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The excellence of a residence is in (the suitability of) the
place; that of the mind is in abysmal stillness; that of associations is in their
being with the virtuous; that of government is in its securing good order; that of
(the conduct of) affairs is in its ability; and that of (the initiation of) any
movement is in its timeliness.
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Es gibt Systeme.
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If I have seen further, it is by standing on ye sholders of Giants.
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Engineering still has a flavor of art.







Essentially, all models are wrong, but some are useful.
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More tasty mathematics here.
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ẑ

L2 L1

|| = ||2

=

[ ]



ˆ = −1

yc
ˆ

ˆ

s2 =
|| − ˆ||22
m− n

=
( )−1

s2

=
√

( )

m n ( )

ˆ



z

−syvt + sycvt + czvt − fcy + fcyc − fsz = 0

sycvb + czvb + fcyc − fsz = 0

z

z =
−sycvb − fcyc

cvb − fs

z

yc =
syvt + fcy

svt + fc+ (cvt − fs)
(

−svb−fs
cvb−fs

)

yc



Every step you take / I’ll be watching you.
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The first principle is that you must not fool yourself —
and you are the easiest person to fool.





θx yc

f



0 10 20 30 40 50 60
real camera tilt angle [�]

2.95

3.00

3.05

3.10

3.15

3.20

3.25

3.30

3.35

ca
m

er
a

h
ei

gh
t

y c
[m

]

LSQ estimated camera height vs. tilt angle, 5 detections, 200 tests

mean of estimates

95% CI of estimates

ground truth

yc =
3m

0 10 20 30 40 50 60
real camera tilt angle [�]

2.75

2.80

2.85

2.90

2.95

3.00

3.05

ca
m

er
a

h
ei

gh
t

y c
[m

]

new estimated camera height vs. real tilt angle, 5 detections, 200 tests

mean of estimates

95% CI of estimates

ground truth

yc =
3m

0 10 20 30 40 50 60
real camera tilt angle [�]

2

4

6

8

10

ca
m

er
a

h
ei

gh
t

y c
[m

]

LSQ estimated camera height vs. tilt angle, 5 detections, 200 tests

mean of estimates

95% CI of estimates

ground truth

yc =
10m

0 10 20 30 40 50 60
real camera tilt angle [�]

9.2

9.4

9.6

9.8

10.0

10.2

10.4

10.6

ca
m

er
a

h
ei

gh
t

y c
[m

]

new estimated camera height vs. real tilt angle, 5 detections, 200 tests

mean of estimates

95% CI of estimates

ground truth

yc =
10m



Ever tried. Ever failed. No matter. Try again. Fail again. Fail better.
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