Why do you get different dynamic ranges on a OTDR.
The dynamic range of an OTDR (Optical Time Domain Reflectometer) isn’t a fixed value
— it depends on several factors during testing. That’s why you might see different results

under different conditions.

Here’s why dynamic range varies:

+ 1. Pulse Width

o Longer pulses put more optical energy into the fibre — better signal-to-noise ratio
(higher dynamic range).

o But long pulses reduce event resolution (small events can blur together).

e Shorter pulses improve resolution but have less energy — lower dynamic range.

> 2. Averaging Time

The OTDR averages multiple measurements to reduce noise.
Longer averaging time = smoother trace, higher dynamic range.
Short averaging time = more noise, lower dynamic range.

#” 3. Wavelength Used

Typical OTDRs test at 850, 1310, 1550, or 1625 nm.
1550 nm often gives better dynamic range (less fibre attenuation).
But higher wavelengths may suffer more from bend losses.

s~ 4. Backscatter Coefficient

Dynamic range depends on the Rayleigh backscatter of the fibre.
Different fibres (e.g., G.652D vs. G.655) have different backscatter coefficients,
affecting trace strength.

#~ 5. Connector/Launch Conditions

Poor connections or dirty connectors reduce signal strength.
Using a proper launch cable and receive cable ensures a more accurate measurement
and helps improve usable dynamic range.



#- 6. Instrument Specification

o Different OTDR models have different laser power, detector sensitivity, and internal
noise levels.

e The “dynamic range” quoted by manufacturers is often measured under ideal
conditions (long pulse, long averaging, optimal wavelength).

In summary:

You get different dynamic ranges on an OTDR because the measurement is influenced
by pulse width, averaging time, test wavelength, fiber type, and instrument design.
Essentially, it’s a balance between resolution and maximum measurable length.

Simple diagram showing how pulse width and averaging affect dynamic range vs.
resolution?
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Here’s the diagram:

e Blue line (Event Resolution): Shorter pulses give high resolution (you can see small
events), but resolution drops as pulse width increases.

e Orange line (Dynamic Range): Longer pulses improve dynamic range (you can see
further down the fiber), but at the expense of resolution.



This shows the trade-off an OTDR operator has to balance depending on whether they care
more about seeing small details or measuring long distances.

Add a similar diagram for averaging time vs dynamic range.
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Here’s the second diagram:

e Blue line (Noise Level): Longer averaging times reduce noise, giving a smoother
OTDR trace.

e Orange line (Dynamic Range): As averaging increases, dynamic range improves,
allowing the OTDR to see weaker reflections further down the fiber.

But in practice, too much averaging slows down testing — so you balance test
speed with trace clarity.

Now put both diagrams together into a single summary chart for easy
comparison.



OTDR Trade-offs: Pulse Width vs Averaging Time
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Here’s the combined summary chart:

e Left (Pulse Width): Short pulses — high resolution, low dynamic range. Long pulses
— low resolution, high dynamic range.

o Right (Averaging Time): Short averaging — noisy trace, low dynamic range. Long
averaging — smoother trace, higher dynamic range.

Together, they show why OTDR testing is always a balance between seeing
detail and seeing distance.

Let me also explain how technicians usually choose the right settings in the
field.

let’s put it into a field perspective. OTDR settings are usually chosen depending on what
you’re trying to measure and the length of the link.

How Technicians Choose OTDR Settings

1. Short links (FTTx, data centers, inside buildings)

e Pulse width: Short (like 5-50 ns) — to see connectors, splices, or patch panels only a
few meters apart.
e Averaging time: Short to medium — fast results, since fibers are short anyway.

e Priority: Resolution (see all small events).

2. Long-haul networks (backbone, metro, submarine)

e Pulse width: Long (hundreds of ns to us) — pushes light farther so you can see 50—
100 km of fiber.



e Averaging time: Long — reduces noise, allows you to measure end-to-end loss.
e Priority: Dynamic range (see the full span, even with high attenuation).

3. General troubleshooting

o Start with short pulse & short averaging to get a quick overview.

o Ifthe far end isn’t visible, increase averaging first.

o Ifstill not visible, increase pulse width.

o For detailed inspection of a problem spot, switch back to short pulse near that
section.

Quick Rule of Thumb:

o Need detail? — Use short pulses, less averaging.
o Need distance? — Use long pulses, more averaging.
e Often, technicians run two traces: one for detail and one for distance.

Lets make a flowchart/decision diagram showing how to pick OTDR settings
step by step.

Flowchart: Choosing OTDR Settings
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Here’s the flowchart showing how technicians typically pick OTDR settings:

1. Start test — Decide if fibre is short or long.
Short fibre — Short pulse, high resolution.
Long fibre — Long pulse, high dynamic range.
3. Ifthe far end isn’t visible, first increase averaging, then increase pulse width.

4. Save the trace when the span is clear.

Let me to also create a real-world example setup (e.g., “Testing a 2 km patch vs. a
60 km backbone”) to illustrate these choices.



— let’s compare a short link (like in a data center) with a long-haul backbone to
show how OTDR settings differ.

lil Real-World OTDR Setup Examples

€ Example 1: Short Patch (2 km, Data Center/FTTx Drop)

Pulse Width: 5-30 ns (very short) — can see splices/connectors only meters apart.
Averaging Time: 5-10 seconds — enough for a clean trace without waiting too long.
Wavelengths: 1310 nm for loss, 1550 nm optional for bends.
Dé'namic Range Needed: Low (fiber is short).

Goal: Find bad connectors, patch panels, or sharp bends.

¢ Example 2: Backbone Span (60 km, Metro/Long-Haul)

e Pulse Width: 500 ns — 2 us (long) — injects enough power to see far end.
e Averaging Time: 1-3 minutes — reduces noise so weak reflections at 60 km are
visible.
e Wavelengths: 1550 nm for longest reach; 1625 nm if testing live network spare fiber.
. Dd'namic Range Needed: High (>40 dB).
Goal: Verify end-to-end loss, check splices every few km, ensure fiber continuity.

de Side-by-Side Comparison

Setting 2 km Patch (Short) 60 km Backbone (Long)
Pulse Width 5-30 ns (short) 500 ns — 2 ps (long)
Averaging Time 5-10 sec 1-3 min
Resolution Very high (see every connector) Lower (small events blurred)
Dynamic Range Low (not needed) High (>40 dB)

Primary Goal Detect small events near start Measure long span end-to-end

<" So in practice, a technician might run two traces:

e One with short pulse to see fine details at the near end.
e One with long pulse to measure full length and loss.



A side-by-side sketch/diagram of a 2 km vs. 60 km OTDR trace to make this
more visual.

Example OTDR Traces: Short vs. Long Fiber
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Here’s a visual comparison:

e Left (2 km short link):
o Very fine detail — you can clearly see small connectors and splices.
o High resolution, but you don’t need much dynamic range.
o Right (60 km backbone):
o The trace stretches far, with only major events (splices) visible.
o Lower resolution, but strong dynamic range is needed to “see” the far end.

This is exactly why OTDR settings must be adapted to the fibre length.

showing how using the wrong settings (e.g., long pulse on short fibre, or short
pulse on long fibre) can lead to misleading traces.

Examples of Incorrect OTDR Settings

Wrong Setting: Long Pulse on Short Fiber Wrong Setting: Short Pulse on Long Fiber
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Here’s what happens with the wrong OTDR settings:

o Left (Long pulse on short fibre):
o Events blur together — you can’t distinguish connectors and splices.
o Resolution is lost, making troubleshooting difficult.
o Right (Short pulse on long fibre):
o Trace fades out after ~20 km — you never see the far end.
o Not enough dynamic range to measure the full span.

This shows why technicians must balance pulse width and averaging time to match the
fibre under test.



How Auto-Test Modes on OTDRs Work

1. Initial Scan

e The OTDR sends a quick, low-resolution test pulse to estimate:
o Approximate fibre length
o General attenuation level
Whether there’s a strong reflection (open connector, break, etc.)

2. Adaptive Settings
Based on the first scan, the OTDR automatically adjusts:

e Pulse width — Short for short fibres (better resolution), long for long fibres (better
dynamic range).

e Averaging time — Minimal for quick short tests, longer for high-loss or long-haul
spans.

e Wavelengths — Often tests at 1310 nm and 1550 nm (and 1625 nm if equipped).

3. Dual-Traces for Best Results
Many OTDRs will capture two traces at once:
e One short-pulse trace for high detail (shows connectors, splices).

e One long-pulse trace for full reach (ensures you see the end).
() Then, they merge the results into a single report.

4. Event Detection & Pass/Fail

o Software analyzes the trace automatically:

o Identifies splices, connectors, bends, breaks.

o Measures loss at each event.

o Compares against thresholds (set by ITU-T standards or user).
o Displays a pass/fail summary for quick decision-making.

Benefits of Auto-Test

e Speeds up testing (technicians don’t need to manually tweak settings).
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e Reduces risk of wrong settings (like we saw in the previous example).
e Makes reports more standardized for handover to customers.

<" But professionals often still re-run manual traces in tricky cases (e.g., suspected
microbends, high-reflection connectors, or when absolute accuracy is critical).
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