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Introduction

u In practice,
the in-control process mean may not be the process target
⇨ monitor the deviation from the process target

u if we had no knowledge of the underlying population distribution?    
⇨ Shewhart variables control charts are not suitable
⇨ need nonparametric approaches

u Shewhart chart is its inability to detect small shifts
⇨ EWMA chart
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u In this paper,
propose a new EWMA Sign Chart for variables data to monitor the 
deviation from the process target

Introduction
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The EWMA Sign Chart

u 𝑌 = 𝑋 − 𝑇
process	proportion	:	𝑝 = 𝑃(𝑌 > 0)
if		process		in control ⇨ 𝑝 = 0.5

out	of	control			⇨ 𝑝 = 𝑝! ≠ 0.5

u 𝑋!, 𝑋", ⋯ , 𝑋#

𝑌$ = 𝑋$ − 𝑇 𝑎𝑛𝑑 𝐼$ = D
1, 𝑖𝑓 𝑌$ > 0,
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,

𝑓𝑜𝑟 𝑗 = 1, 2,⋯ , 𝑛.

𝑀 = ∑$%!# 𝐼$ ~ 𝐵𝑖𝑛(𝑛, 0.5)

u assume quality characteristic X has a target value T
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The EWMA Sign Chart

u 𝐸𝑊𝑀𝐴&! = 𝜆𝑀' + 1 − 𝜆 𝐸𝑊𝑀𝐴&!"# , 0 < 𝜆 ≤ 1

u 𝐸𝑊𝑀𝐴&$ = 𝑛/2

𝐸(𝐸𝑊𝑀𝐴&!) = 𝑛/2

𝑉𝑎𝑟(𝐸𝑊𝑀𝐴&!) =
( !) !)( %!

")( (1/4𝑛)

if	time is	infinite		⇨		𝑉𝑎𝑟(𝐸𝑊𝑀𝐴&!) =
(
")( (1/4𝑛)
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The EWMA Sign Chart

u construct	the	EWMA	Sign	Chart	:

𝑈𝐶𝐿*+&,& = 𝑛/2 + 𝑘 (
")( (1/4𝑛)

𝐶𝐿*+&,& = 𝑛/2

𝐿𝐶𝐿*+&,& = 𝑛/2 − 𝑘 (
")( (1/4𝑛)
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Design a chart n, k, λ with ARL! ≈ 370

u k	values	are	very	close	for	n	=	9(1)25	under	the	specified	λ
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EWMA Sign Control Chart limits
for k = 2.49, λ = 0.05, ARL! ≈ 370
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The ARL" of the EWMA Sign Chart

u ARL! inversely related to n and p! − 0.5
Close to 370
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Example
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Example
u xill volume of soft − drink beverage bottles
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Example

u requires normality
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Arcsine EWMA Sign Chart
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Arcsine EWMA Sign Chart
u Apply	the	arcsine	transformation	:

𝑌 = sin)!( &
#) ~ 𝑁(sin

)! 𝑝 , !
-#)

u 𝐸𝑊𝑀𝐴.! = 𝜆𝑌' + 1 − 𝜆 𝐸𝑊𝑀𝐴.!"# , 0 < 𝜆 ≤ 1

𝐸𝑊𝑀𝐴.$ = sin)! 0.5

𝐸(𝐸𝑊𝑀𝐴.!) = sin)! 0.5

𝑉𝑎𝑟(𝐸𝑊𝑀𝐴&!) =
( !) !)( %!

")( (1/4𝑛)
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Arcsine EWMA Sign Chart

u construct	the	Arcsine	EWMA	Sign	Chart	:

𝑈𝐶𝐿*+&,' = sin)! 0.5 + 𝑘 (
")( (1/4𝑛)

𝐶𝐿*+&,' = sin)! 0.5

𝐿𝐶𝐿*+&,' = sin)! 0.5 − 𝑘 (
")( (1/4𝑛)
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The Arcsine EWMA# Sign Chart (Example)
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The Arcsine EWMA# Sign Chart
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Conclusion

u monitor the deviation from process target
u when the underlying distribution is unknown or nonnormal

u recommend the Arcsine EWMA Sign Chart, 
if we are concerned with attaining the proper ARL values

Proposed a 𝐧𝐞𝐰 𝐧𝐨𝐧𝐩𝐚𝐫𝐚𝐦𝐞𝐭𝐫𝐢𝐜 𝐄𝐖𝐌𝐀 𝐒𝐢𝐠𝐧 𝐂𝐡𝐚𝐫𝐭
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Thank You


