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ª√—∫ª√ÿß (IRMD) √âÕ¬≈–¢Õß§à“º‘¥ª°µ‘ ‡∑à“°—∫ 10 ¢π“¥¢Õß§à“º‘¥ª°µ‘ ‡∑à“°—∫ 3σa ·≈– 5σa √âÕ¬≈–
¢Õß§à“ Ÿ≠À“¬ ‡∑à“°—∫ 10 °”Àπ¥¢π“¥µ—«Õ¬à“ß 4 √–¥—∫§◊Õ 25, 50, 100 ·≈– 250 ·≈–§”π«≥
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®–‡ªìπ§√Õ∫§≈ÿ¡¡“°°«à“™à«ß§«“¡‡™◊ËÕ¡—Ëπ‚¥¬„™â«‘∏’ RM ·≈–«‘∏’ RMD „π‡°◊Õ∫∑ÿ°°√≥’∑’Ë»÷°…“ ¬°‡«âπ
°√≥’∑’Ë§à“æ“√“¡‘‡µÕ√å ρ ‡∑à“°—∫ 0.1 πÕ°®“°π’È §à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡¢Õß™à«ß§«“¡‡™◊ËÕ¡—Ëπ∑—Èß 3 «‘∏’
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A Comparison of Confidence Intervals for
Parameter in First-Order Autoregressive Model with

Outliers and Missing Values

Wararit Panichkitkosolkul*

ABSTRACT

The objective of this research is to compare the efficiency of confidence intervals
for parameter in first-order autoregressive model (AR(1)) with outliers and missing values.
Three confidence intervals are estimated by using the recursive mean OLS method (RM),
the recursive median OLS method (RMD) and the improved recursive median OLS method
(IRMD). The percentage of outliers is 10% and the magnitude of outliers is equal to 3σa and
5σa. The percentage of missing values is 10%. The sample sizes are 25, 50, 100, 250 and
the 95% confidence intervals are constructed in this paper. This research uses the Monte Carlo
simulation method. The experiment is repeated 10,000 times for each condition. The criteria
for evaluating the efficiencies of confidence intervals are the coverage probability and expected
length of the prediction intervals. The results of the research are as follows: The confidence
interval for parameter ρ by IRMD method provides more coverage probability than that by RM
method and RMD method in almost all cases except the parameter ρ is equal to 0.1. Moreover,
the coverage probabilities of all confidence intervals are less than 0.95 in almost all cases.

Keywords: confidence interval, AR(1) model, outliers, missing values
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∫∑π”
°“√æ¬“°√≥åÕπÿ°√¡‡«≈“ (time series forecasting) ‡ªìπ«‘∏’°“√æ¬“°√≥å«‘∏’Àπ÷Ëß∑’Ëπ‘¬¡„™â°—π

¡“° «‘∏’π’È®–„™â¢âÕ¡Ÿ≈„πÕ¥’µ ‚¥¬®–»÷°…“∂÷ß≈—°…≥–°“√‡ª≈’Ë¬π·ª≈ß¢Õß¢âÕ¡Ÿ≈‡¡◊ËÕ‡«≈“‡ª≈’Ë¬π‰ª«à“¡’
≈—°…≥–‡™àπ‰√ ·≈–∑”°“√°”Àπ¥√Ÿª·∫∫¢Õß°“√·ª√‡ª≈’Ë¬π∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ”À√—∫¢âÕ¡Ÿ≈π—Èπ ‚¥¬®–Õ¬Ÿà„π
√Ÿª¢Õß§«“¡ —¡æ—π∏å°—∫‡«≈“ °“√æ¬“°√≥åÕπÿ°√¡‡«≈“¡’Õ¬Ÿà¥â«¬°—πÀ≈“¬«‘∏’ ‡™àπ ‡∑§π‘§°“√∑”„Àâ
‡√’¬∫ (smoothing techniques) °“√°√Õß·∫∫ª√—∫‰¥â (adaptive filtering) «‘∏’Õπÿ°√¡‡«≈“·∫∫§≈“  ‘§
(classical time series method) ·≈–«‘∏’Õπÿ°√¡‡«≈“·∫∫∫ÁÕ°´å-‡®π°‘π å (Box-Jenkins method) ‡ªìπµâπ

πÕ°‡Àπ◊Õ®“°°“√‡≈◊Õ°„™â«‘∏’°“√æ¬“°√≥å∑’Ë‡À¡“– ¡ ·≈–°“√°”Àπ¥µ—«·∫∫Õπÿ°√¡‡«≈“·≈â«
«‘∏’°“√ª√–¡“≥§à“æ“√“¡‘‡µÕ√å¢Õßµ—«·∫∫Õπÿ°√¡‡«≈“°Á‡ªìπÕ’°ªí®®—¬Àπ÷Ëß∑’Ë àßº≈∂÷ß§«“¡·¡àπ¬”·≈–‡™◊ËÕ
∂◊Õ‰¥â¢Õß§à“æ¬“°√≥å [1] °“√ª√–¡“≥§à“æ“√“¡‘‡µÕ√å·∫∫®ÿ¥ (point estimation) ¢Õßµ—«·∫∫Õπÿ°√¡
‡«≈“¡’Õ¬ŸàÀ≈“¬«‘∏’ ‡™àπ «‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥ (Ordinary Least Squares Method: OLS) «‘∏’°“√
ª√–¡“≥§«“¡§«√®–‡ªìπ Ÿß ÿ¥ (Maximum Likelihood Estimation Method: MLE) ‡ªìπµâπ ‚¥¬·µà≈–
«‘∏’°“√®–¡’À≈—°°“√„π°“√À“µ—«ª√–¡“≥§à“·µ°µà“ß°—π‰ª Õ’°∑—Èß¬—ß„Àâº≈≈—æ∏å∑’Ë·µ°µà“ß°—πÕÕ°‰ª¥â«¬ ÷́Ëß
«‘∏’°“√ª√–¡“≥§à“æ“√“¡‘‡µÕ√å·∫∫®ÿ¥π—Èπ‰¥â¡’ºŸâ»÷°…“®“°Õ¥’µ∂÷ßªí®®ÿ∫—π ¿“¬„µâ¢âÕ ¡¡µ‘‡∫◊ÈÕßµâπ∑’Ë·µ°µà“ß
°—πÕÕ°‰ª Õ“∑‘ ‚´ ·≈–™‘π [2] ‰¥âæ—≤π“«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫§à“‡©≈’Ë¬‡«’¬π‡°‘¥ (Recursive Mean
OLS Method)  ”À√—∫µ—«·∫∫Õ—µµ À —¡æ—π∏åÕ—π¥—∫∑’ËÀπ÷Ëß (First-Order Autoregressive Model: AR(1))
«“«°—  [3] ‰¥âæ—≤π“«‘∏’°“√ª√–¡“≥®’‡ÕÁ¡‡ÕÁ¡ (Generalized Method of Moment Method: GMM)
 ”À√—∫µ—«·∫∫ AR(1)  Õ“¥ [4] ‰¥âª√—∫ª√ÿß«‘∏’°“√ª√–¡“≥®’‡ÕÁ¡‡ÕÁ¡¢Õß«“«°—  ‚¥¬„™â·π«§‘¥¢Õß‚´ ·≈–
™‘π [2] «√“ƒ∑∏‘Ï ·≈–§≥– [5] ‰¥âæ—≤π“™à«ß§«“¡‡™◊ËÕ¡—Ëπ¢Õßæ“√“¡‘‡µÕ√å¢Õßµ—«·∫∫ AR(1) ‡¡◊ËÕ¢âÕ¡Ÿ≈
¡’§à“º‘¥ª°µ‘ πÕ°®“°π’È «√“ƒ∑∏‘Ï [6] ‡ πÕ«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥ª√—∫ª√ÿß ”À√—∫
ª√–¡“≥§à“æ“√“¡‘‡µÕ√å¢Õßµ—«·∫∫ AR(1) ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“ Ÿ≠À“¬ πÕ°®“°°“√ª√–¡“≥§à“·∫∫®ÿ¥·≈â«¬—ß
¡’°“√ª√–¡“≥™à«ß§«“¡‡™◊ËÕ¡—Ëπ (confidence interval) Õ’°¥â«¬ ´÷Ëß„π°“√ª√–¡“≥™à«ß§«“¡‡™◊ËÕ¡—Ëπ®–
Õ“»—¬¢âÕ¡Ÿ≈„πÕ¥’µ·µàºŸâ«‘‡§√“–ÀåÕ“®®–ª√– ∫ªí≠À“‡°’Ë¬«°—∫¢âÕ¡Ÿ≈ ‡™àπ ¢âÕ¡Ÿ≈∫“ß™à«ß¡’§à“ Ÿß°«à“À√◊ÕµË”
°«à“ª°µ‘ ‡ªìπµâπ ´÷Ëß≈—°…≥–¢âÕ¡Ÿ≈∑’Ë¡’§à“º‘¥ª°µ‘π’ÈÕ“®‰¥â√—∫º≈°√–∑∫®“°‡Àµÿ°“√≥å¿“¬πÕ° ‡™àπ °“√
‡ª≈’Ë¬π·ª≈ßπ‚¬∫“¬∑“ß‡»√…∞°‘® °“√≈¥§à“¢Õß‡ß‘π °“√‡°‘¥¿“«– ß§√“¡ °“√π—¥À¬ÿ¥ß“π À√◊Õ°“√‡°‘¥
¿—¬∏√√¡™“µ‘Õ¬à“ß√ÿπ·√ß ‡ªìπµâπ ‡√’¬°¢âÕ¡Ÿ≈∑’Ë‰¥â√—∫º≈°√–∑∫µà“ßÊ π’È«à“ §à“º‘¥ª°µ‘ (outliers) À√◊Õ¢âÕ¡Ÿ≈
∫“ß§à“ Ÿ≠À“¬ (missing values) ∑”„Àâº≈°“√«‘‡§√“–Àå·≈–°“√æ¬“°√≥å§≈“¥‡§≈◊ËÕπ À√◊ÕÕ“®π”‰ª Ÿà°“√
µ—¥ ‘π„®À√◊Õ«“ß·ºπ∑’Ëº‘¥æ≈“¥‰¥â ¥—ßπ—Èπ «—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬§√—Èßπ’È §◊Õ °“√‡ª√’¬∫‡∑’¬∫™à«ß§«“¡
‡™◊ËÕ¡—Ëπ¢Õßæ“√“¡‘‡µÕ√å ”À√—∫µ—«·∫∫ AR(1) ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“º‘¥ª°µ‘·≈–§à“ Ÿ≠À“¬ ‚¥¬ª√–¬ÿ°µå«‘∏’°“√
ª√–¡“≥§à“™à«ß§«“¡‡™◊ËÕ¡—Ëπ´÷Ëß‡ πÕ‚¥¬«√“ƒ∑∏‘Ï ·≈–§≥– [5] ·≈–«√“ƒ∑∏‘Ï [6] ·≈–‡ª√’¬∫‡∑’¬∫°—∫«‘∏’
°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫§à“‡©≈’Ë¬‡«’¬π‡°‘¥´÷Ëß‡ πÕ‚¥¬ ‚´ ·≈–™‘π [2]
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¢Õ∫‡¢µ¢Õß°“√«‘®—¬
¢Õ∫‡¢µ¢Õß°“√«‘®—¬ ¡’¥—ßπ’È
1. Õπÿ°√¡‡«≈“ {Yt} ‡ªìπÕπÿ°√¡‡«≈“µ—«·∫∫ AR(1) ‡¢’¬πµ—«·∫∫‰¥â¥—ßπ’È [7]

„π∑’Ëπ’È°”Àπ¥§à“‡©≈’Ë¬¢ÕßÕπÿ°√¡‡«≈“ (µ) ‡∑à“°—∫ 0
2. °”Àπ¥§à“æ“√“¡‘‡µÕ√å (ρ) ¢Õßµ—«·∫∫ 9 √–¥—∫ §◊Õ 0.1, 0.3, 0.5, 0.6, 0.7, 0.8, 0.9,

0.95 ·≈– 0.99
3. °“√·®°·®ß¢Õß§«“¡§≈“¥‡§≈◊ËÕπ ÿà¡ at ¡’°“√·®°·®ß·∫∫ª°µ‘ (normal distribution)

‚¥¬¡’øíß°å™—π§«“¡Àπ“·πàπ¢Õß§«“¡πà“®–‡ªìπ

„π∑’Ëπ’È°”Àπ¥„Àâ µa = 0 ·≈– σa = 1
4. ≈—°…≥–¢Õß§à“º‘¥ª°µ‘∑’Ë»÷°…“ §◊Õ Additive Outliers (AO) ´÷Ëß‡ªìπ§à“º‘¥ª°µ‘∑’Ë àßº≈

°√–∑∫µàÕ§à“ —ß‡°µ ≥ ‡«≈“ t = T ‡∑à“π—Èπ µ—«·∫∫¢Õß§à“º‘¥ª°µ‘·∫∫ AO ‡¢’¬πµ—«·∫∫‰¥â¥—ßπ’È

‡¡◊ËÕ Yt §◊Õ Õπÿ°√¡‡«≈“µ—«·∫∫ AR(1) ‡¡◊ËÕ‡°‘¥§à“º‘¥ª°µ‘·∫∫ AO
Zt §◊Õ Õπÿ°√¡‡«≈“µ—«·∫∫ AR(1)
δ §◊Õ ¢π“¥¢Õß§à“º‘¥ª°µ‘
T §◊Õ ‡«≈“∑’Ë‡°‘¥§à“º‘¥ª°µ‘

5. ¢π“¥µ—«Õ¬à“ß (n) ∑’Ë„™â„π°“√»÷°…“ ¡’ 4 √–¥—∫ §◊Õ 25, 50, 100 ·≈– 250
6. √âÕ¬≈–¢Õß§à“º‘¥ª°µ‘ (po) ‡∑à“°—∫ 10 √âÕ¬≈–¢Õß§à“ Ÿ≠À“¬ (pm) ‡∑à“°—∫ 10 ·≈–

µ”·Àπàß¢Õß§à“º‘¥ª°µ‘·≈–§à“ Ÿ≠À“¬‡ªìπ‰ªÕ¬à“ß ÿà¡ ´÷ËßÕ¬Ÿà√–À«à“ß‡«≈“∑’Ë t = 2 ∂÷ß t = n›1
7. ¢π“¥¢Õß§à“º‘¥ª°µ‘ (δ) ‡∑à“°—∫ 3σa ·≈– 5σa
8. √–¥—∫§«“¡‡™◊ËÕ¡—Ëπ (l›α)100% ‡∑à“°—∫ 95%
9. ‡°≥±å∑’Ë„™â‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß™à«ß§«“¡‡™◊ËÕ¡—Ëπæ‘®“√≥“®“°§à“§«“¡πà“®–‡ªìπ

§√Õ∫§≈ÿ¡ ·≈–§à“‡©≈’Ë¬§«“¡°«â“ß™à«ß
10. ‚ª√·°√¡∑’Ë„™â„π°“√«‘®—¬§√—Èßπ’È∑—ÈßÀ¡¥‡¢’¬π¥â«¬‚ª√·°√¡ R ‡«Õ√å™—π 2.8.1 ÷́Ëß∑”°“√

∑¥≈Õß´È” 10,000 §√—Èß„π·µà≈– ∂“π°“√≥å¢Õß°“√∑¥≈Õß
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«‘∏’¥”‡π‘π°“√«‘®—¬
„π°“√«‘®—¬§√—Èßπ’È¡’«‘∏’¥”‡π‘π°“√«‘®—¬¥—ßπ’È
1. ®”≈Õß§à“§«“¡§≈“¥‡§≈◊ËÕπ ÿà¡ at

°“√ √â“ß°“√·®°·®ß¢Õß§«“¡§≈“¥‡§≈◊ËÕπ ÿà¡∑’ËµâÕß°“√»÷°…“ ¡’°“√·®°·®ß·∫∫ª°µ‘
¡’§à“‡©≈’Ë¬‡∑à“°—∫ 0 ·≈–§«“¡·ª√ª√«π‡∑à“°—∫ 1

2 ®”≈Õß¢âÕ¡Ÿ≈Õπÿ°√¡‡«≈“µ—«·∫∫ AR(1) ∑’Ë¡’§à“º‘¥ª°µ‘·≈–§à“ Ÿ≠À“¬
 √â“ß Zo „Àâ¡’°“√·®°·®ßª°µ‘ ´÷Ëß¡’§à“‡©≈’Ë¬‡∑à“°—∫ 0 ·≈–§«“¡·ª√ª√«π‡∑à“°—∫        =

·≈– √â“ß at ; t = 1,2,...,n „Àâ¡’°“√·®°·®ßª°µ‘ ´÷Ëß¡’§à“‡©≈’Ë¬‡∑à“°—∫ 0 ·≈–§«“¡·ª√ª√«π

‡∑à“°—∫ 1 ®“°π—Èπ √â“ß Zt ; t = 1,2,...,n „Àâ¡’√Ÿª·∫∫§«“¡ —¡æ—π∏å§◊Õ

‡¡◊ËÕ √â“ß¢âÕ¡Ÿ≈Õπÿ°√¡‡«≈“µ—«·∫∫ AR(1) ·≈â« µàÕ‰ª®–∑”°“√ √â“ß¢âÕ¡Ÿ≈Õπÿ°√¡‡«≈“µ—«·∫∫
AR(1) ∑’Ë¡’§à“º‘¥ª°µ‘ ¥—ßπ’È

µàÕ‰ª®–∑”°“√ √â“ß¢âÕ¡Ÿ≈Õπÿ°√¡‡«≈“µ—«·∫∫ AR(1) ∑’Ë¡’§à“ Ÿ≠À“¬ ‚¥¬ ÿà¡‡≈◊Õ°µ”·Àπàß
¢Õß§à“ Ÿ≠À“¬√–À«à“ß‡«≈“∑’Ë t = 2 ∂÷ß t = n-1 (µ”·Àπàß¢Õß§à“ Ÿ≠À“¬‰¡à´È”°—∫µ”·Àπàß¢Õß§à“º‘¥ª°µ‘)
®“°π—Èπ∫—π∑÷°§à“ Yt „π§“∫‡«≈“π—Èπ„Àâ‡ªìπ§à“ Ÿ≠À“¬

3. ª√–¡“≥§à“ Ÿ≠À“¬
 ¡¡µ‘«à“ YK ‡ªìπ§à“ Ÿ≠À“¬ ª√–¡“≥§à“ YK ¥â«¬ E(YKY1,Y2,...,YK›1) = YK›1 [8] π—Ëπ§◊Õ

§à“ª√–¡“≥¢Õß YK §◊Õ YK›1

4. §”π«≥™à«ß§«“¡‡™◊ËÕ¡—Ëπ¢Õßæ“√“¡‘‡µÕ√å¢Õßµ—«·∫∫ AR(1) ∑—Èß 3 «‘∏’
1) «‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫§à“‡©≈’Ë¬‡«’¬π‡°‘¥ ‚´ ·≈–™‘π [2] ‰¥âæ—≤π“«‘∏’°”≈—ß

 ÕßπâÕ¬∑’Ë ÿ¥·∫∫§à“‡©≈’Ë¬‡«’¬π‡°‘¥ ‚¥¬¡’À≈—°°“√‡™àπ‡¥’¬«°—∫«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥ §◊Õ°“√∑”„Àâº≈√«¡
§à“°”≈—ß Õß¢Õß§«“¡§≈“¥‡§≈◊ËÕπ¿“¬„µâæ“√“¡‘‡µÕ√å¢Õßµ—«·∫∫¡’§à“µË”∑’Ë ÿ¥ ·µà«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥
·∫∫§à“‡©≈’Ë¬‡«’¬π‡°‘¥®–ª√–¡“≥§à“‡©≈’Ë¬¢ÕßÕπÿ°√¡‡«≈“ (µ) ¥â«¬§à“‡©≈’Ë¬‡«’¬π‡°‘¥ (recursive mean:

Y› t) ·∑π§à“‡©≈’Ë¬‡≈¢§≥‘µ (arithmetic mean: Y› ) ™à«ß§«“¡‡™◊ËÕ¡—Ëπ‚¥¬„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫§à“‡©≈’Ë¬

‡«’¬π‡°‘¥ §◊Õ

σ2
a

l › ρ2

l
l › ρ2
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‚¥¬∑’Ë

·≈–

2) «‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥ «√“ƒ∑∏‘Ï ·≈–§≥– [5] ‰¥âæ—≤π“«‘∏’
°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥ ‚¥¬„™â·π«§‘¥¢Õß‚´ ·≈–™‘π [2] °≈à“«§◊Õ «‘∏’π’È¡’À≈—°°“√‡™àπ
‡¥’¬«°—∫«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥ ·≈–ª√–¡“≥§à“‡©≈’Ë¬¢ÕßÕπÿ°√¡‡«≈“ (µ) ¥â«¬§à“¡—∏¬∞“π‡«’¬π‡°‘¥ (recur-

sive median: Y› t ) ·∑π§à“‡©≈’Ë¬‡≈¢§≥‘µ (Y› ) ™à«ß§«“¡‡™◊ËÕ¡—Ëπ‚¥¬„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π

‡«’¬π‡°‘¥ §◊Õ

‚¥¬∑’Ë

·≈–

3) «‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥ª√—∫ª√ÿß «√“ƒ∑∏‘Ï [6] ‰¥âª√—∫ª√ÿß

ª√– ‘∑∏‘¿“æ¢Õß«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥ ‚¥¬π”§à“¡—∏¬∞“π‡«’¬π‡°‘¥ Y~ t  ¡“À“§à“‡©≈’Ë¬

‡«’¬π‡°‘¥Õ’°§√—ÈßÀπ÷Ëß ‡æ◊ËÕ≈¥Õ‘∑∏‘æ≈¢Õß¢âÕ¡Ÿ≈º‘¥ª°µ‘ ™à«ß§«“¡‡™◊ËÕ¡—Ëπ‚¥¬„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫
¡—∏¬∞“π‡«’¬π‡°‘¥ª√—∫ª√ÿß §◊Õ

‚¥¬∑’Ë

·≈–
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5. §”π«≥§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡ (Coverage Probability: CP) ·≈–§à“‡©≈’Ë¬§«“¡
°«â“ß™à«ß (Expected Length: EL) ´÷Ëß§”π«≥®“°

CP = ®”π«π§√—Èß∑—ÈßÀ¡¥∑’Ë™à«ß§«“¡‡™◊ËÕ¡—Ëπ§√Õ∫§≈ÿ¡§à“æ“√“¡‘‡µÕ√å
M

EL     =       2xZa/2 x SE(ρ̂ k)

‡¡◊ËÕ SE(ρ̂ k) ·∑π §à“§«“¡§≈“¥‡§≈◊ËÕπ¡“µ√∞“π (standard error) ¢Õßµ—«ª√–¡“≥ ÷́Ëß§”π«≥®“°
«‘∏’∑’Ë k ·∑π∑’Ë«‘∏’ RM, RMD ·≈– T IRMD

M ·∑π ®”π«π§√—Èß¢Õß°“√∑”´È” „π∑’Ëπ’È‡∑à“°—∫ 10,000 §√—Èß

º≈°“√«‘®—¬
„π°“√π”‡ πÕº≈°“√«‘®—¬‡æ◊ËÕ§«“¡ –¥«°®–„™â —≠≈—°…≥åµà“ßÊ ·∑π§«“¡À¡“¬ ¥—ßπ’È
RM À¡“¬∂÷ß ™à«ß§«“¡‡™◊ËÕ¡—Ëπ‚¥¬„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫§à“‡©≈’Ë¬‡«’¬π‡°‘¥
RMD À¡“¬∂÷ß ™à«ß§«“¡‡™◊ËÕ¡—Ëπ‚¥¬„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥
IRMD À¡“¬∂÷ß ™à«ß§«“¡‡™◊ËÕ¡—Ëπ‚¥¬„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥ª√—∫ª√ÿß
º≈°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß™à«ß§«“¡‡™◊ËÕ¡—Ëπ∑—Èß 3 «‘∏’ π”‡ πÕ¥—ßµ“√“ß∑’Ë 1-2 „π∑’Ëπ’È

®–æ‘®“√≥“§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡ ·≈–§à“‡©≈’Ë¬§«“¡°«â“ß™à«ß ¥—ßπ’È
1. §à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡

 ”À√—∫∑ÿ°√–¥—∫¢π“¥µ—«Õ¬à“ß (n = 25, 50, 100 ·≈– 250) ·≈–∑ÿ°√–¥—∫¢π“¥¢Õß
§à“º‘¥ª°µ‘ (δ = 3σa ·≈– 5σa) «‘∏’ IRMD „Àâ§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡¡“°∑’Ë ÿ¥„π‡°◊Õ∫∑ÿ°√–¥—∫
¢Õß§à“æ“√“¡‘‡µÕ√å ρ ¬°‡«âπ°√≥’∑’Ë§à“ ρ ‡∑à“°—∫ 0.1 √Õß≈ß¡“§◊Õ «‘∏’ RMD ·≈–«‘∏’ RM µ“¡≈”¥—∫
πÕ°®“°π’È «‘∏’ RM ·≈–«‘∏’ RMD ¬—ß„Àâ§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡„°≈â‡§’¬ß°—π

‡¡◊ËÕæ‘®“√≥“§à“§«“¡πà“®–‡ªìπ„π¥â“π¢π“¥µ—«Õ¬à“ß æ∫«à“ ‡¡◊ËÕ√–¥—∫¢Õß¢π“¥µ—«Õ¬à“ß‡æ‘Ë¡
¢÷Èπ ®–¡’º≈∑”„Àâ§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡≈¥≈ß„π‡°◊Õ∫∑ÿ°√–¥—∫¢Õß§à“æ“√“¡‘‡µÕ√å ρ ·≈–∑ÿ°√–¥—∫
¢Õß¢π“¥¢Õß§à“º‘¥ª°µ‘

‡¡◊ËÕæ‘®“√≥“§à“§«“¡πà“®–‡ªìπ„π¥â“π¢π“¥¢Õß§à“º‘¥ª°µ‘ æ∫«à“ ‡¡◊ËÕ√–¥—∫¢Õß¢π“¥¢Õß
§à“º‘¥ª°µ‘‡æ‘Ë¡¢÷Èπ ®–¡’º≈∑”„Àâ§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡‡æ‘Ë¡¢÷Èπ„π‡°◊Õ∫∑ÿ°√–¥—∫¢Õß§à“æ“√“¡‘‡µÕ√å ρ

·≈–∑ÿ°√–¥—∫¢Õß¢π“¥µ—«Õ¬à“ß
‡¡◊ËÕæ‘®“√≥“§à“§«“¡πà“®–‡ªìπ„π¥â“π§à“æ“√“¡‘‡µÕ√å ρ  æ∫«à“ ‡¡◊ËÕ√–¥—∫¢Õß§à“æ“√“¡‘‡µÕ√å

ρ ‡æ‘Ë¡¢÷Èπ ®–¡’º≈∑”„Àâ§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡≈¥≈ß„π‡°◊Õ∫∑ÿ°√–¥—∫¢Õß¢π“¥¢Õß§à“º‘¥ª°µ‘ ·≈–
∑ÿ°√–¥—∫¢Õß¢π“¥µ—«Õ¬à“ß

2. §à“‡©≈’Ë¬§«“¡°«â“ß™à«ß
™à«ß§«“¡‡™◊ËÕ¡—Ëπ∑’Ë§”π«≥®“°«‘∏’ RM, RMD ·≈– IRMD „Àâ§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡

µË”°«à“ 0.95 „π‡°◊Õ∫∑ÿ°°√≥’∑’Ë»÷°…“ «‘∏’ IRMD „Àâ§à“‡©≈’Ë¬§«“¡°«â“ß™à«ß¡“°∑’Ë ÿ¥ „π∑ÿ°Ê √–¥—∫¢π“¥
µ—«Õ¬à“ß (n = 25, 50, 100 ·≈– 250) ∑ÿ°√–¥—∫¢π“¥¢Õß§à“º‘¥ª°µ‘ (δ = 3σa ·≈– 5σa) ·≈–∑ÿ°√–¥—∫
¢Õß§à“æ“√“¡‘‡µÕ√å ρ (ρ = 0.1, 0.3, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95 ·≈– 0.99) ‡π◊ËÕß®“°«‘∏’ IRMD
„Àâ§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡¡“°∑’Ë ÿ¥
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µ“√“ß∑’Ë 1 §à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡ (Coverage Probability) ·≈–§à“‡©≈’Ë¬§«“¡°«â“ß™à«ß (Expected
Length) ¢Õß™à«ß§«“¡‡™◊ËÕ¡—Ëπ¢Õßæ“√“¡‘‡µÕ√å¢Õßµ—«·∫∫ AR(1) ‡¡◊ËÕ δ = 3σa

Coverage Probability Expected Length

n ρ RM RMD IRMD RM RMD IRMD

25 0.1 0.9464 0.9426 0.9170 0.8090 0.8060 0.8185

0.3 0.9249 0.9317 0.9479 0.7976 0.793 0.8137
0.5 0.8470 0.8635 0.9200 0.7748 0.7715 0.8054
0.6 0.8000 0.8119 0.8963 0.7582 0.7543 0.8003
0.7 0.7391 0.7505 0.8708 0.7342 0.7304 0.7903
0.8 0.6961 0.7041 0.8529 0.6997 0.6959 0.7794
0.9 0.6331 0.6390 0.8336 0.6536 0.6508 0.7631
0.95 0.6074 0.6078 0.8379 0.6229 0.6208 0.7510
0.99 0.5861 0.5821 0.8315 0.5964 0.5958 0.7418

50 0.1 0.9294 0.9138 0.857 0.5585 0.5560 0.5642
0.3 0.9037 0.9189 0.9320 0.5499 0.5470 0.5616
0.5 0.7615 0.7866 0.8769 0.5330 0.5298 0.5568
0.6 0.6676 0.6975 0.8395 0.5195 0.5161 0.5525
0.7 0.5874 0.6097 0.8061 0.4980 0.4950 0.5459
0.8 0.5183 0.5426 0.7942 0.4665 0.4631 0.5355
0.9 0.4992 0.5131 0.8216 0.415 0.4119 0.5174
0.95 0.5001 0.5067 0.8411 0.3776 0.3748 0.5042
0.99 0.4967 0.4998 0.8520 0.3418 0.3395 0.4883

100 0.1 0.9133 0.8847 0.8035 0.3912 0.3898 0.3948
0.3 0.8834 0.9046 0.9218 0.3846 0.3829 0.3934
0.5 0.6219 0.6631 0.8089 0.3716 0.3697 0.3906
0.6 0.4764 0.5166 0.7312 0.3606 0.3586 0.3880
0.7 0.3564 0.3894 0.6868 0.3440 0.3420 0.3836
0.8 0.3176 0.3424 0.6932 0.3171 0.3151 0.3768
0.9 0.3545 0.3745 0.7979 0.2697 0.2675 0.3625
0.95 0.4121 0.4263 0.8648 0.2313 0.2290 0.3500
0.99 0.4614 0.4737 0.9092 0.1896 0.1876 0.3327

250 0.1 0.8814 0.8181 0.7205 0.2461 0.2454 0.2485
0.3 0.8031 0.8460 0.8867 0.2419 0.2410 0.2479
0.5 0.2855 0.3442 0.5565 0.2331 0.2321 0.2468
0.6 0.1242 0.1560 0.3936 0.2256 0.2247 0.2457
0.7 0.0631 0.0790 0.3356 0.2140 0.2131 0.2438
0.8 0.0471 0.0600 0.3805 0.1953 0.1945 0.2403
0.9 0.0988 0.1168 0.6539 0.1605 0.1595 0.2326
0.95 0.2177 0.2403 0.8511 0.1290 0.1279 0.2240
0.99 0.4082 0.4303 0.9611 0.0882 0.0868 0.2082
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µ“√“ß∑’Ë 2 §à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡ (Coverage Probability) ·≈–§à“‡©≈’Ë¬§«“¡°«â“ß™à«ß (Expected
Length) ¢Õß™à«ß§«“¡‡™◊ËÕ¡—Ëπ¢Õßæ“√“¡‘‡µÕ√å¢Õßµ—«·∫∫ AR(1) ‡¡◊ËÕ δ = 5σa

Coverage Probability Expected Length

n ρ RM RMD IRMD RM RMD IRMD

25 0.1 0.9425 0.9442 0.9392 0.8055 0.8030 0.8176
0.3 0.8782 0.9025 0.9341 0.8018 0.7984 0.8158
0.5 0.6829 0.7121 0.8050 0.7929 0.7895 0.8121
0.6 0.5671 0.5944 0.7265 0.7860 0.7823 0.8085
0.7 0.4743 0.4948 0.6684 0.7743 0.7706 0.8030
0.8 0.3905 0.4052 0.6239 0.7560 0.7518 0.7946
0.9 0.3331 0.3434 0.5997 0.7281 0.7236 0.7826
0.95 0.3139 0.3169 0.5982 0.7072 0.7031 0.7713
0.99 0.3070 0.3081 0.6134 0.6867 0.6832 0.7623

50 0.1 0.9277 0.9118 0.8856 0.5582 0.5550 0.5646
0.3 0.8116 0.8611 0.8938 0.5548 0.5510 0.5634
0.5 0.4904 0.5571 0.6817 0.5481 0.5441 0.5612
0.6 0.3235 0.3778 0.5514 0.5421 0.5379 0.5590
0.7 0.2084 0.2475 0.4620 0.5323 0.5280 0.5548
0.8 0.1379 0.1658 0.4225 0.5156 0.5110 0.5474
0.9 0.1419 0.1614 0.4825 0.4802 0.4754 0.5316
0.95 0.1588 0.1775 0.5335 0.4520 0.4474 0.5200
0.99 0.1944 0.2033 0.6005 0.4193 0.4150 0.5049

100 0.1 0.9170 0.877 0.8361 0.3916 0.3892 0.3952
0.3 0.7146 0.8055 0.8477 0.3889 0.3862 0.3946
0.5 0.2387 0.3262 0.4766 0.3834 0.3804 0.3932
0.6 0.0935 0.1375 0.3036 0.3785 0.3754 0.3917
0.7 0.0386 0.0539 0.2079 0.3704 0.3674 0.3894
0.8 0.0193 0.0276 0.1898 0.3548 0.3520 0.3841
0.9 0.0283 0.0383 0.3208 0.3214 0.3186 0.3720
0.95 0.0715 0.0866 0.4936 0.2876 0.2845 0.3594
0.99 0.1470 0.1605 0.6591 0.2452 0.2423 0.340

250 0.1 0.9106 0.8068 0.7514 0.2467 0.2453 0.2486
0.3 0.4717 0.6564 0.7221 0.2448 0.2431 0.2484
0.5 0.0178 0.0484 0.1271 0.2410 0.2392 0.2478
0.6 0.0015 0.0050 0.0354 0.2376 0.2358 0.2473
0.7 0.0001 0.0003 0.0104 0.2318 0.2300 0.2462
0.8 0.0001 0.0002 0.0089 0.2209 0.2194 0.2437
0.9 0.0000 0.0003 0.0573 0.1952 0.1938 0.2371
0.95 0.0037 0.0066 0.2797 0.1663 0.1648 0.2282
0.99 0.0928 0.1146 0.7391 0.1192 0.1174 0.2111
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 √ÿªº≈°“√«‘®—¬
®“°°“√«‘®—¬‰¥â¢âÕ √ÿª¥—ßπ’È
™à«ß§«“¡‡™◊ËÕ¡—Ëπ¢Õßæ“√“¡‘‡µÕ√å (ρ)  ”À√—∫µ—«·∫∫Õ—µµ À —¡æ—π∏åÕ—π¥—∫∑’ËÀπ÷Ëß (AR(1))

‡¡◊ËÕ¢âÕ¡Ÿ≈¡’§à“º‘¥ª°µ‘·≈–§à“ Ÿ≠À“¬‚¥¬„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥ª√—∫ª√ÿß (IRMD)
„Àâ§à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡¡“°°«à“™à«ß§«“¡‡™◊ËÕ¡—Ëπ‚¥¬„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫§à“‡©≈’Ë¬‡«’¬π‡°‘¥
(RM) ·≈–«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥·∫∫¡—∏¬∞“π‡«’¬π‡°‘¥ (RMD) „π‡°◊Õ∫∑ÿ°°√≥’∑’Ë»÷°…“ ¬°‡«âπ°√≥’∑’Ë§à“
æ“√“¡‘‡µÕ√å ρ ‡∑à“°—∫ 0.1 πÕ°®“°π’È §à“§«“¡πà“®–‡ªìπ§√Õ∫§≈ÿ¡¢Õß™à«ß§«“¡‡™◊ËÕ¡—Ëπ∑—Èß 3 «‘∏’¡’§à“
µË”°«à“ 0.95 „π‡°◊Õ∫∑ÿ°°√≥’∑’Ë»÷°…“

¢âÕ‡ πÕ·π–
„π°“√«‘®—¬§√—Èßπ’È»÷°…“‡©æ“–°√≥’∑’Ë§à“º‘¥ª°µ‘‡ªìπ·∫∫ Additive Outliers (AO) ‡æ◊ËÕ„Àâ°“√

»÷°…“‡°‘¥ª√–‚¬™πå¡“°¬‘Ëß¢÷ÈπÕ“®®–»÷°…“°√≥’∑’Ë§à“º‘¥ª°µ‘‡ªìπ·∫∫ Innovation Outliers (IO)
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