Predicting Body Composition from Conventional 2D Photography
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Motivation
Predicting body composition accurately has many clinical and research applications, but generally requires expensive equipment to
measure accurately. Dual X-ray Absorptiometry (DXA) is a gold standard for measurement, but requires expensive equipment and can
expose patients to potentially harmful radiation. We propose a method for estimating fat and lean mass from 2D RGB photos taken from a
consumer camera. Such a method can give health professionals useful physiological markers when expensive medical imaging is either
inaccessible or inconvenient.
Overview of Approach:
1. Construct PCA shape space after fitting a template model to 3D scans of 152 males and 194 females in training set.
2. Extract body composition (fat mass, lean mass) from DXA scans in training set.
3. Perform linear regression to map between PCA components and body measurements.
4. Fit a 3D PCA human shape model to a 2D silhouette extracted from a single frontal RGB photo
5. Map from reconstructed PCA shape to fat and lean mass.
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Results
This method was benchmarked on 31 male subjects and 39 female subjects aged 19 to 78 from a reserved test set. Percent fat estimates from our
2
2
method showed 3.74% RMSE and R = 0.776 for males, 3.73% and R = 0.744 for females when fitting with d=50 PCA dimensions that account for
>99% of shape variance in the training set.
This is an improvement over d=12, which explains 95% of training variance but have RMSE = 4.44%, R2 = 0.655 for males and 3.74%, R2 = 0.735
for females.
This is also a substantial improvement to simply linearly regressing the known input height and weight to % fat without silhouette fitting, which
results in RMSE =17.2%, R2 = 0.5 for males and RMSE = 7.0%, R2 = 0.633 for females for d=50.
Input Photo

Prediction (% fat)

39.2%

Ground Truth (% fat)

47.6%

Input Photo

Prediction (% fat)

Ground Truth (%)

47.1%

48.0%

26.9%

29.1%

32.2%

32.6%

21.4%

12.6%

Mapping PCA to Body Composition
We know weights w for each person in the training set
We also know their features f = [ height, weight, lean mass,
fat mass, visceral fat, arm lean, leg lean ]

{ai} = PCA vectors
{𝜎i}= PCA standard deviations
𝝁 = mean (180,003 x 1 vector)
d = # of PCA components
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We perform linear regression mapping [ height, weight, 1]
to initial PCA weights w0 and final, optimized PCA
weights wf to predicted body composition.

We can describe the shape sPCA of a
person as a linear combination of
PCA vectors ai with weights
T
w = [w1 … wd]

w0 = Mhw
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Image to Body Composition
Given an input image, we reconstruct the PCA shape sPCA(w) under rigid transformation T that, when projected into an image of known
focal length, matches the input silhouette, regularized by standard deviations 𝝈, known height h, and projected joints J.
dist(Bj, sPCA(w))

sPCA(w)

B
l_mass
f_mass

+ Height, Weight,
Focal Length

Silhouette B
Joints J

Bj

w0 = Mhw[height, weight, 1]T
T initialized to align joints J PCA, J

Converged shape
sPCA(wf)

Objective:

Match silhouette to closest point
on silhouette of PCA shape
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Where dist is 2D distance from silhouette point Bj to a point on the silhouette of the 3D PCA model projected under perspective projection 𝜋.
dist() downweights vertices on the limbs by a factor of 6 to minimize the influence of pose variation on shape calculation.
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Discussion
Body shape from silhouette alone can provide a fast, non-invasive, and inexpensive estimate of body fat. Our method could be improved with
more training data to better model the variation in the human population. Extremely lean or muscular people are often overestimated for pfat due to
underrepresentation in the training set and ambiguity of torso depth from a frontal view. Low cost body analysis methods like this could increase
access to medical information previously available only through advanced imaging equipment and could mediate the gap in healthcare access in low
income areas.

