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Introduction 
Real-ear measurement (REM) is widely considered best practice 
for hearing aid verification. REM uses a probe tube connected to 
a probe microphone to record amplified signals in the ear canal.  
 
The interaction of incident and reflected sound results in 
standing waves that cause the SPL to vary along the ear canal [1]. 
For accurate REM, the probe tube should be placed within 5-6 
mm of the tympanic membrane (TM) [2], but not so close that it 
may contact the eardrum and cause discomfort. 
 
Clinicians currently must rely on visual inspection or complex 
acoustic techniques to position the probe tube which may be a 
barrier to REM adoption. 

Method 
Recordings were made through the probe tube microphone of  a 
Verifit 2 REM system. A clinician inserted the probe tube into the 
ear canal while a loudspeaker presented a shaped noise stimulus. 
Both ears of 55 adult subjects were measured. Some subjects 
had repeated measurements. 
 
From each recording, the spectrogram was generated and 
processed through a  rank-ordering filter to highlight regions 
representing local minima in the spectrogram. The wavelength at 
which these minima occur correspond to the distance from the 
eardrum. 
 
A Gated Recurrent Unit [3] recurrent neural network model was 
trained on sequences of input spectra of to produce an estimate 
of the distance to the ear drum for every time step (many-to-
many configuration). 

Data generation and modelling 

Fold 
RMSE 

(millimeters) 

1 1.57 

2 1.50 

3 1.89 

4 1.88 

5 2.07 

Mean 1.78 

Standard 

Deviation 
0.24 

Conclusions 
Using recurrent neural network modeling techniques to 
assist with probe tube placement is promising. The model 
accurately predicts the position of the probe-tube. Early 
investigation suggests the model is robust to extraneous 
noise and does not require modification of typical clinical 
methods of handling and inserting probe tubes. 
 
Future work will evaluate REM differences for the guided 
system approach versus visually assisted methods with 
experienced clinicians, comparing REURs and probe tube 
insertion depths. 
 
Future investigations could consider extending the model 
to populations with varied ear canal properties relative to 
the current adult sample (e.g., infants, children, people 
with outer / middle ear dysfunction). 
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Purpose 
Determine the feasibility of 
leveraging recurrent neural 
Network modeling methods to 
provide real-time predictions of 
probe tube depth. 
 
To prototype a clinical guided probe  
tube placement interface to inform  
future development work. 

Cancellation due to 
¼ wavelength 
reflection. 

Noise from handling 
the probe tube. 

Cancellation due to 
¾ wavelength 
reflection. 

Figure 3: Example spectrogram of a probe tube insertion 
recording.  

¼ wavelength cancellation 
frequency is manually 
labelled by drawing a red 
line through the 
estimated path of the 
probe tube. 
 
A plot digitizer converts 
the red line to tabular 
data for RNN training. 

Figure 4: Example spectrogram from figure 3 processed through a 
rank-filtering algorithm.  
 

5-fold cross validation is 
used to assess model 
performance. 
 
Model architecture: 
60 x 40 x 40 x 20 x 1 
 
For clinical validation, the 
model is retrained using 
all available data.  

Recurrent Neural Network training and model selection 

Clinical Interface 

Figure 9: Prototype clinical interface for estimation of probe 
tube distance from TM used for model validation (in 
progress). The model output is represented as a moving 
circle through a marked ruler representing the ear canal 

Thank you to everyone at Audioscan who graciously lent your ears for science. 

All test predictions for each 
model in the 5-fold cross 
validation (R = 0.976) 
(N = 77056). 
 
Percentiles are calculated in 
2.5mm wide bins. 
 
Predictions at the extremes 
are skewed, partly due to 
initial adaptation when 
probe tube is already 
inserted at start of sequence. 
 

Examples of model output (Fold 4) 

Figure 6: Model output showing successful 
tracking of probe tube insertion and 
removal. 

Figure 7: Model output showing initial 
adaptation required for some cases, which 
may not be relevant in a clinical setting. 

Figure 8: Model output showing error with 
initial probe tube tracking but improvement 
in prediction as probe tube is moved in the 
ear canal. 

Image courtesy of 
Audioscan. 

Figure 1: Probe tube showing markers used for visually assisted 
positioning relative to the intertragal notch. 

Image courtesy of 
Audioscan. 

Figure 2: Illustration of 
probe module and inserted 
probe tube. Table 1: 5-fold cross validation 

results of best model. Figure 5: Scatter plot of 5-fold cross validation test 
predictions against labelled distance to TM. 


