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閃爍與變幻：兩種感知現象
Sparkle and Flop — Two Perceptions

Effect pigments are widely used in automotive coatings, 
typically in the form of aluminium or interference pigments. 
These pigments change their visual appearance depending 
on the angles of illumination and observation. While 
colourimetric measurements of reflection values and 
conversions to CIELAB values allow for precise analysis, such 
perception-based parameters have limitations in accurately 
capturing sparkle and flop. This article presents these 
perceptions in real-world applications and discusses the 
challenges in their quantification.

When evaluating both perception phenomena, it should 
be noted that when visually inspecting a sample sheet 
(postcard-sized), there is a 15° to 20° difference in viewing 
angles between the top and bottom edges. This range 
exceeds that of the first two near-gloss aspecular angles — 
15° and 25° — used in instrumental measurement.

Another difference between visual and instrumental 
assessment lies in the area observed: visual assessment 
involves evaluat ing the entire  sample sheet ,  whi le 
instrumental measurement is limited to a small spot. To 
resolve this discrepancy, we developed the GonioViewer, 
which enables visual observation over an area equivalent to 
that measured by instruments (see also CCJ November 2024). 
This difference is also evident when comparing the visual 
impressions of sparkle and flop with their corresponding 
instrumental measurements.

Sparkle
When a new white interference pigment was introduced by 
the German manufacturer Merck in 2000, car designers were 
enthusiastic about the so-called "white metallic" pigment. 
However, it was not a true metallic pigment, but rather a 
standard transparent interference pigment based on alumina 
(aluminium oxide). Like other transparent interference 

儘管通過反射值的比色測量和轉換為CIELAB值可以實
現精確分析，但基於感知的參數在準確捕捉光澤度方面存
在局限性。本文將探討這些感知在實際應用中的表現，並討
論量化這些感知所面臨的挑戰。
在評估這兩種感知現象時，需要注意的是，當目視檢查

一張明信片大小的樣本時，上下邊緣之間的視角差異為15°

至 20°。這一範圍超過了儀器測量中使用的前兩個近似光澤
反光角—15°和 25°。
視覺評估與儀器評估之間的另一個區別在於觀察區域：

視覺評估會全面檢查整個樣本，而儀器測量則僅限於一個
小區域。為了解決這一差異，我們開發了GonioViewer，它
能夠實現與儀器測量相同面積的視覺觀察（參見CCJ 2024

年 11月刊）。這種差異在比較視覺上的「閃光」和「暗點」
印象與相應的儀器測量結果時尤為明顯。

閃光
2000年，德國製造商默克公司推出了一種新的白色干

涉顏料，汽車設計師對這種所謂的「白色金屬」顏料表現出
極大的興趣。然而，這並不是真正的金屬顏料，而是一種基
於氧化鋁（即鋁的氧化物）的標準透明干涉顏料。與其它透
明干涉顏料一樣，它表面塗覆了二氧化鈦或氧化鐵。當時，便
攜式多角度儀器僅在五年前問世，人們對干涉顏料的比色評
估知識還很有限。因此，很難將這種新顏料與現有的干涉顏
料區分開來。
這種顏料展現了一種被稱為「閃光」的現象—一種視

覺效果，類似於在波光粼粼的水面上看到的舞動的光影，這
是由單個顏料顆粒引起的。與中國的坤彩公司生產的類似
干涉顏料 XillaMaya 水晶銀不同，默克公司的白色顏料同

效果顏料在汽車塗料通常以鋁或干涉顏料的形式
而廣泛應用。這些顏料的視覺效果會隨着觀察角度
和光照條件的變化而變化。
— Mr. Werner Rudolf Cramer先生① , Germany德國

info@wrcramer.de
 Mr. Wolf Moritz Cramer先生② , Germany德國

mail@wolfmoritzcramer.de
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pigments, it was coated with titanium dioxide or iron oxide. 
At that time, the first portable multi-angle instrument had 
only been introduced five years earlier, and knowledge of 
the colourimetric evaluation of interference pigments was 
still limited. As a result, it was difficult to distinguish this new 
pigment from existing interference pigments.

This pigment exhibited a phenomenon known as sparkle 
— a visual effect resembling dancing light reflections on a 
restless water surface, caused by individual pigment particles. 
Unlike similar interference pigments such as XillaMaya Crystal 
Silver from the Chinese manufacturer Kuncai, Merck's white 
pigment comprised both green and red pigments, making the 
interplay of red and green sparkle clearly visible.

In 2008, the ASTM (American Society for Testing and 
Materials) established standard method E2539 for measuring 
interference pigments. This standard specified the use of a 
second light source and additional measurement angles apart 
from the gloss angle. Around the same time, BYK Gardner 
released the new multi-angle instrument BYKmac, which 
featured illumination at 45° and six measurement angles from 
the gloss angle. Additionally, the test sample was illuminated 
at three angles (15°, -45°, and -75°) to capture black and white 
images with a camera in the normal. BYK then calculated 
sparkle parameters from these images.

The X-Rite MA-T12 calculates sparkle parameters in a 
manner similar to the 3nh MS3012, using measurement values 
taken at the 15° angle. Both instruments operate on the 
principle of light reversal, meaning illumination and detection 
are reversed.

Since sparkle is not a physical quantity and has no 
defined units, the initial enthusiasm has waned. The value 
obtained applies only to the specific sample tested and 
cannot be generalised.

Multiple factors influence the sparkle values measured 
for the same pigment. Modern automotive paints typically 
comprise a base coat containing the pigments and a clear coat 
that protects this layer. The clear coat is mixed with hardener 
and thinner to prepare it for spraying — a process used in 
both original production and refinishing applications.

Example 1: Same base coat with different 
matte clear coats
First, Xirallic Galaxy Blue was combined with two absorbent 
blue colour pigments and a black pigment. This base coat 
was then applied to six postcard-sized metal sheets. Matte 
and semi-matte clear coats from the PPG paint range were 
selected and blended according to product specifications 
to achieve a matte gradation. These gradations were 
subsequently applied to the sample sheets.

The sheets were sorted by degree of matting and 
catalogued in the tables and charts (x0601–x0606 … -x0602). 
Refer to the gloss values in Table 1. In Figure 2, differences 
are observed in S_G15 (sparkle grade), S_a15 (sparkle area at 
15°), and S_i15 (sparkle intensity at 15°), despite all sample 
sheets sharing the same base coat.

Example 2: Same base coat, clear coat with 
different hardeners and thinners
Seven sample panels were sprayed using the same base 
coat, formulated to match the BMW colour Frozen Blue. The 

時含有綠色和紅色顏料，使得紅綠相間的「閃光」效果尤為 

明顯。
2008年，美國材料與試驗協會（ASTM）制定了 E2539

標準方法，用於測量干擾色。該標準規定使用第二個光源，
並在光澤度角度之外增加額外的測量角度。大約同一時期，
畢克（BYK）公司推出了新的多角度儀器 BYKmac，該儀器在
45°和六個其它角度進行照明，以從光澤度角度獲取數據。
此外，測試樣品還在三個角度（15°、–45°和 –75°）下被照射，
以在正常位置捕捉黑白圖像。BYK隨後根據這些圖像計算出
閃光參數。
愛色麗（X-Rite）MA-T12以與三恩時（3nh）MS3012類

似的原理計算閃光參數，採用在 15°角度處採集的測量值。
這兩種儀器均基於光反轉原理工作，即照明和檢測過程是相
反的。
由於閃點不是物理量，沒有明確的單位，所以最初的 

熱情已經消退。所獲得的值僅適用於特定的測試樣品，不能
推廣。
多種因素會影響同一顏料的光澤度測量值。現代汽車漆

通常由含有顏料的底漆和保護這一層的清漆組成。清漆與硬
化劑和稀釋劑混合，以準備噴塗—這一過程既適用於最初
的生產，也適用于翻新應用。

圖1：GonioViewer 06在法線的兩側使用5個照明角度；沿法線進行觀察。
Figure 1: The GonioViewer 06 uses five illumination angles on both 
sides of the normal; observations are made along the normal.

圖2：底漆中使用相同的干擾顏料，而透明塗層不同—光澤度從亮光到啞
光不等。
Figure 2: The same interference pigment in the base coat with 
different clear coats—sparkle values vary from glossy to matte. 
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table (Figure 3) outlines the combinations of matte and 
clear coats along with the respective additions of hardener 
and thinner. The charts (Figures 4 and 5) illustrate how the 
sparkle parameters vary depending on the hardener and 
thinner used.

Although the base coat remained consistent across 
all samples, the sparkle parameters were affected by the 
variations in hardener and thinner, demonstrating their 
influence on the final appearance.

Example 3: Different measurement 
directions
A base coat containing Xirallic Galaxy Blue, aluminium, and 
coloured pigment was applied to a sample sheet and sealed 
with a clear coat. The measuring instrument was then rotated 
by 90° to evaluate the sparkle effect.

The chart i l lustrates the dependence of sparkle 
measurements on instrument positioning. Since the BYK 
device illuminates from both sides of the normal (15°, -45°, 
and -75°), precise alignment is essential. Currently, no known 
studies have assessed whether this angle configuration is 
adequate or optimal. A more sensible approach, in our view, 
would involve illuminations at 15°, 30°, and 60° (see also CCJ 
November 2024).

Example 4: Sparkle observed in solids 
without effect pigments
When solids containing only colour pigments are measured 
using the BYKmac or X-Rite MA-T12, sparkle parameters are 
still generated. Although the X-Rite MA-T12 reports different 

示例 1：相同的底漆，不同的啞光清漆
首先，將 Xirallic銀河藍與兩種吸水性藍色顏料及黑色

顏料混合。接着，將這種底漆塗覆在六張明信片大小的金屬
板上。根據產品規格，從 PPG塗料系列中選擇了啞光和半啞
光透明塗層，並進行了混合，以實現啞光漸變效果。隨後，這
些漸變效果被應用到了樣品板上。
這些紙張按照遮光程度進行了分類，並在表格和圖表

（x0601至 x0606...至 x0602）中進行了編目。請參見表 1
中的光澤值。圖 2顯示，儘管所有樣本紙張都使用了相同的
底塗層，但在S_G15（閃光等級）、S_a15（15°處的閃光面積）
和 S_i15（15°處的閃光強度）方面存在差異。

示例 2：相同的底漆，透明塗層使用不同
的硬化劑和稀釋劑
七個樣本面板使用了與寶馬冰藍色相匹配的底漆進行

噴塗。圖 3列出了啞光和透明塗層的組合，以及相應的硬化
劑和稀釋劑添加量。圖 4和圖 5展示了不同硬化劑和稀釋
劑對光澤參數的影響。
雖然所有樣品的底漆保持一致，但固化劑和稀釋劑的

變化影響了閃光參數，證明了它們對最終外觀的影響。

示例 3：不同的測量方向
將含有 Xirallic銀河藍、鋁和彩色顏料的底漆塗覆於樣

品片上，並用透明塗層密封。隨後，測量儀器旋轉 90°以評

圖3：相同的底漆，不同的清漆；清漆中的固化劑和稀釋劑會影響閃亮值。
Figure 3: The same base coat with different clear coats; hardeners 
and thinners in the clear coat influence the sparkle values.

圖4：15°時的閃點等級Sg受清漆成分的影響。
Figure 4: Sparkle grade Sg at 15° is influenced by the composition 
of the clear coat.

半光 Semi-gloss (D8115) 
(%)

啞光 Matte (D8117)
(%)

x0601   銀河藍Galaxy Blue + CC（亮光 Gloss） 0 0°

x0606   銀河藍Galaxy Blue + FC05 0 100

x0605   銀河藍Galaxy Blue + FC05 30 70

x0604   銀河藍Galaxy Blue + FC05 50 50

x0603   銀河藍Galaxy Blue + FC05 70 30

x0602   銀河藍Galaxy Blue + FC05 100 0

表1：在含有銀河藍色干擾顏料的相同底漆上施加清漆。
Table 1: Clear coats applied to the same base coat containing the Galaxy Blue interference pigment. 
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values for sparkle grades, measurable values are nonetheless 
present. In principle, no values should be reported for either 
sparkle or coarseness in such cases.

Results from the BYKmac show a significant drop 
in sparkle-related parameters when a white pigment  
is introduced.

Example 5: Same sparkle, different colour
The sparkle values determined apply only to the specific 
sample panel and its pigmentation. These values do not 
correspond to a particular pigment and therefore cannot 
be transferred to other pigment formulations, even if they 
contain the same effect pigment.

Upon querying our database, we identified mixtures 
with identical sparkle parameters but differing pigment 
compositions. One example includes Xirallic Galaxy Blue 
combined with aluminium — one sample contained the 
solid_2 colour pigment, while the other did not.

In a second example, Pearlblue with aluminium and 
solid_2 was compared to Galaxy Blue with solid_2. Both 
exhibited the same sparkle grade (Sg) and similar values for 
sparkle area (Sa) and sparkle intensity (Si). These findings 
highlight the limited informative value of sparkle parameters 
when used in isolation.

Sparkle is a phenomenon of perception, not a physical 
quantity. It depends on numerous factors, as illustrated in the 
preceding examples. For nuanceurs at paint manufacturers — 
those responsible for reproducing car colours — the challenge 
lies in the fact that sparkle parameters increase when the 
concentration of Crystal Silver is reduced. In contrast, the 
sparkle of aluminium pigments increases as their concentration 
increases. In other words, they behave in opposite ways.

Automotive colours typically contain four to eight 
pigments, and understanding their interactions is critical. 
This complexity becomes especially challenging when 
attempting to reproduce a colour that includes Crystal Silver.

Originally, sparkle measurement was introduced solely 
for Xirallic Crystal Silver. However, users have since extended 
this measurement approach to all effect pigment paints, 

估其閃耀效果。
圖表展示了儀器位置對閃光測量值的影響。由於 BYK設

備從正前方（15°、–45°和 –75°）兩側進行照明，因此精確對
齊十分重要。目前，尚無研究評估這種角度配置是否足夠或
最優。我們認為，更合理的做法是在 15°、30°和 60°處進行
照明（參見CCJ 2024年 11月刊）。

示例 4：在無效應顏料的固體中觀察到的
閃亮
當使用 BYKmac或 X-Rite MA-T12測量僅含顏料的固

體時，仍會生成閃光參數。儘管 X-Rite MA-T12報告了不同
的閃光等級值，但仍有可測量的數值存在。原則上，在這種
情況下不應報告任何閃光或粗糙度的值。

BYKmac的結果表明，當引入白色顏料時，與閃光相關
的參數顯著下降。

示例 5：同樣的閃光，不同的顏色
所確定的閃亮值僅適用於特定樣品面板及其着色。這

圖5：旋轉測量裝置90°，改變同一樣板上的閃光值。
Figure 5: Rotating the measuring device by 90° changes the 
sparkle values on the same panel.

表2：無效果顏料的固體也可顯示閃光值（閃光等級）。
Table 2: Solids without effect pigments can also display sparkle values (sparkle grade).

控制板 
Panel

日期 
Date

途徑 
Channel

版本 
Version 

粗糙度
Coarseness

閃光等級 
（亮度/對比度）

Sparkle 
grade

(brightness 
all contrast)

閃光等級 
（傾斜度）

Sparkle 
grade

(skewness)

閃光等級
（點）

Sparkle 
grade
(spot)

顏色參數
Colour 

parame

基於顏色的 
閃光等級 

（亮度/對比度）
Colour based 

sparkle 
grade

(brightness 
all contrast)

基於顏色的 
閃光等級 
（傾斜度）

Colour based 
sparkle 
grade

(skewness)

基於顏色的 
閃光等級
（點） 

Colour based 
sparkle 
grade
(spot)

閃光等級 
（所有通道點）

Sparkle 
grade

(spot all 
channels)

green 3.1 2024-12-11 r15as15 Version 5.1 0.91 1.67 2.10 3.32 17.62 2.05 2.44 3.44 3.51

yellow 2024-12-11 r15as15 Version 5.1 0.42 0.04 1.22 1.04 4.33 0.06 0.81 0.72 1.22

red 2024-12-11 r15as15 Version 5.1 1.00 1.62 1.54 2.85 2.73 0.79 0.76 1.21 2.46

green 10:1 2024-12-11 r15as15 Version 5.1 0.94 1.29 2.03 2.69 15.31 1.58 2.22 2.74 2.76

white 2024-12-11 r15as15 Version 5.1 0.34 0.06 2.14 1.14 8.24 0.11 1.69 1.05 1.20

light grey 2024-12-11 r15as15 Version 5.1 0.19 0.14 1.94 1.00 7.67 0.21 1.52 0.92 1.17

dark grey 2024-12-11 r15as15 Version 5.1 0.42 0.86 2.09 2.56 15.48 1.17 2.28 2.65 2.51

black 2024-12-11 r15as15 Version 5.1 2.15 7.06 1.60 7.72 15.89 5.75 1.89 6.15 7.74

x1185 2024-12-11 r15as15 Version 5.1 0.25 0.00 0.05 0.00 1.97 0.00 0.05 0.00 0.39
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often without fully considering whether the methodology 
provides accurate or meaningful results. The concerns raised 
here apply broadly — to all instruments and the BRDF 
(Bidirectional Reflectance Distribution Function) model itself.

At the ASTM meeting in Atlanta in 2012, Wolf Moritz 
Cramer introduced an intriguing pixel-based calculation 
method. In this approach, photo pixels are transferred onto 
a mesh with defined distances, offering an alternative way to 
analyse sparkle characteristics.

Flop
Another perceptual phenomenon is flop, which refers to the 
difference in visual impressions observed at shallow versus 
steep angles relative to the gloss.

In the 1980s, interest in metallic colours surged — 
accompanied by increasing acceptance of cars painted in 
these finishes. At the time, paint manufacturers sought 
methods to capture and describe the effects produced 
by such colours. Until then, colours had typically been 
measured using directional lighting and observation or a 
spherical geometry — both of which proved inadequate  
for effect pigments.

To address this, DuPont developed a multi-angle device 
called DuPontmac for internal use in the late 1980s. The 
device used illumination at 45° and measured reflectance at 
15°, 45°, and 110° from the gloss angle. This configuration 

些值並不對應特定的顏料，因此即使它們包含相同的效果顏
料，也不能轉移到其它顏料配方中。
在查詢我們的數據庫後，我們發現了一些具有相同閃光

參數但顏料成分不同的混合物。例如，Xirallic銀河藍與鋁
的組合—其中一個樣品含有 solid_2色顏料，而另一個則
沒有。
在第二個例子中，珍珠藍與鋁和 solid_2進行了對比，

銀河藍與 solid_2也進行了對比。兩者都表現出相同的閃光
等級（Sg）以及相似的閃光面積（Sa）和閃光強度（Si）。這
些發現強調了單獨使用閃光參數時其信息價值有限。
閃光是一種感知現象，而非物理量。它受多種因素影響，

如前文所述。對於負責汽車顏色複製的油漆製造商中的調
色師而言，挑戰在於當水晶銀濃度降低時，閃光參數會增加；
而鋁顏料的閃光則隨着其濃度的增加而增強。換句話說，這
兩種材料的行為是相反的。
汽車顏色通常包含四到八種顏料，理解它們之間的相互

作用十分重要。當嘗試複製包含水晶銀的色彩時，這種複雜
性尤為具有挑戰性。
最初，亮度測量僅用於Xirallic 水晶銀。然而，用戶後來

將這種方法擴展到了所有效果顏料塗料上，通常沒有充分考
慮這種方法是否能提供準確或有意義的結果。這裡提出的
問題廣泛適用於所有儀器和 BRDF（雙向反射分佈函數）模

控制板 Panel 啞光：亮光 Matt: gloss 固化劑 Hardener 稀釋劑 Thinner

x0516 70:30 30 – 40 長效 Long

x0517 75:25 30 – 40 長效 Long

x0518 80:20 30 – 40 長效 Long

x0519 75:25 30 – 40 特快 Express

x0520 70:30 10 – 20 長效 Long

x0521 75:25 10 – 20 特快 Express

x0522 亮光 Gloss 30 – 40 長效 Long

表3：在冷藍色底漆上使用不同固化劑和稀釋劑時的清漆變化。
Table 3: Variations of clear coats with different hardeners and thinners applied to Frozen Blue base coats.

圖6：不同的色素可產生相同的閃光值。
Figure 6: Different pigmentations can produce the same sparkle values.

91226 15.04.03 55-Xirallic 
銀河藍 galaxy blue 10 0.27 Solid_2 90 2.38

91226 15.04.03 55-Xirallic 
銀河藍 galaxy blue 20 0.51 55-silver 20 0.56 Solid_2 60

控制板 Panel 變幻 Flop S_G 15 S_i 15 S_a 15

91226 9.74 6.58 20.10 22.14

91253 23.09 6.58 13.56 32.76

91040 26.02.03 55-珍珠藍  
Pearl blue 30 0.81 55-silver 10 0.28 Solid_2 60 1.59

91236 15.04.03 55-Xirallic  
銀河藍 galaxy blue 98 2.65 Solid_2 2 0.05

控制板 Panel 變幻 Flop S_G 15 S_i 15 S_a 15

91040 22.74 6.97 14.99 32.84

91236 19.00 6.97 15.81 31.21
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was chosen based on visual evaluations of metallic-coated 
cans and barrels.

David H. Altman of DuPont formulated a method for 
calculating flop using the lightness values measured at 
those angles. He subtracted the lightness at the low-gloss 
geometry (110°) from that at the high-gloss geometry (15°), 
and divided the result by the lightness at the intermediate 
angle (45°). Additional parameters were introduced to 
further refine the calculated flop value. At the same time, 
the German optics manufacturer Zeiss developed a multi-
angle device that used illumination at 45° and measured 
reflectance at 25°, 45°, and 75° from the gloss angle. Based 
on the lightness values recorded at these geometries, Zeiss 
also introduced its own definition of a flop value.

In the late 1980s, understanding of flop indices — their 
underlying principles and contributing factors — was still 
quite limited. Today, however, flop correctors and other tools 
are routinely employed in laboratories to manipulate and 
fine-tune flop characteristics.

Example 6: Flop corrector
In the automotive paint sector, colours and effects often 
need to be reproduced based on a reference template. If the 
reproduced colour appears too light near the gloss angle, 
its lightness can be reduced using appropriate binders. 
However, it should be noted that this also increases the 
lightness at low-gloss geometries. As a result, the calculated 
flop value decreases, since the difference between the high-
gloss and low-gloss lightness levels becomes smaller.

A flop corrector typically influences lightness across 
a wide range of viewing angles. In most cases, it reduces 
lightness near the gloss angle while increasing it at angles 
farther from the gloss.

Example 7: Carbon black
Various types of carbon black are available for automotive 
and industr ial  applications.  They can general ly  be 
categorised as either bluish or brownish carbon blacks. Both 
types can be used as flop correctors — potentially even 
interchangeably — as they significantly affect lightness in 
glossy areas, while having a much smaller influence in non-
glossy regions.

型本身。
在 2012年亞特蘭大舉行的 ASTM會議上，Wolf Moritz 

Cramer介紹了一種引人注目的基於像素的計算方法。這種
方法將照片像素轉移到具有定義距離的網格上，為分析閃光
特性提供了另一種途徑。

變幻
另一種知覺現象是隨角異色效應，它指的是相對于光澤

度的淺角度和陡峭角度所觀察到的視覺印象的差異。
20世紀 80年代，人們對金屬色的興趣激增，同時對這

些顏色的汽車也越來越接受。當時，油漆製造商努力尋找方
法來捕捉和描述這些顏色的效果。在此之前，顏色的測量通
常依賴於定向照明和觀察或球形幾何學，但這些方法對於效
果顏料來說並不充分。
為了解決這一問題，杜邦公司在 20世紀 80年代末開發

了一種名為 DuPontmac的多角度設備，用於內部使用。該
設備採用 45°的照明，並在 15°、45°和 110°的光澤角度下
測量反射率。這一配置是基於對金屬塗層罐和桶的視覺評
估而選定的。
杜邦公司的 David H. Altman提出了一種方法，通過測

量特定角度的光澤度來計算光度。他從高光澤度（15°）的角

圖8：一個光校正器可減少光澤附近的亮度，並增加遠離光澤的角度的亮度。
Figure 8: A flop corrector reduces lightness near the gloss and 
increases it at angles farther from the gloss.

0

20

40

60

80

100

120

140

-100 -90 -80 -70 -60 -50 -40 -30 -20 20 30 40 50 60 70 80 90 100

L*

鏡面反射 Aspecular [°] (照明illumination: 觀察observation 30°)

中等細鋁 
Medium fine aluminium

鋁+ 隨角異色校正器 92:8
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圖9：替換炭黑可降低光澤度附近的亮度，而其它角度的亮度幾乎不變。
Figure 9: Replacing the carbon black lowers the lightness near 
the gloss while leaving it nearly unchanged at other angles.
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銀晶炭黑 Carbon blacks with crystal silver

藍黑色 Blue black

棕黑色 Brown black

圖7：白色表面的塗漆面板
Figure 7: Painted panels for a white surface
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Example 8: Influence of the substrate
With transparent interference pigments, the colour of the 
substrate significantly affects the overall colour impression. 
In the tests presented here, sample panels were pre-sprayed 
with pastel colours. The same base coat — containing the 
white interference pigment Crystal Silver — was then applied 
to all panels and sealed with a clear coat. When Crystal Silver 
is applied over a yellow substrate, the difference between the 
lightness near the gloss and the lightness at low-gloss angles 
is smaller than with other colours, resulting in reduced flop.

The choice between a black or white substrate also 
influences the flop. Here again, the lightness of the substrate 
plays a role in modifying the flop of Crystal Silver. The effect 
is notably greater when using a black substrate.

Summary
Both perceptual effects — sparkle and flop — can be 
influenced by various factors. In each case, the measured 
parameters apply only to the specific panel tested and 
cannot be transferred to panels with different pigmentations.

For example, when reproducing an effect colour in the 
automotive sector, accurately identifying the effect pigments 
in the original panel is the most critical factor for successful 
replication. Sparkle and flop values offer only limited 
guidance, as the perceived effect in the reproduced panel 
also depends on correctly identifying the effect pigment. 

度中減去低光澤度（110°）的角度的光澤度，然後將這個結果
除以中間角度（45°）的光澤度。為了進一步優化計算出的光
度值，還引入了其它參數。與此同時，德國光學製造商蔡司
研發了一款多角度設備，該設備採用 45°照明，並在光澤度
角度的 25°、45°和 75°處測量反射率。基於這些角度記錄
的亮度值，蔡司還提出了自己的「flop值」定義。
在 20世紀 80年代末，對 flop指數—其基本原理和

影響因素—的理解仍然相當有限。然而，如今，實驗室中
常規使用隨角異色校正器和其它工具來操縱和微調隨角異
射特性。

示例 6：隨角異色校正器
在汽車塗料行業，顏色和效果通常需要根據參考範本

來複製。如果在高光澤度角度附近顏色顯得過亮，可以通過
使用適當的粘合劑來降低其亮度。然而，需要注意的是，這
種方法也會增加低光澤度幾何形狀的亮度。因此，計算出的
隨角異色值會減少，因為高光澤度和低光澤度之間的亮度差
異變小了。
色差校正器通常會影響寬廣視角範圍內的亮度。在大多

數情況下，它會減少光澤角度附近的亮度，同時增加遠離光
澤角度的亮度。

示例 7：炭黑
各種類型的炭黑可用於汽車和工業應用。它們通常可分

為藍色或棕色的炭黑。這兩種類型都可以用作隨角異色校
正器，甚至可以互換使用，因為它們對光亮區域的亮度有顯
著影響，而在非光亮區域的影響要小得多。

示例 8：基材的影響
使用透明干擾顏料時，基材的顏色顯著影響整體色彩

效果。在本次測試中，樣品面板預先噴塗了柔和的色調。隨
後，所有面板均塗覆了含有白色干擾顏料「水晶銀」的底漆，
並用透明清漆密封。當水晶銀色塗覆在黃色基材上時，光澤
度附近與低光澤度角度的亮度差異比其它顏色更小，從而減
少掉色。
基板顏色的選擇（黑色或白色）同樣會影響隨角異色效

果。同樣，基材的亮度會改變水晶銀的隨角異色。使用黑色
基板時，這種影響尤為顯著。

結語
閃亮和變幻這兩種感知效果都可能受到多種因素的影

響。在每種情況下，所測量的參數僅適用於特定測試樣板，
無法應用於具有不同顏料成分的其它樣板。
例如，在汽車行業中再現效果色時，準確識別原面板中

的效果顏料是成功複製的關鍵。閃亮值和隨角異色值只能
提供有限的指導，因為複製面板中感知到的效果還取決於正
確識別效果顏料。

圖10：在不同的背景色上施加相同的干擾顏料，表現出不同的隨角異色行為。
Figure 10: The same interference pigment applied over different 
background colours exhibits different flop behaviours.
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L* 不同基材上的水晶銀 Crystal silver on different substrates

圖11：湍急水面上的光反射（閃光）
Figure 11: Light reflections on turbulent water surface (sparkle)


