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Objective Multi-resolution Wavelet analysis Empirical Mode Decomposition Fusion Detection algorithm
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Figure 5: Example EMD decomposition of a noisy
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= Challenges
= Noise — ECG signals are mV range
= Normal variations in wave form
= Inverted T waves
= Additional phases — Normal conditions, Infants

Build final set 2 R phases

For each R phase
Search for following minima
- S phase

Use EMD algorithm - Q & S phases

Do peak search on WlLele?2
Peak: WLele2 > 5% max(WLele2)
- Candidate R phases

= Detection algorithm
Search IMF set for lowest IMF

Find EMD and wavelet algorithm P and T phase candidate sets
Use average PQ gap to identify P wave - P phases
Use average ST gap to identify T wave - T phases

Use same method as
wavelet using EMDe3 as

Create WLe4 — Approx 5

» Medical conditions: Missing, extra, variant phases reconstruction with short term energy variation . \_ )
. . WLe3: 60Hz IIR LPF of ECG signal
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Wavelet : correct; EMD: FP error. complex. (S0036) Results Phase | Total |Detected| Missed | Extra | TP Rate [TP st.dev| FP Rate | FN Rate Phase | Total |Detected| Missed | Extra | TP Rate [TP st.dev| FP Rate | FN Rate Phase | Total |Detected| Missed | Extra | TP Rate [TP st.dev{ FP Rate | FN Rate
p 362 355 7 2 98.1% | 0.044 | 0.55% | 1.93% p 362 355 7 2 98.1% | 0.044 | 0.55% | 1.93% P 269 269 0 0 100% | 0.000 | 0.00% | 0.00%
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2 0| ]N | % o4 m - N ISR I R Y O R 443 436 7 3 98.5% | 0.040 | 0.68% | 1.58% R 443 436 7 3 98.5% | 0.040 | 0.68% | 1.58% R 334 332 2 1 99.4% | 0.035 | 0.30% | 0.60%
§ Coppfallemnoed  § opelpmeoun SH LA A I B LA S 411 401 10 2 97.6% | 0.060 | 0.49% | 2.43% S 411 401 10 2 97.6% | 0.060 | 0.49% | 2.43% S 301 298 3 1 98.9% | 0.044 | 0.33% | 1.00%
© 600 t53('30_10'00 1200 o 600 t§3(')o_1o'oo 1200 03500 t' 260_0 2500 0500 t' 20'0_0 2500 T 411 400 11 p) 97.3% 0.049 0.49% 2 .68% T 411 400 11 p) 97.3% 0.049 0.49% 2.68% T 302 299 3 0 99.0% 0.033 0.00% 0.99%
Figure 12: Noisy ECG that has Figure 13: Very noisy ECG Table 1: Detection results for wavelet algorithm Table 2: Detection results for EMD algorithm Table 3: Detection results for Fusion algorithm
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