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Background

(a) Traditional lab

(b) Flow-based microfluidic biochip 

• Large fluid sample volumes

• Slow reaction

• Error-prone

• Labor intensive

• Lab-on-a-chip

• High throughput

• High precision

• Low cost

(c) Fully programmable valve array biochip

From Traditional Labs to Microfluidics



4

Background

(a) Fully programmable valve array biochip

Control system for fully programmable valve array biochips

(b) Multiplexing-based control logic
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Mechanism of Control Logics

• Core input is connected to the flow 

valves through control channels.

• Control ports are deployed to actuate

open/closed states of control valves.

• Control patterns can be generated using 

the combinations of control valves.

• Control  pattern is activated to specify 

which control channel can be connected 

to the core input.

Schematic of the control logic for 

driving five flow valves

Preliminary and Problem Formulation 
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Preliminary and Problem Formulation 

Control Logic Considering Length Matching
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(a) Logic forest (b) Valve-grouping result
(c) Control logic considering

length matching
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Preliminary and Problem Formulation 

Problem Formulation
• Inputs:

1) A logic forest  indicating the control path information for all flow valves

2) The positions of all control valves in a control logic

3) The positions of all flow valves in an FPVA biochip

• Output:

An efficient control channel network considering length matching

• Objectives

1) Minimize the timing skews among synchronized valves

2) Minimize the total length of control channels
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Details of the Proposed Routing Flow

Overall Design Flow of the Proposed DRL Method

An optimized routing solution is generated to construct a control 

channel network with minimized timing skews and cost
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Details of the Proposed Routing Flow

Action Space and State Space

Action Space is composed of all possible routing directions for control channels 

D1(up) = (0,0); D2(down) = (0,1); D3(left) = (1,0); D4(right) = (1,1)

State Space: State st consist of four core components (the flow valve location Ft of the 

path, the essential point location Et of the path, the current location Ct of the path, and 

the path properties )
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CA: Serial number of the control path;          CA: Current path length; 

CA: Matching path identifier;                         CA: Matching degree of the control path
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Details of the Proposed Routing Flow

Reward Function

Reward Function is formulated based on the following five types of points that the control

path can pass through: 1) important point (IP), 2) obstacle point (OP), 3) target point 

(TP), 4) general point (GP), and 5) shared point (SP).
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▪ Benchmarks and parameters used in experiments.

14

#Cs: The chip area occupied by the control channel network

#Nc : The number of control valves

#Nf : The number of flow valves

#Ng : The number of synchronized valve groups

Simulation Results



▪ Comparison with a heuristic method called CRA in terms of  the total timing 

skew, total control channel length, and the number of zero skew groups. 
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The total timing skew is defined as the maximum 

timing skew among all synchronized valve groups

Simulation Results



▪ Comparison with three other architectures, including DuelingDQN, DoubleDQN, 

and DQN.
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#Ts: The total timing skew; 

#Cl: The total length of control channels; 

Simulation Results
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▪ We formulate the control channel network construction problem considering 

length matching for the FPVA control logic.

▪ We develop the DRL routing flow based on D3QN to construct an efficient 

control channel network, so that the timing skews and the total length of control 

channels can be minimized simultaneously.

▪ Simulation results demonstrate that the proposed routing flow leads to a control 

logic with both excellent timing behavior and low chip cost.
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Conclusion
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