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• ACCURATE field measurement of reflective pavement marking performance requires 
portable instrumentation exactly simulatmg night illumination and visibility conditions. 
Precise duplication of optical and geometrical relationships between headlamps, driver, 
and pavement marking is essential for correlation with actual visual appearance. 

Significant angles affecting reflective performance are the entrance or incident angle 
of the impinging light beam and the two divergence angles, which are functions of the 
eye from headlamp deviation. For pavement markmgs, the mcident light beam ap
proaches at a grazing angle ranging from 87° at 50-ft distance to over 89. 5° beyond 
300-ft distance, fiicident angles for instrument simulation must be representative of 
this range. 

More critical is the exact simulation of divergence, defined as the angle between 
incident and reflective beams; i . e . , the headlamp-pavement marking observer's eye 
angle. Efficiency of reflective materials varies greatly with divergence angle, which 
also varies at a different rate for left and right headlamps. Left lamp divergence 
ranges f rom 1. 3° at 50 f t to less than 0. 2° beyond 500 f t , whereas right lamp divergence 
is generally more than twice these amounts. Correct divergence simulation, therefore, 
requires separate headlamp consideration in addition to accurate geometric simulation. 
Accurate instrument assessment of field performance of reflective materials depends 
on exact duplication of these divergence conditions. 

Previous mstruments, such as the Hill-Ecker portable photometer and the Hvmter 
night visibility meter, have been handicapped by difficulties in miniaturization result
ing in divergence and incidence angles representative of only 40- to 200-ft distance 
from the vehicle and lacking desired resolution, color response, and sensitivity. Re
cent reflective materials of improved efficiency are more affected by such variations, 
and their evaluation requires instrumentation that precisely duplicates the actual view
ing situation. Table 1, for example, gives the wide variation in relative reflectance 
values obtamed for different reflective materials dependmg on the divergence angle. 

The new instrument combines many of the desirable features of earlier units (such 
as portability and direct reading) while eliminating the need for sacrificing precise 
duplication of field conditions Principal innovations permitting these improvements 
are the use of transistors and unique design to eliminate stray light and establish exact 

TABLE 1 

Divergence Directional Reflectance 
Angle 
(°) High Effic. Reflective Material Conventional Reflective Material 

0.0 780.6 66.6 
0.4 411.0 46.0 
0.8 120.1 39.2 
1.2 88.6 33.3 
1.7 45.3 25.8 
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divergence angles. Geometrical relationships are maintained with a size reduction of 
100 to 1 from field conditions. The situation duplicated is a 300-ft viewing distance, 
representative of visibility requirements based on 60-mph minimum stopping distance 
of 306 f t on dry, level concrete. Proportional consideration of left and right lamp i l 
lumination f rom modern dual headlamps is simulated. Similarly, dual divergence 
angles for left and right lamps are provided with data integrated into one meter read
ing. 

The photocell detector is color-corrected to CIE standard observer response, main
taining instrument resolution at 0.1° with direct meter reading eliminating subjective 
effects. Ambient daylight effects are minimized by use of source light interrupted at 
a frequency also required for detection. Power is supplied by rechargeable dry cells, 
permitting convenient portability. 

Table 2 compares salient design and performance features of both the earlier and 
new instruments with actual highway vehicle conditions. 

A setting is also provided approximating aircraft landing conditions for use in 
measurement of reflective runway markings. Modern jet aircraft landing approaches 
are commonly 2" to 3", corresponding to incidence angles of 87" to 88", with 2. 5" in
strument approaches for all aircraft generally required. Landing light location varies 
among aircraft, but a recent study revealed most military aircraft with 10- to 20-ft 
distance from pilot's eyes to landing lights. Resultmg divergence ranges from 0. 28° 
to 0. 57" for moderate visibility distance of 2,000 f t and 0.05*̂  to 0.12" for total approach 
distance of 10,000 f t . The airfield instrument setting of 0.33" divergence is repre
sentative of this range. 

TABLE 2 
COMPARISON OF PRINCIPAL HIGHWAY PHOTOMETERS 

AND NIGHT VIEWING CONDITIONS 

Actual Hi l l - Hunter New 
Item Highway Ecker Night Vis. Highway 

Condition Meter Meter Photometer 

Source-Color 
Temp. ("lO 2,770 - 3,080 2,280 2,600 - 2,840 2,210 

Geometry ("): 
bicidence 

angle 89.5 87.9 88.3 89.5 or 88 
Divergence 

angle 0.33 and 0.78 1. 5 1.2 0.33 and 0.78 
Construction: 

Weight (lb) 41 25 33 
Battery 
External 

Wet Dry Dry and rechargeable 

dimensions 20.75 X 6 X 12, 25 25. 5 X 4. 5 X 11 17. 5 X 6. 25 X 12.75 
Type Photo Visual Photo

reading electric comparison electric 
Accuracy: 

Resolution (") 0.05 0.98 0. 79 0.11 
Stray light 

elimination Fair Poor Excellent 
Reproduci

Excellent 

bility 1 in 25 1 in 5 1 in 5 to 1 in 10 
Detector-color 

response 
Photopic 
eye Scotopic Photopic 

eye Photopic 
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Extensive measurements of various retro-reflective materials on both concrete and 
bituminous pavements have been conducted, and yield reproducible results highly con
sistent with visual experience. Measurement of newer, more efficient reflective ma
terials (such as high refractive index granules and beads) is now possible along with 
increased sensitivity in measurement of traditional reflective marking paints. Sub
stantially improved accuracy results for both research purposes and pavement mark
ing performance testing. 




