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ABSTRACT

In this paper, we propose a robust video colorization method

automatically through limited color references in a video se-

quence. The proposed method first estimates motion vectors

between a monochrome frame and colored reference frames

for initial matching by optical flow. Then it transfers color

information to matched points in the monochrome frame and

further propagates color information of matched points to oth-

er parts of the monochrome frame. Furthermore, we design a

multiframe reordering refinement to colorize video sequences

robustly. Experimental results demonstrate that the proposed

method achieves much better performance in video coloriza-

tion than state-of-the-art methods.

Index Terms— Video colorization, optical flow, color

propagation, multiframe reordering

1. INTRODUCTION
Video colorization aims to add color information to a set of

monochrome frames in the video sequence. In recent years,

it has been an important research topic and attracted much

attention in the research community due to its wide applica-

tions in video restoration of old black-and-white films, video

compression etc.

Generally, video colorization methods can be classified

into two categories based on information transferred ways a-

mong video frames. The first category transfers color infor-

mation of scribbles drawn by users to other frames. Levin

et al. [1] transferred scribbles of the marked frame among

video frames and propagated color information of the scrib-

bles by solving a quadratic function. Yatziv et al. [2] ex-

ploited geodesic distances as weights to transfer color infor-

mation of the scribbles. Heu et al. [3] transferred scribbles to

other video frames by calculating motion vectors with initial-

ized weights. Sheng et al. [4] designed a video colorization

method in a spatiotemporal manner to preserve temporal co-

herence. In these studies, the video colorization method is de-
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signed by simply transferring color information of scribbles

to other frames. However, there might be some artifacts in

these methods because scribbles drawn for a particular frame

may not be suitable for others. Moreover, with the limited

color information provided by sparse scribbles, monochrome

frames can not obtain a promising colorized result similar to

the ground truth. Additionally, these video colorization meth-

ods require user interaction to obtain scribbles in video se-

quences.

The second category of video colorization methods trans-

fers exemplar color information of the colored frame to other

frames. Welsh et al. [5] and Kawulok et al. [6] transferred

color information to other monochrome frames based on lu-

minance values and texture features of the pixels respectively.

Jacob et al. [7] took color information into the other frames

in the video using a color transfer technique with motion es-

timation. Veeravasarapu et al. [8] utilized motion estimation

calculated by [9] to transfer color information of the whole

reference frame to others. Otani et al. [10] transferred color

information of pixels around corner feature points to neigh-

boring frames by pyramidal implementation of the Lucas-

Kanade feature tracker. Zrihem et al. [11] used a colored

frame as a reference to colorize other frames based on a real-

time patch matching algorithm called RIANN.

In order to apply the video colorization technique in the

practical applications such as color video compression, where

only the first color frame of a video sequence is preserved, it is

obvious that there is no user interaction and the colorization

results should be similar to the ground truth. However, the

existing video colorization methods introduced above can not

satisfy the requirements in practical applications, since they

cannot colorize monochrome frames to obtain the promising

colorful video due to limited color information of scribbles or

artifacts caused by motion estimation and some of them even

require user interaction.

In this paper, we propose an effective automatic video col-

orization method. We first use optical flow to estimate motion

vectors for initial matching between the monochrome and col-

ored reference frames. Then an effective colorization method

is implemented based on matching results. Besides, we in-



Fig. 1. Framework of the proposed adaptive frame reordering based automatic video colorization method.

troduce a novel adaptive multi-frame reordering method to

obtain the robust colorization results of the whole video se-

quence.

The rest of this article is organized as follows. Sec.2 de-

scribes the proposed video colorization method. Experimen-

tal results are shown in Sec.3 and concluding remarks are giv-

en in Sec.4.

2. PROPOSED VIDEO COLORIZATION METHOD
Given a video sequence V , its colored part is denoted as Λ,

and the monochrome part is denoted as Φ = V −Λ as shown

in Fig.1. Instead of colorizing frames in sequential order,

we iteratively calculate the similarity distance between the

colored reference frame and monochrome frames, in order

to choose a candidate frame to be colorized and simultane-

ously select the reference frames of it. Since only the 1st

frame has color information at first, there is only one frame

(i.e. the 1st frame) in Λ. As the colorization process pro-

ceeds, more colorized frames will be added to Λ. The pro-

posed method is designed in the Y CbCr color space. Let Yp
and Cp = (Cbp , Crp) denote the luminance and chrominance

vector of pixel p(x, y), respectively.

2.1. Optical Flow Estimation
In order to make good use of the spatial similarity of the video

sequence, we utilize a state-of-the-art semi-dense optical flow

method [12] to estimate the motion vector field between video

frames based on their grey information.

Given the reference frame R and the target frame I, dis-

crete labels lr ∈ {1, . . . , L} representing the pixel motion

between R and I are obtained by minimizing the following

energy function,

E(L) = λ
∑

r∈R
ϕr(lr) +

∑

r∼r′
ψr,r′(lr, lr′), (1)

where L = {lr|r ∈ R} represents the set of labels associat-

ed to pixels in frame R. r ∼ r′ indicates that r and r′ are

neighboring pixels in the four-connected neighbors position.

ϕr(lr) is a data term measuring data fidelity based labels as-

sociated to the pixels and ψr,r′(lr, lr′) is the smooth term for

smooth flow fields. λ is a weighting parameter to determine

the relative importance of these two terms.

2.2. Inter-Frame Color Propagation
According to the optical flow estimation results computed in

Sec.2.1, we can match most pixels of the reference frame R
to pixels in the target frame I.

For colorizing the monochrome frame, we first initialize

the monochrome frame based on matching results. Assum-

ing that Γ is the set of colored reference frames, which in-

cludes frame R. For each pixel r ∈ Γ, its matched pixel in

the monochrome frame I is defined as φ(r, lr), where lr is

the motion label of r. Then for each pixel p in frame I, its

accuracy a0p is initialized as:

a0p =

⎧
⎨

⎩

1
|Δp| ·

∑
r∈Δp

e−|Yr−Yp|, |Δp| �= 0,

0, |Δp| = 0,
(2)

where the set Δp is denoted as {r ∈ Γ|φ(r, lr) = p} and

|Δp| represents the number of pixels in it, and Yr, Yp are lu-

minance value at the pixel r and p. We initialize the accuracy

based on luminance differences so that it can be more robust

to matching errors.

Then, the color of p is calculated by,

C0
p =

⎧
⎪⎪⎨

⎪⎪⎩

∑

r∈Δp

Cr·e−|Yr−Yp|

∑

r∈Δp

e−|Yr−Yp| , |Δp| �= 0,

0, |Δp| = 0.

(3)

Here, C0
p = Cr, when there is one single reference frame

matched with frame I.

After the initialization, we update accuracies and color

iteratively, In the kth iteration, if ak−1
p = 0, we update the

accuracy of p by the colored pixels in its 4-connect neighbors:

akp =
1

π
·
∑

q∼p

ak−1
q · e−|Yq−Yp|, q ∈ Ω, (4)



where Ω is the set of colored pixels in the target frame I and

π =
∑

q∼p

e−|Yp−Yq|, q ∈ Ω. (5)

By updating accuracies in this way, the weight of a col-

ored pixel in neighboring pixels decrease with luminance dif-

ferences, which makes our color propagation method robust.

Utilizing accuracies obtained above as the weights, we up-

date the color of p by,

Ck
p =

∑
q∼p

Ck−1
q · ak−1

q · e−|Yq−Yp|

∑
q∼p

ak−1
q · e−|Yq−Yp| , q ∈ Ω. (6)

For the pixel q, which has already been colorized, akq =

ak−1
q and Ck

q = Ck−1
q . Following the method proposed

above, we propagate color information iteratively in the frame

I until all of the pixels are colored.

2.3. Multi-Frame and Adaptive Reordering Colorization
Refinement

In Sec.2.2, a simple and direct way to colorize a set of video

frames is to propagate color information among frames

in-order between adjacent frames. However, as shown in

Fig.2(a), this simple method might bring into artifacts. Since

there is certain error for motion estimation by optical flow,

the colorization would propagate the error within following

video frames. To avoid these artifacts, we further improve

the video colorization process by refining the multiframe

prediction and colorizing order.

First, we increase the number of reference frames which

are chosen form colored frames set Λ to make color propa-

gation more robust. Once obtained more colored frames, we

could add them into the reference set Γ described. That is,

multiframes are utilized into predicting the motion estimation

and refining the process of inter-frame color propagation.

Then, in general, more similar and small motion between

two video frames, the error made by optical flow estimation

and color propagation is less. Along this way, we calculate the

(a) In-order (b) Refinement

Fig. 2. Colorization results of the 90th frame in Foreman by

in-order method and our refinement method, respectively.

similarity distance among frames in order to refine the order

of the video frames to be colorized.

Let ρ(S,T) be the distance between frames S and T,

ρ(S,T) =

∑
s∈S

m(s,T)

|S| , (7)

m(s,T) is the length of the motion vector of pixel s in S to

T. | · | represents the number of the set.

Then, we set

ξ(S) =
1

|Λ| ·
∑

R∈Λ
ρ(S,R), (8)

δ(S) =
1

|Φ| ·
∑

I∈Φ
ρ(S, I), (9)

and choose the frame to be colorized by optimally solving:

Ŝ = argmin
S
{ξ(S)− α · δ(S)} , (10)

where α is a weighting parameter for relative importance for

these two terms. After choosing the frame Ŝ, we add its two

nearest frames in Λ into the reference set Γ.

Fig. 3. New orders of two sequences generated by our re-

ordering method.

Eq.(10) guarantees that we can colorize a frame earlier, if

it is more similar to colored frames and more different from

other uncolored frames. Fig.3 illustrates the different reorder-

ing for different sequences colorization. It leads to reducing

the error propagation to latter processed frames.

3. EXPERIMENTAL RESULTS
The proposed method is implemented by Matlab R2014a

platform. In the experiment, we set α = 1 in Eq.(10). Our

video colorization method is tested in two ways. One is

to use frames randomly selected from some standard video

sequences as references to color their next frames in the

sequences. Another way is to use one selected frame as a

reference and colorize the following few frames. PSNR is

computed for objective quality evaluation by our coloriza-

tion method. More experimental results can be found on our

website1.

1http://www.icst.pku.edu.cn/course/icb/Projects/videocolorization.html



(a) Zrihem [11] (b) Veeravasarapu [8] (c) Baseline (d) Proposed

Fig. 4. Two colorization samples from different methods. In the first row, we use 61st frame in Football as a reference frame to

colorize the 62nd frame. And in the second row we use the 91st frame as a reference to colorize the next frame.

We compare our method with Zrihem’s method [11],

Veeravasarapu’s method [8] and the baseline made by the

optical flow method [12] where color information of the ref-

erence frame is directed transferred to the monochrome frame

based on the matching results. Fig.4 shows some comparison

samples of neighboring frames. From this figure, we can see

that some regions of the results by Veeravasarapu’s method

and baseline have not been colored, which are caused by

mistaken motion estimation. Due to mistaken patch match

results, there are also some artifacts in Zrihem’s method. On

the opposite, there is no apparent artifact in the colorization

results by the proposed method.

Table 1. PSNR(dB) comparison of some colorization results

from different methods.

Sequence Zrihem [11] Veera [8] Baseline In-Order Proposed

Silent 30.99 36.59 40.51 44.48 44.86
Soccer 31.33 37.11 37.33 41.42 41.52

Foreman 30.73 37.65 37.99 41.85 42.45
Tennis 30.48 33.89 34.21 36.99 37.33

MomDaughter 31.14 37.13 36.42 43.82 44.33
Average 30.99 36.47 37.29 41.71 42.10

In Table 1, we provide average PSNR values of results by

different compared methods. In the experiment, we choose

22 frames in each sequence and preserve color information

every 11 frames. Moreover, results of colorizing sequences

in order by our color propagation method have also been list-

ed to demonstrate the effectiveness of our reordering refine-

ment. From this table, we can see that average PSNR values

of video sequences by the proposed method are higher than

those from other existing ones, which demonstrate that the

proposed method can obtain better performance of video col-

orization than other existing ones.

In Fig.5, we provide PSNR values for the colorization re-

sults of two video sequences of Foreman and Soccer in the

type of a line chart. New orders decided by our method are

shown in Fig.3. From this figure, we can see that the pro-

posed refinement results outperform other methods greatly,

which also demonstrates that the proposed method can obtain

better performance in video colorization than other existing

ones.
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Fig. 5. Video colorization results in Soccer and Foreman se-

quences frame by frame.

4. CONCLUSION
In this study, we propose a new automatic video coloriza-

tion method for video sequences. The optical flow estimation

method is first adopted to initially match reference colored

frames with monochrome frames which are to be colorized.

Then we initialize monochrome frames and propagate color to

uncolored regions. Furthermore, in order to avoid the artifact-

s from motion estimation and color propagation, we design a

multiframe and adaptive reordering colorization method. Ex-

perimental results show that the proposed method can obtain

the effective results of video colorization.
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