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3D spatial scale estimation based on two vanishing points and local scale
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Abstract: 3D spatial scale estimation is of great significance to 3D reconstruction, and is in demand in the real world in
the case of a single image. Generally, the camera must be calibrated before the scale estimation. According to the
perspective principle of the monocular image, a method based on two vanishing points and local scale information was
proposed to calibrate the camera, thereby obtaining the estimation of the 3D scale information in the monocular image.
Firstly, two orthogonal groups of parallel lines were selected from the monocular image to produce the coordinates of
two vanishing points. Then the rotation matrix between the world coordinate system and the camera coordinate system
was yielded using the vanishing point coordinate and the focal length information. The translation vector was also
acquired through the property of vanishing point and the known local scale information. Finally, the 3D world
coordinates corresponding to the pixels in the 2D image were restored to calculate the 3D scale information.
Experimental results show that this method can effectively estimate the scale of building objects in a single image.
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Fig. 1 Main processes of scale estimation
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Fig. 2 Sketch map of Vanishing Point
22 ETF 2 NMNRESMEFEERENBIIRE
FE/NFLBAR BOFER B, BB ) N b S Hk
T TARZANR . BURARER . LA PRI S AR bR 2
[A) A i . R P 2K ) s P EAT AR B LR E /5 i &
BB

(1) SR H E G UG - 2% 2 4

IEAZ AP AT 2 F BAUE SRR B AR K R
() EEHOE CRMAERERNS R

(3) R E G A L.
221 REHEMEGTH

Wi 3 fow, HFAARRR R, P A SRR A,
H 3 ANJ7 1R IE A2 2 1) & a, By (y=ax B) 4 i :
W=(4,a.B,y); HHLALFRR R UL O SSNJE S, H
3 AT IER IR & anfeye (r=ax BT
C=(0,a.B.y.): BV RN S=(P,a.B.), HH
P AONFALAR ORGP L IE S B . TR A AR
2 W ERPLAAAR R C B A R, WA

R-a=a, R-p=p.. R-y=y, 3)

B OV A OV, i #eggrbty, HAr B4 F 1Al
Ea Mg, VRV, NEKE, B (apf,y)
a8 (o, By ML, . C=(0,a.pB.y.) M

W=(4,a.B.y) Z |8 AR AL HAH A . e ', B, y" 1E
VLR C TR bR A, WA

T
a/ — OV]C — Vlozr VlﬂC f
“low \llov|'low.] |ov;

le le

T
g = or,. _ Vae,  Vap, f 4)
‘ OVZC OV2€ OVZC OVZC

ve=a:x B

o, OV,,0V, NEL OV, 0V, J5 I A fEARHLAL
PR TR Vi, Vg Vag Vap KRNV, HEM
PLAEbR R R e, B 771 EDE, v =@, .7,
V) 0 Veo¥po¥y A P. TEAHHLAL bR AR A3 1) B
o, f.y JT R, O CRAIPLEREE,
R-a,=a, R-B, =P, R-y,=7, ®)

3 iFHERE AR R R

Fig. 3 Sketch map for calculating rotation matrix
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Fig. 4 Sketch map of calculating translation vector

H K S5 R T 40 ADY ad' 11OV, ¥ a IR
HAREA (s f) 5 d BIRERLARER A (005, f) » V1D

FAWLAEER A (s s )+ WU ad (377 16 i 5y
_od _ (5.0./) o

Dd:—_
od| G +33+ 1

iﬁﬁ:;;ong'z(xb—yzz,f‘)z(t Jysesn, WA
x;+y;+f

K d e oD &, B AD/ad /ov, W (t-d_, —oa)//
ov,

t

t t
XX V2N [h_ljf

h _h
X3 V3 f
:t:h(xl_)%):h(yl_%) (8)
Xy = X3 Yo=)3

Hd, h=yx+y3+f°, Wad KEKETHH
ad|=|t-d,;oa| . 14 OA 77515 Oa 77

[, HRAERG)RTHN AD KFERIT 15 OA K FE .
Kk, FEREN
T =-04 )
23 ERYAREITRENTE
WK 5 foRs, ARF AR [u, ] AR X, Y,
Z AL SE R S AR 3R AR FE AL R AL R

P B AR AL AR AR, B )i AR L AL AR e
R NI A Ly

5 BERARRSMHA LR RER

Fig. 5 Sketch map of pixel coordinate system and world

coordinate system
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Fig. 6 The relationship between image coordinate system
and camera coordinate system
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Fig. 8 The scale estimation under different viewpoints of

the same building ((a) Monocular image; (b) Selection of
parallel lines; (c) Scale estimation results)
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Table 1 Errors of scale estimation under different view
angles of the same building
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Fig. 9 Comparison of building scale estimation by different
methods ((a) Monocular image; (b) The SSE algorithm;
(c) The algorithm from reference [12]; (d) The algorithm
from reference [13])
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Table 2 Errors of building scale estimation by
different methods
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