELE G, IFERE M BSERrh B ZEBORM. FBHa%E
XL — AL BAR BRI FUAI A 22350, HAE A28 70 SEACR BRI 5 R it
AW PR RS AN T s i A R, VR, ZOR5E . IRELE R A E ST
SEE U — AT AT AT AN, DR, DR UEAE T e ERA T I K 58 5
I FEL 3K A Ak s = 02 (142 2

F—J7, AN 21 MZLUE, BERR RO 1 32l H . N T BE(AD
A EHLLSE(CV) LA H 2RI 5 AL B (NLP) S VF 2 B X EORE AT 2 1 F R A
RETE. BRUEZAL, Hlas NGURE, AF— i AACRYERI A sk, iR 5I{E 12
ANBJHY G 2015 AEJERTEE TP EEFNLEE N K & b, ST 25 X AL s A s 5 Jee
HTRE, R, HERHLE AR GERIE N T B SR HT 156 A,
SRIESRERAY S IR SRl Y| e 7 PRy ciahui b TN S R EE RS B = g 2ibrt it il i VS PNES
ST Fee momik v R A o R

GiaKAE, HE RRE 20 HLRMNLE — R PRI — %, [HRAS T
HIRPIRE R ER AN . B, AR L A, BRATTN 2R T SR LR SR
SEM B ML RRE Sk, HEME] “Pisia” , Bt i e i HrH
ST ARV RS, ot A PR E A R R T AL RS, IR
RAESR = — 1, RS RS E TR

PR, 3Ai & 7 3AE RMARIRESIZ 7, 8 1 IXA il sl H B4 1L
wNER L BB, o 6 ALK yaw A pitch fliAz 2 tEATTRIE M AL, d a4
T BB R G, RS TN RHUES RS AN R G (6]
HIEEEIE S, KItReA ROt m ot THLR T R G RB AR, U LUE I 34T T 5k

1.2 E ST RBLR
K, A A I LB IR B ShaE B e (AT TR AL T, VR R
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Fel R AR E R GBDO)

BRI DALV 2 L E PR 2 BUOR R T KR R R SE R ER T TR S0 BT A5
I BB EERERS 51 L) Z 02 T e R N T I E v 2 . i 4n,
FEMARI A2 A, 5 LI R0 TR 48, R PR AL &5 ) i 4aenen,
CAB ik A 25, BORAT IR A . 1997 5, SE [ BT E 00t FE I H & 3L 7 LR
R NE, REHELEEFESRS 50N E I H VSAME(Visual
surveillance and monitoring),i% & 4t A N H T B H 755 Kl RS2 4% . BEJE, R
FEMFRE R SO | — AR A% R A, DAORBRAL bl 22 4. BRILZAh, FEACH R 5t
M ERERBOR AT FE A AR R RN TS, BT MTRHEE, R
A7 RREI, R IR 2 71 . Coifman %5 NUOEESE | — AN TR KR AL B R 4
HIAZIE I IE R S8, MR GER] AR I P 58 il i & LSO AN R 2 Bt AT Se it . X T
FOAE B N AR M, 2 BRI AR R i) R e R S BN ZE AR 23 B AN ER R
T 2R A0 S AT DR U A S B SR ) TS R AR B T A B R o Tai S A
Bk AN DU TR E S e I AU AL R g8, RES B SR AL T IS B 7
TN FAZ SN B2t . Haag A1 Nagel!' 2V [T XF HLah 42495 i) BR B3 1) L 2E 4T 7 WE 7T Pai
S NIV -7 TR AT NI AN ER B BEAT 1 0T 78 LADRIE 2 Bk 63 ] DLAE 7 B8 122
420 . Masound F1 Papanikolopoulos!" @ i XT38 B 4T N U ERER H 114, NiE B <s @
B TEE . BREEIE B AT SN O A AL e & R sk
NS L KR

FHECEE S, 38 R AN A0 e 428 A0 7 T RO FF e b AP R e, (R AR BURF &30 T R
NIFFT, WAEXTTTHHAS TR KA HEE . 20 4D 90 FARY], — L mi FIAg @it 72
PR 51 77 B A SE i B e A AR, IR IR S E R BRI 7E, IR AL 48
AL F G LB R 5 Y€ I R AT G, B T e R . TRk BE B ST
TR TR T RSP AR, RO @SL 7 IFE BT 6, IR 1 E bR
RS 2o H34h, — AR MG RERR ERS— gt k.

—. BIANEARS, UBFRHNERRZ

I TS A N LG
L B A pitch,yaw iy B HHER = &, JF 2R LR IMSIIPLE NREE F.
2.0 ARG I 5 B AT A SRR, DLORAIE L A2 57 1) S TS 58 Wi B 1) 22
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Ko
3.0EIE ML A A BRI AT UM 2R gk, s TSRS 5
PO HARP0 i, JRRIENEESES R EE R, WB S GHMA, (AR BER
IRREN:HP
DU DR ) = 2 ) i«
125 & I BUBAS A8 75 2500 2 — € I EEK, DA TR BIHUE 13 B RCR .
2HUREE R T RE B TE SRR, HLZE, RIS I AR, B A
3P RN E R A, FORIEIEHIR A ATSE N, 8wl a0 Is AR
4T R BE SR, IR SR MOE U, A3 A AL SR T 5K
SATHANGEAHLIZE R GE, KA R GRS ORI f AR 28 B R G, BB
B A o

=\ BIRPE. HERER

W7D R B AR USSR B YT AN SE D . R RGN it
Mo RGBT, RIS A AL RS ELBG MU0 AR R ST IR %

TE R AR IE BRI S = B IURHL R, BfsE B
FIRM T = B MHUERE, 32 RINUBG TH AT LR G 7 T AR B = 6B 125
WA LR S e, TR R GUEATRE, AR R AR . I
I CHg R R IR AT RN 5 5%, Bt SR LAl R 48, IR AR
BRI EAS BAEIL S TR LR RS, ORI = 6 10iss), K3|sen
IBERIROR .

. BFARTAE#EE

4.1 BT R BRI
ARG R 7P A=ABSLH T RG, AR ARG, HE RGN RS . K
B =ARGE T R
B R4S
PRSI EZH R ZAHEN S S, B4 H HEEE— N R
N ITIRBHAT RS, R B EE M SR R R T AT, Rk A Bz
HALIKEN T e BRI ER AL RS, AT LA U =Fh Lok zh 75 2L
1. EHEL
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2. BEFCHIHEHL

3. kL

BB GERI AT R, BTG AR A e RIR T, BB R IR A, BRIk
ZESRE i/ w1l R IR (B eI /S

Kl 4-1 2 — BT I = G858, AR RTINS .

Kl 4-1 Z2E =5 ERE
SR S5 & R B, RIVF2 TAERREM AN T, FbsAR T, &R
1E 5 SR AL 75 ERAT B s D 0 A A, AT A e AR B T 5 AR
TEREAREEE 1E— LA K Z T 7 8 3D FTER{H .
% R4
ML R A0 2 H B A BTG R AL AT IKE),  JF il da i) S fd 5L
H A5 P B AR A R AL RIE IR DA LU BR A0S, A =Ry T ik %
1. PID #&Hl5H %
PID #5128 CHUAI-FR 3100 2 il 2 ) & —ANAE b A%l 7 Ph o DL 1 Je
TR ETE A, B BT Py B G TR ST D 4. PID i) i) 5
Tl & Ll s AR il nTVE BR AR A IR 22, (HATRES IR IR o3&l mrn
PROAG 11 28 Gt e ek i DA R ik 553 768 TR i 3
2. ADRC #ilHk(A ksl AR)
4t PID A PR, ROV 3 A I — 2 RN AFE, AR 20 Bt 4%
W, ORI R B A, BERNER I RS (ER X B AR AL
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LA R, EAREE IR RGEAT @R, 83 A
RGN MR RLREE, B REFFRI TV, k2 AL I8 R A
G REM RN R JEE RGN, W RN AT R, JF
AL BT R TR 2%, 35 RGP AN R DO B A1 5 5l N 3B B P8 15
o SR, —E8E N PID S50AT R R AE ST B S5 T 5]
MR RLE, YWEAASCEE, WinEEAE, MEEssSmH T, A
Pz, LAEM EFF] 7 ADRC XM ELRE T PID ABLACH Y 1 p A i 42 il 55
o HEELREE 7 PID 2 25 0 Rr s (R AR & M) SCH 25 IR F5 il ) P oy
3. WACEEHH IR
AL RGBS, B R P ah k.
ZEA L S A4 1) SRR SE IR M 2 1k DA R SRR 75 3R, BRI LI
PID i #5 BP Ak 2 225K, Rl PID i FEAE i hl 28 3t 77 %
Mot RS
e e e Y SR PR A NS R AN/ E 2 EE S E N R AN EIE VA= = =R <3 A DA K
BB OB AR B R Gt 1X BLRT DAGH A o = AN, R0, MIEE, AR
WSSy, BFRRMEEEIRZ, Wik WA RCNN, SSD, YOLO %, U
Kl 4-2 frow, BT3RO0 B R AE -+ 0 BhvRy, DRLHFRCR F 2 TR AE 1) 3R
T

K 4-2 R ik
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4.2

4.3

DUEEA 53, H P AR PR B 3 A5 B H R 0s) . XCE MEEDe), 2 HIR-A
PR WBR SRR S, R N (AR AR 2% 18 . XU IR AR 45 R — Rk il 2 5
FEAELE, (ER B EEX PR IR BRI T BUSARIE, PREGILAD, LhicRERT. B H IR TG
X e TAE, HA2 T8 E PR R B 4 R (5 BB, R I 75 B a1 4 A
SEERAIPER R ST, R A i i = A AR AL V2 R B R A SR R . £
HIBEA T F2gs A 73 HAXCH MR, @i — 5 0 S 5% B X0 H 34T Rk
By IRBIEIE F BT I 4 RAR IR AR 7 A — AN O SRS A 1 5 SR A B o %
JeERie s o) B H A H M BE, YnfR eIt LR FIS AT T4 45 50 H A8 1Y)
YR B TR S Rk B AR A SR, U SR EBCBE H AR

RSy, MR A IR T, RREERX—HMRIN . N T
fEE I, FoE KA L D mEE .

BARET T
5 ERSHTHIE, RIS REFRFES N AT RG0HT
IV EI T

BUBAL T b SR el e i AR, AR R sAS . FLAT R i
H RM B ARENYITE, TEHRHIMKI .

B RS:

FIRIESE DITFF A EIE0R, " LAE % 24V BRI, HIFE A DI
TR HIRBLE . IR0 ESCRTIR, $ AT YE SR HL PID #5428, HS5 e
R LR, AT DAREAT L R AR I K
R RG:

BTl R GE AN B, FROGEFRAS ] RM (R SR 350 P 3800 S (1) S AR R B R 1
HHLNUC 251 BAGK IR 7R ELEE B G Sk B o e AL I 5 K ni
R, R E BB, GRS, TGk R, BBk IREET
RS I EM L% ERE AR GCR IR BRI L, FRAEG SR A R BUE R
100~200 JGIN, MIZF>60FPS, {53 R~ K/NA 640X 480.

B TR

B BTRANENT:

PR AH DR BORLAN BE] 1352 225 S0k, e YO [, Se T iy, HEA T RE % .
B1-3 A BRERSFON, e SARBERKRTHER,
BUBER 72

X AU 7> 5 LB H AR PRE — H B E R = Giash P TS
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RIS S E AU B RIR, 100E = G i i RE /5 20 R I T REEEK

C\[f

D/fe

K2y

K 4-3 =6 pitch NI LS #7 2E
K 4-3 th, G Frm G pitch B KEOME, GREES, r REEOMHE
EEEEI RS IR, aR = B T R . WRIEE 1 Fras, BATAT USRI R
TFE

a = M-Grcos(mt) (4-1)

X, M 2 HENLEIIRED J1%E, o & pitch B fEEIE, t &R,

MELIXAN R, BATT LR IIX AN — A AR 5 12, PR 2 5 )5 T
(28 VEF ] RGU(PID #1il #8) = AL 52 R FRATTM Z R EAE = & pitch HiB 1
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Vehicle Pose and Shape Estimation through
Multiple Monocular Vision

Abstract

In this paper, we present a method to estimatea vehicle’s pose and shape from
off-board multi-view images. These images are taken from monocular cameras with small
overlaps. We utilize state-of-the-art Convolutional Neural Networks (CNNs) to extract
vehicle’s semantic keypoints and introduce a Cross Projection Optimization (CPO)
method to estimate the 3D pose. During the iterative CPO process, an adaptive shape
adjustment method named Hierarchical Wireframe Constraint (HWC) is implemented to
estimate the shape. Our approach is evaluated under both simulated and real-world scenes
for performance verification. It’s shown that our algorithm outperforms other existing
monocular and stereo methods for vehicles’pose and shape estimation. This approach
provides a new and robust solution for off-board visual vehicle localization and tracking,
which can be applied to massive surveillance camera networks for intelligent

transportation.
INTRODUCTION

Most recently, road scene understanding is well studied for improving the perception
ability of intelligent transportation. Meanwhile, 3D pose estimation for objects becomes a
hot research topic, owing to its significance to the field of computer vision and robotics.
These factors inspire us to focus on pose and shape estimation of vehicles to improve the
perception ability of intelligent transportation.

Despite sensors like LIDAR, depth camera and stereo camera have been used for a
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long time, their application scopes are constrained due to high cost and other limitations.
Therefore, to estimate vehicle’s pose information, more and more works concentrate on
monocular visual estimation methods. These methods have potential to be applied to the
massive surveillance camera network in real world.

In fact, mobile robots usually conduct on-board methods called simultaneous
localization and mapping (SLAM) [8]. In contrast, off-board visual methods can also be
considered for 3D pose estimation tasks. Considering that off-board methods have the
advantage of possessing a better Field-of View (FoV), and that many of the latest
deep-learning based technics are developed based on off-board vision, there is a huge
potential to use them for vehicle 3D pose estimation.

For recent vision-based 3D pose estimation research, deep learning tools are widely
used. Keypoints of objects are defined and detected to aid with the pose estimation [20].
Those CNN methods provide a new way to solve this kind of problem. But in most cases,
single image is processed for tackling estimation task and this suffers from several
drawbacks. As a remedy, it can be greatly improved if multiple images from different
views can be used together in the scene of traffic monitoring.

Based on above background, we propose an approach using multiple off-board
cameras (two at least) with small overlaps to obtain 3D pose and shape of vehicles. An
example of our approach is shown in Fig. 1. In comparison to methods with bounding box
annotation [4], our approach utilizes a wireframe model to describe vehicle” s 3D pose and
shape information.

The whole algorithm is divided into two stages as shown in Fig. 2. First, multiple
images taken from cameras of different views (two images for simplification) are fed into
a coarse to-fine CNN that is trained for vehicle semantic keypoints detection specifically.
After CNN processing, two sets of keypoints are obtained as outputs. Second, in
optimization stage, CPO method projects a general 3D vehicle model onto each image
with camera intrinsic and extrinsic parameters, and iteratively minimizes projection errors.
It’s worth men tioning that no prior knowledge about the target vehicle is required in this

approach. Vehicle ’ s shape estimation starts from a general wireframe model and is
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adjusted with HWC method.

II. RELATED WORKS

A. Convolutional Neural Network

The past few decades have witnessed the development of neural networks, especially
in the field of complex feature detection. [2], [3] are state-of-the-art works of object
deq tection. Ren et al. [2] provided a real-time region proposal network to detect multiple
objects on the 2D image. Josephet al. [3] proposed a detection method which can achieve
the classification of 9,000 objects. All these detection methods help localization algorithm
to focus mainly on their target.

For most detection and estimation tasks, CNN is used to recognize complex and
high-level features, which cannot be sufficiently tackled by conventional vision methods.
Lately, there are already some end-to-end methods for pose estimation. [10], [4] utilized
video or multi-channel information obtained from on-board device to localize vehicles.
[11] and [9] directly trained a CNN with a single image and 3D

landmarks, but complex and large 3D datasets require much time and human resource
for annotating.

In the recent study, a stacked hourglass framework [1] is proposed to detect semantic
keypoints on the bodies of human beings. Owing to its coarse-to-fine architecture, features
can be detected on multiple resolutions, leading to high accuracy results. Compared to
traditional random forests method like [14], CNN outputs more accurate keypoints. Our
approach follows this direction and takes advantages of these works.

B. Single Image Vehicle Localization

As for robotics and intelligent transportation, vehicle localization is always at the
cutting edge [21]. Both on-board and off-board methods have representative works.

Most of the off-board works combine a single image with complex vehicle models.
Zhu et al. [27] used constrained discriminative parts and pre-defined wireframe models to

estimate the 3D pose. [17] proposed a similarity measure method with off-board camera,
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and a top-down perception approach is proposed in [28]. Works mentioned above all
require complex accurate car models, which is usually unjavailable. Besides, their feature
detecting methods are not robust enough for arbitrary scene and viewpoint.

Some latest works [6], [7] combined semantic keypoints with simple models. They
achieve large advantages in pose estimation task with the help of CNN. These approaches
outperform most existing methods. However, methods withsingle image have a problem
with translation error and model scale. Even if [6], [7] have shape adjustment in their
process, this problem remains unsolved. According to the principle of 3D projection, depth
of object depends on the scale of the model. Whether accurate pose is provided or not, the

translation error increases when disproportionate model is used. Fig. 3. shows a
simple demonstrative experiment. We choose a wireframe which is smaller than
groundtruth, and the left two columns show the results with only one camera.
Disproportionate model generates right orientation but wrong translation and shape. As a
contrast, the last column shows that two projects are both right.

Besides the defect mentioned above, the robustness of the keypoints detection is poor
when vehicle occultation (by trees, walls, or other vehicles) occurs. To some extent,
multiple camera approach can help with these limits.

C. Stereoscopic and Multiple Camera System

The most similar algorithm with ours is stereoscopic algorithm. Stereo cameras
usually consist two parallel cam eras with small baseline or large overlap. Suppose using

stereoscopic algorithm in our scenario. After getting two sets of keypoints of two
images, we can calculate the 3D position of every keypoints with intrinsic and extrinsic
parameters of camera. Then, we can connect those keypoints into a wireframe. But
stereoscopic algorithm requires high precision, which means errors of keypoint from CNN
lead to a large shift in 3D space. Still further, the shape of the vehicle will be asymmetrical.
More results will be displayed and discussed at the experiment part.

Most multi-camera systems are applied to the field of human pose estimation, such as
[12], [13], [14]. Pavlakos etal. [14] utilized random forest to classify each pixel in each

image, [12] recovered a volumetric prediction from multiple images. The standard
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principle of human pose estimation is using 3D pictorial structure, which has been proved
to be effective. Our method is inspired by these approaches to combine image features
with a deformable model.

To the best of our knowledge, there are few works of vehicle localization using
multiple cameras. Chen etal. [4] used bird view LiDAR data and front image to localize
surrounding vehicles for the purpose of automatic driving, but only rough 3D bounding
box results are given in this approach. [15] and [16] improved SLAM algorithm by
integrating multi-view cameras and shape information. They outperformed some
traditional SLAM methods. Calibrated stereo camera with small baseline can be used to
reconstruct depth of the scene like [18] and [5], but the narrow overlapq ping region is not
wide enough for accurate vehicle localyization. Although some defects still exist, works
mentioned above prove the superiority of multi-view approaches and guide us to explore
more possibilities in this direction.

D. Our Contribution

Considering all the pros and cons of existing single-image and multi-image methods,
we propose a new framework for vehicle 3D localization. Our contributions are as follow:

* We take advantage of hourglass architecture CNN to extract 2D feature from 2D
annotation dataset. Training data and training process are much easier to implement.

* Our methods can be applied to small overlap condition, which is more consistent
with traffic monitoring camera system.

* Our multi-camera method has better performance over mono-camera method in
aspects of precision and ro bustness of sheltered environments.

* Inspired by deformable methods, we propose HWC to adaptively estimate vehicle’s

shape.
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