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1 Proof of Equation 8

We first show an elemetary result in geometric form, namely the basic geometric equation of
an epipolar line and then, intersect two epipolar lines to get the desired result.

Proposition 1. Given two images, (I}, ), then the equation of epipolar line corresponding

&1
to the point yy = | np | is
1
(arb3 — a3br)6r + (a3by — a1bz) Ny = (az2by —abs), (D

where a; = el-TRl,z}q, b, = eiTTLz, and where (R12,T 2) is the relative pose of one camera
with repsect to another, i.e., a point I'| in camera I, is expressed as I’y in camera I is

I =R+ T o 2
Proof. ForI'y and I'; we have:
I'=pin
3
{ =pp ©)

where p; and p, are the depths of the point in two different views, respectively. Using
[ =Ry 2T'1 + T 2, we have

p2Y =Ri2p1n +Th2, “)
a vector equation with three rows. The third row of Equation 4 is then

p2=pielRi2yi +eiTin &)
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Also, substituting this value of p; into the first and second row from Equation 4 given p;, we
have
&= PIB;RI,ZVI +6£TL2
prezRipi+e3Th ©6)
_ PigRioni+ey Tip
= prel R yi+el T

or
&= P101+Zl
praz+b3
M = prar+by 0
2= prazths

where a; = eiTRLz " and b; = eiT T ». Isolating p; to eliminate it gives a relationship between
& and 1,

{ p1 = % N bi—b3& by—bym ®)
p1 = 2;]2%2; wb—a1  am—a
Then the epipolar line on I is then

(a2bs — azby)6r + (azby — a1b3)Np = (azby — a1by) &)
where a; = el Ry 211, bi = el T 5. O

Corollary 1. Given three images (11, b, I3), and with relative pose (Ry 3,T 3) between cam-
eras of Iy and I5 and (Ry3,T» 3) between cameras of I, and I3 and given two corresponding
point Yy in I} and Y in I project to Y3 in I3 given as

(azby —ayby)(@3h) —a1b3)—(a3by —ay b3)(azb; ~a, by)

;= & — [ (axbs—asby)(asbi—aib3)—(asby —ab3)((a2b3—azbs) (10)
. 3 (azb1—a,by)(@pb3—a3b))—(Gpb1 —a1bs) (azb3—azbs)
(a3by—a1b3)(@2b3—azby)—(a3by —arbs)(azb3—azby)

T T - T 7 T
where a; = e; R131, b =e¢; T13, d; = e; Ry37, and by = e; T> 3.

Proof. By using Proposition 1, we can build the epipolar constraint in the set (/1,/3) and (>,
I3), which gives us two epipolar lines:

{ (azb3 — azbz) 8 + (azby — arb3)ny = (azby — a1by)
(@2b3 — azby) 6 + (asby — a1b3)M = (Gaby — arby)

where a; = el-TRl_g}/], b; = el.TTl.g, a; = eiTRzgyz and b; = eiTT2.3. Then solving this linear
system gives the expression of 73:

an

(axb1—arby)(asb1 —arbs) —(azby —a1b3)(G2by —a1bs)

— | (a2b3—a3by)(a3hy—ab3)—(a3by —a1b3)((a2b3~arb3)
= (azby—a,b;)(@yb3—a3bs)—(azby —a1 by)(azb3—asby) (12

(asby—ayb3)(aybs—azby)—(ash; —aibz)(azb3—aszbs)

O

2 Results of Other Tracks

The paper presented results for tracks 00 and 07. Here we augment these tracks with the
result of tracks 02, 03, 04, 05, 06, 08 and 09. Figure 1 shows the output paths from different
approaches, demonstrating that dissecting scale performs much better than the classical PnP
method.
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Figure 1: A comparison of our approach with the PnP-based method for tracks (a) 02, (b) 03, (c) 05, (d) 04, (e) 06, (f) 08, (g) 09.

3 Quantification of Improvement in Pose Estimation

A pose estimation, as proposed in this paper, consists of two separate phases: i) the esti-
mation of 5 degrees of freedom, the rotation R and the unit translation vector T, and ii ) the
scale of the translation vector, A, where the translation vector T = AT. The justification of
improvement in pose estimation is best performed in two phases, one for estimating (R, T,
and the other in estimating A.
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Quantification of Improved Up-to-scale Relative Pose: In the experiment we use ground
truth scale but estimate (R, 7") using the methods, one as proposed in the paper and one from
the classical PnP-based approach. The plot, Figure 2, shows the percentage translation error
of two methods with ground truth scale on different tracks.
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Figure 2: A comparison of percentage translation errors for our method vs the PnP-based method with ground truth scale.

Quantification of Improved Scale of Translation: In this experiment the ground truth
(R, T) are used to compare the scale A estimated from our method to that estimated from
the PnP-based methods, Figure 3.The percentage error is normalized by ground truth scale.
Note that the distribution of our method shows higher frequency for smaller errors and lower
frequency for larger errors.
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Figure 3: (a): the distribution of percentage error from PnP-based method is significantly higher than (b): the distribution of
percentage error from our method.
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Figure 4: (a) Stereo visual odometry provides absolute scale and prevents propagation of scale errors. (b),(c) different ways of
establishing absolute scale.
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4 Average of Forward and Backward Stereo

We proposed in the paperthat the stereo odometry scheme can be done in "forward" and
"backward" manner as shown in Figure 4. Figure 5(a) shows that the estimates are not
correlated closely, thus, they are as independent observes whose average can be used as a
better estimation of scale, as shown in Figure 5(b). This shows a slightly better estimation.

o %0 100 150 200 250 w0
(a) Keyframe
1
Groun Tt Aot Sce
2l [ g
!
|
| 1
\/» A ‘\ [ym \ T M4 W
s | i | A wwm wn wlln < (17 INY B
‘f \/“«\1“" N /\"N‘\/\\’\« iy, u 'f' ' \ mm"u‘ WA s
1 Il
(b) % » ™ 150 = 00

Figure 5: (a) The relative error of forward and backward stereo estimation. They are not correlated so that we can average them to
get a better estimation. (b) The comparison of ground truth scale and the scale estimated using averaging.

Figure 6 illustrates the translation error of "forward" manner and the average of "forward"
and "backward" manner. A minor improvement, as the figure tells, is achieved by including

backward stereo information into the scheme.
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Figure 6: (a)The translation error of two schemes of KITTIO0. (b)The translation error of two schemes of KITTIO3.

translation error of two schemes of KITTIO7.

L
350

L
400

L
450

L
500

550 600

(c)The



6 YUAN ETAL.: DISSECTING SCALE FROM POSE ESTIMATION IN VISUAL ODOMETRY

Figure 7 and 8 shows the track of averaging forward and backward scale of KITTIOO and
KITTIO7. Two results are nearly the same. However, from the magnified tracks, it is obvious
that the average scale is slightly closer to the ground truth path.
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Figure 8: Left: The output paths from two schemes on KITTIO7. Right: Magnified view of the output path.




