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Headlamp aiming from a practical point of view

Picture: hella.com
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Headlamp aiming system

• Four independent elements: vehicle, headlight aiming device, area of 
placement of headlight aiming device, area of placement of vehicle

• Ideally: all areas have no evenness deviation, all axes of the coordinate 
systems are parallel, i.e. there‘s one reference coordinate system only

• Reality: areas may have longitudinal and transverse inclination and 
evenness deviation
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Headlamp aiming from a practical point of view
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Drawing: TAK, supplemented by BASt
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Proposal of the GRE-IWG SLR
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With regard to measuring accuracy the worst case of 6.2.6.1.2. of
the proposal is:

Here |0, 1 %| remain for the combined resp. extended standard
uncertainty of all sources of uncertainty of a headlamp aiming
system in practical use (e.g. for PTI).

This would ensure that a headlamp would not glare (e = 0,0 %).
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Headlamp aiming from a practical point of view 

h 

(mounting height)

e

(vertical inclination)

e ± Δe

(vertical inclination incl. 

dipped-beam accuracy)

0,5 m ≤ h ≤ 0,9 m -0,2 % resp. -2 mm/m (MIN) -0,3 % ≤ e ≤ -0,1 %

resp. -3 mm/m ≤ e ≤ - 1 mm/m
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Measurement uncertainty of a headlight aiming system at OEM
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Headlamp aiming from a practical point of view 

For "End-of-line" control ideal conditions (vehicle positioning in front
of headlamp aiming device; floor areas and surfaces; software-
based evaluation of low beam adjustment) exist:

For example Dürr Systems AG indicates a measurement accuracy of <0.1 % (<3.43‘)
for their “x-light“ system (boundary condition: light emerging point at the headlamp is
positioned in front of the lens centre).

Pictures: Dürr Systems AG
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Measurement uncertainty of a headlight aiming system in practical use
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uc: combined standard
uncertainty

Uc: extended standard
uncertainty (Uc = k * uc

with k = 2)
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Headlamp aiming from a practical point of view 

No Source of uncertainty Value
±[%]

Symbol Probability
distribution
[GUM1]

Divisor Standard 
uncertainty
[%]

1 Type certification of
headlamp aiming device
(HAD)

0,1 uHAD-

type_cert

Type B 2 0,05

2 HAD-calibration 0,181 uHAD-cal Type B/
rectangular

√3 0,11

3 HAD-scale reading precision 0,05 uHAD-scale Type B/
rectangular

√3 0,03

4 HAD-area 0,1 uHAD-area Type B/
rectangular

√3 0,06

5 HAD-area calibration (incl. 
test equipment)

0,05 uHAD-area-

cal

Type B/
rectangular

√3 0,03

6 Vehicle-area ? uveh-area Type B/
rectangular

√3 ?

7 Vehicle area calibration ? uveh-area-

cal

Type B/
rectangular

√3 ?

8 Operator (inspector) ~ 0,1 uop Type B/ 
triangular

√6 ~ 0,04

Without taking the
statistical spread of
individual 
measurements (Type A, 
normal distribution) and
the vehicle-area into
account uc and Uc are
expected to be:

uc ≥ 0,15 %
Uc ≥ 0,29 %

1: Guide to the Expression of Uncertainty in Measurement

𝑢𝑐 =   𝑢𝐻𝐴𝐷−𝑡𝑦𝑝𝑒 _𝑐𝑒𝑟𝑡  
2
+  𝑢𝐻𝐴𝐷−𝑐𝑎𝑙  

2 +  𝑢𝐻𝐴𝐷−𝑠𝑐𝑎𝑙𝑒  
2 +  𝑢𝐻𝐴𝐷−𝑎𝑟𝑒𝑎  2 +  𝑢𝐻𝐴𝐷−𝑎𝑟𝑒𝑎 −𝑐𝑎𝑙  

2 +⋯+  𝑢𝑜𝑝 
2
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Headlamp aiming from a practical point of view

Conclusions

h 

(mounting height)

e

(vertical inclination)

e ± Δe

(vertical inclination incl. dipped-beam 

accuracy)

results

0,5 m ≤ h ≤ 0,9 m -0,2 % resp. -2 mm/m (MIN) (-0,3 + 0,29)% ≤ e ≤ (-0,1 + 0,29) %

resp. -3 mm/m ≤ e ≤ - 1 mm/m

More discomfort glare

is expected X
h ≤ 1,0 m (today) -0,5 % resp. -5 mm/m (MIN 

today)

(-0,6 + 0,29)% ≤ e ≤ (-0,4 + 0,29) %

resp. -6 mm/m ≤ e ≤ - 4 mm/m

the existing 

compromise between 

glare and visibility is 

acceptable and 

controllable

✓
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Distance optical box ↔ headlamp

In principle, with a rail-guided HAD and the
distance to be technically maintained, the vehicle
must be able to be moved on its area due to the
different overhang lengths. The beginning of the
vehicle-area is therefore of increased importance
with regard to the knowledge of any existing
evenness deviations.

Space requirements of vehicles

Non-observance of undetected elevations or
dents in the beginning of the vehicle-area
inevitably has an influence on the result of
the headlamp adjustment.
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Headlamp aiming from a practical point of view

Effects of vehicle dimensions within the vehicle placement area

Picture: BASt
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Effects of evenness deviations within the vehicle placement area
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Headlamp aiming from a practical point of view

Pictures: BASt
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Effects of evenness deviations within the vehicle placement area
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Headlamp aiming from a practical point of view

Asymmetrically occurring deviations from
evenness (depressions/dents in one lane and
no deviations or elevations in the other lane
and vice versa) in the area of the rear axle
show (almost) no influence on the
measurement for checking the headlamp
adjustment. In most cases, the running gear
can compensate for this type of evenness
deviation.

Symmetrically occurring deviations from
evenness (depressions/dents or elevations at
both lanes) in the area of the rear and front
axle show an influence on the measurement
for checking the headlamp adjustment. The
running gear cannot compensate for this type
of evenness deviation.
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Thank you for your attention!
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