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Measurement of Size in Three-Dimensional Scene Based on Single Camera
HUANG Bai-Chuan, CAI Xu-Yi, DING Chu-Jiang, XU Han
(Signal Processing and Modern Communication Lab, Wuhan University, Wuhan 430000, China)

Abstract: To measure the size of target in three-dimensional scene under a single camera, this study uses a three-
dimensional environment distance function and optimizes the optical axis parameter OO’. A method of enlarging the
measurement range is proposed, which is extended to measuring on the vertical surface. The experiment is based on the
Raspberry Pi 3B platform with Raspberry Pi Camera. The results of experiment show that the optimization of 00’
improves the measurement accuracy and the method proposed extends the measurement range. The algofithm is simple
yet effective and can achieve the performance more flexibly and steadily. \ y

Key words: single camera; three-dimensional scene; dimension me\asurement’; three-dimensional environment distance

function; RaspberryPi 3B _—

1 kR g

SEHL = 4 o BRI R S AT R 3K
FR AR Sk 1 P 0, BV, T 4 D 2 3 L R
0 2B . 2 B 0B R A 2 L 4 O U
FIRIEE B I 25, o U R KA 7 B
B . S SR, e 6 A SR DR A 7 A A A
SRR AT DA, SRR 2 1k P T 1 3 25
AR, AR LR 2B, 1k o

2 290 B e R L 0 S B, R T

@ YRR I]: 2017-04-24; &2 [A]: 2017-05-11; SR A IFIA]: 2017-05-16

S AR A A AL R, B RIVE . BB R
SERE L WM AR B, T HL AR A N SRR
A 33 H v = A, 0 U L X H
P T 00 W2 0 Ji B, AT ST v G PR S
RS T B A IR . A E AR IIEE. X0 0 R
FEZIH LI Tsai (W 2575 1 Zhang (¥ LSk 4T
b E SRAFERARHIL A 15 2 BO3E AT R 1 (¥ SL A& T Ac™, B
X T BERF IR 24 SR R w1 2R, WO A
THEEER, BORAEE . 0 H AL I A A R ot 0

Software TechniquesAlgorithm FXPFHE AR H7% 175

© ERERBATHRT

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn/1003-3254/6174.html
http://www.c-s-a.org.cn/1003-3254/6174.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.006174
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20184F 5527 21

J7 i FERET, AT AT R SR, R A TR R A S
DU LB AL TR, — MR AR e 15 2 3R 5
Hebr 7 5 B AR 2R TR —— U o6 R AR T E
TEE, B H BRI e R A S A LT 29 3R
S AT, AEATS LA R I AR A B T A 0 5

BN NES RS P S N & R iR RPN ML I P WNE 2 OVAL |
EaK LR SN el RAIR SN N S MR o N R R PTS
T e WYL LR, MEYR L, MR o
PR, i R T B R U AR D B B T
{5 T AR AR B (1 5 VAR P FLAE R R R 355 LA
K FR B JE T A L AN AR D7 vk A R A J&
AR 5 IR LS B e i 5 i = T 1%,
Meng Ding 55 N A F TR B AR AR SE il 7 AN AR 35 1 ER

B0 57—l AL 1 7 VR R T R 5 R AT

G4, It HLAT S P 1 A MR B 1 AT 3%
%ETﬁﬁ%mﬂﬁﬁ%ﬂEEEE%%E%E%@
N 2 5 92 20 S BOIE WA R B 2, (B L A2 ) IR
F T R 52 £ e A B 0 i, T i P Tt S b
(1182 i 9 5, ELAFAE AR 22 MR B 4 502,
1.2 RAss

] 1 FoR R SRk I R kT = 43 5
. 9 T 34578 T B 5 T AR AR
<t BATSRELT fa R, 7 A R e R
P P = 4 R O R e A7 S T PG v I e 3
HEAT =i E .

@JV%%@%%%%%%%

§

2 =S TR
2.1 ZHBEERY

2 RN TG R BB TR R, MESH TN
Bk F LAY, o 0 R3E LI E 0, 00" N
BELIDGH, m A, B XM, C o2& 4B 4k b
ER—, 4, B, C'or Al 4, B, C =118, Ot
OO0' 58P pi, O &0 O MR, =4 FE 25 pR 51
72 R FH BB Sk BAR P ) AT J5E 2 5 SR FH A 2 o7 107 e 3
Wi C 40 A BO IR KR EL CO B,

176 B A AR Fi% Software TechniquesAlgorithm

B2 ARk T LT R

22 EESEEENEREN A

B3 Fom TR KPR T (R IL R Al T
T 6 4 M A'B'€'D s S @ TR 183k 60, 009
548V [T A/B'€'DIE FLIRHRIS Sk, T ABCD £ M

EIRHL B, AB R — 2 . 7EFE 2 R

WLV, 75— AN SRR O4B (1 04'B) b, =
o B B B A R B 3 00, I 2 R 00" i
WyEE 5 U 3 SRR OO E BESTIE
. B 3 T, OO IR W 38 X S S T £ o 8 A
AL, A H OO ME S & HEAT T4, MR T
=4 B B KO R PR

C B
3 G Sk R SAR T O R
2.3 IHEFRIE
Bt — % (AR AG S IR A AR ) 4 B ) 1 T
BAT T T W 4 A AT = SR B SRR A ThR
1o H A A T X 5, B 4 R 234 ABCDEFGHI
FR.

K4 MR AT A

© T EREER T

htip://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 21

http://www.c-s-a.org.cn

i H AR G N A

F2 R R 5 T B @ AT AR, X LR
ATEEL T AINM THIAE N SE8TH, G B 5t AT NN
S H AR, BT N B s B RS S 4. 2,
ISP R 1) = 4 23 bR id T4 52 K.

24 =HENFTEAES

AT e O A BBk R B, JFd i
FAARIA T p R S 5 P AT R — ARG R
25, kT AR FH a2 5 a5 SR B Rl RS X 38 AT — A
TG S W PE . W0 o0t ) = 4 B S R B R AT AT A
Wit E H ABCDEFGHI i1 5+ b AT — s BE =, M
M5t ABCDEFGHI V-1 AT s5 R s,

3 BRI B A vk
30 EEEMNERE

MBI = A AR SRS 4 o ABODEFGH
T A 2 EU RS BB, PR FORSR AR 5 o R
BT AINM T AE -+ A SRk B 8. 7618 6 b, 3%
AT 5 T8 P T A LA 2 2R P, e O BRSO
L, OO NIEHEIEB AT _EAIHSE, INCNTEEH, 04"N
345 Sk 33 BT O BE BS, OD o435 Sk 317K F i I FE BS
M d.

Ko E MG LR RE

SRARTE B A AE— s BB SL IR B MO 20 T
|0A’| = y|OI'* - |ODJ? (M

, . |OA|
/I'OD =
arcsin( o7

) ()

lo1"] = Vl0O'R +10' 1" 3)

|0Q| =|0I"|-sin 2I'OD 4)

[I” Q| = |0I"|-cos .I'OD )

A= cos Z;%A” ©)

|A” Q| = I A”|-sin QI A" )

|0A”| = IA”QI+|0Q‘| . ®)

OM" 1> +|0A” > —|M" A" |?

cos zM”OA‘” _| |2 |0|M"| | |01L//| | ©)
- N , = on'l

M OI= s o7 0A7 (10)

\M'I'| = 10D| - |M' O] ~|0A"2 (11)

FUH ML AT B AT — 5 ) M T O T . S

2 OB P AT VT P AR Sk 1 2 S B 2,
T TR A B

IM’A’| = \|JOM'|2 - |OAJ? (12)
IN'A’| = V|ON'|? - |OA]? (13)
IM'N’|=|M’A’"|+|N'A’| (14)

%, AT DASR 18 98 EE b (28 7 4 2 1 1
5, 90T TR ELT b 60 X 5 A R
LI o 58 3 DO M T 0,
SCHE MRS g T K 2 EORE A T 5.
32 AFEEHANEERMN

7 o, A b, MA J3 5T LT, O FyHEG
(0, iun F 50 LA, ST 69 £ 05 0 7
4 FR I ABCDEFGHI THI IR, FATKG B b& mn 5>
A mp A np 53 . mp 3555 F F AL G0 = 2455 55 pf 4

R
M
/O
N /
14
A m 0

K7 KT B S A

np BB IR E: B 3 B = 5B 4 ©A1AN], |mO),
140), INO)|.

Software TechniquesAlgorithm #1F4i AR 5%: 177

© ERERR T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20184F #5274 H2

ImQ| = /ImOP - |00 (15)
A0l = /IAOI> - 100 (16)

inpl = 2 vy (17)

|AQ
Imn| = |npl+|mpl (18)
F b, BATTSEEL T HuTHT T I O R S
FZK P2 B A

4 SERNAE ST
41 HUESHEBIHH

ARSI H R T 7 AR K I X 0 K 13
SI53pAT 8 R, ekl OO'BE RS 435/ K 3.8 mm. 4.0’ mm.
4.2 mm A1 4.4 mm, 3EL0A S5 HI =ZERBTER 2 pR 4
FEA\ALIE B {8 28 1 265 1 W RLEE B0 55 SC R B 1 )
# L. g !

K1 HAREEEIER (AL mm)

AINM TH _EREFRTT (BLE 1), 3R (FLE 2), AR (7
& 3), Jehil OO'FE &3 HEY 3.8 mm. 4.0 mm. 4.2 mm Al
4.4 mm. 38 7 E A B AR E AR RS, 3 3
Fon T B EINE R ST 5 SR RS R L.

*£3 FMEMINATWER (AL mm)
fr 8 SERRRSH(Ex %) 00'=3.8 00=40 00=42 00=44
1 3600%3540  4035%3803 3873%x3667 3722x3537 3582x3416
2 600x800 675x870 643838  619x808  594x780

3 400x600 450x634  430x610 412x586  394x565
h A

4.4 KRTFEEHEKARNEE

2'-(;3@123?17 TERAZ W X 3 N, H b [H] B
BLAEIET AINM AT ABCT WL, Jedih OO'#H #5535 M
3.8.mm. 4.0 mm. 4.2 mm F1 4.4 mm. & Jyiit 4.1,
4.2, 4.3 FSLI0 R, X BEIRAT R IR E TN B s
K B A B pR 4y i 3R EN H bR iR L R 4 3R
7~ 1B RS W 0 v - S o v B RO L

K4 BamEENER (AL mm)

E  SEbREE 00=38 00=40 00=42 00=44
1 1700 1817 1755 1695 1638
2 1700 1837 1772 1712 1655

8 SEBREEES 00'=3.8 00=40 00=42 00=44
1 15 788 15775 15 886 15 987 16 079
2 15121 15059 15 199 15325 15439
3 13 699 13 658 13 708 13 708 13 794
4 12 176 11 859 11 963 12 056 12 138
5 12 733 12 456 12 566 12 665 12 756
6 12 385 12 684 12737 12 786 12 831
7 10 960 10 954 10 964 10972 10 980
8 10 967 10952 10 966 10977 10 988

42 KFEITASEMNESR
ARSI [RVFE S T AR S5 A5 S 0 DX Sk g b g L3

SIorATI 8 AN, BN 1 A BRI 1 8 AN Jla I |

OO'BEE 437 3.8 mm. 4.0 mm 4.2 mm £ 4.4 mm.
2 2 AR T~ N 0 5 R b RO X L

#2 ARG ER (A mm)

8 SEBREE 00'=3.8 00=40 00=42 00=44
1 1700 1759 1703 1649 1597
2 1700 1749 1690 1633 1578
3 1700 1740 1678 1678 1563
4 1700 1773 1706 1643 1584
5 1700 1841 1762 1689 1622
6 1700 1862 1795 1731 1671
7 1700 1871 1746 1679 1616
8 1700 1880 1806 1736 1671

43 EEENESE
A S 56 73 ) 3k BT AE SR AR Sk B X A 4

178 4 AR5 1% Software TechniquesAlgorithm

4.5 SKIGHHRSH

T S AHE, AT B 8 B 11, Moukh
OO'FEE A FIEL 3.8 mm. 4.0 mm. 4.2 mm £ 4.4 mm
I, IR M 5 S PR B AR AR R 2, ASCKRH
(I AR SUSRARL )/ SR A < 100% THEEAIRT 122, 145
#Exﬂi%)ﬂéi@%)ﬁﬁfﬁ%fiﬁﬁﬁ. 15 H bR PE B &, o1
AN R 22495 5N 1.0%, 0.9%, 0.9%, 4.0%, HAki% 7
TG TR 35, A R 1 = S5 8 B A 2 7K
P TH] v BE W, P IR R ZE 5 AN 6.3%, 2.5%,
2.0%, 4, 9%, Yl P B A 4.2 mm AR 2 BN 78
B IR R I o, PS8 AR R ZE 4 S 7.7 % 5.0%,
1.2%, 2.3%, JEHEEES N 4.2 mm BT & S2PRIg L,
b, AR SO HE ) T O B BRSO R 7R A AR
PRSI IR 2250 A 7.4%, 3.7%, 0.4%, 3.6%.

gi b, FATAT LUK I, ek OO BE B HL 4.2 mm
B, DU 0S50 1) P S5 AE KR ZE # /N ST (2 2 S 45715
FEN 0.9%, HILL T3 H $R4Z 100 EE R GEAF) 3%V
SR ZE L JE T /NFLA Y () B E W R AR AR E R 2
2% 4% VR G = 4 i B R OB R 2.3% P38 4R
FEHRA T — e AR R B A, T L B By s A () =4
SRR ZE N BN 2.0% 1.2%. 0.4%, 5455 =4

© PEREE ST

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 21

http://www.c-s-a.org.cn

i H AR G N A

PR R BRI T 1.74% [P EIRESEA R T
[SEZD
o L 1 i B 2 e i B 3 i E 4
i B 5 —o— {3, B 6—— {1 B T—— L E8
16000 . < & —e

14000

e p—n———n
12000

T ——

10000
00'=3.8 00'=4.0 00=4.2 00=4.4

K8 HARER 2R 2k K

——f B |- E2 frE3 (AT
=i H 5—o—{] Ho—+—f1 HT——F1HS

1900
1800
1700
1600
1500
00-38 00'=‘4.0_00'=4.2 00'=4.4
B9 KSFiH B b R
—— B —e—frE2
1850
1800
1750
1700
1650
1600
00=3.8 00=4.0 00'=4.2 00'=4.4
B0 mEEmRTNET LR
——{} B 1 =] 2 AR
IR B e A WAl VA KR
4390 — R A X
3390 = -
2390
1390

190 i=i=‘=i

00=38 00'=4.0 00'=4.2 00'=4.4
\ , '
L1 I A R v B AT 4

5 LGSR

ARSI — Fh =4 SRk, BT =4
FEE R B PO S H 00 R B AR, T HLAT X R A
= R PR BT AR 1R J PR I R T R
V0 B ) 5 1. e SR M o TR B, G5 VR TR AT R

SEHL T E RERECK T = 4E g SR AR RCH N, ¢
R IETEH . $2 7 IEREE.

SE 30k
1R, SO, R T 5 H UL ) e N B R TE RS
B I B e I R T 244, 2003, 8(5): 590-595.
2 EWMY, BBk, X5, 5 H CCD JFE RS Eks AR
SE.ITHENLLIE, 2013, 39(7): 228-232.
3 BEHE, 0L, R, S MOWH AL X“\%‘i*ﬁmﬁ%jﬂi.
2[5 il R 5 A, 2010, 36(3): 51-54. 5
4 Zhang ZY. A flexible new techniqtie for camera calibration.
IEEE Transa‘:tiot‘ls on Pattern Analysis and Machine
Inﬁelligen;é, 2000, 22(11): 1330 —1334. [doi: 10.1109/34.
888718]
Wahab MNA, Sivadev N, Sundaraj K. Development of

monocular vision system for depth estimation in mobile

W

robot-robot soccer. 2011 IEEE Conference on Sustainable
Utilization and Development in Engineering and Technology
(STUDENT). Semenyih, Malaysia. 2011. 36-41.

6 F By TS G I 4= 55 5 H IR AR G S (Rt
B SC]. R REEREE, 2012.

7 2R, A E A S I IR SRE I TR 2L IR D). R OR

U I RIE Tl K%, 2014.

Wang SM, Fan YL. A vision location algorithm for CCD

camera based on geometric knowledge. 2nd International

o0

Conference on Environmental Science \“and Information

Application Technology. Wuhan, China gOtO. 430-433.

KA, W F. kS AR R IR AT N IR ERE. 1

HHLR % m\fﬁ\_gm@ 25(11): 112-117. [doi: 10.15888/

j.c%ki.csa.005420]

10 Ding M, Fan GL. Generalized sum of Gaussians for real-time
human pose tracking from a single depth sensor. 2015 IEEE

o

Winter Conference on Applications of Computer Vision
(WACV). Waikoloa, HI, USA. 2015. 47-54.

11 Celik K, Chung SJ, Clausman M, et al. Monocular vision
SLAM for indoor aerial vehicles. The 2009 IEEE/RSJ
International Conference on Intelligent Robots and Systems.
St. Louis, MO, USA. 2009. 1566-1573.

12 BRI, 3T = YRR B R B AL 2 H AR D 5 ER BRI 7
[Ri 2 Ar 18 300, HE R BF R R, 2009.

13 2T, Fhlk gz, T X0 H SR RO BE R 50 K ST ARV L 5005
9. BAE HIFEHA, 2016, 33(2): 66-67.

Software TechniquesAlgorithm #1F4 AR« 5%: 179

© ERERR T

http://www.c-s-a.org.cn


http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.1109/34.888718
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://dx.doi.org/10.15888/j.cnki.csa.005420
http://www.c-s-a.org.cn

